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Cancer Treatment and Research 

Foreword 

Where do you begin to look for a recent, authoritative article on the diagnosis 
or management of a particular malignancy? The few general oncology textbooks 
are generally out of date. Single papers in specialized journals are informative but 
seldom comprehensive; these are more often preliminary reports on a very limited 
number of patients. Certain general journals frequently publish good indepth 
reviews of cancer topics, and published symposium lectures are often the best 
overviews available. Unfortunately, these reviews and supplements appear spo
radically, and the reader can never be sure when a topic of special interest will 
be covered. 

Cancer Treatment and Research is a series of authoritative volumes which aim 
to meet this need. It is an attempt to establish a critical mass of oncology literature 
covering virtually all oncology topics, revised frequently to keep the coverage up to 
date, easily available on a single library shelf or by a single personal subscription. 

We have approached the problem in the following fashion. First, by dividing 
the oncology literature into specific subdivisions such as lung cancer, genitourina
ry cancer, pediatric oncology, etc. Second, by asking eminent authorities in each 
of these areas to edit a volume on the specific topic on an annual or biannual 
basis. Each topic and tumor type is covered in a volume appearing frequently and 
predictably, discussing current diagnosis, staging, markers, all forms of treatment 
modalities, basic biology, and more. 

In Cancer Treatment and Research, we have an outstanding group of editors, 
each having made a major commitment to bring to this new series the very best 
literature in his of her field. Martinus Nijhoff Publishers has made an equally 
major commitment to the rapid publication of high quality books, and world
wide distribution. 

Where can you go find quickly a recent authoritative article on any major 
oncology problem? We hope that Cancer Treatment and Research provides an 
answer. 

WILLIAM L. MCGUIRE 

Series Editor 



Preface 

The preface to our earlier work in this series (Urologic Oncology, Catalona and 
Ratliff, editors, Martinus Nijhoff Publishing, 1984) began as follows: 

The study of genitourinary tumors is an area of recent rapid growth both in 
the understandign of disease processes and in the development of new 
diagnostic and therapeutic modalities. During rapid growth phases within any 
field, it is desirable to reflect on the current 'state of the art' . It is difficult even 
for experts in reputed areas of advancement to distinguish true advances from 
false leads, but it is far more difficult yet for those whose expertise lies in other 
areas to evaluate important advances. Thus, an objective assessment of evolv
ing areas of investigation in the form of a comprehensive review is of consider
able value. 

In this volume, wa have attempted to provide the reader with an overview of 
some of the current areas of investigation in urologic oncology by experts in 
each area. There often is a tendency for invited papers in books of this nature 
to lack important critical peer review and therefore, suffer from a lack of 
objectivity. We have attempted to diminish this problem by the selection of two 
experts to discuss each subject. We believe that this format has improved the 
overal quality of the book for two reasons: 1) the knowledge of each contribu
tor that his or her work would be reviewed by a peer encourages more rigorous 
scholarship, and 2) the fact that contributions by two experts, including the 
individual insights of each, provides a better perspective for the reader. 

This volume, entitled Genitourinary Cancer: Basic and Clinical Aspects, is an 
extention of our earlier work. The topics discussed are distinct but naturally 
complimentary. 

The review articles in this book are provided to aid investigators in their 
attempts to stay abreast of advancements in the field. To provide as critical an 
evaluation as possible, we have maintained the format of our previous volume 
in which the insights of two experts are presented for each topic. 



x 

We gratefully acknowledge the efforts of each contributor. The strength and 
utility ofthis volume lies within the individual contributions. Also, we particularly 
wish to acknowledge the secretarial assistance of Christine Floyd and Kimberly 
Merritt whose efforts made the completion of this volume possible. 
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1. Isoenzymes in prostate cancer 

CHARLESB. BRENDLER 

Introduction 

The human prostate is a rich source of both hydrolytic enzymes that are secreted 
in seminal plasma and of intracellular enzymes that regulate the metabolism of 
the glandular epithelium. Prostatic enzymatic activities may be altered both within 
the prostate and also in other tissues by neoplastic transformation and subsequent 
metastatic spread. Thus determination of enzymatic activities can be useful in the 
diagnosis and subsequent clinical evaluation of prostatic carcinoma. In the past, 
clinical enzymology of the prostate focused primarily on measurement of serum 
acid and alkaline phosphatase. More recently, however, other enzymes have 
attracted attention as potential biologic markers of prostatic carcinoma. 

Since most enzymes within the prostate are found in other tissues as well, it 
may be difficult to assess the significance of an altered serum enzymatic level. 
The characterization and measurement of isoenzymes that are specific for the 
prostate enhances the accuracy of enzymatic measurements as biologic markers 
of prostatic disease. Isoenzymes are enzymatically active proteins that catalyze 
the same biologic reaction but differ in certain physicochemical properties. In the 
strict sence of the definition, isoenzymes should catalyze the same physiologic 
reaction in vivo. However, since the physiologic function and natural substrates 
of many prostatic enzymes are unknown, prostatic isoenzymes usually are dis
tinguished and measured using artifical substrates reacting under somewhat 
empiric conditions [1]. 

Isoenzymes are usually separated by electrophoresis. Electrophoretic mobility 
may be altered by amino acid substitutions or other variations in charged side 
groups of the enzyme molecule that are not part of the integral polypeptide chain. 
Such alterations can occur without effecting either the catalytic function or the 
antigenicity of the enzyme molecule. Isoenzymes can also be separated by immu
nologic techniques. 

The remainder of this chapter will discuss the current state of isoenzyme 
measurements in prostatic carcinoma. 

Ratliff, T.L. and Catalona, W.J. (eds), Genitourinary Cancer. ISBN-J3: 978-1-4612-9210-4 
© 1987, Martinus Nijhoff Publishers, Boston. 
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Isoenzymes of acid phosphatase 

The phosphatases are a group of enzymes capable of hydrolyzing phosphate 
esters. If active mainly at pH less than 7.0, they are called acid phosphatases; if 
active mainly at pH greater than 7.0 they are called alkaline phosphatases. The 
group of enzymes known as acid phosphatase was first identified in erythrocytes 
in 1924 [2]. During the next decade acid phosphatase activity was recognized in 
liver, spleen, and prostate. In 1941 Huggins and Hodges observed that serum acid 
phosphatase activity decreased in patients with advanced prostate cancer follow
ing hormonal therapy [3]. Since that time considerable effort has been expended 
attempting to develop assays that would differentiate between the various 
fractions of acid phosphatase and that would measure prostatic acid phosphatase 
specifically. Earlier efforts to distinguish prostatic acid phosphatase involved the 
use of different enzymatic inhibitors and substrates. More recently, prostatic acid 
phosphatase has been characterized and quantitated by electrophoresis and immu
nologic techniques. Each of these methods will be discussed. 

Separation oj acid phosphatase by inhibitors 

Since acid phosphatase was first identified in red blood cells, inhibitors initially 
were used to differentiate between the erythrocytic and prostatic fractions of the 

Table 1. "70 Inhibition or activation (phenyl phosphate in pH-5.0 acetate buffer)" 

Substance 

Arsenate, 0.001 M 
Citrate, 0.001 M 
Cyanide, 0.001 M 
Fluoride, 0.001 M 
Formate, 0.001 M 
Oralate, 0.001 M 
Salicylate, 0.001 M 
Tartrate (L), 0.001 M 
Tartrate (D), 0.001 M 
Tauroglycocholate, 0.01 M 
Ethanol preincubation, 40070 
Formaldehyde, 0.5070 

Stilbestrol 
Acetone preincubation, 40070 
Copperb , 0.0002 M 
Ironb, 0.0005 M 

a Selectively compiled from Abul-Fadl and King [6]. 
b No effect in citrate buffer. 

Prostate in saline Red cells in water 

-66 -80 

+ 8 + 5 
+ 12 + 8 
- 96 - 8 

8 0 
- 22 - 27 

o 0 
- 94 0 

o 0 
- 76 - 77 

- 80 - 75 
o -100 

o 0 
-100 - 70 

- 8 - 96 
- 80 - 9 
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enzyme. In 1941 Gutman and Gutman reported that fluoride inhibited prostatic 
acid phosphatase but did not inhibit the erythrocytic fraction [4]. In 1945 Herbert 
reported selective inhibition of prostatic acid phosphatase with ethanol [5]. In 
1949 Abul-Fadul and King confirmed these observations and reported the effects 
of various ions and organic compounds on prostatic and erythrocytic acid 
phosphatase [6]. These observations were summarized by Moncure [1], and are 
shown in Table 1. 

Of the inhibitors of acid phosphatase, L( +) tartrate has received the most 
clinical attention. Because L( + ) tartrate produces almost complete inhibition of 
prostatic acid phosphatase and only negligible inhibition of erythrocytic acid 
phosphatase, the tartrate inhibited fraction of the enzyme has often been regarded 
as prostate specific. In fact, other tissues including liver, spleen, kidney, and 
platelets all contain tartrate inhibitable acid phosphatase [7]. Nevertheless, 
because the prostate has such a high content of the enzyme, elevated serum levels 
of tartrate inhibitable acid phosphatase almost always result from prostatic acid 
phosphatase activity. 

Separation oj acid phosphatase by substrate selectivity 

Because the natural substrates of acid phosphatase are unknown, all in vitro 
assays and histochemical stains use synthetic phosphate esters to measure enzy
matic activity. The rates of hydrolysis of these esters vary with the different acid 
phosphatases from various tissues. Once again, because of potential false ele
vations of serum acid phosphatase by red blood cell hemolysis, substrates general
ly have been chosen because of their ability to distinguish between the prostatic 
and erythrocytic fractions of the enzymes [1]. 

Substrates that have been used to measure prostatic acid phosphatase activity 
include phenylphosphate [8], para-nitrol phenylphosphate [9], beta-glycero
phosphate [10], phenolphthalein phosphate [11], alpha-naphthyl phosphate [12], 
beta-naphthyl phosphate [13], and thymolphthalein monophosphate [14]. Of all 
these substrates, thymolphthalein monophosphate appears to have the greatest 
specificity for prostatic acid phosphatase, and there is a close correlation between 
prostatic acid phosphatase activity measured with thymolphthalein monophos
phate and radioimmunoassay techniques. Nevertheless, electrophoretic analysis 
has demonstrated that none of the currently employed substrates is truly prostate 
specific [15]. 

Separation oj acid phosphatase by electrophoresis 

Electrophorectic separation of acid phosphatase isoenzymes has been accomplish
ed in serum and numerous tissue extracts. Initially there was considerable var-
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iation in the methodology, and no standard diagnostic technique or isoenzyme 
pattern geined widespread acceptance. However, these early studies did suggest 
that there were four major subgroups of acid phosphatase. These subgroups 
included: 1) intracellular red blood cell acid phosphatases, 2) intracellular lyso
some-associated acid phosphatases, 3) intracellular non-lysosome associated but 
membrane-bound acid phosphatases, and 4) secretory acid phosphatases with 
extracellular functions [1]. 

In 1968 Smith and Whitby performed electrophoretic separation of human 
prostate extract on starch gel and identified 20 consecutive bands. They postulated 
that the heterogeneous appearance of acid phosphatase was due to variable 
carbohydrate moieties that were present within the same protein molecule. This 
hypothesis was supported by the observation that removal of carbohydrate 
residues from the acid phosphatase molecule with sialidase reduced the electro
phoretic mobility of the enzyme [16]. 

In 1973 Lam and associates, using acrylamide gel electrophoresis, identified 5 
acid phosphatase isoenzyme bands. They analyzed 20 different tissues and found 
that prostate is the only tissue with a high activity of isoenzyme 2, while pancreas, 
spleen, and leukocytes contain low amounts of isoenzyme 2 [17]. In 1980 these 
investigators reported that prostatic acid phosphatase contains only isoenzymes 
2 and 4. Isoenzyme 2 is a glycoprotein with slow electrophoretic mobility. Treat 
ment with sialidase removes most of the carbohydrate moeities on isoenzyme 2 
and increases its electrophoretic mobility to approach that of isoenzyme 4 which 
contains no carbohydrate. Furthermore, antigenic studies revealed that isoen
zymes 2 and 4 have an identical protein structure. These observations suggest that 
isoenzyme 4 may be a precursor of the final secretory product isoenzyme 2 that 
is formed by the addition of a carbohydrate moeity. This observation is further 
supported by the fact that seminal acid phosphatase contains only isoenzyme 
2 [18]. 

Lam and coworkers also reported that the isoenzyme 2 and 4 pattern is not 
unique to the prostate. Leukocytes also contain acid phosphatase isoenzymes 2 
and 4 exclusively. However, these isoenzymes are found in much higher concen
tration in the prostate than in any other tissue, thus emphasizing their value as 
markers for prostatic carcinoma. These same investigators also determined that 
acid phosphatase isoenzyme 5, which is frequently found in high concentrations 
in the bone marrow of patients with metastatic prostate cancer, is a different 
protein species with no antigenic relationship to isoenzymes 2 and 4. Isoenzyme 
5 is produced by bone osteoclasts and is not of prostatic origin [18]. 

Lin and associates, using polyacrilamide gel electrophoresis, determined that 
human prostatic acid phosphatase has a molecular weight of 100,000 and is 
composed of two subunits each of molecular weight 50,000. Prostatic acid 
phosphatase has multiple isoelectric points due in part to variable sialic acid 
content within the molecule [19]. 

McTigue and Van Etten have further characterized human prostatic acid 
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phosphatase. Starting with purified human prostatic acid phosphatase, they 
identified two forms of the enzyme by gradient elution DEAE-cellulose chromato
graphy. The two isoenzymes have an identical amino acid composition and V -max 
values but differ in certain properties such as circular dichroism spectra, relative 
fluorescence intensities, Km values, and carbohydrate compositions. The major 
difference between the two isoenzymes appears to be in their carbohydrate side 
chain composition, and this is due in part to variation in sialic acid composition. 
They observed spontaneous interconversion between the two isoenzymes under 
certain storage conditions [20]. 

Tage and coworkers have recently reported that the electrophoretic heterogenei
ty of human prostatic acid phosphatase is not due totally to variability in sialic 
acid content. Treatment with neuraminidase which completely removes the sialic 
acid reduces but does not abolish the observed heterogeneity. These investigators 
agree that the two enzyme forms identified by polyacrilamide gel electrophoresis 
probably correspond to isoenzymes 2 and 4 previously described by Lam. Howev
er, the complete explanation for the electrophoretic heterogeneity between the two 
isoenzymes remains to be established [21]. 

Lin and associates have recently reported a new prostatic acid phosphatase 
molecule which they have designated prostatic acid phosphatase II (PAP-II). 
PAP-II has a molecular weight of 120,000, and is composed of two subunits of 
molecular weight 55,000 each. Although immunologically similar, PAP-II ap
pears to have a different amino acid and carbohydrate composition as well as 
different isoelectric points, suggesting that it is different from the originally 
identified prostatic acid phosphatase. Further studies are underway to character
ize this newly identified ensyme [22]. 

Separation of acid phosphatase by immunologic methods 

The development of a reliable antibody to human prostatic acid phosphatase has 
permitted the development of several immunochemical techniques to characterize 
and measure prostatic acid phosphatase. In 1974 Cooper and Foti used a double 
antibody technique to measure prostatic acid phosphatase activity in serum. This 
technique involves immunizing rabbits with purified human prostatic acid phos
phatase obtained from prostatic fluid and producing a prostatic acid phosphatase 
anti-serum. Acid phosphatase activity is determined by a competitive assay of 
unlabelled antigen and radioactive iodine-labelled antigen that compete for anti
body binding sites. Acid phosphatase activity is determined from a standard 
curve [23]. 

In 1975 Foti, Herschman, and Cooper described a solid phase radioimmunoas
say technique in which the antibody is absorbed to a fixed surface allowing more 
rapid and accurate separation of the antigen-antibody complex from excess 
antigen [24]. 
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In 1978 Chu and coworkers adapted the technique of counter-immunoelectro
phoresis to measure prostatic acid phosphatase. When an appropriate electrical 
current is applied, the prostatic acid phosphatase antigen and antibody (raised 
in rabbit serum) move in opposition directions. The enzymatic activity of the 
preciptin line that is formed is evaluated using alpha-naphthylphosphate as the 
substrate [25]. 

Clinical application 

Serum acid phosphatase has been used as a marker for metastatic carcinoma of 
the prostate for 50 years. In 1936 Gutman and associates reported increased acid 
phosphatase activity at the site of a skeletal metastasis from carcinoma of the 
prostate [26]. In 1938 Gutman and Gutman reported that 11 of 15 (73070) of 
patients with metastatic prostate cancer had elevated serum levels of acid phos
phatase [27]. In 1941 Huggins and Hodges reported that acid phosphatase activity 
decreased in patients with metastatic prostate cancer following castration or 
estrogen therapy [3]. 

Since these early observations, measurement of serum acid phosphatase has 
been used as a marker for metastatic disease and to assess response to hormonal 
therapy. Unfortunately, serum acid phosphatase is elevated in only about 75% 

of patients with radiographically proven skeletal metastases [28]. Furthermore, 
prostatic acid phosphatase can be falsely elevated by other conditions such as 
osteosarcoma, carcinoma of the pancreas, Gaucher's disease, thromboembolism, 
and thrombocytopenia [29]. 

The mechanism by which serum acid phosphatase becomes elevated in metas
tatic prostate cancer remains unclear. It is not on the basis of an increased cellular 
content of acid phosphatase, because individual prostate cancer cells contain less 
acid phosphatase than normal or hyperplastic prostate cells [30]. Alternative 
explanations include: 1) prostatic cancer cells become disorganized, form irregu
lar acini, and lose their connection with the prostatic ductal system, thus prevent
ing secretion of acid phosphatase into the seminal fluid; 2) the tumor may 
compress the prostatic ductal system blocking secretion of acid phosphatase; 
3) the tumor load is so large that even though individual cells secrete less acid 
phosphatase, the overall serum activity becomes elevated [31]. 

Over the years determination of serum acid phosphatase by colorimetric 
techniques has become increasingly specific for the prostatic fraction because of 
both tartrate inhibition and more accurate substrates. The substrate that appears 
most specific for prostatic acid phosphatase is thymolphthalein monophos
phate [14]. Many clinicians regard an elevated serum acid phosphatase determin
ed with this substrate as diagnostic of advanced disease. However, although 
virtually 100% specific, the assay will detect only about 75-80070 of patients with 
radiograhically proven metastatic disease. 
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In the 1970s, enthusiasm arose over the use of immunologic techniques to 
measure serum acid phosphatase because of initial reports that these methods 
were both more sensitive and specific than standard colorimetric assays. It was 
hoped that these new assays could be used not only as markers of metastatic 
prostate cancer, but also to detect early disease. In 1974 Cooper and associates 
reported that, using a double antibody radioimmunoassay (RIA) technique, 
serum prostatic acid phosphatase (SP AP) was elevated in 43070 of men with 
localized prostate cancer and in 94% of men with metastatic prostate cancer. They 
reported a false positive rate of less than 6% [23]. Subsequently, Lee and 
coworkers, using a solid-phase fluorescent immunoassay, reported elevated 
SPAP levels in 73% of patients with stage A prostate cancer, 56% in stage B, 
82% in stage C, and 86% in stage D [32]. Murphy and associates, using a 
counter-immunoelectrophoresis technique, reported elevated SP AP activity in 
39% of patients with stage A disease and in 35% of patients with stage B 
disease [33]. 

Despite these early reports, subsequent studies have shown that these immuno
chemical methods are less accurate in detecting early prostate cancer than original
ly reported. Bruce and coworkers reported that RIA SPAP was elevated in only 
14% of patients with clinical stage A disease and in 29% of patients with clinical 
stage B disease. Furthermore, when they compared 3 RIA techniques to measure 
SPAP, they found that, with all three techniques, SP AP levels were elevated in 
only a slightly greater percentage of men with prostate cancer than in men with 
benign prostatic hyperplasia [34]. Wajsman and associates reported that SPAP 
measured by counterimmunoelectrophoresis was elevated in 35 % of patients with 
clinically localized prostate cancer, but there was a false positive rate of 14% [35]. 
Lindholm and associates found that SPAP levels were elevated in only 22% of 
clinical stage A patients, and in 29% of clinical stage B patients. Furthermore, 
SPAP levels were normal in 7 of 7 patients with pathologically confirmed stage 
A and B tumors, suggesting that elevation of SPAP measured by RIA may reflect 
early metastatic disease rather than increased assay sensitivity [36]. Similarly, 
Pontes and coworkers reprted that 20 of 20 patients with clinically localized 
prostate cancer and elevated RIA SP AP levels preoperatively all had lymph node 
metastases at the time of surgery [37]. 

Thus, while immunochemical methods may be more sensitive than standard 
colorimetric techniques in detecting localized disease, they do not appear to be 
specific enough to be used as a screening test for early prostate cancer. The use 
of immunochemical methods to measure SP AP to detect metastatic prostate 
cancer suffers from the same limitation. Although these methods appear more 
sensitive than colorimetric techniques, they are unreliable because of the high false 
positive rate. 

Acid phosphatase activity in bone marrow aspirates obtained from the posterior 
iliac crest also has been evaluated as a marker for metastatic prostate cancer using 
both colorimetric and immunochemical techniques. In 1970 Chua and associates 
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reported that colorimetric bone marrow acid phosphatase (BMAP) was normal 
in 12 of 12 patients with BPH and elevated as the only evidence of metastatic 
disease in 4 of 12 patients with prostate cancer [38]. Similar observations were 
reported by Reynolds and associates in 1973 [39] and Gursel and associates in 
1974 [40], suggesting that determination of BMAP might be useful to detect early 
metastatic disease. In 1975 Pontes and coworkers reported that BMAP was 
elevated in 4 of 20 patients with prostate cancer, all of whom had a normal serum 
prostatic acid phosphatase and radionuclide bone scan [41]. 

Subsequent studies, however, by Khan and associates in 1977 [42] and Dias and 
Barnett in 1977 [43] have revealed that colorimetric measurement of BMAP is 
falsely elevated in a percentage of patients without prostate cancer. These false 
positives are thought to be due to the fact that the. acid phosphatase in bone 
marrow may be derived from a variety of sources other than prostate cancer cells. 
Indeed, Lam and coworkers have reported that the major acid phosphatase 
isoenzyme in bone marrow is isoenzyme 5 which is derived from osteoclasts and 
not prostate cells [18]. In 1978 Pontes and coworkers reported that BMAP was 
elevated in 61010 of patients without prostate cancer [44], and substantiated this 
observation in a subsequent paper in 1979 that compared BMAP levels in 20 
patients with prostate cancer and 20 patients with BPH [45]. 

Immunochemical measurement of BMAP appears no more specific than SAP 
determinations. In 1981 Belville and associates, using an RIA technique to 
measure BMAP, reported that 4 of 11 (36%) of patients with elevated BMAP 
levels developed metastatic disease within 2 years compared to only 3 of 86 (3%) 
of patients with normal BMAP levels. However, serum PAP levels were not 
reported in these patients [46]. In 1982 Shellhammer and coworkers found that 
SPAP was normal in only 3 of 55 patients who had an elevated BMAP, and 
concluded that determination of BMAP was of limited clinical value [47]. In 1982 
Vihko and associates reported that BMAP measurements were no more useful 
than SPAP determinations [48]. Thus, routine determination of BMAP whether 
done colorimetrically or by immunochemical techniques, appears no more helpful 
than SP AP in staging prostatic cancer. 

In summary, the measurement of serum prostatic acid phosphatase by routine 
colorimetric assay employing thymolphthalein monophosphate as the substrate 
remains a very useful marker for metastatic carcinoma of the prostate. Measure
ment of SP AP by immunological techniques has not proved useful either in 
detecting early disease or as a marker for advanced disease because of the high 
incidence of false positive elevations. Measurement of bone marrow acid phos
phatase activity whether done colorimetrically or by immunochemical methods 
has proved similarly unreliable, and has been for the most part abandoned. 
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Isoenzymes of alkaline phosphatase 

The measurement of alkaline phosphatase as a tumor marker for carcinoma of 
the prostate preceded the measurement of acid phosphatase. In 1933 Bodansky 
reported a method for measuring serum alkaline phosphatase in patients with 
prostate cancer [49]. In 1936 Gutman and coworkers, while studying alkaline 
phosphatase activity in prostate cancer, incidentally discovered increased acid 
phosphatase activity at the site of an osteoblastic metastasis [26]. In 1941 Huggins 
and Hodges observed that, in patients undergoing going hormonal therapy for 
carcinoma of the prostate, there was a transient rise in serum alkaline phosphatase 
levels followed by a gradual decline in response to therapy. They termed this the 
'flare phenomenon' [3]. 

Alkaline phosphatase has been recognized as a tumor marker for bone tumors 
such as osteogenic sarcomas for many years. However, it is a non-specific tumor 
marker and is neither organ nor tumor specific. Its elevation in patients with 
metastatic prostate cancer reflects either or both skeletal or hepatic metastases. 
It does not result directly from tumor activity [50]. There are four known 
isoenzymes of alkaline phosphatase that are secreted by bone, liver, intestine, and 
placenta. The immunologic specificity of these enzymes has not been fully 
evaluated, but there appear to be at least three major antigenic forms of the 
enzyme in man. As with acid phosphatase, part of the electrophoretic heterogenei
ty of alkaline phosphatase is due to variation in the sialic acid content of the 
isoenzymes [51]. 

It is important to distinguish the bone isoenzyme of alkaline phosphatase (BAP) 
from other forms of the enzyme in evaluating patients with prostate cancer, since 
BAP is the isoenzyme most often elevated in metastatic disease. Although 
immunological methods have been developed for this purpose, the isoenzymes are 
easily separable by ordinary physicochemical methods. The placental and intesti
nal isoenzymes are inhibited by 0.005 M L-phenylalanine while the bone and liver 
fractions are not. The bone isoenzyme is inhibited both by heating at 56° for five 
minutes and by denaturation with urea. The liver isoenzyme is more resistant both 
to heat and urea [52]. 

Although alkaline phosphatase is a non-specific tumor marker, it is elevated 
in 60070 of patients with untreated prostate cancer and in over 901170 of prostate 
cancer patients with radiographically proven skeletal metastases [53]. It is there
fore a more sensitive but less specific marker for metastastic disease than acid 
phosphatase. Although routine measurement of alkaline phosphatase has little 
value in the diagnosis of prostate cancer, serial measurements of the enzyme are 
important both in staging the disease and in assessing response to therapy. 

In 1978 Wajsman and associates reported a study of serum alkaline phospha
tase in 357 patients stage D carcinoma of the prostate who entered the National 
Prostatic Cancer Project (NPCP) for chemotherapy. All had developed tumor 
relapse following previous orchiectomy, and all had radiographically proven 
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skeletal metastases. 305 patients (850/0) had an elevated total serum alkaline 
phosphatase (TAP). Fifty-two (15%) had a normal TAP, but 22 ofthese 52 (44%) 
had elevated levels of BAP, indicating that BAP is a more sensitive marker of 
metastatic prostate cancer than TAP [54]. 

In the same study, 105 of these 357 patients underwent serial TAP and BAP 
determinations which were then correlated to response chemotherapy. There was 
a close correlation between initial TAP and BAP levels and response to treatment. 
All patients with TAP levels less than 200 mUfml and BAP levels less than 
100 mUfml responded to therapy. All patients with TAP levels greater than 
500 mUfml and BAP levels greater than 400 mUfml failed to respond to therapy. 
In a subgroup of 46 patients, there was a similar correlation between changes in 
alkaline phosphatase levels after starting treatment and response to chemothera
py. Of 24 patients who demonstrated a partial regression or stabilization of 
disease, 12 (56%) had at least a 25% decrease in serum TAP and 17 (71%) had 
a similar decrease in serum BAP. Conversely, of 22 patients who did not respond 
to therapy, 20 (90%) had less than a 25 % decrease in TAP and 16 (72%) had 
less than a 25% decrease in BAP [54]. 

In another NPCP study reported by Killian and coworkers in 1981, the tumor 
burden of 98 patients with metastatic prostatic cancer was compared longitudinal
ly with the activities of TAP, BAP and liver alkaline phosphatase (LAP) as well 
as total acid phosphatase and prostate-specific acid phosphatase. High pretreat
ment levels of BAP and TAP correlated with a greater tumor burden and a poorer 
prognosis. LAP levels that were increased more than three times above normal 
were suggestive of liver metastases and a poor prognosis. The bone and liver 
tumor burden of patients could be predicted from BAP and LAP levels provided 
these levels correlated with prostatic acid phosphatase activity. Finally, erratic 
fluctuations of BAP and LAP levels did not necessarily indicate a poor prognosis 
and sometimes resulted from unrelated diseases [55]. 

Taken together, these two studies suggest that measurement of serum alkaline 
phosphatase, particularly the bone fraction, is valuable in assessing tumor burden 
and in assessing response to chemotherapy in patients with metastatic carcinoma 
of the prostate. Patients with low pretreatment levels of TAP and BAP are likely 
to respond to therapy, whereas patients with high levels of TAP and BAP are 
unlikely to respond. There is also a close correlation following treatment between 
changes in serum levels of TAP and BAP and clinical response to therapy. 

There is a third isoenzyme of alkaline phosphatase besides BAP and LAP that 
deserves further mention in regard to carcinoma of the prostate. In 1968 Fishman 
and associates reported the presence of a placental-type alkaline phosphatase in 
the tumor cells of a patient (Regan P) with bronchogenic carcinoma of the 
lung [56]. This has subsequently been termed the Regan isoenzyme. This isoen
zyme is an oncofetal protein that is expressed in about 20% of patients with a 
wide variety of tumors. It is most commonly elevated with gonadal tumors, 
particularly seminomas [57]. 
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The Regan isoenzyme has been evaluated as a potential biochemical marker for 
prostatic carcinoma. In 1981 Slack and coworkers reported that this isoenzyme 
was elevated in 14/98 (18070) of stage D NPCP patients receiving chemotherapy. 
Isoenzyme activity did not correlate with patient age, tumor grade, previous 
surgical history, or associated diseases [58]. In 1982 Schmidt and associates 
reported elevated Regan isoenzyme levels in 19/96 (20%) of prostate cancer 
patients of varying stages. Fifteen patients had clinical stage D2 disease, 1 had 
stage Bl disease, 2 had stage B2 disease, and 1 had stage Dl disease. Once again 
there was no correlation between elevated isoenzyme levels with either the stage 
of disease or subsequent response to therapy [59]. Therefore, the Regan isoen
zyme appears to be a nonspecific tumor marker with no apparent value at present 
in assessing patients with prostate cancer. 

Isoenzymes of lactate dehydrogenase 

Lactate dehydrogenase (LDR) is an enzyme that reversibly catalyzes the con
version of pyruvate to lactate in anaerobic glycolysis. The enzyme is comprised 
of two major subunits designated M and R. Five isoenzymes have been identified, 
all of which are tetrameric combinations of these two major subunits. LDR 1 is 
comprised of 4 R subunits and LDR 5 of 4 M subunits. The intermediate LDR 
isoenzymes are hybrids of M and R [60]. 

The value of LDR measurements in a variety of cardiac, hepatic, and muscle 
disorders is well recognized. Malignant diseases may produce an elevation in total 
serum LDR and/or an alteration in isoenzyme activity. In general, neoplastic 
transformation results in a shift from R to M subunits resulting in an increase 
in LDR 5 content within malignant tissues. This alteration probably results from 
increased glycolytic activity [61]. 

In 1963 Denis and Prout reported that serum levels of LDR 5 were elevated 
in patients with prostatic cancer compared to those with benign prostatic hyper
plasia [62]. In 1965 Prout and associates reported consistent alterations in serum 
LDR isoenzymes 4 and 5 in patients with metastatic prostate cancer, and found 
that these levels returned to normal after successful treatment [63]. 

Because of the Ubiquitous nature of LDR and the fact that none of its 
isoenzymes is prostate specific, most studies have focused on LDR isoenzyme 
content either within prostatic tissue or within prostatic fluid rather than in serum. 
In 1970 Oliver and coworkers analyzed over 600 surgical prostate specimens by 
LDR electrophoresis. They reported that the ratio of LDR 5/LDR 1 was greater 
than 1 in 78% of patients with prostate cancer and was less than 1 in 86070 with 
benign prostatic disease [64]. In 1972 Flocks and Schmidt reported a similar 
elevation in the LDR 5/LDR 1 ratio in the prostatic tissue of patients with 
carcinoma. They also described two patients whose initial prostatic biopsy was 
benign who, because of an elevated LDR 5/LDR 1 ratio, were rebiopsied and 
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found to have carcinoma [65]. Conversely, in 1973 Clark and Srinivasan reported 
that LDH 5/LDH 1 determinations in prostatic tissue were of little value in the 
initial clinical diagnosis of prostate cancer when compared to digital rectal 
examination and serum acid phosphatase [66]. 

In 1967 Elhilali and associates analyzed LDH isoenzymes in prostatic fluid and 
urine and reported a marked elevation in the LDH 5/LDH 1 ratio in patients with 
prostate cancer [67J. In 1970 Belitsky and coworkers reported that the serum 
LDH 5/LDH 1 ratio increased following prostatic massage in 36 patients with 
prostatic cancer [68J. 

These earlier studies stimulated Grayhack and associates to analyze prostatic 
fluid for LDH isoenzyme content as well as other biochemical factors in an 
attempt to identify markers for the early diagnosis of prostate cancer. In 1977 
these investigators reported LDH 5/LDH 1 ratios in prostatic fluid from over 
1,000 patients. The LDH 5/LDH 1 ratios were as follows: normal- 0.48±0.09, 
BPH- 1.36±0.17, and carcinoma-5.21 ±0.79. The mean values for the three 
histologic groups were all statistically different (p<0.001). 25 of 30 (850/0) 
patients with histologically proven carcinoma of the prostate had an 
LDH 5/LDH 1 ratio greater than 2. 50 of 57 (88%) patients with BPH had a ratio. 
of less than 2. Patients with significant prostatic inflammation (greater then 10 
leukocytes per high' powered field in the prostatic fluid) were excluded from 
analysis because ofthe high content of LDH 5 within granulocytes. These authors 
concluded that prostatic fluid with an LDH 5/LDH 1 ratio greater than 2 in the 
absence of prostatic inflammation was suggestive of prostatic carcinoma [69]. 

Subsequent reports have confirmed that there is a shift in the LDH 5/LDH 1 
ratio in the prostatic fluid of patients with carcinoma of the prostate. Neverthel
ess, there is considerable overlap among individual patients with prostate carcino
ma and BPH. In a recent update Schacht and coworkers reported that the 
LDH 5/LDH 1 ratio in prostatic fluid was greater than 2 in 76 of 92 (83%) 
patients with prostatic cancer, but the ratio also was greater than 2 in 39 of 117 
(33%) men with BPH, and in 70% of men with BPH and associated prostatic 
inflammation [70J. Therefore, this test does not appear sufficiently specific to be 
used as a screening test for early prostate carcinoma. 

Isoenzymes of creatine kinase 

Creatine kinase is an enzyme that catalyzes the reversible transfer of a phosphate 
group from phosphocreatine to ADP producing creatine and ATP. The enzyme 
is dimeric and consists of two 40,OOO-Dalton subunits which can combine to form 
three active hybrid isoenzymes designated MM, MB, and BB. The major isoen
zyme in cardiac and skeletal muscle is MM. Cardiac muscle also has a significant 
amount of MB, while skeletal muscle contains only trace amounts of MB. The 
BB isoenzyme is found in high concentrations in brain, genitourinary tissues, 
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gastrointestinal organs, and most other visceral organs. Within the prostate, 
creatine kinase BB (CK-BB) is localized in the cytoplasm of both benign and 
malignant prostatic epithelium [71] . 

Elevated levels of CK-BB were first reported in 1977 by Feld and Witte. They 
found that 9 of 19 (47070) patients with stage D prostate cancer had elevated levels 
of CK-BB, and only 3 of the 9 had elevated levels of total creatine kinase. All 
9 patients with elevated CK-BB levels had normal serum acid phosphatase and 
alkaline phosphatase levels [72]. Interest in CK-BB as a potential tumor marker 
for metastatic prostate cancer was further aroused by Forman in 1979 who 
reported elevated CK-BB levels in 2 of 3 patients with metastatic carcinoma of 
the prostate [73]. 

The source of elevated CK-BB levels in patients with prostatic cancer is not 
known. It is unclear whether such elevations result from an increased release of 
the isoenzyme from prostatic tissue or whether they are due to release of a fetal 
form of the enzyme from dedifferentiated tumor tissue. It seems unlikely that the 
isoenzyme is released directly from the prostate itself, since CK-BB levels are 
seldom elevated in patients with early stage disease. Additionally, Pretlow and 
associates have reported that CK-BB activity is lower in malignant prostatic tissue 
than in benign hyperplastic tissue [74]. 

In 1979 Silverman and coworkers reported that serum CK-BB levels were 
elevated in 15 of 17 (88%) patients with untreated carcinoma of the prostate and 
in 0 of 18 (0%) patients with previously treated carcinoma of the prostate who 
were in remission [75]. In 1981, Silverman and associates reported that serum 
CK-BB levels were elevated in 70% of patients with carcinoma of the prostate 
and in only 10% with benign prostatic hyperplasia [71]. Subsequent studies, 
however, have yielded less impressive results. In 1981 Zweig and associates found 
that, in a group of untreated prostatic cancer patients, CK-BB was elevated in 
only 29070 compared to 65% who had an elevated serum prostatic acid phospha
tase [76]. In 1982 Huber and coworkers reported that CK-BB either alone or in 
combination with serum prostatic acid phosphatase was not a reliable marker to 
detect prostatic cancer [77]. In the same year Fair and associates reported that 
CK-BB was elevated only in patients with advanced prostate cancer [78]. 

It appears that CK-BB is not useful to detect prostate cancer, and that its only 
potential clinical application is as a marker for metastatic disease. Even in this 
regard, it does not appear either sufficiently sensitive or specific. In 1980 Aleyas
sine and MacIsaac reported that CK-BB was elevated in only 8/30 (27070) of 
patients with histologically proven carcinoma of the prostate. All 8 patients had 
poorly differentiated tumors; 7 had clinical stage C disease, and 1 had clinical 
stage D disease. Of 19 patients with clinical stage D disease, only 7 (37%) had 
elevated CK-BB levels [79]. In the same year Feld and associates reported that 
CK-BB levels were elevated in only 1 of 26 (4%) patients with clinical stage B 
disease, 0 of 35 (0%) patients with clinical stage C disease, and 11 of 46 (24%) 
patients with clinical stage D disease [80]. In 1982 Fair and associates reported 
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that serum CK -BB levels were elevated in 4 of 26 (15 0/0) patients with clinical stage 
C disease, and 4 of 19 (210/0) patients with clinical stage D disease. Again, almost 
all patients with elevated CK-BB levels not only had advanced disease, but had 
also poorly differentiated tumors [78]. 

Silverman and associates have suggested that the specificity and sensitivity of 
CK-BB as a tumor marker may increase when a specific antiserum raised against 
prostatic CK-BB is developed. At present, brain antiserum is used to measure the 
prostatic fraction. These investigators have reported that the CK-BB in prostatic 
fluid and tissue is antigentically different from the CK-BB found in brain. 
Antisera raised against brain CK-BB reacts less strongly toward CK-BB of 
prostatic origin [71]. If a specific antiserum could be developed against CK-BB 
of prostatic origin for use in immunoassays, such a modification might increase 
both the sensitivity and specificity of serum CK-BB measurements. 

IsoenZymes of leucine aminopeptidase 

Leucine aminopeptidase (LAP) is an acrylamidase that hydrolyzes L-Ieucylbeta
naphthylamide. In 1960 Lawrence and associates demonstrated electrophoretic 
heterogeneity' of LAP [81]. However, no standard isoenzyme nomenclature has 
yet been established for this enzyme. Normal serum contains a single zone of 
activity that varies somewhat in its location with the electrophoretic technique 
employed. On starch gel most investigators report LAP in the fast alpha 2 region. 
On paper or cellulose acetate electrophoresis, LAP shows activity in the alpha 1 
region [82]. 

Beckman and associates demonstrated multiple forms of LAP in numerous 
human tissues including 4 bands in placenta, 3 in kidney, 2 each in liver, lung, 
spleen, and heart, a single slow band in intestine, and a single fast band in 
erythrocytes and brain [83]. 

The prostate is known to be rich in LAP, but little is known about the serum 
levels or isoenzyme patterns of LAP in patients with carcinoma of the prostate. 
Two apparently antigenically distinct forms have been identified within prostatic 
tissue, but tissue specificity of prostatic LAP has not been thoroughly investigat
ed. Immunologic studies suggest that prostatic LAP may be present in very low 
concentrations in other tissues, but may, nonetheless, be of diagnostic value 
owing to its high concentration in the prostate [84]. To date, however, there has 
been little clinical application of LAP measurement in human prostatic carcino
ma. 

Conclusions 

Despite recent investigations, acid and alkaline phosphatase are the only enzymes 



15 

routinely measured at present in the evaluation of patients with prostatic carcino
ma. Other isoenzymes have not proved clinically useful, mainly because of a lack 
of specificity. In the future, we must continue to search for isoenzymes and other 
biochemical markers that are specific for prostatic carcinoma. A particular 
challenge is to identify a marker that could be used to detect early carcinoma of 
the prostate and be applied as a screening test in the general population. Since 
most men with carcinoma of the prostate present with advanced disease, identifi
cation of such a marker that would allow earlier diagnosis would represent a 
major advance in this disease. 
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Editorial Comment 

Leland W.K. Chung 

Isoenzymes in the human prostate gland are reviewed in depth by Dr. C.B. Brendler in the preceding 
chapter. The author focused his attention on the marker enzymes of clinical importance, i.e., acid 
and alkaline phosphatases, lactate dehydrogenase, creatine kinase and leucine aminopeptidase. 
Valuable information on the comparative aspect of prostatic and erythrocytic prostatic acid phospha
tases was presented in Table I, in which the biochemical characteristics of the various forms of acid 
phosphatases were cited. It would, however, have perhaps been more beneficial to the readers if the 
author had provided similar tables for each of the other isoenzymes discussed. Nonetheless, this 
chapter successfully conveys the current status of isoenzymes in the human prostate gland, the general 
biochemical methodologies that have been used to characterize them, and the application of quantita
tive procedures for these isoenzymes pertinent to prostatic cancer. The author points out the potential 
and future challenge for urological researchers to discover markers that would have clinical value in 
diagnosing and staging of prostatic cancer in man, particularly in the early phases. 

The study of various forms of isoenzymes in tissues has no doubt contributed to their direct 
application in clinical medicine. These isoenzymatic markers may also have helped the cancer 
biologists probe the significance of these marker enzymes in biological processes. For example, the 
human prostatic acid phosphatase was characterized by Li et aI. [1] as a form of phosphoprotein 
phosphatase that catalyzed specifically the dephosphorylation of protein that contained tryosine 
phosphate. A number of the oncogenes that produce transforming proteins have been shown to possess 
phosphotyrosyl-protein kinase activity [2-4]. The balance between protein kinase and phosphoprotein 
phosphatase activities has long been recognized as a primary factor in controlling the rates of many 
critical biological processes. Although the role of prostatic acid phosphatase remains obscure, the 
potential significance of this isoenzyme in prostatic cancer development at the level of protein 
dephosphorylation requires additional investigation. 

The literature on the usefulness of isoenzymes and other biochemical markers for the investigation 
of prostatic carcinoma is steadily expanding. Specific cellular protein and enzyme markers have been 
prepared from normal, hyperplastic, and carcinomatous human prostatic tissues [5-7]. It is anticipat
ed that modern molecular biology techniques will lead to rapid development of unique DNA and RNA 
probes which recognize specific nucleic acid sequences in normal and cancerous prostatic cells [8-11], 
These molecular probes will undoubtedly contribute to our further understanding of the biology of 
prostatic cancer and assist oncologists in diagnosing, staging and predicting therapeutic responses of 
prostatic cancer in man. 
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2. Potency-sparing modification 
of radical retropubic prostatectomy 

WILLIAM J. CATALONA 

In recent years efforts have been made in surgical oncology to achieve cancer 
control while minimizing morbidity and functional sacrifices for patients. To this 
end the potency-sparing modification of radical retropubic prostatectomy was 
developed by Walsh (1983). This operation preserves erectile function in the great 
majority of patients. 

Erectile impotency following standard radical retropubic prostatectomy occurs 
because of injury to the sacral parasympathetic neurovascular bundles that 
innervate the arteries of the corpora cavernosa (Walsh, 1982). These nerves arise 
from the second, third and fourth sacral segments and join the pelvic nerve plexus. 
The pelvic nerves are situated immediately adjacent tot the prostate and are 
susceptible to injury during the separation of the prostate and urethra from the 
rectum, and during the securing of the lateral prostatic vascular pedicles (Fig. 1). 

The staging pelvic lymphadenectomy performed in association with radical 
retropubic prostatectomy is a modified node dissection including only the lymph 
nodes medial to the external iliac veins. This has been shown to be a reasonably 
accurate staging procedure and is associated with minimal morbidity. 

The radical prostatectomy is begun by sweeping the fatty areal or tissue off the 
anterior surface of the porstate and exposing the endopelvic fascia and the 
puboprostatic ligaments (Fig. 2). Usually the puboprostatic ligaments can be 
palpated in the fatty tissue. Care should be taken not to injure the superficial 
branch of Santorini's plexus which perforates the endopelvic fascia between the 
puboprostatic ligaments and courses cephalad on the anterior surface of the 
prostate (Fig. 2). 

The endopelvic fascia is incised by inserting the tips of dissecting scissors 
through the fascia in the groove between the prostate and the urogenital diaph
ragm (Fig. 2). If the proper plane is entered, the prostate is found to be covered 
with a smooth glossy membrane overlying the venous plexus. Laterally the 
urogenital diaphragm muscle fibers should are seen. The diaphragmatic fibers 
should be swept off the prostate on to the pelvic diaphragm. Near the pubopros
tatic ligaments there may be muscular attachments from the urogenital diaphragm 

Ratliff, T.L. and Catalona, W.J. (eds), Genitourinary Cancer. ISBN-J3: 978-1-4612-9210-4 
© 1987, Martinus Nijhoff Publishers, Boston. 
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Figure 1. The anatomic relationship between the sacral 2, 3, 4 parasympathetic neurovascular bundle 
that is situated lateral to the bladder and prostate and innervates the corpora cavernosa. This 
neurovascular bundle is susceptible to injury during radical retropubic prostatectomy at the time of 
transection of the membranous urethra and in securing the vascular pedicles of the prostate. 

to the apex of the prostate. These fibers may be incised so that they will not tether 
the apex of the prostate to the urogenital diaphragm and risk injury to the 
diaphragm during mobilization of the prostatic apex. Occasionally there are small 
blood vessels that accompany these muscle fibers. These vessels can be spot 
cauterized or ligated and divided. 

After the endopelvic fascia has been opened on both sides, the superficial 
branch of the dorsal venous complex is retracted medially and the puboprostatic 
ligaments are incised near their insertion on the pubic symphysis (Fig. 3), taking 
care not to cut too medially nor too far under the pubic symphysis as this may 
result in injury to the dorsal venous complex or the urogenital diaphragm. 

The plane anterior to the urethra can be identified by palpating a # 22 Fr 
catheder in the urethra. A pinching motion with the thumb and index finger 
demonstrates a plane between the urethra and the dorsal venous complex. A right 
angle clamp is then passed anterior the urethra and a heavy ligature is grasped, 
pulled through and tied (Fig. 4). A suture ligature is then placed more cephalad 
around the superficial branch of the dorsal venous complex on the anterior 
surface of the prostate. The right angle clamp is then passed posterior to the dorsal 
venous complex and the jaws of the clamp are spread while the venous complex 
is transected with a knife (Fig. 4). 

In patients who have had a prior transurethral resection of the prostate, 
particularly those in whom the anterior portion of the prostate has been well 
resected, the venous complex may be adherant to the anterior surface of the 
prostate. In this case, it is possible to tent up the attenuated anterior portion of 
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Figure 2. The endopelvic fascia is opened lateral to the prostate and neurovascular bundles. The 
puboprostatic ligaments and superficial branch of Santorini's plexus are depicted . (Catalona WJ: 
Radical prostatectomy: In Prostate Cancer. Grune & Stratton Inc. New York, 1984, with permission)". 

the prostatic capsule which may be incised inadvertantly while transecting the 
dorsal venous complex. Therefore, the venous complex should be transected as 
caudally as possible without jeapordizing the distal ligature. 

After the dorsal venous complex has been transected, there is usually back 
bleeding from veins that drain along the lateral surface of the prostate. These veins 
are suture ligated with a 2-0 chromic catgut suture. 

Because the ligature may slip off the dorsal venous complex at an inopportune 
time, it is prudent to suture ligate the venous complex routinely. The stump of 
the venous complex can best be secured with a suture ligature (placed while 
holding the needle holder in a vertical position) passing the needle first through 
the anterior portion of the venous complex, then passing it through the middle 
portion of the complex and finally passing it through the posterior portion of the 
venous complex before tieing the ligature. This assures good hemostasis for the 
remainder of the operation. 

The apex of the prostate and the urethra with its adjacent neurovascular 
bundles can be identified after the venous complex has been ligated. The catheter 
can be palpated in the urethra at the apex of the prostate. On either side of the 
urethra is a groove and lateral to the grooves are the neurovascular bundles which 
are palpable as firm tissue bands. A plane between the urethra and the 
neurovascular bundles is developed on each side by spreading with the dissecting 
scissors parallel to the urethra. These planes can be further developed by blunt 
dissection with the tip of the index finger. The urethra is then isolated between 
both neurovascular bundles with a right angle clamp and a vessel loop is pulled 
through to elevate the urethra. The anterior wall of the urethra is then icised just 
distal to the apex of the prostate (Fig. 5). The catheter is then hooked with a right 
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Figure 3. The puboprostatic ligaments are incised just lateral to the superficial branch of Santorini 's 
venous plexus. The superficial branch may be retracted medially to avoid injury. (Catalona WJ: 
Radical prostatectomy: In Prostate Cancer. Grune & Stratton Inc, New York, 1984, with permission). 

angle clamp and pulled through the opening in the urethra. The catheter is then 
clamped with a Kelly clamp and is then transected distal to the clamp pulling the 
transected end of the catheter cephalad to use as a tractor on the prostate. Finally, 
the posterior wall of the urethra is transected. 

After transection of the urethra, the rectourethralis muscle fibers must be 
separated and incised to the develop the plane between the prostate and the rectum 
(Fig. 6). The rectourethralis fibers form a broad, thin, dense band that passes 
from the apex of the prostate to the rectum. With the apex of the prostate 
retracted cephalad, the rectourethralis fibers have a whitish appearance similar 
to a muscle facia . The tips of long pointed dissecting scissors are placed in the 
midline and spread until the plane between the prostate and rectum is entered. 
This plane is further developed bluntly with the tip of the index finger until the 
posterior lip of the prostatic apex is palpable. After the rectourethralis fibers have 
been incised, the plane between the prostate and the rectum is developed in the 
midline (Fig. 7). The lateral pelvic fascia is incised on the anterior surface of the 
prostate to develop a plane between the prostate and the neurovascular bundle. 
This vascia is incised sharply from the apex to the base of the prostate (Fig. 7). 
This maneuver frees the neurovascular bundles from the posterolateral surface 
of the prostate. 

If there is tumor invasion into a neurovascular bundle, the bundle may be 
sacrified on one side without jeopardizing preservation of erectile function . After 
the apex of the prostate has been mobilized back to the prostatic pedicles, the 
vascular pedicles are secured by passing a right angle clamp around the pedicle 
and spreading. A 2-0 silk ligature is passed and tied around the pedicle and the 
pedicle is transected close to the prostate (Fig. 8). Bleeding from the prostatic side 
of the pedicles can be controlled with a suture ligature. The neurovascular bundles 
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Figure 4. The deep dorsal complex has been ligated distally with a free ligature and proximally with 
a suture ligature. The free ligature was passed with a right-angle clamp as shown in the inset. The 
dorsal venous complex is then sharply divided between the ligatures. (Catalona W J: Radical prostatec
tomy: In Prostate Cancer. Grune & Stratton Inc, New York, 1984, with permission). 

pass immediately adjacent to the seminal vesicles and care must be taken to avoid 
injuring the bundles during the dissection of the prostatic pedicles and seminal 
vesicles. The prostate is mobilized on the posterior surface until the ampullary 
portions of the vasa deferentia and the seminal vesicles have been visualized. 

Attention is then directed to the anterior surface of the prostate. Indigo carmen 
is injected intravenously and the bladder neck is transected in the groove just 
superior to the prostate (Fig. 9). The bladder neck is opened, the catheter balloon 
is deflated and the catheter is looped through the opening in the bladder neck to 
serve as a tractor on the prostate. The posterior bladder neck is incised and 
dissection is carried down to the plane anterior to the seminal vesicles. Then the 
seminal vesicles and ampullary portions of the vasa deferentia can be dissected 
on the anterior and lateral surfaces of the prostate. The seminal vesicles are 
dissected out by sharp and blunt dissection. There is usually a small artery entering 
the tip of the seminal vesicles which can be secured with a hemostatic clip. It is 
often necessary also to incise Denonvillier's fascia between the ampullary portions 
of the vasa. The specimen is then removed (Fig. 10). 

The pelvis is inspected for adequacy of hemostasis. It is important to avoid 
using electrocautery on vessles or the neurovascular bundles because of the 
possibility of thermal damage to the parasympathetic nerves. Most of the bleeding 
in the neurovascular bundles will stop spontaneously; however, any bleeding that 
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Figure 5. The anterior surface of the membranous urethra is transected. (Catalona WJ: Radical 
prostatectomy: In Prostate Cancer. Grune & Stratton Inc, New York, 1984, with permission). 

does not stop may be scured by placing a suture ligature of fine absorbable suture 
material and tieing it only tightly enough to stop the bleeding. If a nerve is 
entrapped in the ligature, it may regenerate through the nerve sheath when the 
suture is absorbed. 

After hemostasis has been obtained, a pack is placed in the pelvis, and the 
bladder neck is reconstructed. A tennis-recket shaped bladder neck closure with 
the handle of the racket directed posteriorly offers several theoretical advantages 
(Fig. 11). It recesses the ureteral orifices away from the vesicourethral anastomo
sis, allows the bladder neck to come down to the urethra more easily and provides 
for nearly circular muscle fibers at the anastomotic site. The bladder neck is closed 
in two layers, the first layer utilizing a running 3-0 chromic catgut suture and the 
second layer using interrupted 2-0 chromic catgut sutures. In placing the second 
layer of sutures, care must be taken to avoid inverting the bladder mucosa. The 
mucosa should be included in the anastomosis to avoid incontinence and stricture 
formation of the vesicourethral anastomosis. The bladder neck should be closed 
to the size of a # 20 Fr catheter. 

The vesicourethal anastomosis is performed by placing 4 sutures of 2-0 chromic 
catgut on a 5/8th's circle (horseshoe) needle (Fig. 11). The sutures are first placed 
from inside out on the anterior lip of the urethra tagging these sutures with a 
curved mosquito clamp. Gentle traction is used on the anterior sutures while the 
posterolateral sutures are placed. The posterior sutures are tagged with straight 
mosquito clamps. The tails of the sutures are then rethreaded on a needle and 
passed through the bladder neck from inside to outside. A # 18 Fr Foley catheter 
is passed through the urethra into the bladder neck and the sutures are tied 
(Fig. 12). The bladder is irrigated free of clots and the pelvis is drained with a 
suction drain that remains in place for 7 days. The Foley catheter is removed on 
the 14th postoperative day. 
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Figure 6. The rectourethralis fibers are separated from the posterior surface of the prostatic apex by 
spreading with a dissecting scissors in the midline and incising the fibers at their junction with the 
prostate. (Catalona WJ: Radical Prostatectomy: In Prostate Cancer. Grune & Stratton Inc, New 
York, 1984, with permission). 

The potency-sparing technique of radical retropubic prostatectomy requires 
that the surgeon become throroughly familiar with the precise details of the 
anatomy of this region. If the operation is performed anatomically, operative 
blood loss and postoperative morbidity are minimal. The operation can be 
performed under epidural anesthesia in approximately 3 hours after familiarity 
with the technique has been gained. 

Concern has been expressed about whether the nerve-sparing modification is 
an adequate cancer operation in terms possible compromise of the posterolateral 
margins of the prostate that lie close to the neurovascular bundles. Histopatholog
ic studies by Walsh (1983) and Eggleston and associates (1985) suggest that the 
nerve-sparing modification for surgical margins that are more generous than those 
obtained with standard radical perineal prostatectomy but somewhat less gen
erous than those obtained with standard radical retropubic prostatectomy. These 
investigators reported that 41 of 100 patients undergoing the nerve-sparing radical 
retropubic prostatectomy had established tumor in the periprostatic tissue and an 
additional 21 had focal microscopic soft tissue involvement. However, only 7 of 
41 patients with established soft tissue involvement had positive surgical margins 
and all 7 had positive margins at sites other than the nerve-sparing modification. 

We (Catalona, in press) also have reported on histopathologic findings in 52 
patients who underwent the potency-sparing modification of radical retropubic 
prostatectomy. The incidence of positive surgical margins was not significantly 
different from the incidence of positive margins in a series of patients previously 
treated with standard radical retropubic prostatectomy. In both Walsh's and our 
series, erectile function has been preserved in the majority of patients. Walsh 
(1985) reported that among 64 preoperatively potent patients with sexual partners, 
potency returned in three months in 30070, six months in 40%, nine months in 60% 
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Figure 7. After the posterior portion of the prostatic apex has been exposed, the prostate is mobilized 
off the rectum in the midline by blunt dissection. The lateral pelvic fascia is then incised between the 
neurovascular bundles and the prostate. (Catalona WJ: Radical prostatectomy: In Prostate Cancer. 
Grune & Stratton Inc, New York, 1984, with permission). 

and one year in 850/0 . In our series among 42 sexually potent patients followed 
for four months or more, 98% had partial erections and 52% had erections 
sufficient for vaginal penetration. 

In conclusion, the available data suggest that with the potency-sparing modifi
cation of radical retropubic prostatectomy, postoperative sexual function can be 
preserved in the great majority of patients having clinical stages A or B prostate 
cancer without compromising the adequacy of tumor excision. 
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Figure 8. The prostatic pedicles are divided close to the seminal vesicles to preserve the neurovascular 
bundles. The ampullary portions of the vasa deferentia and seminal vesicles are exposed, and the 
prostate is retracted cephalad. (Catalona WI: Radical prostatectomy: In Prostate Cancer, Grune & 

Stratton Inc, New York, 1984, with permission) . 

Figure 9. The bladder neck is incised cephalad to the prostate. The posterior bladder neck is transected 
caudal to the ureteral orifices. (Catalona WI: Radical prostatectomy: In Prostate Cancer. Grune & 
Stratton Inc, New York, 1984, with permission). 
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Figure 10. The seminal vesicles and vasa deferentia are divided, and the surgical specimen is removed. 
(Catalona WJ: Radical prostatectomy: In Prostate Cancer. Grune & Stratton Inc, New York, 1984, 
with permission). 
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Figure 11. The bladder neck is closed in the shape of a tennis racket with a handle of the racket directed 
posteriorly. Sutures have been placed in the stump of the membranous urethra. (Catalona WJ: Radical 
prostatectomy: In Prostate Cancer. Grune & Stratton Inc, New York. 1984, with permission). 
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Figure 12. Completion of the vesicourethral anastomosis. (Catalona W J: Radical prostatecwmy: In 
Prostate Cancer. Grune & Stratton Inc, New York, 1984, with permission). 
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Editorial Comment 

RICHARD D. WILLIAMS 

Description of the cavernous nerves responsible for erectile potency and the subsequent development 
of a potency-sparing modification of radical retropubic prostatectomy by Walsh and co-workers is 
one of the true urologic surgical advances in the last decade. Corroboration of Walsh's results has 
been described by several urologic surgeons including the fine depiction presented here by Dr. Cata
lona. I will discuss only those areas in which I approach the operation in a different manner. 

First, I think it is helpful to visualize the neurovascular bundles as very friable structures that course 
lateral to the urethra just distal to the prostatic apex at 3 and 9 0' clock and then dive posteriolateral 
on the prostate at 5 and 7 o'clock. The bundles are in close approximation to the prostatic capsule 
at the apex and posteriorly. Surgical damage to the bundles will most likely occur at 3 places: the 
apex of the prostate; the junction of the prostatic vessels with the prostate; and lateral to the seminal 
vesicles where they meet the prostate and thus special care must be excercised particularly during 
dissection at these areas. 

I approach the puboprostatic ligaments as does Dr. Catalona, however, I would make a stronger 
point of caution about the vessels accompanying the muscles lateral to the puboprostatic ligaments 
from the urogenital diaphragm. I find that these vessels are present quite often and that they can be 
the source of troublesome bleeding if not carefully ligated prior to incising the puboprostatic 
ligaments. Indeed, once these vessels begin bleeding they may retract deep into the pelvis and cause 
considerable difficulty in maintaining the vision necessary for preservation of the cavernous nerves. 
I also use a large catheter, 22 or 24 French, to aid in palpation of the urethra but do not attempt 
to make a plane between the dorsal vein complex and the urethra with fingers but merely place a right 
angle clamp just above the urethra underneath the dorsal vein complex and then pull through a 1-0 
silk suture. It should be noted that this tissue is quite thick and fibrous and considerable effort may 
be required to pass the right angle tip through it. I often place 2 sutures using the first as a traction 
suture to allow more proximal (on the vein) placement of the second. Directly following placement 
of this suture I place a suture around each branch of the dorsal vein on the surface of the prostate. 
A 2-0 chromic on a 5/8 curved needle is perfect for this and should be placed around the venous 
branches directing the needle right into the prostatic substance. This maneuver eliminates back 
bleeding before it occurs in most instances. Transection of the dorsal vein complex in my hands is 
done with heavy scissors, cutting directly toward the apex of the prostate between the 3 (or 4) sutures 
previously placed. The index finger is used liberally after small cuts to push the vein complex tissue 
distally and thus exposing the prostatic apex. I rarely see the dorsal vein itself until it has been 
transected due to the broad band of fibrofatty tissue surrounding it. At this point quite often, as 
Dr. Catalona has described, the dorsal vein ligature falls off (particularly if only one was placed), 
however, use of the 5/8 curve needle and 2-0 chromic with a figure-of-8 suture ligature through and 
through the vein complex deep up against the pubis will reliably accomplish hemostasis. 

Once the apex of the prostate is identified, the neurovascular bundles can be separated from the 
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urethra using metzenbaum scissors as described. It is important to begin the dissection of the lateral 
pelvic fascia on the prostate at the apex first and then along the lateral edge of the prostate initially 
as it allows blunt finger dissection of the neurovascular bundles to proceed smoothly as described in 
Figure 7. Note that the nerves are not well seen but the veins on the surface of the bundles are. I use 
finger dissection to complete the plane around the urethra. Care must be taken during this dissection 
to tease off the neurovascular bundle, from the prostate and urethra without undue tension which 
may rip the relatively friable structures. At the time of transection of the urethra, I place four to six 
2-0 chromic sutures inside-out using 5/8 curve needles and place Kocher clamps on the 6 and 12 
o'clock sutures for ease in identification later. I have found that placement of these sutures prior to 
complete urethral transection allows for the most accurate placement. 

Following urethral suture placement, finger dissection on the posterior prostate is continued until 
the prostatic pedicles are encountered. These must be taken immediately adjacent to the prostate in 
order to avoid injury to the cavernous nerves. Vascular clips are usually satisfactory. The pedicles 
of the seminal vesicles are treated similarly. 

The ureteral orifices can usually be seen easily after the bladder neck is transected and indigo carmine 
is only required when they are not seen readily. Single layer closure of the racquet handle using 2-0 
chromic works well as long as the mucosa is opposed and good bites of muscle are taken. I agree 
with the advantages of the raquet-handle closure as described. I use a 16 french silicone foley catheter, 
being certain that the balloon has been tested and use gentle traction on the catheter to oppose the 
bladder neck and urethra while the anastomotic sutures are being tied. A suction drain is preferable 
but I remove it as soon as the drainage decreases to less than 75 cc per day (usually 3-4 days) and 
most often the patient is discharged with a leg bag on day 6 or 7 to return 1 week later for a urethrogram 
around the catheter. If no leak is observed, the catheter is then withdrawn. 

I have recently been placing bulldog vascular clamps on the internal iliac arteries distal to the 
superior gluteal artery during the procedure as recently described by Dr. Walsh and have found the 
blood loss to average under 1100 cc utilizing this approach. 

I too have been concerned about efficacy of the operation with respect to ablation of the cancer 
but now having done over 50 such operations, I am convinced that the potency-sparing approach does 
not compromise the cancer operation if one chooses patients carefully and does not persist with 
attempts to salvage potency in cases where the tumor nodule is excessively large or when the the bundles 
appear to be stuck to the prostate. I agree with Dr. Catalona that in my hands the modification does 
not result in a higher incidence of positive margins. The definitive proof that compromise has not 
occurred, however, awaits results of longitudinal follow-up of the local recurrence rate of these 
patients in the future. 

The results in our patients thus far are that, of the patients potent preop who have been followed 
6 months or more, 60010 have erections sufficient for intercourse, while another 200/0 have only partial 
erections. Longer term follow-up will be required to determine actual potency rate with time; however, 
it was noted that as experience was gained it became apparent that of patients in whom potency was 
retained, erections most often occurred by three to six months after surgery. 

It is also pertinent to note that we have attempted to salvage potency in 8 potent patients undergoing 
radical cystoprostatectomy and have been successful in 4 (50010), one of whom had a total urethrectomy 
in continuity. The same surgical principles described above were used in these patients in that the 
prostatic and cavernous nerve dissection was done prior to developing the plane posterior to the 
bladder and the lateral pedicles were then taken high well away from the prostate. The dissection on 
the urethra was carried close to the urethra through the pelvic diaphragm separating the neurovascular 
bundles laterally as they coursed toward the cavernous bodies. It should also be noted that ligation 
of the internal iliac arteries should be foregone if potency-sparing is attempted during cystectomy. 

I am in full agreement with Dr. Catalona that the operation as he describes it, can preserve sexual 
function in the majority of patients but that it should be reserved for those with stage A or B disease. 
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Introduction 
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Primary epithelial tumors of the upper urinary tract often present a diagnostic 
challenge and therapeutic dilemma. Considerable uncertainty exists regarding 
treatment of these uncommon neoplasms, especially with regard to the selection 
of patients who might benefit from conservative (kidney-sparing) surgery. Ther
apeutic guidelines have emanated largely from retrospective analysis of differ
ent surgical approaches, or from pathologic mapping of nephroureterectomy 
specimens, since accurate preoperative clinical staging could not always be ob
tained. 

Recent advances in the design of endoscopic instrumentation, especially the 
rigid ureteropyeloscope, and refinements in the techniques of ureteral dilation for 
instrument passage, have opened the ureter and renal pelvis to routine endoscopic 
assessment [1, 2]. We have found the ureteropyeloscope to have uses similar to 
the cystoscope. These include: diagnosis of upper tract tumors, serveillance of 
urothelium following previous therapy, and primary endoscopic treatment of 
selected tumors [3]. 

Current treatment recommendations of bladder tumors are based upon tumor 
stage, grade, site and multicentricity. The ureteropyeloscope permits similar 
information to be obtained for upper tract tumors. One may biopsy directly, map, 
and occasionally completely resect tumor(s). The ureteropyeloscope is a valuable 
technical addition to the widely used indirect methods to assess upper tract lesions 
such as retrograde pyelography, lavage cytology and blind (or image-guided) 
brush biopsy. Just as it is inconceivable for the urologist to think of managing 
bladder tumors without cystoendoscopy, ureteropyeloscopy is rapidly evolving 
into an invaluable and indispensible method for assessing and managing urothelial 
tumors of the upper collecting system. 

The present chapter reviews the authors' experience in managing upper tract 
urothelial neoplasms at the Memorial Sloan-Kettering Cancer Center (MSKCC) 
and the New York Hospital-Cornell University Medical Center. 

Ratliff, T.L. and Catalona, W.J. (eds), Genitourinary Cancer. ISBN-J3: 978-1-4612-9210-4 
© 1987, Martinus Nijhoff Publishers, Boston. 
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Indications 

The indications for ureteropyeloscopy include: (1) radiographic filling defect or 
obstruction (2) tumor found cystoscopically near (within 1 cm), at, or emerging 
from within the ureteral orifice(s), (3) unilateral upper tract hematuria, (4) upper 
tract positive urinary cytology, (5) surveillance of upper tracts after conservative 
treatment of a ureteral or renal pelvis tumor (6) surveillance of the juxtavesical 
ureters after intravesical therapy in the patient with a positive urinary cytology, 
and negative bladder and prostatic urethral biopsies, (7) differentiate between 
transitional cell and renal cell carcinoma in difficult cases, (8) help plan conserva
tive surgical approach to tumors involving a solitary or ectopic kidney, (9) 
diagnosis and treatment of tumor recurrences after pyeloenterostomy (or ileal or 
colon conduit), (10) obtain tissue diagnosis of metastatic tumors to the upper 
collecting system (colon, cervix, breast, etc.), (11) facilitate safe and sure passage 
of an indwelling ureteral stent (and avoid open diversion or operation) in patients 
with neoplastic obstruction of the ureters, (12) provide access to the upper urinary 
tract for the delivery of topical therapeutic agents and (13) evaluate response of 
primary tumors to systemic or topical chemotherapy. 

These are currently the common uses of ureteropyeloscopy at MSKCC. Other 
uses undoubtedly will become apparent as we gain experience, and is consistent 
with the trend toward conservative management of urothelial neoplams in gener
al. 

Techniques 

Ureteropyeloscopy is performed in the operating room under general anesthesia. 
The initial step is cystoendoscopy and a bulb (occlusive) retrograde ureteropyelo
gram (may be omitted on repeat procedure if the anatomy is well-known to the 
operator). If a tumor(s) is found within the bladder, the ureteropyeloscopic 
procedure is postponed because of the potential risk of upper tract tumor seeding 
(may be more of a theoretical rather than a real risk). A retrograde study is done 
to document the course of the ureter and its distensibility and allows the endoscop
ist to anticipate any problems that may be encountered in passing the instrument 
owing to tortuosity or narrowing of the ureter. 

The ureteral orifice and intramural ureter are then dilated to at least 13.5 French 
(F) using oliveshaped metal bougies passed over a previously placed guide-wire 
through an accommodating cystoscope sheath (23.5 or 25 F). Under direct vision, 
a 9.5 F. ureteropyeloscope with a 5 F working channel, is inserted into the ureter 
and passed to the level of the filling defect, obstruction, or renal pelvis if no lesion 
is identified. If a suspicious lesion is found, it is biopsied using flexible cup forceps 
and fulgurated, or preferably resected, using the 11 or 11.5 F ureteroresectoscope 
(working elements similar to the pediatric resectoscope). Care must be taken to 
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maintain strict hemostasis and to retain the resected tissue within the loop and 
remove it from the ureteroscopic sheath after each bite inorder to avoid washing 
(and perhaps losing) the specimen proximally into the renal pelvis. Restricted 
operative space makes biopsy and resection of extensive tumor tedious, but which 
care, ample tumor tissue and ureteral muscle (important for staging) can be 
excised for thorough pathologic evaluation. 

After resection or fulguration of a tumor(s), the entire urothelium is mapped 
visually and diagrammatically. In cases of tumor believed too extensive to 
completely resect, only biopsy is performed. However, if the tumor appears 
papillary and low-grade, complete removal with fulguration of the base is per
formed, the coagulation and cutting current being set to the effective minimum. 
Superficial and deep portions of the tumor are submitted separately for pathol
ogy. Tumor size, bleeding, reduced vision, low flow (1.16cc/ sec, reduced to 
0.60cc/sec with 4F catheter in channel) may prelude a complete and safe resection 
of some tumors. Similar to eradicating mutiple papillary bladder tumors, several 
operative procedures may be required inorder to completely control multifocal 
tumors within the upper collecting system. 

Following the procedure, a ureteral catheter is left in place for 12-48 hours 
(unnecessary after diagnostic ureteropyeloscopy with fulguration and may be 
omitted if therapeutic manipulation has been minimal). Several additional urine 
samples are collected for cytology. Antibiotic prophylaxis is not routinely used. 
Patients are usually discharged one or two days after the procedure. 

Complications 

The ureteropyeloscopic procedure was unsuccessful in 5 patients (in over 150 
procedures). This was due to an inability to dilate a normal-appearing orifice in 
two, to reach the renal pelvis in two (narrow, delicate ureter in one female patient, 
and a crossed-fused ectopic ureter draining a pelvic kidney in the other), and to 
negotiate a stenotic, previously-resected and tumor-involved ureteral orifice and 
intramural ureter in one (serial ureteropyeloscopies were accomplished successful
ly after distal ureterectomy and reimplant). We anticipate ureteropyeloscopy will 
be successful for diagnostic purposes in over 90070 of patients, including those with 
tumor involvement, or after segmental ureterectomy (but in the latter case, 
subsequent examinations may prove difficult, or even impossible, with time). 

We have had no serious complications of urosepsis, recognized perforation 
during the procedure or other problems requiring immediate operative inter
vention. Two patients experienced moderate lower abdominal and flank pain for 
48 hours (ureteral catheters were not placed), associated with minor radiographic 
extravasation, after extensive endoscopic resection of ureteral tumors. Both 
recovered without incident (and without ureteral drainage) and have subsequently 
had ureteropyeloscopic procedures on several occasions with normal appearing 
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mucosa. Delayed stricture or stenosis are potential long-term complications of 
ureteropyeloscopy. 

The ureter and renal pelvis are remarkably forgiving, and with proper care, 
patience and respect, endoscopic manipulation and surgery in these areas can be 
accomplished safely 

Results 

We have now assessed and/or managed 43 patients with primary tumors of the 
upper urinary tract. Of these, 6 subsequently underwent nephroureterectomy, 4 
had segmental ureterectomy, and 33 were managed by endoscopic resection 
and/ or fulguration alone. 

Patients who undergo open surgical resection after ureteropyeloscopic staging 
present an important opportunity to correlate T-category with P-catgegory and 
thus define the accuracy (and limits) of clinical staging of upper tract tumors. 
Table 1 shows our results. Of the 10 mapped nephroureterectomy or segmental 
ureterectomy specimens (over 130 slides of each specimen examined), 3 of 4 renal 
pelvic tumors were understaged (T < P) whereas an accurate stage (T = P) was 
made preoperatively in 5 of the 6 primary ureteral tumors. Extent of tumor within 
the renal pelvis, poor visualization and low flow of irrigating fluid, inability to 
biopsy base of the lesion or to gain access to tumors involving the lower pole calyx, 
collectively contributed to an often indequate endoscopic assessment of renal 
pelvis tumors. At the present time, we recommend primary endoscopic resection 
(in the patient with two kidneys) only of those renal pelvic tumors that are small 
(less than 2 cm), papillary, low-grade (negative urine cytology), non-invasive, 
located in an accessible extra renal pelvis, and associated with no other mucosal 
abnormalities on biopsy. 

Of the 33 patients selected for primary endoscopic treatment, 30 had localized, 
low-grade appearing papillary tumors or focal flat high-grade carcinoma insitu 
of the ureter, and 3 patients had noninvasive papillary renal pelvic tumors. 
Following biopsy, these patients had ureteroscopic resection and/or fulguration. 
Endoscopic, cytologic and radiographic followup was done at 2-3 month inter
vals. Thus far, 71 surveillance procedures (one or more) have been done in 25 
patients. With an average followup of 18 months, 16 recurrences have been 
biopsied, fulgurated or resected (2 had flat in situ carcinoma near the site of the 
original ureteral tumor). One patient died of a myocardial infarction (unrelated); 
the other 24 are alive with no apparent evidence of local or systemic disease. The 
longest patient available for followup has had 14 procedures over 75 months with 
local control of 6 recurrent tumors. 
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elinico-pathologic features of upper collecting system tumors 

It is necessary to consider this preliminary experience in light of the known natural 
history of upper tract tumors, although the information regarding recurrence 
rates and ureteropyelocalyceal urothelial polychronotopism after various surgical 
procedures is admittedly imcomplete. This is nonetheless important since a 
conservative endoscopic approach to such tumors requires: (1) knowledge of the 
probability of complete, reliable control of the primary tumor(s); (2) accessibility 
to the upper tract for regular surveillance; (3) prompt recognition, and treatment, 
of recurrent tumors prior to their dissemination. 

Regarding upper collecting system tumors in general, clinical multicentricity is 
associated twice as often with papillary (30010) than nonpapillary (15%) tumors, 
increases with garde (21 % for grade I to 37% for grade IV), and is more frequent 
with renal pelvic tumors (29010) than ureteral tumors (8%).20 to 30% are benign 
(papilloma) or grade I papillary carcinoma [4]. Bilateral tumors are seen in 1-5% 
of patients. 

Three features discourage routine conservative (kidney-sparing) management 
of renal pelvic and pyelocalyceal tumors: (1) in patients having nephrouretectomy 
for renal pelvic neoplasms, increased abnormalities are found in adjacent and 
remote urothelium as the stage and grade of the extant tumor increase. With a 
high-grade, infiltrating cancer, moderate to severe mucosal atypia occurs in 62%, 
unsuspected renal papillary carcinoma in 26% and multi focal carcinoma in situ 
in 26% [5]; (2) locoregional failures after open (conservative) surgical excision of 
renal pelvic tumors are high as shown in Table 2. Whether such 'recurrences' are 
the result of failure to control the primary tumor or to new tumor occurences is 
uncertain; (3) operative facility for complete excision of pyelocalyceal tumor(s), 

Table 1. Correlation of clinical and pathological assessment of surgical specimens 

Pt. No. V reteroscopy Pathology Tumor site 

(Nephroureterectomy) 
l. Bx, G III, T2 G III, CIS Pelvis/ calyx* 
2. Bx, G III, T2 GIll, P2 Pelvis 

3. Papilloma GIl, P2+CIS Pelvis 
4. Papilloma, CIS Papilloma, CIS Pelvis 
5. Papilloma Papilloma Mid-ureter 

6. GIl, T2 GIll, P3 Mid-ureter 
(Segmental ureterectomy) 

I. Papilloma Papilloma Distal ureter 
2. Pap Ca. - Tl Tl Distal ureter 

3. Papilloma Inverted Papilloma Distal ureter 
4. Pap Ca. - Ta Ta Distal ureter 
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accurate staging, adequate surveillance and control of recurrences is not always 
optimum when compared with ureteral tumors. 

Small, papillary, low-grade and noninfiltrating tumor(s) arising in a renal pelvis 
that anatomically provides good access for resection and followup may be 
managed endoscopically. However, inability to fulfill the strict criteria for conser
vative management listed above, suggest that kidneysacrificing (nephroureterec
tomy) surgery may be prudent in the patient witha normal opposite kidney. 

On the otherhand, multicentricitys much less frequent with tumors involving 
the distal one-third of the ureter. Survival and local urothelial recurrences are 
similar for distal ureteral tumors after nephroureterectomy versus segmental 
ureterectomy. Recurrence rates with conservative surgery increase progressively 
with higher locations of the primary tumor. This is consistent both with the 
concept that polychronotopism is more a centrifugal than a centripetal phenome
non and with the better accessibility of ureteral lesions than pelvocaliceallesions 
to 'good' conservative treatment [8]. 

Surveillance of the juxtavesical ureters is becoming increasingly important in 
patients with multi focal carcinoma in situ (CIS) of the bladder treated conserva
tively since the risk of relapse involving the distal ureters may be as high as 35070 
(39/105 cystectomy patients with primary invasive bladder cancer plus diffuse 
bladder CIS had insitu carcinoma of the distal ureter). Moreover, of 66 patients 
with multifocal bladder CIS who achieved a complete response to topical BCG 
for more than one year, 15 (23%) had CIS detected in one or both distal ureters 
after 13-30 months (7 patients had distal ureterectomy and reimplant and 8 were 
treated by ureteroscopic resection and fulguration). These data suggest that 
regular ureteroscopic surveillance and treatment may be of value in patients at 
high risk forureteral polychronotopism. In the past one year, 24 patients with 
multifocal bladder CIS treated and sterilized with intravesical BCG had uretrero
scopy on one [8] or more than one [16] occasion (14 patients had 'routine' 
examination and 10 were evaluated because of a positive urine cytology and 
negative bladder biopsy). Of the 14 'routine' ureteroscopies, ureteral CIS was 
found in only 1 (7%), whereas 3/10 (30%) clinically suspect patients had ureteral 
CIS. All were treated by biopsy and fulguration. Followup ureteroscopy (at 3 
month intervals) has documented recurrent or persistent CIS in 4 patients (endo-

Table 2. Recurrences after local excision of renal pelvic tumors 

Series No. U rothelial recurrences Local pelvic failures 

Mazeman[4] 23 15 8 
Wallace [6] 7 4 3 
MayoC] 17 12 10 

Totals 47 31 (64070) 21 (42070) 
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scopically treated). This ongoing preliminary experience suggests routine urete
ropyeloscopy in patient with CIS of the bladder responding to conservative 
management may be nonproductive, but it is of value in such patients with 
conversion of a negative to positive urine cytology, especially in the absence of 
documented recurrent CIS of the bladder or urethra. 

Summary 

The ureteropyeloscopic procedure in our hands has proved to be a safe and 
reliable technique. Endoscopic diagnosis and better presurgical staging appears 
to be the greatest advantage afforded by this method. Although followup is short, 
selected patients with localized, superficial and low-grade tumors may be amen
able to ureteropyeloscopic treatment. The role of topical prohylactic or therapeu
tic chemotherapy or immunotherapy is yet to be determined. However, the ability 
to obtain routine access to the upper urinary tract makes this approach feasible. 
Endoscopic surveillance has been accomplished safely on a regular basis, even 
after segmental ureterectomy. Longitudinal studies ofthe results of this and other 
experiences will indicate the ultimate place of ureteropyeloscopy in the manage
ment of upper collecting system urothelial neoplasms. 
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Editorial Comment 

EDWARD S. LYON 

The authors present an unusually clear, concise, and thorough assessment of the current state-of-the
art for the role of ureteroscopic procedures in upper tract urothelial neoplasia. Although much of 
urologist's expertise with urothelial disease in the bladder can be readily transposed to the upper 
urinary tract through ureteroscopic techniques there exist important differences brought out by the 
authors: the procedures are not 100070, one should avoid potential seeding of tumors, the effect of 
topical chemotherapy is yet to be evaluated, the techniques and studies are preliminary and evolving 
currently. 

The one criticism I have of their report relates to their inference from two cases mentioned in the 
discussion of complications. The cases were managed without ureteral drainage catheters in the 
presence of ureteral extravasation after tumor resection. Both patients recovered satisfactorily and 
would be tallied as having only a minor complication. I feel it is necessary to drain the upper tract 
with an internal catheter for 48 hours when extravasation has been demonstrated in such a circums
tance and impose that requirement on my own practice. 

This excellent series is well under way and will be a major contribution to our basic understanding 
and management of disease most of us see infrequently. I greatly admire and value the authors 
objectivity and candor in their presentation of the material. 
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4. Growth factors in urology 

STEPHEN C. JACOBS and MICHAEL T. STORY 

Introduction 

Growth factors are non-nutritive substances or hormones that regulate cell growth 
or cell proliferation, but do not take part in cell biosynthesis, metabolism or 
catabolism [I]. Hormones are similarly non-nutritive substances that travel 
through body fluids and produce their effect on cells distant from where they were 
synthesized. Many growth factors may prove to be hormones, but their in vivo 
function is not known yet. The growth factors are proteins produced by a cell 
which are capable of stimulating cell growth or cell division. When a growth factor 
stimulates cell division it is called a mitogen. 

Most growth factors have been studied in cell culture systems. DNA synthesis 
in the target cells has been measured by the uptake of radiolabeled DNA 
precursors in response to exposure to the growth factor. A true mitogen will not 
only cause incorporation of radiolabeled nucleotides into DNA, but will also 
increase cell number. While the cell culture systems employed make isolation of 
growth factors much easier, they yield little information on the physiologic 
importance of the growth factors in the living organism. 

Growth factors are manufactured by the protein synthesis machinery of the cell. 
They are then released and ultimately attach to a specific receptor on the cell 
membrane. If the growth factor producing cell is distant from the receiving cell, 
and travel through the bloodstream is involved in getting the growth factor to its 
target, then the process is referred to as endocrine. If the growth factor travels 
only a short distance to an adjacent cell, then the process is called paracrine. If 
the growth factor producing cell is also the receptor containing cell, the stimu
lation is said to be autocrine [2]. 

There are numerous known or suspected growth factors. Many of these may 
prove to be the same or to belong to the same class of growth factors after further 
characterization. Table 1 lists some of the better characterized growth factors and 
cites review articles where more information about the growth factors may be 
obtained. 

Ratliff, T.L. and Catalona, W.J. reds), Genitourinary Cancer. ISBN-13: 978-1-4612-9210-4 
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This review will emphasize growth factors and oncogene products that have 
largely contributed to our current understanding of how extracellular signals 
regulate cell division. We have used examples from urologic studies where 
sufficient information has accumlated in hopes of appealing to the reader in this 
speciality of medicine. 

EGF as a model 

We would to like to describe briefly epidermal growth factor (EGF), the best 
characterized of the growth factors, in order that a model may be established to 
compare to less well studied growth factors such as prostatic growth factors. 

EGF was first isolated from the mouse submaxillary gland by Stanley Cohen 
in 1962 [22]. Since then, numerous papers concerning EGF have been published. 
These studies have provided the frame work for understanding how extracellular 
signals regulate cellular events. 

EGF is a 53 amino acid single polypeptide chain with a molecular weight of 
6045. The protein has three intramolecular disulfide linkages that are essential for 
biological activity. The tertiary structure of the protein is very stable to acid and 
boiling [5]. 

In homogenates of the submaxillary gland prepared at neutral pH, EGF is 
found as a component of a higher molecular weight complex. The complex has 
a molecular weight of 74,000 and is composed of two molecules of EGF and two 
molecules of binding protein. The binding protein has arginime specific peptidase 
activity. Frey et al [23] have isolated a precursor of EGF with a molecular weight 
of 9,000. This pre-EGF is converted to EGF by the estero peptidase found in the 
high molecular weight EGF complex. Interestingly, mRNA encoding the precur-

Table 1. Some of the better characterized growth factors 

Growth factor 

EGF/Urogastrone, epidermal growth factor 

TGF, Transforming growth factor, at least 3 types described 

FGF, Fibroblast growth factor, basic and acetic forms described 

NGF, Nerve growth factor 

PDGF, Platelet-derived growth factor 

Somatomedin, a class of growth hormone-dependent proteins 

Hemopoietic colony stimulating factors, at least 5 types described 

PrGF, Prostate growth factor, possibly a member of the heparin-binding 
growth factors 

References 

3-6 

2,7-9 

10,11 

12-14 

15,16 

17-18 

19,20 

21 
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sor to mouse submaxillary gland EGF is unexpectively large. It consist of 4750 
nucleotide bases and predicts the sequence of prepro EGF, a protein of 1217 
amino acids with a molecular weight of 133,000. The amino terminal segment of 
976 amino acids contains seven peptides with sequences that are similar, but not 
identical to EGF. The sequence of the EGF-binding protein is not contained in 
the prepro EGF sequence. Thus, the function of much of the molecule remains 
to be determined [24]. 

A human counterpart of mouse EGF (mEGF) was isolated from urine by 
Gregory [25]. The peptide is very similar, but not identical to mEGF with respect 
to its physical and chemical properties. Of the 53 amino acid residues comprising 
each of the two polypeptides, 37 are common to both molecules, and the three 
disulfide bonds occur in the same relative positions. Sixteen variable residues 
occur at intervals along the polypeptide chain, of these, 14 could result from single 
base changes in the triplet code and most of the changes are conservative 
replacements. Furthermore, human EGF (hEGF) and mEGF elicit nearly identical 
biological responses. Human EGF occurs in various fluids as follows: urine, 
100 ng/ml; milk, 80 ng/ml; plasma, 2 ng/ml; saliva, 12 ng/ml; aminotic fluid 
1ing/ml. The quantities of hEGF in tissues are exceedingly low compared to the 
daily urinary excretion of the growth factor (50-60 Ilg) [3]. 

Unlike the mouse submaxillary gland where one can obtain up to 1.0 g of 
EGF/gram of tissue, the human submaxillary gland contains only 1 to 2 ng of 
EGF per gram of tissue. Interestingly, EGF appears to be present in much higher 
levels in rat and guinea pig prostate than in human prostatic tissue [26-28]. 

EGF is synthesized in the mouse submaxillary gland and stored in secretory 
granules in the tubular cells. The production of EGF is under androgen control. 
Adult male mice have about 1 11 g/mg tissue compared to 70 ng/mg tissue in the 
female. Castration reduces the level of EGF ten-fold and testosterone-treated 
females have EGF levels that are comparable to these in intact males. 

Release of EGF into the bloodstream and particularly into the saliva is under 
alpha adrenergic control [29]. 

The number of biologic activities of EGF is widely varied. EGF enhances 
epidermal growth and keratinization by increasing mitosis in the basal epidermal 
cells [30]. In the corneal epithelum EGF causes hyperplasia and speeds wound 
healing [31]. In the GI tract EGF accelerates healing of experimentally induced 
ulcers and reduces gastric acid secretion [32]. All responses to EGF in the intact 
animal appear to be limited to epithelial cells. 

The regulation of cell proliferation by EGF has been extensively studied using 
cultured human foreskin fibroblasts as a model system. These cells are considered 
'normal' as they maintain a diploid chromosome number and their growth is well 
regulated by mechanisms such as density-dependent inhibition of growth, a high 
serum requirement, and anchorage-dependent growth. Cells grown in the contin
uous presence of EGF (ng quantities) continue to proliferate when the culture 
becomes confluent, forming a multilayered cell population, and reaching popu-
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lation densities four-to-six fold higher than the controls. Also, when fibroplasts 
are incubated in media containing low serum (1 0/0), cell proliferation in normally 
restricted, but supplementation of these media with EGF yields cell growth equal 
to that obtained in the presence of optimal serum concentrations (10%) [33]. The 
apparent loss of sensitivity to these growth-regulating mechanisms by cells cultur
ed in the presence of EGF bears some resemblance to the behaviour of 'transform
ed' cells in vitro. Transformed cells are frequently characterized by their insensi
tivity to normal growth-controlling mechanisms. Transformed cells in culture are 
heteroploid, are not contact inhibited, have a lower serum requirement for 
growth, and exhibit anchorage-idenpendent growth. Thus, EGF, while not trans
forming cells, does have the effect, under cell culture conditions, of creating an 
imbalance of homeostatic signals favoring cell proliferation. 

Cell replication is the end result of a complex series of biochemical and 
morphologic events following exposure to growth factors. These events outlined 
in Table 2 are similar regardless of the cell type or the mitogenic agents. 

In order for cells to respond to EGF, cell surface receptors must be present. 
A single fibroplast cell has 40,000 to 100,000 high affinity (10- 9 to W-lOM) 
binding sites for EGF on its surface. 

The membrane receptor for EGF plays a key role in the transduction 

Table 2. Components of the mitogenic response 

Event 

1. Biological response at the membrane 

a) Binding to receptor 
b) Receptor phosphorylation (Tyr specific) 
c) Phosphorylation of other proteins 
d) Increased transport 

amino acids, sugar, ions, polyamines 

2. Responses in the cytoplasm 

a) Activation of glycolysis 
b) Synthesis of extracellular macromolecules (glycosaminoglycans, 

hyaluronic acid) 
c) Activation of RNA, protein synthesis 
d) Activation of ornithine decarboxylase 

3. Nuclear events 

a) Stimulation of DNA synthesis 
b) Mitosis 

Time 

minutes 

2-12 hours 

12 hours 
24 hours 
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of the signals mediated by EOF leading to cell proliferation. Monoclonal antibody 
has been produced against the EOF receptor. In some cases, antibody blocks the 
binding of EOF to EOF receptors. It also induces EOF-like activity: the phospho
rylation of membrane proteins, activation of ornithine decarboxylase, and the 
stimulation of DNA synthesis and cell division [34]. These findings support the 
notion that the EOF receptor, rather than EOF itself, is the active moiety and 
that the role of the growth factor is to perturb the receptor which then stimulates 
the many cellular responses. 

Carpenter, Cohen and co-workers discovered that EOF induces a rapid, cyclic 
nucleotide-independent and tyrosine-specific phosphorylation of a number of 
membrane proteins when added to purified plasma membranes from human 
epidermoid carcinoma cells (A-431). Several proteins of molecular weights corre
sponding to 170,000, 150,000,80,000 and 22,000 are phosphorylated. The major 
phosphorylated proteins with molecular weight of 170,000 to 150,000 daltons 
were identified as EOF receptor. Both ATP and OTP can act as the phosphate 
donor of the phosphorylation reaction and either Mn + 2 or Mg + 2 is required for 
optimal activity of the protein kinase. The kinase activity is copurified with 
EOF-binding activity by EOF affinity-chromatography. This finding together 
with the fact that the phosphorylation is very rapid, even at O°C, suggests a close 
proximity between the receptor and the kinase. In fact, Cohen provided strong 
evidence that the protein kinase is an integral part of EOF receptor by photoaffini
ty label of an ATP binding on the receptor molecule [35]. 

In the past year, complementary DNA (cDNA) to the EOF receptor mRNA has 
been cloned [36]. From the amino acid sequence, predicted from the nucleotide 
sequence of cDNA clones covering the entire coding region, the following picture 
of the EOF receptor has emerged. A signal peptide of 24 amino acids is cleaved 
from a precursor molecule to yield a mature protein of 1,186 amino acids. The 
receptor can be divided into an amino-terminal EGF-binding domain of 621 
amino acids, a 26 hydophobic amino acid membrane spanning domain, and a 
c-terminal domain of 542 amino acids having the protein kinase catalytic activity. 
The c-terminal region also shows considerable homology to the catalytic domains 
of other protein kinases, and as will be discussed is homologous with the acute 
transforming virus, erb B, oncogene product. The final 240 amino acids at the 
c-terminas shows no homology with known proteins. 

Following binding of EGF to its receptor the growth factor-receptor complex 
is internalized within 10-30 minutes. EOF is eventually degraded by the lysosomal 
enzymes and new receptors are manufacturated or old receptors are released in 
a process that requires new protein synthesis. 

EOF induces many cellular changes by interacting with its receptor. An increase 
in ruffling of the cell membrane and extension of filipodia on the surface is seen 
within minutes of exposure to EOF. Fluid phase pinocytosis is enhanced leading 
to increased cellular uptake of a number of substances: active transport of ions 
and nutrients occurs rapidly. 
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In contrast to these rapid changes that require only a small content of BOF, 
stimulation of DNA synthesis requires 6-12 hours of a relatively high dose of BOF 
exposure. If 25"70 of BOF receptors are bound, then enhanced DNA synthesis will 
occur at 12 hours. BOF stimulates glycolysis, the synthesis of protein and glyco
protein, and the activation of the enzyme ornithine decarboxylase [37]. 

Although much has been learned from studies of BOF, it is as yet not possible 
to explain the biochemical basis by which growth factors regulate cellular pro
cesses. 

Transforming growth factors 

Transforming growth factors (TOFs) are a class of polypeptides of MW 
5,000-20,000. Physiochemically they are acid stable and contain disulfide bonds 
important to their biologic activity. TOFs are secreted by transformed cells; these 
cells have lost the requirement that growth be controlled by hormones and growth 
factors. Malignant cells or virally infected cells are examples of transformed cells 
that have escaped from normal growth controls and do not seem the require the 
same amounts of growth factors and hormones to proliferate. TOFs appear to 
be secreted by the transformed cell and they act on the same cell and its neighbors. 
Thus, if the producing cell also has TOF receptors the secretion of TOF produces 
an autocrine stimulation [38]. TOF may also affect neighboring cells with TOF 
receptor resulting in paracrine regulation. TOF s stimulate mitogenesis and cause 
anchorage independent growth of cells; a property in cell structure that correlates 
best with tumorigenicity in vivo [39]. One type of TOF, called u- or type 1 TOF, 
completes for BOF receptor binding [38]. Transformed cells that produce u-TOF 
have a diminished number of BOF receptors compared to their nontransformed 
counterpart. Fewer available receptors appears to result from internalization of 
the growth factor-receptor-complex leaving fewer receptors on the cell surface; 
a phenomenon known as receptor down regulation. 

The amino acid sequence of rat u-TOF is a single-chain polypeptide consisting 
of 50 amino acids and has a molecular weight of 5616. The protein shows 33 and 
44% sequence homology with mBOF and hBOF, respectively. Like BOF, rat 
u-TOF has 3 intramolecular disulfide bridges which would lie in the same location 
as those in BOF except for a single amino acid deletion. The sequence for this 
u-TOF is not coded for in the prepro-BOF transcript previously described for 
mBOF. 

Bladder cancer cells produce TOFs. Messing et al [41] found> 5,000 MW TOF 
produced by human transitional cell carcinoma cell line 647V that stimulated 
mitosis when applied to the same 647V cells. They not only demonstrated that 
autocrine secretion and stimulation was operative in these cells, but also demons
trated that the secreted TOF transformed normal rat renal fibroblasts to grow in 
an anchorage-independent fashion. 
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The TGF from bladder carcinoma cell line 647V did not compete with BGF 
for BGF receptors on the bladder cancer cell surfaces. BGF, however, was capable 
of stimulating normal rat bladder cells and bladder tumor cell lines that had BGF 
receptors. Neal et al [42] have reported that bladder cancers that are invasive are 
more likely to have BGF receptors than non-invasive bladder tumors and that 
normal transitional epithelium does not contain BGF receptors. 

Lin and Fay [43] looked at three TGFs produced by bladder cancer cell line 
MGF-Ul. They found a MW 30,000 peak that transformed kidney cells in culture 
and two smaller TGFs (MW 15,000 and 9,000) that competed with BGF. The three 
TGFs when added together were synergistic in producing transformation. 

Prostatic growth factor 

Two areas of prostatic research show promise for investigation of the role of a 
prostatic tissue growth factor. In both the area of prostatic cancer metastases and 
the area of BPH, protein growth factors may be important in the genesis of the 
disease state. 

Osteoblastic metastases 

Human prostatic cancer is unique in that it is the only cancer that consistently 
produces osteoblastic metastases in bone. Greater than 900/0 of bone lesions due 
to prostatic cancer are osteoblastic, rather than osteolytic. Breast cancer is the 
second most common cancer to induce osteoblastic metastases, but does so only 
8% of the time. The malignant prostatic epithelial cells spread to the red marrow 
spaces of cancellous bone. New bone formation then follows surrounding the 
nests of malignant prostatic cells (Fig. 1). Osteoblasts become more numerous on 
the trabecular surfaces. New bone is layed down by the osteoblasts in the vicinity 
of the malignant prostatic cells. In normal bone remodeling, osteoclastic bone 
resorption must precede osteoblast activity. In the juxta-metastatic modeling of 
prostatic cancer, osteoclastic resorption does not preceed osteoblastic differen
tiation. Using histomorphometric analysis of bone metastases, Charhon et al [44] 
concluded that a local trophic factor released by the cancer cells could be 
responsible for the histologic picture. 
In 1979 we reported our first growth factor experiments involving prostatic 
tissue [45]. We found that tissue extracts of prostatic tissue, normal and benign 
or malignant, stimulated mitogenesis in fetal rat calvarial-derived osteoblasts. The 
osteoblasts responded to the prostatic tissue extracts in a dose dependent and time 
dependent fashion. While the osteoblasts stimulated mitogenesis maximally at 
24 hours, protein synthesis was only modestly stimulated [46]. 

Cultured osteoblasts still produced primarily Type I collagen (unpublished 
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Figure 1. Lamellae of new bone being laid down by osteoblasts possibily in response to a local trophic 
growth factor being produced by malignant prostatic epithelial cells within the marrow space. 

observations), the basis for in vivo new bone matrix. In the prosratic cancer 
patient, the new bone matrix avidly binds calcium leading to low serum calcium 
and phosphorus. Secondary hyperparathyroidism and increased 1,25 (OHh vi
tamin D levels follow and patients develop osteomalacia in the uninvolved bones 
as well as the osteoblastic changes aound the prostatic cancer metastases [47]. 
Once the growth factor is purified, it will be important to determine if the factor 
cun mimic in vitro the response of bone to prostatic metastases. 

Benign prostatic hyperplasia 

The genesis of BPH in man and the dog has been a very perplexing problem to 
generations of researchers. It is accepted that androgens are required to maintain 
growth and morphology of the epithelial cells of the normal prostate, but the role 
of steroids in the genesis of prostatic hyperplasia is not established. 

In the developing prostate Cunha et al [48, 49] have shown there is an 
interaction between the mesenchymal or stromal portions of the prostate gland 
and the epithelial cells that will line the ducts and acini. In development of the 
prostate the stroma appears to dictate to the epithelium to differentiate into 
prostatic epithelium. Furthermore, quiescent adult prostatic epithelium can be 
induced to proliferate again by embryonic urogenital sinus mesenchyme. 
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Bartsch has done extensive stereological analyses of BPH and shown that there 
is a significant increase in the fibrostromal volume over the glandular volume 
when compared to the normal gland of the young adult male [50, 51]. Many 
researchers have suggested that the BPH may begin as fibrostromal nodules which 
then induce the ingrowth of adjacent epithelial elements [52-55]. McNeal has 
described a transition zone in the prostate from which he believes BPH begins 
and suggests that a local stromal inductive effect may account for early fibrostro
mal nodule formation. He further states that the histogenesis involves three 
distinct processes: early diffuse gland growth, small nodule proliferation, and 
later nodule enlargement [56]. 

Paracrine secretion of PrOP as a possible model for the etiology of BPH 

In our laboratory in collaboration with Dr. Russell Lawson, we have identified 
and partially purified a growth factor from BPH tissue that we have termed 
prostatic growth factor (PrGF). This growth factor stimulates a number of 
different cells in culture to divide. 

Tackett et al [57] found that mitogenic activity was present in human prostatic 
secretions. While they found several large MW fractions in BPH tissue, they 
found a 30,000 daltons MW species in prostatic secretions that stimulated 3H-thy
midine incorporation by 3T3 fibroblasts. These studies markedly strengthen the 
concept that PrGF is produced by the epithelial cells of the prostate and is secreted 
into the prostatic fluid. Lawson et al [58] separated BPH into acinar-enriched and 
stromal-enriched homogenates. Acinar -enriched preparations demonstrated 
more PrGF activity than stromal-enriched preparations. This points again to the 
prostatic epithelial cell as the source of PrGF. 

The stromal cells may well be the responding target cell for PrGF in BPH. 
Lawson et al [58] also grew prostatic fibroblasts in culture and found that PrGF 
from the same prostate gland stimulated mitogenesis in these prostatic fibroblasts. 
Furthermore, prostate did not respond to PrGF as well as BPH derived prostatic 
fibroblasts, suggesting that there may be a change in the stromal fibroblasts with 
aging. 

At the recent NIADDK symposium on BPH, Maxhinney [59] suggested that 
stroma and collagen were very important in the genesis of BPH, but that they 
may be stimulated by prostatic fluid growth factors. Figure 2 illustrates a theoreti
cal model for what might be happening in the development of BPH (Fig. 2). 

The bioassay for PrGF employs newborn human foreskin fibroblasts as the test 
cell culture system [21]. These foreskin fibroblasts are grown in culture medium 
with 10070 newborn calf serum and, then, nutritionally downshifted for 24 hours 
to only 0.5% newborn calf serum. These conditions are throught to inhibit cell 
growth in the Go phase of the cell cycle [60]. Test samples of growth factor are 
then applied to the quiescent cells and their uptake of 3H-thymidine is measured 
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Aging stromal cells 

Figure 2. Possible Model for Genesis of BPH 
Prostatic stroma induces growth and differentiation of prostatic epthelium. Testosterone maintains 
growth and protein synthesis by epithelial cells. PrGF is secreted into acinar lumen probably under 
autonomic nervous system control. Some PrGF enters the extracellular matrix where it stimulates 
mitogenesis by aging stromal cells. The fibrostromal nodule begins and induces ingrowth of more 
epithelial cells. 

after 24 hours. The stimulation of 3H-thymidine uptake as a measure of DNA 
synthesis is compared to a standard, the stimulation caused by the addition of 
100/0 serum. One unit is defined as the amount of the growth factor that gives 
a response equal to 10% serum. 

PrGF stimulates a number of cell types to undergo mitosis. Besides human 
foreskin fibroblasts, other responding cells include rat calvarial osteoblasts, rat 
shin fibroblasts, and fibroblastic cell lines BUD 8 and 3T3. The stimulation of 
3H-thymidine incorporations by fibroblasts is detectable by 12 hours, reaches a 
peak at 18-24 hours, and disappears by 36 hours after the addition of PrGF [45, 
46]. Autoradiographic studies have shown that PrGF causes a 15 fold increase 
in labeled mitoses 36 hours after addition [61]. The enhanced mitotic activity 
observed at 36 hours is consistent with the increase in 3H-thymidine incorporation 
occuring at 18-30 hours and is indicative of cells completing S phase and travers
ing G2 before entering Mitosis. By 65 hours after exposure to PrGF 100% of 
fibroblast nuclei are labeled, compared to only 33% of control culture nuclei. 
PrGF causes a 194% increase in absolute cell number. Furthermore, cell protein 
increases 152% if exposed to PrGF for 3 days. These studies indicate that nearly 
the entire confluent fibroblast population participates in the proliferate process 
as a result of stimulation by PrGF. 

Isolation and physiochemical characteristics of prostatic 
growth factor 

Homogenization 
BPH tissue was obtained at open prostatectomy or by transurethral resection 
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(TURP). The tissue was stored at - SOc prior to use. Pathology was performed 
on all speciemens to confirm BPH, but it cannot be ruled out that specimens were 
entirely free of prostatitis or carcinoma. All steps in preparing homogenates and 
isolating PrGF were at 0-4C. The tissue was rinsed in saline and cut into small 
cubes. The pieces of tissue were homogenized in an equal volume of homogeni
zation buffer. When tissue obtained at open prostatectomy was homogenized in 
high ionic strenght buffer, 3 to 6 times more activity was recovered per gram of 
tissue. Tissue obtained by TURP has also been used as a source of the growth 
factor. However, extracts prepared from TURP specimens yielded fewer units of 
growth factor than did extracts prepared from glands obtained by the open 
procedure as shown in Table 3. 

Lipid extraction of BPH extracts 
To determine if the growth factor activity in BPH extract was due to a component 
in the lipid fraction, preparations were extracted with ether (not shown) or 
dichloromethane (Table 4). PrGF was recovered in the aqueous phase. Lipid 
affiliated protein was removed without affecting growth factor activity. 

The BPH extract was mixed with an equal volume of dichloromethane in a 
sepratory funnel. After phase separation, the aqueous phase was extracted a 
second time. The aqueous phase was centrifuged and a portion of the supernatant 
was dialyzed vs. Tris buffer (O.05M Tris, O.05M NaCl, pH 7.6) and tested for 
growth factor activity. 

Ammonium sulfate precipitation and concentration 
An average of 56.46,10 (range 52-646,10, n = 5) of the growth factor in BPH extracts 
was precipitated between 33 and 67% saturation with ammonium sulfate, pH 7.6. 

Table 3. Growth factor activity of BPH homogenates prepared in low and high ionic strenght buffer 

Source of BPH tissue 

Open Prostatectomy" 

Open Prostatectomy" 

Extraction condition 

Low ionic strenghtC 

High ionic strengthd 

Low ionic strengthC 

High ionic strengthd 

a Four pools of at least 100 g of BPH tissue per pool 
b Pool of 116 gr of TURP tissue 
C Tris 0.05 M with 0.05 M NaCl, pH 7.6 (Tris buffer) 

Units/mg Units/gr 
of protein net weigth 

of tissue 

20 420 
(IM7) (300-890) 
143 2949 
(112-165) 2758-3086) 
32 458 
96 927 

d TrisO.05 M with 1.55 MNaCl, pH 7.6 withEDTA (10 mM), Phenylmethylsulfonyl fluoride (1 mM), 
L-I-tosylamide-2-phenylethyl-chloromethyl ketone (0.03 mM), ethylamalemide (0.05 mM), soybean 
trypsin inhibitor (10 mg/I), (TSI buffer) 
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The specific activity of precipitates was increased by only about 2-fold. Eighteen 
precent of the PrGF was recovered at 330/0 ammonium sulfate and 8% remained 
in the supernatant at 67% ammonium sulfate. 

Influence oj heat, acid, pH, and dissociating agents 
The stability of crude (138 units/mg) and highly purified PrGF (236, 250 
units/mg) was compared at 56C and loOC. The crude preparation retained full 
activity after 40 min at 56C but lost 90% activity when boiled for 5 min. Highly 
purified PrGF lost 60% activity after 40 min at 56C and all activity when boiled 
for 5 min. This confirmed earlier observations that PrGF was heat labile [45] and 
suggested that the activity in crude preparations was partially protected by other 
proteins. 

The activity of crude extracts of BPH was irreversibly inactivated at acid pH. 
Reducing the pH from 7.3 to 4.6 decreased activity by 30--40% and at pH 1.5 
only about 20% of activity remained. Highly purified PrGF (236,250 units/mg) 
was even more susceptible to acid denaturation. An 80--85% loss in activity was 
seen at pH 4.6 and no activity could be found in preparation brought to pH 2.5. 
On the other hand, growth factor activity appeared stable in alkaline solutions 
(pH 8.8). 

More than 50% of the growth factor activity was lost after dialyses with 6M 
urea or 6M guanidine-HC1, pH.6. Growth factor activity was recovered after 
exposure to 2-mercaptoethanol, but was lost in the presence of the reducing agent 
and 1 % sodium dodecyl sulfate. 

Fractionation oj BPH homogenates 
PrGF has been subjected to a variety of fractionation techniques. The details of 
this work have been published [21] so only a summary of our findings are 
described in this section. All of these studies used BPH homogenates that had 
been precipitated with ammonium sulfate between 33 and 67% saturation as 
starting material. 

Table 4. Dichloromethane extraction of crude BPH homogenates 

Unextracted Extracted 

Study Protein Activity Protein Activity 

no. (mg/ml) (units/mg) (mg/ml) (units/mg) 

4.5 28 1.9 55 

2 7.5 152 6.3 353 

3 7.5 165 6.3 295 

4 10.4 112 5.6 144 
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Gel filtration chromatography. The elution position of growth factor activity 
from gel filtration columns was markedly different when performed in low vs. 
high ionic strength buffers. In low ionic strength solution the activity was 
distributed in the MW region ranging from 17,000 to 100,000. Over 70070 of the 
activity was in fractions eluting with an apparent MW of > 67,000. When 
fractionated in high ionic strength buffer the predominant growth factor was 
found at MW 17,000 [12]. The different behaviors of PrOF in low and high ionic 
strength solutions is most likely a result of growth factor interaction with other 
proteins. Low ionic strength conditions are known to promote protein-protein 
interaction. 

A number of other growth factors are known to interact with proteins in a 
manner resembling PrOF. Endothelium-derived growth factor behaves like a 
protein with a MW> 150,000 in 25 mM Tris or in isotonic phosphate buffer. 
When exposed to detergent or high concentrates of chaotropic ions the growth 
factor activity was predominantly found in 14,000 to 24,000 MW fractions. 
Platelet-derived growth factor exhibited similar gel filtration properties. This 
growth factor acitivity was distributed in several MW regions ranging from 10,000 
to > 100,000 in borate buffer. However, gel filtration in 6M guanidine-HC1 
produced a more discrete active fraction corresponding to a MW of 12,000 to 
24,000 [62, 63]. Since PrOF was inactivated by 6M guanidine or 6M urea, it was 
necessary to use buffers of neutral to alkaline pH containing high concentrations 
of salt to achieve dissociation of PrOF from other proteins and to discourage self 
aggregation. Other growth factors such as epidermal growth factor (EOF), 
multiplication-stimulating activity, and nerve growth factor are known to possess 
specific carrier proteins of considerably larger MW than the active growth 
factor [64--66]. It has not been determined if a specific binding protein exists for 
PrOF. 

Ion exchange chromatography. In low ionic strength buffer about 50% of the 
protein and 80% of the activity bound to DEAE-cellulose [21]. The activity was 
recovered by increasing the ionic strength to 0.35M NaC!. About 20% of the 
activity did not bind to the anion-exchanger under these conditions. Subsequent 
studies showed that the activity that did not bind to DEAE eluted as a large MW 
component on gel filtration chromatography in high ionic strength buffer (unpu
blished observations) 

Con A-Sepharose chromatography. Orowth factor did not bind to Con A sugge
sting that PrOF is not a member of the class of glycoproteins that bind to this 
lectin. 

Preparative electro focusing 
The predominate activity electro focused between pH 4.7 and 5.3. Only 15% of 
the applied activity was recovered from the gel; presumably due to inactivation 
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Figure 3. Phenyl-Sepharose adsorption chromatography 
Ammonium sulfate precipitated BPH extract was brought to 30070 ammonium sulfate in Tris with 
1.55M NaCI, pH 7.6 (TS buffer). After centrifugation the sample was run over a 1.6 x 15 cm column 
of Phenyl-Sepharose equilibrated with 30% ammonium sulfate in TS buffer. After washing the 
column of unbound material, a linear gradient (formed from starting buffer and Tris buffer with 50070 
ethylene glycol was started to elute bound material. Fractions were pooled and concentrated as 
indicated by the bars, dialyzed and tested for growth factor activity. 

of growth factor at acid pH. As electro focusing was conducted in low ionic 
strength solution, it is possible that the PI of purified PrGF may significantly 
differ from the observed value. 

Hydrophobic chromatography 
Growth factor in O.OSM Tris with O.OSM or I.SSM NaCI, pH 7.6, does not bind 
the phenyl-Sepharose (Pharmacia) or octyl-Sepharose (not shown). However, if 
the sample was brought to 306,10 ammonium sulfate, activity bound to the 
adsorbents. About 6S% of the activity applied to a column of phenyl-Sepharose 
was recovered in fractions 3 and 4 following elution with a 0 to SO% ethylene 
glycol gradient (Fig. 3). PrGF appears therefore to be weakly hydrophobic. 

Isolation scheme 

Steps: 
1. Homogenization in high ionic strength buffer with protease inhibitors. 
2. Dichloromethane extraction (aqueous phase). 
3. Ammonium sulfate precipitation, 30% saturation (supernatant). 
4. Phenyl-Sepharose (gradient elution with ethylene glycol). 
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5. Ultrafiltration. 
6. 0-75, low ionic strength buffer. 
7. DEAE (elution with high ionic strength buffer). 
8. Ultrafiltration. 
9. fdO-75, high ionic strength buffer. 

10. Con A-Sepharose (unbound fraction). 
11. Ultrafiltration. 
12. P-150, high ionic strength buffer. 
13. Ultrafiltration. 

The isolation scheme has been used to partially purify PrOF from three different 
pools of BPH tissue (Table 5). 

Purity of a > 200,000 units/mg preparation was assessed by SDS-PAOE under 
reduced conditions (Fig. 4). Silver staining bands with apparent molecular 
weights (X 10-3) of 24.8,21.2,16.6, 14.6, 13.1, and 11.2 were observed. If was 
not possible to determine which band(s) was PrOF as the conditions used to 
prepare the sample inactivates the growth factor. 

The recovery of PrOF (l to 14OJo) may appear low, but compares favorably with 
a 6% yield reported for PDOF [67] and a recovery of 3-5% originally reported 
for human EOF [68]. It should also be noted that the biological activity of the 
starting material, on which the calculation of recovery was based, included a large 
MW component(s) that was not dissociated into the 17,000 MW growth factor 
and consequently was not isolated by this procedure. Recently, we have found 
that the growth factor binds to heparin-Sepharose (Pharmacia) and such fractio
nation as an early step may well speed the purification and increase the recovery 
of PrOF. 

Table 6 compares the properties of PrOF and some of the better characterized 
growth factors. It is apparent that PrOF differs from EOF, TOF's, FOF (basic 
form), PDOF, somatomedin (SM-C), and NOF, but appears similar to endotheli
al cell growth factor (ECOF) and seminiferous growth factor (SOF) which is 
described on page 62. 

Table 5. Application of the isolation scheme to three BPH preparations 

Study Gr of BPH Fold increase Final Growth factor 
No. tissue in activity activity (units/mg) 

103 1400 236,250 
(4ng = 1 unit) 

2 101 1000 55,143 
(18ng = 1 unit) 

3 100 500 55,000 
(18ng = 1 unit) 

Percent 
recovery 

6 

14 
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66.3 
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30 

17.2 

12.3 

Figure 4. Reduced SDS-PAGE of PrGF (>200,000 U / mg) 

One I!g of PrGF (t200,000 u/ mg) was applied to a SDS-PAGE gradient gel (10 to 22.5OJo acrylamide) 
using Laemmli buffers . Molecular weight markers were applied to an adjacent lane. Electrophoresis 
was performed in a vertical slab gel apparatus (LKB) at constant current. The gel was silver stained 
to visualize proteins. 

Species variations of PrOP 

Our laboratory has identified PrOF activity in homogenates of prostatic tissue 
from the human, gorilla, dog, and rat. There are differences between the human, 
dog, and rat in the PrOF activity on gel filtration chromatography (Fig. 5). 

In human prostatic homogenates, as indicated above, the growth factor elutes 
in high molecular weight fractions when chromatographed in low ionic strength 
solutions. In contrast the growth factor activity in dog prostate elutes as two 



60 

o 

2.5 

2.0 

1.5 

1.0 

0.5 

HUMAN 

~ 2.5 DOG E 
~ c 
tl 2.0 g 
~ N 

(; 1.5 ~ 
ti 
~ 1.0 ~ 
~ Z 
~ ~ 
~ of-illl1lJlliJl.IJ::6;::din:r:::===---j~ 
.~ 2.5 RAT ~ 
5 2.0 ~ 

1.5 

1.0 

0.5 

OUllWWilill~~~~~ 
25 30 35 40 45 50 55 

Fraction Number 

Figure 5. Sephadex 0-75 gel filtration chromatography of homogenates of human fog, and rat ventral 
prostate. 

intermediate molecular weight species of approximately 40,000 and 20,000 dal
tons. The amount of growth factor activity per weight of the prostate appears 
to be lower in the dog than in human or rat prostates. 

The growth factor activity of homogenates of rat ventral prostate also elutes 
from the gel filtration as two distinct species. Further studies showed that the 
lower molecular weight species, approximately 6,000, is probably EGF [27]. This 
conclusion was based on the observaton that it competed with mEGF binding to 
fibroblast receptor and for antiserum to mEGF and is both heat and acid stable. 

By exposing crude rat ventral prostate homogenates to 100°C it was determined 
that approximately one half of the growth factor activity in the rat ventral prostate 
is due to EGF. The larger MW growth factor is about 58,000 daltons and is heat 
labile. 

Rat PrGF appears to be a product of the prostatic epithelial cell and is present 
in prostatic fluid. Several tumors of the rat prostate are derived from the prostatic 
epithelial cell. Heston et al [69] found, and we have confirmed, growth factor 
activity in homogenates of the Dunning R2237 tumor in the Copenhagen rat. We 
have also found activity in both androgen dependent and androgen independent 
forms of the Nb tumor carried in the Nb rat [70]. 
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We instituted studies to determine the androgen dependence of the growth 
factors in the rat prostate [27]. There were no differences seen in the levels of 
growth factor activity in prostatic homogenates from rats 3, 6, or 12 months of 
age. Orchiectomy produced a marked decrease in the weight of the rat ventral 
prostate over the course of 10 days. In parallel to this decrease, growth factor 
activity and tissue acid phosphatase levels also decreased. Testosterone replace
ment maintained prostatic weight, growth factor activity, and tissue acid phos
phatase levels. The differentiated secretory epithelial cells of the rat ventral 
prostate are androgen dependent. The proteins produced by these differentiated 
secretory epithelial cells are, thus, also androgen dependent. After castrate 
induced prostatic involution, restoration of the proteins produced by prostatic 
epithelial cells occurs with exogenous testosterone administration. Androgens can 
have a specific effect on some protein produces of prostatic cells, causing a more 
rapid decrease with androgen removal or rise with androgen restoration when 
compared to total prostatic weight [71]. However, tissue growth factor activity 
in the rat appears to be affected by the total decrease in prostatic weight and 
cellular metabolism rather than by specific androgen dependence. 

Future directions in the study of PrOF 

Prostatic epithelial cells secrete protein growth factors. The rat prostate produces 
both EGF and a second growth factor that shares several properties with the 
growth factor produced by the human prostate. EGF is not produced in large 
amounts by the human prostate. It is safe to assume that PrGF has not been 
produced and preserved evolutionarily merely for the purpose of giving BPH to 
the elderly human male. Nor is its primary purpose to stimulate the growth of 
bone around prostatic cancer metastases. Its purpose may be in maintaining the 
lower genitourinary tract, but more likely physiologic actions will be found in 
fertility or the lower female genital tract. 

The immediate need is to purify PrGF to homogeneity and in high yield from 
BPH tissue. Once purified its sequence can be compared to other growth factors 
and oncogene products. 

Purified material will permit receptor identification, receptor number and 
binding affinity can be correlated with patient's age, and degree of BPH or 
prostatic disease. Production of antibody to the growth factor will markedly 
improved quantitation and permit studies on factors controlling synthesis and 
growth factor levels in prostatic disease. Tagged antibody can be used to localize 
the growth factor is tissue sections. 

Further development of the dog and rat models for PrGF will permit manipula
tion of the hormoral milieu, studies not easily accomplished in man, to understand 
mechanisms regulating growth factor synthesis. 
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Seminiferous growth factor (SGF) 

The production of spermatozoa by the mammalian testis is a complex process. 
Mitosis must be regulated by an intricate mechanisms that can produce millions 
of mature spermatozoa daily, but not exhaust stem cells. LH and PSH are 
required hormones, but do not seem to directly regulate germ cell proliferation. 
Bellve and collaborators [72] found that homogenates of mouse testis stimulated 
DNA synthesis in quiescent 3T3 cell cultures, thus suggesting that spermatogenesis 
may be controlled within the testis itself. Prepuberal tissue had twice the activity 
of adult tissue. The growth promoting activity was located in the seminiferous 
tubules with the highest activity found in the sertoli cells. This suggests that the 
sertoli cells may regulate the cell division of spermatogonia by the paracrine 
secretion of SGP. Growth factor activity was also found in the seminiferous 
tubules of the mouse, rat, guinea pig, and calf suggesting the activity may be 
ubiquitous to mammals. 

Purification proceeded on the calf (SGP) because of the ease in obtaining large 
amounts of fresh tissue. SGP was found to be a polypeptide which was denatured 
by heat and extreme acidic or basic conditions. The molecule was not inactivated 
by reducing agents. SGP appeared to be bound to other proteins under low salt 
conditions and had a strong tendency to aggregate. However, in the presence of 
high salt it dissociated and appears as a 15,700 MW protein. Isoelectric focusing 
showed the pI to be 4.5-5.5. 

SGP appear similar to both PrGP and endothelial growth factor isolated from 
bovine brain (Table 6) [73]. The three growth factors may ultimately prove to be 
members of the same class of growth factors or may be identical. Purther progress 
is expected as soon as a monoclonal antibody is produced against the factors. 

Transformation and oncogenes 

Thus far, we have discussed several growth factors that promote cell replication. 
We have seen that the initial events that lead to cell proliferation involve binding 
of the growth factor to a cell surface receptor. This in turn leads to phosphoryla
tion of the receptor by protein kinase that is itself a part of the receptor. By 
mechanisms poorly understoof this leads to cell replication. Another group of 
agents that profoundly influence cell growth and differentiation are the viruses 
that induce tumors in laboratory animals and acutely transform cells in culture. 

Tumor viruses are members of the family of viruses known as retroviruses. 
When the retrovirus infects a mammalian cell, the viral RNA is copied into DNA 
by the enzyme reverse transcriptase, which is supplied by the virus. The DNA 
becomes integrated into the host cell's DNA. When the host DNA is transcribed 
into RNA, by cellular enzymes, the viral DNA is also transcribed. Some of the 
viral DNA provides copies of the viral genome for new virus particles and some 
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of it is processed into mRNA. Some of the mRNA is translated into viral proteins 
such as reverse transcriptase and envelop material. In addition, if the retrovirus 
carries an oncogene its encoded protein is also transcribed. The oncogenes of 
retroviruses are not required for viral replication and their protein product is not 
a component of the virus. Oncogenes are the carrier of genetic information for 
cellular transformation and tumorigenesis in animals and for in vitro transforma
tion of cells in culture [74]. 

From molecular hybridization studies, it appears that retrovirus oncogenes are 
derived from cellular genes (Proto-oncogenes). Hybridization experiments sho
wed evidence for the presence of DNA and RNA related to viral oncogenes in 
each family of vertebrates examined including human. From these analyses, it 
appears that vertebrates possess and express genes that are closely related to 
oncogenes. The strong evolutionary conservation of these genes, and the observa
tion that they were found to be expressed in every tissue and every species, suggests 
an essential function of these genes in cellular metabolism. 

Of the 24 oncogenes listed in Table 7, half code for proteins that either have 
tyrosine-specific protein kinase activity or are related to these proteins. As we have 
already discussed, growth factors regulate normal cell division by processes 
involving phosphorylation of tyrosine. 

The erb B oncogene appears to be derived from the cellular gene coding for 
a portion of the EGF receptor [76]. Amino acids 557-1154 of the EGF receptor 
shows an overall homology of 851170 with the erb B gene product which rises to 
97% in the protein kinase domain [36]. The similarity is especially remarkable 
since erb B was identified in the Avian Erythroblastosis virus, presumably 
originating in the chicken, and the EGF receptor was of human origin. This 
suggests a very conserved gene sequence. Thus, normal stimulants of cell division 
(growth factors) and the oncogene protein products responsible for tumorigenesis 
are mechanistically linked. The implication is that tyrosine phosphorylation has 
a role in regulating the growth of cells. 

In 1984, two groups of investigators showed that the protein product of the 
sis oncogene and one of the peptide of PDGF (PDGF-2) were derived from the 
same or closely related cellular gene [76, 77]. Their conclusion was based on the 
demonstration of extensive sequence similarity between P28v-sis, the putative 
transforming protein ofthe Simian sarcoma virus (SSV), and the published partial 
amino acid sequence of PDGF. Eighty-seven percent of the 70 amino acids in the 
known sequence of PDGF-2 matched those predicted for the sis gene product. 
Based on current information, it seems that SSV-transformed cells produce a 
growth factor that is identical with PDGF in mitogenic dose responses, in 
radioimmunoassay, and in specific mitogenic activity [78]. Furthermore, the 
secreted transforming protein P28v-sis of SSV appears to stimulate the autocrine 
growth of SSV-transformed cells through the PDGF receptor [80]. 

Recently Siefert et al [80] reported that 1 to 18 day old rat aortic smooth muscle 
cells secrete a growth factor that completes whith authentic PDGF for binding 
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to fibroblast receptors, reacts with antibody to PDGF, and is mitogenic for 
cultured cells. This cellular PDGF-like material is not secreted by adult aortic 
smooth muscle, suggesting that the PDGF-like material is developmentally regula
ted and may playa role in growth and morphogenesis. The suggestion is that 
embryonic-derived growth factors function normally in autocrine control. If this 
is so, why is PDGF a normal regulator of cell division and differentiation when 
released from platelets and a transforming agent when transmitted by the retrovi
rus? Three explanations have emmerged to account for the transplantation of 
normal cells by viral genes. 1) The mutational hypothesis proposes that the viral 

Table 7. The oncogenes 

Name 

src 
yes 
fgr 
alb 
fps 
fes 
ros 

erb B 

fms 

mil 
raf 
mos 

sis 

Virus and alleged species of origin 

Rous Sarcoma Virus (chicken) 
Y73 Sarcoma Virus (chicken) 
Gardner-Rasheed feline Sarcome Virus (cat) 
Abelson Murine leukemia virus (mouse) 
Fujinami Sarcoma Virus (chicken) 

ST feline Sarcoma .virus (cat) 
UR II Avian Sarcoma Virus (chicken) 

Avian Erythroblastosis Virus (chicken) 

McDonough Feline Sarcoma Virus (cat) 

MH2 Virus (chicken) 
3611 Murine Sarcoma Virus (mouse) 
Avian Myeloblastosis Virus (chicken) 

Simian Sarcoma Virus (woolly monkey) 

Ha-ras Harvey Murine Sarcoma Virus (rat) 
Ki-ras 
N-ras 

myc 

fos 
myb 
ski 
B-Iym 

rei 
erb-A 
ets 

Kirsten Murine Sarcoma Virus (rat) 
? (human neuroblastoma) 

MC29 Myelocytomatosis Virus (chicken) 

FBJ Osteosarcoma Virus (mouse) 
Avian Myeloblastosis Virus (chicken) 
Avian SKV770 Virus (chicken) 
? (chicken lymphoma) 

Reticuloendotheliosis Virus (turkey) 
Avian erythroblastosis Virus (chicken) 
E26 Virus (chicken) 

Function of oncogene protein 

Tyrosine-specific 
protein kinase 

EGF receptor cytoplasmic Tyro
sine-specific Protein kinase domain 

possible cytoplasmic domain of a 
growth factor receptor 

Tyrosine kinase 
related proteins 

PDGF 

GTP-binding 
proteins 

DNA-binding protein 

Nuclear location, 
unknown function 

function and 
location unknown 
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oncogenes differ from their cellular progenitor in subtle, but important, ways as 
a result of mutations introduced when the cellular genes were incorporated into 
the retrovirus genome. For example, the apparently similar enzymatic activities 
of the tyrosine-specific protein kinase of the viral src gene product and the cellular 
proto-oncogene might actually have different targets for phosphorylation thus 
having different effects on cellular behavior. 2) The alternative dosage hypothesis 
suggests that retrovirus oncogenes act by overburdening cells with too much of 
what are essentially normal cellular proteins. 3) Finally, it is possible that the 
proteins are no longer normally regulated in the cell cycle, but are inappropriately 
expressed by the action of a viral promotor gene. At the present time it is not 
possible to choose between these possibilities, and in fact all three mechanisms 
may be operable. 

Many investigators have found elevated levels of oncogene product in viral 
transformed cells. In addition, DNA mediated gene transfer techniques have now 
made it possible to identify oncogenes in a variety of human tumors. More than 
15 different human oncogenes have been identified in fresh human tumors, 
representing 20 different tumor types. One study involving tumors from 54 pa
tients [81] reported that more than one cellular oncogene was transcriptionally 
active in all of the tumors examined. It is interesting that unlike some established 
cell lines that can be transformed by introducing a single oncogene, more than 
one oncogene also appears to be needed to transform normal primary embryo 
fibroblasts [82]. In some patients, it was possible to study normal and malignant 
tissue from the same organ. In many of these patients, the activity of certain 
oncogenes was greater in the malignant than the normal tissue. It will be important 
to determine if elevated expression of specific oncogenes is a specific finding in 
all tumors, or at least in certain types of tumor, or if differences simply reflect 
methodological difficulties inherent in these types of studies. 

The concept that an aberrant oncogene may be required for transformation 
is illustrated by the E1 (T24) bladder carcinoma model. In the T24 cell line, the 
cellular rasHA gene has a single point mutation of guanosine to thymidine, 
resulting in the incorporation of valine instead of glycine at the 12th position in 
the 21,000 dalton encoded protein [83]. Analyses of the flanking regions of the 
gene showed no discernable change in the transcription initiation or termination 
sites. Thus, a single point mutation seems to be a crucial step in conferring 
transforming potential to an otherwise normal cellular gene. However, analysis 
of then primary bladder carcinomas failed to show a similar mutational event, 
suggesting that the T24 cell line is not representative of human bladder carcinoma 
in vivo [84]. 

The availability of cloned DNA probes for a number of cellular genes, including 
several of the proto-oncogenes, has made it possible to examine the nuclear events 
following stimulation of quiescent cells with growth factors. Kelly et al [85] found 
that myc mRNA was expressed following the addition of PDGF to 3T3 cells. 
Further studies by Greenberg and Ziff [86] showed that transcription of the fos 
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proto-oncogene was increased within minutes after growth factor addition. Stu
dies by Muller and co-workers [87, 88] showed that oncogenes may have an 
important role in embryonic development; since specific oncogenes were expres
sed in a time-related and tissue-specific pattern. These studies suggest that 
proto-oncogenes are involved in cell cycle control and in the regulation of normal 
development. It is not difficult to envision that subsequent induction of cellular 
oncogene expression by carcinogenic agents, such as, radiation, chemical or 
viruses, could be responsible for the conversion of normal cells to the transformed 
phenotype. 

Conclusions 

The growth factors and proto-oncogene encoded proteins playa major role in the 
regulation of cellular differentiation. These factors appear to function in cell to 
cell communication over short distances by autocrine of paracrine mechanisms. 
These regulatory proteins may be in rather high concentrations in very small 
locales, but in very low concentrations when attempts are made to isolate them 
from whole tissues. During development growth factors and cellular oncogene 
proteins may be episodically produced during only a brief period in the life of 
the organism and the encoding genes then switched off. Switching errors in adult 
life might manifest themselves as proliferative disorders such as hyperplasia or 
neoplasia. 

This chapter has only scratched the surface of the potential role of growth 
factors in urology. Over the next few years, researchers will be finding substantial
ly more out about the basic mechanisms by which cells communicate. 
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Editorial Comment 

WARREN D.W. HESTON, Muhammed A. BULBUL and WILLIAM R. FAIR 

'Growth Factors in urology', by Drs. Jacob and Story represents a broad overview of a rapidly growing 
area in cell biology as it relates to urology. Their emphasis was on the peptide growth factors and 
oncogenes. It should be underscored that these peptide growth factor(s) are growth regulatory in vivo 
in concert with other modulatory factors such as steroids and neurotransmitter substances. 

One urologic tissue which did not receive attention in their article was the kidney. In addition to 
being responsive to sex steroid hormones, the kidney is also responsive to growth factors, one of which 

is present in pituitary gland extract [1). This growth factor has been termed renotropin and has been 
associated with kidney hyperplasia following unilateral nephrectomy [1-3). It appears that androgens 
induce kidney hypertrophy and interfere with renotropin-induced hyperplasia [I]. The role of this 
pituitary factor in the growth of tumors of the kidney was investigated by Sufrin and co-workers [4, 5]. 
Using unilateral nephrectomy to induce renotropin induction and a transplantable Wilms tumor, they 
observed that the tumor responded with an increase in growth rate and tumor size following 
nephrectomy [4]. However, unilateral nephrectomy did not alter the take or growth rate of a rapidly 
growing renal adenocarcinoma in Balb/c mice [5]. Renotropin, a pituitary factor, and testosterone, 
a testicular factor, obviously are acting as endocrine factors. The nature of paracrine and autocrine 
factors in growth and differentiation of the normal and tumorous kidney still need to be elucidated. 

One paracrine growth factor likely to be particularly associated with kidney carcinoma is tumor 
angiogenesis factor (T AF) [6]. Indeed the normal kidney was found to be the most responsive tissue 
when a number of tissues were screened for angiogenic responsiveness to salivary gland extracts [7]. 
Mydlo and associates have reported tumor angiogenesis factor to be present in extracts of kidney 
carcinoma [8]. Recently, a tumor angiogenic factor termed angiogenin has been isolated from human 
colon tumor cells by Dr. B. Vallee and colleagues [9--12]. They purified angiogenin to homogeneity 
with cation-exchange and high performance liquid chromatography. It is a single-chain protein 
consisting of 123 amino acids. Angiogenin is a very basic molecule having a isoelectric point greater 
than 9.5.Vallee and colleagues found HT-29 cells to produce 0.5 ng of angiogenin per liter of 
supernatant. As little as 35 femtomoles (10- 15 M) produced significant angiogenesis in the chick 
embryo chorioallantoic membrane assay [10]. There was substantial homology between angiogenin 
and pancreatic ribonucleases, but angiogenin does not display ribonuclease activity. It remains to be 
determined whether it is the same factor responsible for the hypervascularity associated with renal 
cancer. If so, antibodies against TAF or TAF receptors or TAl' antagonists may be useful in 
controlling the growth of these hypervascular tumors [6]. 

Metastatic renal cancer is an extremely deadly disease with no effective form of therapy currently 
available. Indeed renal cancer is notable for its resistance to chemotherapy. It is of interest that Meyers 
and Biedler have found an increase in EOF receptors in multiple drug-resistant cells [14]. Receptors 
for epidermal growth factor appear to be abundantly present on renal cancer cells relative to normal 
kidney cells [13]. It may be that manipulation of the epidermal growth factor receptor will increase 
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the sensitivity of renal cancer to chemotherapy. Dr. Mendelsohn and co-workers have reported that 
they can inhibit the growth of human tumor cells in nude mice with the administration of monoclonal 
anti-EGF receptor antibodies [15]. Whether such antibodies will be useful in the treatment of renal 
cell cancers or other urologic cancers and what effect they will have on the proliferation of normal 
cells remains to be determined. 

In their report Drs. Jacobs and Story bring us up to date on their progress on the purification of 
a growth factor from prostate tissue that stimulates the growth of fibroblasts and osteoblasts. Our 
findings agree with theirs on the presence and purification of a prostatic factor which stimulates 
fibroblasts. We are able to obtain as great a purification by heparin affinity chromatography combined 
with anion exchange chromatography. The role such a factor plays in the development of BPH requires 
further study [16]. While we have focused on the growth stimulatory properties of the prostate extract 
or of expressed prostatic secretion, it should be noted that it may be just as important to examine 
the presence of growth inhibitory substances. We have reported the presence of such inhibitory 
factors [16]. Whether these inhibitor(s) are the same or different from fibroblastic toxic compounds 
such as zinc and spermine normally present in high concentrations in the prostate is being investigated. 

Koutsilieris, Bablini, and Goltzman have extracted peptides which are mitogenic for osteoblasts 
from human prostatic tissue [17]. These investigators reported that normal, cancerous and benign 
prostate stimulated the growth of osteoblasts and osteosarcoma cells in vitro. Extracts of BPH tissue 
consistently were mitogenic for fibroblasts but extracts of cancerous tissue were not mitogenic or only 
weakly mitogenic for fibroblast growth. This activity was associated with material that bound to a 
CM column and was considered to the basic in nature. This basic peptide was not mitogenic towards 
3T3 cells. This implies that there are at least two different growth factors present in the prostate. The 
acidic (Lawson & Jacob, and work in our lab) and the basic (Koutsilieris et al) factor coming from 
the same tissue, each of which has similar yet also different target cells, is remindful of the 
pituitary-derived anionic and basic forms of capillary endothelial cell growth factors [18]. 

It is interesting that the factor found by Koutsilieris et al is cationic, because the cationic polypeptide 
hormone relaxin also been reported to stimulate rat and human osteoblasts [19]. Further relaxin has 
been found in human semen and is thought to be of prostatic origin [20]. 

While these factors affect the growth of fibroblastic and osteoblastic cell types, they have not been 
reported to be active on the prostatic epithelial cells. The autocrine peptide factor for the epithelium 
has yet to be determined. Dr. L.W.K. Chung has found that transplants of rat prostatic tissue tend 
to lose markers of epithelial function unless they are supplemented with adrenergic neurotransmitter 
agents [21]. Adrenergic agents have also been found to increase ornthine decarboxylase activity and 
cyclic AMP levels in the rat prostate [22]. 

Dr. Donna Peehl has produced growth of epithelial cells from human prostatic BPH or cancer on 
a regular basis using a modified growth medium, a major component of which is cholera toxin [23]. 
This growth-promoting effect was not specific for cholera toxin but was produced by agents which 
would increase cyclic AMP. Of the agents examined, cholera toxin appeared to be the most active 
prostate epithelial cell growth-producing agent. The prostatic epithelium appears to be cyclic AMP 
responsive for proliferation in a fashion similar to that reported for other epithelial cells [24]. As 
cholera toxin is unlikely to be the endogenous mediator of prostatic epithelial cell growth and function, 
what is? Another possible agonist, which has been found in rat prostate in high concentration which 
binds to prostatic epithelial cells with high affinity and actively elevates cyclic AMP, is vasoactive 
intestinal polypeptide (VIP) [25,26]. Whether VIP has growth-promoting activity in human prostatic 
epithelium remains to be determined. 

In addition to cholera toxin, Dr. Peehl has found that the growth of adult human prostatic epithelial 
cells is further enhanced by the addition of epidermal growth factor, pituitary extract, hydrocortisone, 
insulin and selenium to PFM4 medium [27-29]. It is of interest that this supplementaion glucocorti
coids but not androgens appear to be required for optimal growth in vitro. Whether factors will be 
found in the pituitary extract that will serve as andromedans in vivo in a fashion similar to that reported 
for enstromedans also requires further investigation [30, 31]. 
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Because of many noted similarities, it may be that facts learned from established human breast 
carcinoma cell lines will have applicability to the human prostate. Dr. Marc Lippman has published 
a recent review article on the many factors considered to be relevant to the growth of normal and 
cancerous breast epithelium [32]. The long list of trophic hormones other than estrogen influencing 
the growth of these breast cells includes glucocorticoids, androgens, progestins, iodothyronins, 
vitamin D, retinoids, epidermal growth factor (EGF), insulin-like growth factor 1 (IGF-l), calcitonin 
and prolactin. A very similar list would be used to describe factors implicated in cancerous growth 
of the prostate. 

These workers reported that breast cancer cell lines secrete transforming growth factor alpha 
(TGF a). TGF a binds to EGF receptors. Estrogen-independent lines secrete more than estrogen
dependent lines and estrogen-dependent, estrogen-supplemented lines secrete more TGF a than do 
estrogen-dependent, estrogen-deprived lines. TGF a is considered to be a progression factor, that is, 
once the cell has been primed (made competent) for division all that is required is the presence of 
an appropriate progression factor such as EGF or TGF a. Platelet-derived growth factor is a 
competence factor for appropriate cell types. All of the breast tumor lines produced a competency 
factor, the identity of which was under active investigation [32, 33]. 

TGF 13 which is considered to be a growth-promoting factor for some cell types was associated with 
inhibition of mammary tumor growth. TGF 13 production was increased by estrogen withdrawal in 
estrogen-dependent cells and decreased in estrogen-independent and estrogen-stimulated, estrogen
dependent cells [32]. 

Transfection with the ras oncogene of estrogen-dependent MCF-7 breast carcinoma cells produced 
cells with increased EGF receptor production, increased TGF-a production and estrogen-independent 
growth. The similarities and differences between prostatic carcinoma and breast carcinoma in these 
regards needs to be established. 

In studies of the culturing of prostate epithelium, Dr. Peehl includes EGF in the tissue culture 
medium [27-28]. Dr. Smith has reported the presence of v-sis in a human prostate-derived tumor 
line [34, 35]. The v-sis oncogene is similar to PDGF. Usually PDGF is considered to be active on 
mesenchymal cells. Whether PDGF acts on stroma cells to produce growth factors for epithelial cells 
or acts directly to induce competence in the LNCaP cells need further investigation. That these growth 
factors are important in tumor cell growth is further underscored by the recent observed relationship 
between mouse mammary tumorigenesis and submandibular gland epidermal growth factor [34]. In 
the mouse, the submandibular gland is a major source of EGF. Surgical removal of the submandibular 
gland reduced mammary tumor incidence from 63070 to 13070 and delayed tumor latency by as much 
as 14 weeks. Sialyladenectomy of tumor-bearing mice caused a rapid and sustained cessation of tumor 
growth while injection of EGF restored that growth [34]. 

In conclusion, much has been written on possible endocrine factors which stimulate prostatic 
growth. Unfortunately, most of his work has been performed with impure material. It is only after 
the isolation of pure material and its addition to a totally defined medium [27] that a truly accurate 
assessment of the role of the growth stimulatory activity can be assessed. Jacobs and Story have 
performed that critical purification function on at least one growth factor present in the prostate. 
Following the total purification of their prostate-derived growth factor, we should soon know how 
similar or dissimilar it is to other known growth factors, which cells produce it, which cells it acts 
on, how it interacts with prostatic glycosaminoglycans [37], how it relates to the development of 
pathological states such as BPH and prostatic cancer, and potentially discover new therapeutic 
approaches to these pathological states. 

Note added in proof: Other investigators have recently isolated from the prostate by heparin affinity 
chromatography a 'basic' fibroblast growth factor (Nishi et aI., Biochem. Biophys. Res. Comm. 132: 
1103, 1985), a heparin binding growth factor from the brain that is mitogenic for prostatic epithelial 
cells (Crabb et aI., Biochem. Biophys. Res. Comm. 136: 1151, 1986) and purified to homogeneity 
an acidic growth factor for fibroblast from the rat ventral prostate (Maehama et aI., Proc. Natl. Acad. 
Sci. 83: 8162, 1986 USA). 
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5. Methods of detecting prostatic tumors 

DOV KADMON 

It has been estimated that in 1985, 25,500 patients will die of carcinoma of the 
prostate and 86,000 new cases will be diagnosed [1]. Currently, prostate cancer 
is the third most common cause of cancer death in American males and accounts 
for to% of such deaths [1]. 

There is considerable evidence in the literature that the natural history of this 
disease can be influenced by curative therapy [2, 3]. The sine-Qua-non, however, 
for achieving cures is tumor confined to the prostate [2]. No curative therapy is 
available for advanced disease [4]. 

A large number of patients with early stages of prostate cancer are totally 
asymptomatic [4]. The only clinical evidence of an early tumor may be a circums
cribed area of induration on digital rectal examination of the prostate. However, 
in to% to 24% of the patients, prostatic carcinoma is not suspected on rectal 
examination and is discovered postoperatively in enucleated prostatic tissue 
removed for presumed benign hyperplasia [4, 5]. A recent American College of 
Surgeons survey revealed that about 500/0 of the patients with newly diagnosed 
prostate cancer have either locally extensive disease (stage C) or evidence of 
distant metastases (stage D) [6]. 

The early diagnosis of prostate cancer, a highly desirable goal, remains a 
formidable challange. In the ensuing paragraphs we will review the current 
methods for detecting prostate cancer, analyzing their efficacy, advantages, 
disadvantages and relative clinical usefulness. 

Biochemical and immunologic tumor markers 

Intensive research for a substance potentially useful for early diagnosis of prostate 
carcinoma has failed to yield a satisfactory marker. Fluids that may contain tumor 
markers include serum, urine and prostatic secretions. Table 1 lists substances that 
have been investigated as possible markers. Many have shown early promise. 
Those that have generated the most enthusiasm will be discussed in detail. 

Rat/iff, T.L. and Cata/ona, W.J. (eds), Genitourinary Cancer. ISBN-J3: 978-1-4612-9210-4 
© 1987, Martinus Nijhoff Publishers, Boston. 
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Serum markers 

Prostatic acid phosphatase (PAP) 
Ever since the 1930's when Gutman and Gutman found elevated serum levels of 
this enzyme in the serum of patients with metastatic carcinoma of the prostate [7], 
acid phosphatase has been considered a valuable marker for prostate cancer. The 
enzymatic assay evolved through several stages, in order to improve its specificity 
for the prostatic isoenzyme. Perhaps the most popular assay at the present time 
is the catalytic method of Roy et al using thymolphthalein monophosphate as the 
substrate [8]. PAP detected by the enzymatic assay is found to be elevated in 
about 70070 of patients with metastatic prostate cancer [9, 10]. However, the vast 
majority of patients with early stage disease have normal serum levels of enzymati
cally detectable PAP [9, 10]. Evidence has been accumulating for years that 
patients with clinical stage A or B disease and a persistently elevated PAP level 
may in fact have diffuse micrometastases and most of them will develop overt 
metastases within a short period of time [9, 11-13]. 

In the 1970's radioimmunoassay (RIA) techniques were developed for the 
detection of PAP [14-16]. In 1977 Foti et al claimed that an RIA determination 
of the serum PAP detected 33% of patients with stage A carcinoma of the 
prostate, 79% of stage B, 71 % of stage C and 92% of stage D patients [14]. The 
false positive rate of patients with benign prostatic hyperplasia (BPH) was only 
6%. Considerable hope was raised that this test, because of its improved sensitivi
ty and specificity, could be used for screening the population at large for early 
detection of prostate cancer [17]. Several institutions, including our own, con
ducted large scale studies in an effort to confirm these results [18-20]. No one 
has been able to confirm or duplicate the results published by Foti et al. Table 
2 summarizes the Washington University series and Table 3 is a compilation of 
some of the other reports including our own. There was no significant advantage 
to the RIA method over the enzymatic method in detecting early prostate cancer. 
In a follow-up study of the Washington University data, Fleischman et al observed 

Table 1. Possible markers for prostatic carcinoma 

1. Acid phosphatase 
2. Creatine phosphokinase (CK-BB) 
3. Prostate specific antigen 

4. Alkaline phosphatase 
5. Lactic dehydrogenase (LDH) 
6. Total cholesterol 
7. Non-esterified cholesterol 
8. Spermidine (a polyamine) 
9. Fibronectin 

10. Complement 

11. Transferrin 
12. Ribounuc1ease (RNAse) 
13. Alpha-fetoprotein (AFP) 

14. Carcinoembryonic antigen 
(CEA) 

15. Human chorionic 
gonadotropin (HCG) 

16. Seromucoid 
17. Hydroxyproline 

18. Isoleucine 
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that for every single correct acid phosphatase elevation in patients with stage A 
or B carcinoma of the prostate, there were 24 patients with BPH who had a falsely 
elevated RIA-PAP [21]. 

There are scattered reports in the literature suggesting an increased sensitivity 
of the RIA-PAP test when compared to the enzymatic assay [22, 23]. A more 
recent study comparing four methods of PAP determination including RIA, 
counterimmunoelectrophoresis (CIEP), immunoenzymatic assay (lEA) and the 
enzymatic method concluded that there was little difference in the diagnostic 
accuracy of the four assays [24]. 

The consensus regarding the RIA-PAP assay appears to be that even if it has 
a slight sensitivity advantage over the enzymatic assay, this has not proved 
clinically helpful [4,21,25]. As a screening test for early prostate cancer, the RIA 
has limited usefulness because of its high false positive rate [26-28]. 

Creatine phosphokinase 
Reports by Feld et aI, Silverman et al and Forman [29-31] suggested that patients 
with prostatic carcinoma had an elevation in the BB band of the serum creatine 
phosphokinase (CK-BB). Our experience is given in Table 4 and indicates that 
CK-BB is elevated in only a small fraction of patients with stage A or B disease. 
It is therefore useless as a screening test for early prostate cancer. 

Prostate specific antigen 
In 1979, Wang, et al identified and characterized a prostate specific antigen 
(PSA), distinct from prostatic acid phosphatase [32]. Wang et al have subse
quently demonstrated elevated serum levels of PSA in patients with prostatic 
carcinoma [33-35]. Table 5 lists their results. The problem is that while this 
antigen may be specific for the prostate, it certainly is not specific for carcinoma 
of the prostate. Ten percent of normal patients and at least two thirds of men 
with BPH also had elevations of their serum PSA level [33]. Consequently, this 

Table 2. Acid phosphatase in untreated patients (Washington University series) 

Stage Number elevated assays (070) 

Enzymatic RIA-PAP 

A 1116 (6.2) 1116 (6.2) 
B 1127 (3.7) 2129 (6.9) 
C 10/31 (32.3) 13/31 (41.9) 
0 16121 (76.2) 16122 (72.7) 
Unstaged 3/18 (16.7) 3120 (15.0) 

Totals 311113 (27.4) 35/118 (29.7) 
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marker's usefulness as a screening test for prostatic carcinoma is limited and is 
subject to the same lack of specificity as RIA-PAP. 

Alkaline phosphatase 
Alkaline phosphatase (AP) serum level may be elevated in up to 90070 of patients 
with bone metastases from carcinoma of the prostate [36]. Most of the elevation 
in AP under these circumstances is due to the bone isoenzyme of AP [36]. Because 
of the mechanism of elevation of AP in patients with prostate cancer, this marker 
is obviously not a candidate for a screening test for early stage disease. 

Lactic dehydrogenase 
Dennis and Prout found elevated tissue levels of isoenzymes 4 and 5 of lactic 
dehydrogenase (LDH) in prostatic cancer tissue [37]. Prout et al found elevated 
serum levels of these isoenzymes in patients with advanced prostate cancer [38]. 
No clinical information is available about the usefulness of serum LDH isoen
zymes in screening patients with early stage disease. 

Polyamines 
The erythrocyte polyamine levels were found to be elevated in patients with 
advanced carcinoma of the prostate [39]. Plasma spermidine levels (a basic 
polyamine) were also reported to be elevated in patients with prostate cancer [40, 
41]. From the information available it appears that elevations of blood polyamine 

Table 3. Comparison of percentage elevations of prostatic acid phosphatase to other series of patients 
with CAP or BPH (Commercial PAP-RIA kit, NEN - New England Nuclear, Boston, mass, 
Mallinck-Mallinckbrodt Inc, St Louis, Mo) 

Disease 

BPH CaP stage 

Investigator A B C D 

Foti et ala 6 33 79 71 92 
Bruce et ala 3 14 29 25 89 
Bruce - NEN 11 13 26 14 71 
Griffiths - NEN 9 12 32 47 86 
Bruce - Mallinck 27b 16 45 36 85 
Bruce - Mallinck revised 11 c 13 24 14 80 
Wash Univ, Mallinck 7.5 6 9 35 65 

a Investigators own antibody procedure 
b Bruce data based on the 95.5th percentile of the normal male population. The critical value used 

was 1.9ng/ml 
C Bruce data revised by Bruce with the critical value raised to 2.5 ng/ml 
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levels are associated with advanced disease. These substances, therefore do not 
fulfill the requirements for early detection of carcinoma of the prostate. 

Urine markers 
Since the prostate empties its secretion directly into the urethra, it is conceptually 
very appealing that alterations in prostatic biochemistry, occasioned as the result 
of malignant change in the gland, would ultimately be reflected in the urinary 
concentrations of these substances. Logistically, a screening test that utilizes the 
urine, such as is done in screening studies for diabetes mellitus, would have far 
more patient appeal than a test involving a venipuncture. Table 6 lists the 
substances that have been investigated in urine as possible markers for carcinoma 
of the prostate. Despite a good deal of intensive study, no marker has been found 
in the urine that even approaches the serum acid phosphatase predictability. In 
1975 Fair et al published their results with urinary polyamine determinations in 
patients with carcinoma of the prostate [42]. In these preliminary observations 
it appeared that the urinary excretion of the polyamine spermidine was increased 
in patients with carcinoma of the prostate compared to controls. However, 
subsequent investigations conducted at our institution, using a more sensitive 
technique for polyamine detection, have failed to confirm this finding. In con
clusion, to date, no urinary screening test for carcinoma of the prostate exists, 
nor does one appear promising in the immediate future. 

Prostatic fluid markers 

Prout et al [38] and Belitsky et al [43] found that there was an alteration in the 
LDH isoenzyme pattern in the serum of patients with carinoma of the prostate 
as compared with normals. In the normal individual there was a much higher level 
of LDH 1 as compared to LDH 5, however, in patients with carcinoma of the 
prostate this finding was reversed. In subsequent years Grayhack et al [44] have 
done a detailed study of biochemical changes in the prostatic fluid of patients with 

Table 4. CK-BB in untreated patients (Washington University series) 

Stage Number elevated assays (010) 

A 1/13 (7.7) 

B 1/23 (4.3) 

C 4124 (16.7) 

D 4/19 (21.1) 

Ustaged 0/5 (0.0) 

Totals 10/84 (11.9) 
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carcinoma of the prostate. Table 7 is a summation of their findings. It appears 
that the measurement of LDH 5/1 ratio, increased C3 levels and an elevation of 
transferrin values, are found in the prostatic fluid of patients with carcinoma of 
the prostate compared with normals or patients with BPH. One caveat is that in 
patients with increased number of white cells in the prostatic secretion, the LDH 
5/1 was frequently found to be elevated. Hence, this ratio is of little value in 
separating patients with inflammatory disease of the prostate from those with 
carcinoma of the prostate. 

Another factor that limits the usefulness of the prostatic secretion to make the 
diagnosis of prostatic carcinoma is the logistical problem that must be surmount
ed. Obviously, the patient must be referred to a physician who is skilled in the 
technique of prostatic massage so that the fluid can be obtained. Furthermore, 
in young patients, or some patients with carcinoma of the prostate, it is often not 
possible to obtain prostatic secretion despite vigorous massage. 

Conclusions 

There is currently no biochemical or immunologic tumor marker, detectable in 
blood, urine or prostatic fluid, that can fulfill the rigorous criteria required of 
a screening test for early detection of carcinoma of the prostate. 

The interested reader is referred to a diligent review by Catalona and Menon 
assessing the quantitative potential of many of the markers outlined above in 
terms of their sensitivity, specificity and predictive value [45]. 

Imaging modalities 

Radiologic imaging is the primary diagnostic modality in a substantial number 
of human malignancies - carcinoma of the lung, gastrointestinal tumors, intracra-

Table 5. Prostate antigen (PA) (Wang, et al. [42)) 

Group No. PA elevated (1110) 

Normal females 17 0 

Normal males 51 5 (9.8) 

BPH 19 13 (68.4)a 

Stage A 8 5 (62.5) 

Stage B 34 27 (79.4) 

Stage C 56 43 (76.8)a 

Stage D 344 296 (86.0)a 

a P = 0.01 
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nial tumors - to name a few. Mammography is a classic example of a radiologic 
technique used in screening a high risk population for a common neoplasm. 

Traditionally, imaging modalities have played no role whatsoever in the initial 
diagnosis of carcinoma of the prostate. However, with the advent of new imaging 
techniques this situation may be changing rapidly. 

Plain film radiography and contrast radiography have no value in diagnosing 
early prostate cancer. Computed tomography (CT), magnetic resonance imaging 
(MRI) and sonography have been tried clinically and will be discussed. Radioim
munodetection and positron emission tommography (PET) scanning are experi
mental techniques that hold promise for the future and will be addressed. 

Computed tomography (eT) 

Because the attenuation values for prostate cancer overlap those of benign 
hyperplasia, CT scanning cannot diagnose carcinoma confined to the pros
tate [46]. In fact, a CT image of the prostate cannot outline any detailed features 
of the parechnyma of the gland - except for calcification [47]. A CT diagnosis 
of prostatic malignancy can only be based on the identification of secondary signs 
i.e. bladder base filtration, abnormalities of the seminal vesicles, and infiltration 
of tissue planes surrounding the prostate [47, 48]. These signs, when present, 
clearly represent advanced disease. 

Magnetic resonance imaging (MRI) 

This is a relatively new technological development that has generated a great deal 
of enthusiasm in the last three years. Briefly - MRI imaging is based on the 
response of hydrogen protons in tissues (mostly in tissue water) to applied 
radio-frequency pulses. By computer reconstruction an image reflecting the 
distribution of protons in transverse, sagittal or coronal planes of the body is 
obtained. 

Clinical experience in the application of MRI to the diagnosis and staging of 

Table 6. Possible urinary markers - carcinoma of the prostate 

Polyamines (spermidine) 
Cholesterol 
Carcinoplacentai antigen 
Carcinembryonic antigen 
Hydroxyproline 
Isoleucine 
Fibronectin 
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prostate cancer is limited at the present time. Preliminary work at our institution 
and at other centers suggests that prostatic carcinoma has a distinctive appearance 
on MRI images, that extension outside the capsule can be detected, and that lymph 
node involvement can be visualized as well [49-52]. 

Large scale clinical studies comparing the value of MRI to CT scanning and/or 
ultrasound for early detection of low stage prostate cancer are not available at 
the present time. 

Prostatic ultrasonography 

Most of the emphasis in recent years has been placed on ultrasonography for the 
diagnosis of prostatic pathology, including carcinoma of the prostate. This is 
reflected in the large number of publications on prostatic ultrasound imaging 
since the introduction of the transrectal approach by Watanabe et al in 
1971 [53-69]. 

Ultrasonic images of the prostate can be obtained by transabdominal, transpe
rineal, transurethral or transrectal routes. The transperineal route, however, is 
limited in its ability to adequately visualize the prostate and has been abandon
ed [47]. The transurethral approach requires the use of a sterile technique and 
general or regional anesthesia and therefore, has not been used extensively [47]. 
The transabdominal ultrasonogram can define general features like the size and 
shape of the prostate, however, it depicts only about 5011,10 of the focal lesions seen 
on the transrectal image [65]. Consequently, transrectal ultrasound is the most 
sensitive and currently the most popular method for evaluation of the pros
tate [47, 58-60, 64-69]. 

The initial transrectal ultrasound intrumentation used a bistable display which 
enabled little more than a visualization of the prostatic capsule and a definition 
of the size and shape of the gland [53]. The introduction of gray-scale sonography 
constituted a major advance providing a better definition of the parenchymal echo 
texture as well as of the prostatic capsule [55, 56]. 

Current instrumentation for transrectal ultrasonography includes specialized 
rectal probes that use either a radially rotating (transverse images) or a linear array 
(longitudinal images) real-time transducer [47]. The earliest radial scan units 

Table 7. Prostatic fluid values (Grayhack and Lee [44]) 

Normals BPH Cancer 

Assay No. Mean No. Mean No. Mean 
LDH5/LDHI 228 .69 117 2.01 92 5.91 
C3 Complement 58 1.82 67 3.63 60 17.86 
Transferrin 56 6.46 66 11.45 58 42.73 
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incorporated a specially designed chair which the patient was required to sit in. 
The rectal probe covered by a rubber condom protruded through a central hole 
in the chair, and was inserted into the rectum as the patient was seated [47, 53]. 
More recently, commercially available radial scanners utilize a hand-held probe 
that can be inserted into the rectum with the patient in the lateral decubitus, 
lithotomy or knee-chest positions. The radial probe images the prostate in a 
transverse orientation and the examiner moves the probe superiorly and inferiorly 
at sequential intervals to achieve complete visualization of the prostate from the 
apex to the seminal vesicles and vice versa. The linear array real time transducer, 
introduced more recently is also mounted on a hand-held probe and displays a 
longitudinal orientation of the prostate. The probe has to be rotated clockwise 
and counterclockwise in order to encompass the entire gland. 

Several questions need to be addressed, in order to evaluate the exact role of 
transrectal ultrasound in detection of prostatic malignancy: (1) What are the 
ultrasonic characteristics of prostatic carcinoma? (2) Are these characteristics 
specific enough to enable an accurate diagnosis? (3) Is trans rectal ultrasound 
capable of depicting stage A lesions? (4) Is transrectal ultrasound superior to the 
digital examination for detecting stage B or C lesions? And finally, (5) Is 
transrectal ultrasound a potential screening tool for detection of early prostate 
cancer? 

Advanced prostatic cancer displays a characteristic constellation of features on 
the sonographic image. The gland is usually enlarged in size with marked 
deformation and asymmetry, a distorted irregular capsule with interruptions in 
its continuity and a heterogenous internal echo pattern observed on occasions, 
to extend through the capsule into the periprostatic tissues or into the seminal 
vesicles [47, 57-60]. The sonographic pattern produced by smaller tumors confin
ed to the capsule of the prostate is less clearly defined. Traditionally most authors 
considered the echo texture of prostatic cancer to be isoechoic or moderately 
hyperechoic in relation to the normal prostatic parenchyma [47, 57-60, 65-68]. 
Recently, Lee et. al examined 211 patients with transrectal ultrasound in both the 
longitudinal and transverse planes, and reported that all of the 33 histologically 
confirmed cancers were either purely hypoechoic or had mixed echogenicity [69]. 
These authors concluded that prostate cancers are hypoechoic in echotexture and 
that a heterogenous mixed echogenicity pattern resulted when the tumor infiltrat
ed either adjacent normal parenchyma or benign adenomatous nodules. The only 
way, in my mind, to reconcile these divergent views is to conduct a large scale 
prospective study involving patients who undergo radical prostatectomy. By 
step-sectioning the surgical specimens and comparing them to preoperative pros
tatic sonograms, it should be possible to determine the exact echotexture associat
ed with ~ancerous lesions. 

Unfortunately, the ultrasonic characteristics of prostatic carcinoma are non
specific. Heterogeneity of the internal echotexture can be produced by a variety 
of inflammatory conditions (bacterial and nein-bacterial prostatitis, granulo-
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matous prostatitis, tuberculous prostatitis) as well as by prostatic infarcts and 
surgical procedures. These entities can also cause asymmetry of the gland and 
distortion of the capsule [57-60]. 

Evidence is accumulating that some stage A tumors can be detected by transrec
tal ultrasound. Resnick diagnosed 10 histologically confirmed prostatic cancers 
on transrectal ultrasonograms of 621 patients with symptoms of bladder outlet 
obstruction and normal rectal examinations [58]. Four other patients in the same 
study who were eventually found to have stage A2 cancers, had false negative 
sonograms. Brooman et al have picked up 3 unsuspected cancers by prostatic 
ultrasound examination of 68 patients with presumed benign hyperplasia [59]. 
They had a 4070 rate of false negative sonograms. In a subsequent study, Brooman 
et al reported that 11 out of a total of 13 cancers found among 156 patients with 
presumed benign hyperplasia were correctly diagnosed ultrasonographically [60]. 
Fritzsche et al found no cases of clinically unsuspected cancer in their series of 
228 patients examined by transrectal ultrasound [64]. However, only half of their 
patients were subjected to prostatectomy, and the prostatic needle biopsies in the 
remaining patients were not performed under sonographic control. It has been 
shown that random biopsies of non-palpable prostatic lesions are of limited 
value [70]. Hastak et al have demonstrated the accuracy of ultrasonically guided 
prostatic biopsy [62]. Needle biopsy of the prostate under sonographic control 
may well be the only reliable method to confirm the diagnosis of a small stage 
A tumor. 

The standard by which any diagnostic technique for prostate cancer should be 
measured is the digital rectal examination. In the study by Brooman et aI, out 
of 186 urological patients evaluated by both prostatic ultrasound and a rectal 
examination, 70 cases of histologically confirmed cancer were identified [59]. The 
ultrasound examination diagnosed 30 out of 32 patients with clinical stage C 
disease. There was one false negative ultrasonic diagnosis and another patient was 
correctly identified as having chronic prostatitis rather than prostatic cancer. The 
digital examination correctly identified 31 cancer patients and one patient (with 
chronic prostatitis) had a false positive diagnosis of carcinoma, thus, transrectal 
ultrasound and the digital rectal examination were comparable in accuracy for 
the detection of stage C disease. Only 30 out of 60 patients, considered on rectal 
examination to have stage B disease, were actually found to have cancer histologi
cally. This is similar to other studies evaluating the accuracy of the rectal 
examination in the diagnosis of prostatic nodules [71]. Transrectal ultrasound, 
by comparison, identified 28 of the 30 patients with cancer, and correctly 
diagnosed 19 additional patients as having benign disease. In this group, there
fore, prostatic ultrasound improved on the accuracy of the rectal examination by 
correctly diagnosing 47 out of the 60 patients (78%). Two patients, however, had 
a false-negative ultrasonic diagnosis. Perhaps more significantly, 13 of the 
patients with clinical stage B disease had evidence of a capsular breach and thus 
were upstaged by the ultrasound examination. Several other studies confirmed the 
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improved accuracy of transrectal ultrasound in staging prostate cancer [60, 
66-68]. The rectal examination is notorious for understaging prostatic tumors, 
most likely because an extension of the tumor through the anterior or anterolater
al aspects of the capsule cannot possibly be detected by the palpating finger [59]. 

Watanabe et al initiated mass screening for prostate cancer by transrectal 
ultrasound and calculated that the examination could be performed within 15 
minutes at a cost of $ 5 per patient [54]. In a subsequent study, these authors 
examined 1741 male patients by transrectal ultrasound [57]. This is the largest 
series of prostatic ultrasounds published to date. Several caveats need to be 
stressed. First, the study population comprised of patients visiting the urology 
clinic, in whom prostatic disease was suspected clinically. Secondly, the study was 
not double blinded, the rectal examination findings were taken into consideration 
when interpreting the ultrasonograms. Thirdly, the study was performed in 
Japan. The occurrence of prostate cancer is known to be significantly lower in 
a Japanese population in comparison to Western countries [54, 72, 73]. A 
histologic diagnosis of prostate cancer was eventually made in 68 patients. The 
diagnosis was made by ultrasound in 66 cases. Two cancers were missed by the 
ultrasonogram. The clinical stage of the tumors detected was not specified. An 
important aspect of this study is that prostatic cancer was suspected in 383 patietns 
(220/0 of the total patient population) and eventually confirmed in only 66, 
reflecting a considerable number of false positive diagnoses (for every patient 
diagnosed as having prostate cancer, 5 additional patients underwent an unneces
sary biopsy). 

In conclusion, transrectal gray scale prostatic ultrasonography is a tool of high 
sensitivity, but rather low specificity for the primary diagnosis of prostate can,cer. 
Available data suggest that it is capable of detecting some clinically unsuspected 
(stage A) cancers and that it is superior to the rectal examination in the local 
staging of this disease. Meticulously conducted studies are still required to define 
the exact echotexture of prostatic tumors. Mass screening of an asymptomatic 
population with prostatic ultrasound for early detection of prostate cancer is 
probably impractical at the present time. Prostatic ultrasound, however, is here 
to stay. With additional experience and technological advances, its role in the 
diagnosis, staging and management of prostate cancer is certain to expand. 

Radioimmunodetection 

The idea of producing radiolabeled antibodies that target antigens on human 
tumors for tumor localization with nuclear medicine techniques is not new. 
Pressman is credited with some of the pioneer studies in animals using radiolabel
ed antibodies for tumor detection [74]. Goldenberg, DeLand and their associates 
were also among the pioneers in this field [75], and with time, studies in humans 
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have demonstrated the ability of this technique to visualize human tumor metas
tases [76]. 

In recent years, efforts to apply this technique to prostatic carcinoma have 
concentrated on the natural marker of this tumor - prostatic acid phosphatase. 
Metastatic deposits of prostate cancer have been visualized using IgG antibodies 
against prostatic acid phosphatase labeled with 1-131 [77]. This work is still in 
its infancy and it is premature to determine whether this method will be useful 
for early detection of prostatic carcinoma. Based on theoretical considerations 
- it seems unlikely that such a radiolabeled antibody will be able to distinguish 
a prostatic cancer from normal or hyperplastic prostatic tissue which also manu
facture and secrete prostatic acid phosphatas~. Furthermore, the extent to which 
monoclonal antibodies or the utilization of other antigens might enhance the 
sensitivity and specificity of clinical immunodiagnosis of prostate cancer is at 
present, still undetermined. 

Position emission tomography (PET) imaging 

The PET scanner utilizes positron emitting radionuclides. Positron decay involves 
the simultaneous emission oftwo photons at 1800. The PET scanner is composed 
of circumferentially arranged individual pairs of detectors. Each member of a pair 
is situated on a ring in a diametrically opposed position to its mate. Events are 
accepted only when two photons are detected simultaneously by both members 
of a pair of detectors (termed 'annihilation coincidence detection'). A computer 
reconstructs the distribution of activity in a cross section of the body to create 
an image superficially resembling a CT scan [78]. This arrangement results in a 
resolution superior to that of conventional nuclear medicine equipment which 
utilizes single photon emitting radionuclides. Changes in amounts of radioactivity 
as small as 100/0 can be reliably quantitated between regions of 1.5 cm2 on 
individual tomographic slices with 95% accuracy [79]. 

PET scanning has been applied clinically by neurologists and cardiologists with 
spectacular results [79-81]. The PET scanner has been exploited by Fair et al in 
1977 to image the dog prostate with a positron-emitting putrescine analog which 
was preferentially taken up by the prostate [82]. Since then, no further work has 
been done with this imaging device in urology. However, studies have been 
published suggesting the potential usefulness of this instrument for imaging of 
brain and other tumors [83]. Given the proper tracer, the PET scanner could 
possibly be used in the future for detection of prostatic cancer. 

Conclusion 

Magnetic resonance imaging, radioimmunodetection and the PET scanner hold 
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future promise for detection of prostatic carcinoma. However, of all the new 
imaging modalities, transrectal ultrasound has engendered the greatest expec
tations for early diagnosis, staging and follow-up of this disease. 

Digital rectal examination 

The rectal examination remains a keystone for early detection of prostate cancer. 
While, by definition, it cannot pick up any stage A lesion, about 50% of patients 
with a palpable abnormality of the prostate have subsequent histological confir
mation of prostatic malignancy [71]. Guinan et al compared the relative accuracy 
of 10 diagnostic procedures for detection of prostate cancer in 300 elderly patients 
with symptoms of urinary obstruction [84]. They concluded that the rectal 
examination was the most efficient test superseding acid phosphatase determi
nation (enzymatic, RIA or CIEP), urinary and prostatic secretion cytology, 
aspiration cytology, LDH V II ratio or leukocyte adherence inhibition test. 

Some reports have attested to the efficiency of routine rectal examination in 
detecting early prostate cancer, and have demonstrated an increase in the percen
tage of tumors diagnosed while still confined to the prostate [85, 86]. Several more 
recent series have shown that rectal examination screening for carcinoma of the 
prostate detected the disease in 1.0070-1.7% of an unselected male population over 
the age of 50 years [87,88,89]. Overall, prostate cancer was confirmed histologi
cally in 26%-29% of patients with palpable prostatic abnormalities [87, 88]. This, 
perhaps, reflects a higher index of suspicion by the examining physicians than in 
previous studies [71]. 

Conclusion 

It appears that screening an elderly population for carcinoma of the prostate by 
the digital rectal examination can be cost-effective and fairly sensitive. Although 
the sensitivity could be enhanced by transrectal prostatic ultrasound (to include 
some stage A tumors), this test would result in a considerably higher proportion 
of unnecessary prostate biopsies. The value of other new imaging modalities for 
early detection of prostate cancer remains to be determined. There is currently 
no biochemical or immunologic tumor marker that fulfills the rigorous criteria 
of sensitivity and specificity required of a screening test for early diagnosis of 
carcinoma of the prostate. 
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Editorial Comment 

MARTIN I. RESNICK 

Webster's Unabridged Dictionary defines editorial as: 'An article in a newspaper, magazine, etc. 
explicitly stating opinions of the editor or publisher' [1]. In defining opinion the same reference states: 
'A belief not based on absolute certainty or positive knowledge but on what seems true, valid or 
probable to one's own mind.' I will attempt to exercise the perogatives of an editor and express my 
thoughts as defined in Webster's and hopefully clearly state my opinion as to the effectiveness and 
practicality of many of the studies and examinations described most amply by Dr. Kadmon. 

Statistical terms 

Many of the studies .described by Dr. Kadmon are available to most practicing urologists but their 
value and usefulness has not been fully clarified. All too often a new test is described, the statistics 
as to its effectiveness reported and its universal application extolled. Unfortunately, the limitations 
of the test are infrequently reported, the costs rarely mentioned and its practical usefulness in the 'real 
world' never discussed. Statisticians have defined guidelines that are useful in assisting clinicians in 
evaluating the effectiveness of these new tests. A discussion of these statistical guidelines would 
therefore be useful in providing background information that will allow one to make an independent 
evaluation of a particular study. For purposes of discussion specific diagnostic tests will be described 
with the consideration that they be used for the purpose of screening a specified population in an 
attempt to diagnose early and potentially curable prostatic carcinoma. 

It is important to have an understanding of several terms that are often used in reports of both 
diagnostic laboratory and imaging studies. These include: specificity, sensitivity, positive predictive 
value and negative predictive value. Oftentimes the effectiveness of the diagnostic study are reported 
in terms of false positive and false negative rates but more valid terms as will be described should 
be used more uniformly. 

Sensitivity can be mathematically expressed as: 

number of patients with true positive study 
--------~~--~----~--~~~x 100 
number of patients with positive histology 

The term refers to the number of patients who actual have the disease and test positive divided by 
the total number of patients with the disease. 

Specificity can be mathematically expressed as: 

number of patients with true negative study 
--~--~--~----------~--~~--x 100 
number of patients with negative histology 

This term refers to the number of patients who actual do not have the disease and test negative divided 
by the total number of patients without the disease. 
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When relating studies to disease prevalence in a particular population the valid statistical terms to 

use include positive predictive value and negative predictive value. Utilizing data on sensitivity (Se), 

specificity (Sp) and prevalence or proportion of the population having the disease (P) positive 

predictive value can be expressed as [2, 3]: 

(Se) x (P) 
-------- x 100 
(Se) (P) + (1- Sp) (1- P) 

Utilizing similar terms negative predictive values can be expressed as: 

(Sp) x (1- P) 
-------- x 100 
(Sp)(l- P) + (P)(I- Se) 

Similarly utilizing the terms true positive false positive, true negative and false negative when the 
proportion of the population having the disease is known the positive predictive value can be expressed 

as: 

number of true positives 
---------------------x 100 
number of true positives plus number of false positives 

and the negative predictive value can be expressed as: 

number of true negatives 
--------------~--------x 100 
number of true negatives plus number of false negatives 

Positive predictive value is the probability that the disease is in fact present given a positive result 

and similarly the negative predictive value is the probability the disease is absent given a negative result. 

Since these calculations are based on sensitivity, specificity and prevalence of the disease in a specific 

population they are helpful is assessing a test's value from a statistical standpoint. In that' neither 
specificity or sensitivity relates to the prevalence of a specific disease in the population being studied, 

oftentimes misinformation can result when these terms are used alone in that the data cannot properly 

interpreted. This has been clearly emphasized by Sheps and Schechter who have shown both the misuse 

and lack of use of these terms in their medical literature [4]. 

In many reports the prevalence of the disease in the study population does not necessarily represent 

the true prevalence of the disease in the general population. If for example, II patients with a disease 

and 22 patients without the disease were studied and the sensitivity and specificity were 100 percent 
(11/11) and 91 percent (20122) respectively, the prevalence of the disease in the population studied 
would be 11/33 or 33 percent. However, if the true prevalence of the same disease in the general 

population is 112000 (0.0005) the positive and negative predictive values would calculate to be 
0.6 percent and 100 percent respectively. A negative test the chance the disease is absent, reliably 
excludes the disease but an abnormal test labels 9 percent (2122) of individuals without the disease 

and 100 percent (11111) with the disease as positive and is associated with an actual chance of having 
the disease of only 0.6070. The finding of a positive test would therefore cause much anxiety to the 

family and patient even though the chance of that individual having the disease is remote. It must 
be remembered that in this example the specificity and sensitivity are quite high. 

Another example that has been cited relates to the misuse of these terms. In a recent report studying 

the value of rectal examination for the screening of a population in an attempts to detect carcinoma 

of the prostate the authors use the term specificity when they are referring to predictive value [5]. 

Recalculation of these data in fact shows the true predictive value to be lower than had originally 

been appreciated [6]. 
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The ideal test 

Prior to discussing specific studies it may be useful to speculate as to what whould be the ideal test 
that could be used to screen a specific population for prostate cancer. InitiaJIy most would agree that 
ideally a non-invasive test, preferably on an easily obtainable body fluid such as serum or urine would 
be preferable. It would also be desirable if a test not only was highly specific and sensitive but also 
very reliable in predicting either the presence or absence of the disease in a specific population. Finally, 
the test should not only identify patients with the disease but also differentiate those individuals whose 
disease is potentially progressive and lethal in contrast to those having indolent or dormant tumors 
that will not progress and therefore not be life threatening. Obviously those patients in the former 
category require further evaluation and therapy and those in the latter would neither benefit from 
nor require other therapeutic approaches. 

Carcinoma of the prostate presents many problems when considering these ideals. The disease has 
a high prevalence rate in the American male population so that a highly sensitive and specific test 
would likely identify all patients with the disease. On first impression this concept seems advantageous 
but most clinicians recognize that many of these patients particulArly those over 75 or 80 years of 
age often have non-progressive disease which is not likely to be life threatening. Jewett and associates 
and Whitmore have both reported that not all patients with discrete localized prostatic nodules will 
progress to more advanced stages but unfortunately clinical studies do not exist that will reliably permit 
separation of these two populations, i.e. those who will and those who will not progress [7, 8]. McNeal 
and associates recently reported the results of an autopsy and surgical series which showed that tumors 
with a volume of less than 1 cm were not associated with metastases and thus suggested that the ability 

to metastasize was associated with further growth and the development of poor differentiation by 
the tumor [9]. These authors believe that a tumor volume of 1 cm is the critical size that must be 
detected in the population if screening studies are to be of value. Therefore diagnostic or screening 
studies must be so refined that this entity can be reliably detected. As of this date, existing laboratory 
and imaging studies (CT, ultrasound, MRI) do not have this capability. Though we are all searching 
for the ideal test there is not a unanimity of opinion as to what is needed [10]. This must be remembered 
when one reviews and analyzes a specific 'screening' study. 

Based on the above it may be useful to review several of the studies described by Dr. Kadmon. 
Enough data exists so they can be analyzed utilizing the statistical studies discussed and thus their 
true value may be more properly assessed. Because of the limitations of space only three studies will 
be reviewed: Rectal examination (physical finding); transrectal ultrasonography (imaging study); and 
serum acid phosphatase (laboratory study). 

Rectal examination 

Rectal palpation is probably the single most important step in the physical examination for the 
detection of carcinoma of the prostate and it is well recognised that there is an increased incidence 
of early disease detection when it is done routinely [11, 12]. Although small nodular areas in the 
prostate may be readily palpable the differentiation between benign and non-malignant lesions cannot 
be made by physical examination alone [13, 14, 15]. Interestingly, the value of the routine rectal 
examination in attempting to screen an asymptomatic population is somewhat controversial and its 
value and frequency has yet to be clearly established [5, 6, 15, 16, 17]. 

Calculated sensitivity and specificity from different studies indicate that for rectal examination they 
vary from 55-69 percent and 89-97 percent respectively. Based on varying prevalence rates the positive 
predictive values and negative predictive values range from 11-26 percent and 85-96 percent respec
tively. These date suggest that if one has a negative rectal examination the chances of having prostatic 
carcinoma are highly unlikely. The converse is not necessarily true in that one or two of every ten 
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men with positive rectal examinations will be found to have prostatic carcinoma. Obviously the data 
is somewhat dependent on the skill of the individual performing the examination. It has also been 
inferred that the follow-up rectal examination is very important in surveilance because tumors detected 
in this manner rather than those detected on the initial examination tend to be associated with a higher 
rate of survival [18]. 

Transrectal ultrasonography 

Transrectal ultrasonography is a relatively new imaging technique that has been utilized in a variety 
of applications [19, 20, 21]. Though the study has value in the total staging of prostatic carcinoma 
and can be used to measure prostatic size and subsequent changes in size following institution of 
endocrine therapy probably no area has been as controversial as that related to its use as a screening 
study. Watanabe and associates have been proponents of its use in this manner but others including 

this author have not advocated its use in this regard [22, 23]. The problem with the use of the technique 
for screening purposes is that its low sensitivity and specificity is an impediment to this concept. Studies 
indicate that stage A2 carcinomas connot be imaged with reliability and many benign conditions such 
as prostatic calculi, beningn prostatic hyperplasia and chronic prostatitis will mimic the echo changes 
observed in carcinoma [24, 25]. Utilizing the data in these reports the sensitivity and specificity for 
transrectal ultrasonography has been reported to be 71.41170 and 85.81170 respectively. Assuming a 
disease prevalence of 101170 [26, 27, 28] the positive and negative values are 35.81170 and 96.41170 
respectively. Utilizing the sensitivity and specificity data on rectal examination that were discussed 
previously (601170 and 851170 respectively) but assuming a 101170 prevalence rate the positive and negative 
predictive values for this study are 30.71170 and 951170 respectively. Though the positive predictive value 
of transrectal ultrasonography is slightly higher the negative values are essentially the same. Based 
on these calculations most would agree that the added gain from screening a population with 
transrectal ultrasonography is not worth the time and expense because the additional useful infor
mation is minimal to non-existent. It must also be remembered that in all likelihood a significant num

ber of patients with abnormal ultrasound examinations will also have positive rectal examinations. 

Prostatic acid phosphatase 

Prostatic acid phosphatase has been used since the 1940s in the evaluation and follow-up of patients 
with metastatic prostatic carcinoma. It certainly can be classified as the first 'tumor marker'. With 
the development of new radioimmunoassays for the enzyme Foti and associates in 1971 suggested that 
the study would be useful in detecting the disease while localized to the prostate [29]. Subsequently 
it was demonstrated that the test was positive in 61170 of men with benign prostatic hyperplasia and 
furthermore the test would not accurately predict all patients with stage A disease [30,31]. Based on 
this data and that reported by others sensitivity and specificity of the tests have been reported to be 
approximately 701170 and 951170 respectively [15]. As with previous calculations, assuming a disease 
prevalence rate of 101170 the positive and negative values ofthis study are 60.81170 and 96.61170 respectively. 
Watson and Tang [2] emphasized that a proportion of patients with a positive test and prostatic 
carcinoma would likely have palpable prostatic nodules and they therefore have calculated that the 
positive predictive value in patients with no evidence of a nodule falls within the range of approximate
ly 30 percent. Again one can conclude that because of the low predictive value of the test in individuals 
without prostatic nodules that the use of the prostatic acid phosphatase as a screening test for the 
early detection of prostatic carcinoma is also not warranted. It can than be concluded that routine 
periodic rectal examination though far from perfect remains the most effective method for screening 
patients with carcinoma of the prostate. 
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Summary 

In summary, an effort has been made to more clearly define those criteria that should be examined 
when evaluating a new test and in the development of an ideal one. The specific problem with 
carcinoma of the prostate, namely the high prevalence of the disease in the United States and its varied 
biological potential must be considered when attempting to develop a reliable method for identifying 
early and potentially aggressive disease. Though many tests have been reported as being excellent for 
screening, when judged critically they do not appear to adequately meet this goal. Therefore, from 
both a practical and cost effective viewpoint periodic digital rectal examination appears to be the 
preferred screening test in attempting to diagnose early carcinoma of the prostate in a specified 
population. Other studies are obviously needed and it is likely and anticipated that they will be 
developed. A plea is made, however, that they be evaluated in the manner described and also compared 

to 'the old standard' so that their proprer role in the diagnosis of this disease can be best appreciated. 
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6. Oncogenes and genitourinary neoplasia 

ALEXANDER KIRSCHENBAUM and MICHAEL J. DROLLER 

Introduction 

The concept of an association between genes and cancer is not a new one. Over 
a century ago Broca observed a hereditary pattern of cancer among members of 
his wife's family [1]. Although others also described a familial nature of certain 
conditions, this did not necessarily prove a genetic basis for disease. Indeed, the 
very concept of genes was unknown at the time. However, such observations 
stimulated intense interest in the causes of uncontrolled cell growth and the factors 
responsible for the formation of specific tumors. 

In the decades that followed, much evidence was gathered from laboratory and 
clinical studies in support of a genetic basis of tumor development. Yet, the precise 
mechanism by which genes were responsibile for cancer development remained 
elusive, and this gradually dampened the intensity of research activity in this 
area. 

Recent development in microbiology and genetic engineering have completely 
reversed this apathy. The identification and characterization of so-called 'onco
genes', genes presumeably involved in the regulation of cell growth and possibly 
in the loss of growth regulation, has refired intense study of genetic factors that 
may determine tumor development. The idea that understanding of the cancer 
process may be at hand has intensified a general interest and enthusiasm within 
the medical community and has stimulated the imagination of a more medically 
sophisticated general population. 

The purpose of this communication is to review recent evidence that has 
enhanced our understanding of the genetic basis of cancer development, to 
describe current directions in which such work is leading, and to assess this work 
in the context of tumors of the genitourinary tract; in so doing, we shall attempt 
to describe the clinical relevance of these new and exciting advances to urologic 
oncology and possibly also to our approach in the treatment of urologic neo
plasia. 

Ratliff, T.L. and Catalona, W.I. (eds), Genitourinary Cancer. ISBN-J3: 978-1-4612-9210-4 
© 1987. Martinus Ni;hoff Publishers, Boston. 
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Historical perspectives 

The association between oncogenes and cancer is based upon the recent conver
gence of several independent lines of investigation through inquiry from different 
scientific disciplines. To truly appreciate these events, it is important to unders
tand that they occurred as isolated observations rather than in related sequence, 
and that their relevance to the genetic basis of cancer as it is known today 
represents in many instances only a retrospective assessment. 

The signal observation that ultimately spawned the concept of genes and cancer 
was described by Rous in 1911 when he reported that a cell-free filtrate from 
chicken sarcoma could induce new tumors [2], and that the active agent in the 
filtrate was a virus (the Rous sarcoma virus) [3]. This virus became the prototypi
cal tumor virus, belonging to a distinct family of viruses that contained RNA 
rather than DNA in their genome [4-9]. 

The ensuing 50 years witnessed an explosion of information on mechanisms of 
viral biology and replication. The RNA viruses became known as retroviruses 
because of their unique means of replication within the host cell, first processing 
RNA 'backwards' into DNA rather than the usual processing of genetic infor
mation from DNA to RNA. The enzyme, 'reverse transcriptase,' responsible for 
this form of genetic transcription was found to be encoded by the viral genome 
soon after infection of the host cell [10--12]. Thus, retroviruses, unlike most 
viruses, did not usually destroy their host cell. Rather, the viral DNA became 
incorporated within the host genome and viral genes could actually be replicated 
and expressed using the host cells' machinery instead of its own [4-9]. 

The application of these observations in understanding the mechanism of 
carcinogenesis required a technique whereby the molecular aspects of genetic 
events could be studied in the laboratory rather than in intact but complex 
organisms. The development of such a technique was described by Dulbecco who 
found that when a small DNA polyoma virus was placed upon monolayers of 
hamster embryo fibroblasts, it led to the production of stacks of cells in selected 
foci [13]. These cells, when injected into rodent hosts, proliferated to form 
tumors; whereas cells not afflicted with virus did not proliferate. This technique 
came to be known as 'cell transformation,' and became the standard method by 
which in vitro induction of a malignant phenotype could be reproducibly accom
plished. 

Despite these advances, the application of observations from Rous' initial 
experiments as well as from subsequent studies in experimental animal models to 
human cancer systems remained unsuccessful. Moreover, such studies did not 
fully explain the variety of factors (both chemical and physical as well as viral) 
that had been implicated in carcinogenesis. 

In this regard, a separate pathway of study had focused on the hereditary 
aspects of neoplasia and the intrinsic cellular or genetic predisposition to 
neoplastic transformation. Although Broca had implied this as a mechanism of 
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carcinogenesis in the mid-nineteenth century [1], the concept of specific 'tumor 
genes' appears to have had its actual inception in 1928 when researchers observed 
the development of spontaneous melanomas from black spots in certain hybrids 
from two ornamental fish [14]. The development of tumors in this system 
appeared to follow Mendelian laws of heredity. The gene that appeared to mediate 
neoplastic transformation was designated by the term 'oncogene.' It was further 
suggested that 'oncogenes' might also be needed to maintain the cancerous state, 
and might actually be the common denominator upon which the multiple factors 
associated with tumor development acted in the genesis and perpetuation of a 
particular cancer. 

Although many of the viruses with the capacity to transform cells in vitro were 
found to contain 'oncogenes,' and although some animal tumors were found to 

be associated with viruses, continued attempts to associate viruses as causative 
of human tumors were unsuccessful. Insight into concepts that might unify these 
apparent discordant observations, however, was provided by Huebner and Toda
ro who postulated that retroviral oncogenes might actually be a natural part of 
the genome of all vertebrate cells [15]. They further suggested that such oncogenes 
may have been incorporated into vertebrate DNA early in evolution as a result 
of viral infection, but would only induce tumors when stimulated by various 
carcinogens [16]. 

Subsequent advances in techniques for analysis of gene composition, viral 
manipulation, and cell culture have permitted intensive testing of this hypothesis. 
This has resulted in a greater understanding of those genetic mechanisms that may 
control cell growth. This has also prompted the impression that a realistic 

characterization of the mechanisms responsible for the cancer process may be at 
hand. 

Retroviruses and oncogenes 

New techniques in molecular biology first focused on the Rous sarcoma retrovirus 
as a prototype of a tumor-causing virus. In addition to the wild type virus, there 
were found to be two mutants which differed in their ability to transform cells. 
One was conditional upon temperature for transformation to occur while the 
other was non-conditional and unable to transform cells under any circums
tance [17-20]. Using these mutants, it was found that the fragment of the viral 
genome responsible for transformation was localized to a single gene, designated 
'v-src' [4]. It was also found that the non-conditional mutant had deletions in the 
region of the viral genome responsible for transformation when compared to the 
wild type virus and that the temperature sensitive mutant had changes in the same 
genomic region [18, 19]. 
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Figure 1. Schematic comparison between LL and AT viruses. 
The LL (long latency) virus is composed of the viral genome flanked by two terminal repetitive 
nucleotide sequences called long terminal repeats (LTR's). LTR's contain the promotor-enhancer 
sequences that are responsible for the rate of transcription of the viral genome. The viral genome 
consists of sequences that code for the viral core (GAG), the enzyme reverse transcriptase (POL) and 
the viral coat (ENV). No oncogene is present in the LL virus. 
The AT (acute transforming) virus is also composed oftwo long terminal repeats (L TR's) and portions 
of the viral genome derived from LL virus. It also contains an oncogene (ONC) derived from the 
host cellular chromosome. Note, however, that the AT virus is defective, with only fragments of the 
viral genome (POL, ENV). 

Cellular oncogenes 

A technique known as 'hybridization' was used in these studies to combine wild 
type DNA with mutant DNA, making use of the reverse transcriptase enzyme. 
This permitted isolation of the v-src oncogene, which was then used as a probe 
to locate corresponding loci on other DNA's. This then allowed direct testing of 
the Huebner-Todaro hypothesis to establish whether oncogenes were present 
primarily in the host cell or only secondarily, following viral insertion. 

Thus, proof of this hypothesis was suggested by descriptions of a locus on 
mammalian DNA, complementary to the 'v-src' oncogene, and therefore desig
nated as 'c-src' oncogene [21]. In addition, this locus was found to be part of the 
normal complement of cellular genes in several species. 

Even more intriguing were subsequent studies demonstrating that the cellular 
src gene (c-src) was a more complex gene than the retrovirus gene (v-src) being 
composed of subunits called 'introns' and 'exons' [3]. Exons were found to be 
genomic areas that encoded for proteins and were separated from one another 
by introns, whose functions were thought to be regulatory of exon expression. 
When introns were removed from the cellular src gene, exons could be spliced 
together to form the v-src oncogene [3]. Since it seemed unlikely that the viral 
gene could be split in such order into the cellular genome, these findings suggested 
that the existence of the cellular gene had actually preceded that of the viral 
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oncogene. The corollary was that the viral gene was a derivative of the cellular 
oncogene, having been incorporated into the virus during intracellular repli
cation [22-27]. This prompted the designation of the cellular genome as a 'proto
oncogene' [28]. 

Proto-oncogenes, viral oncogenes, and cell transformation 

These findings provided a basis for explaining some of the earlier observations 
on retroviruses. Retroviruses had been divided into two subgroups: 'long-latency' 
(LL) viruses, which induced tumors only after many months and were widely 
distributed in nature, and acute transforming' (AT) viruses, which induced 

tumors rapidly and were thought to be laboratory artifacts almost never transmit
ted in animal hosts [6, 29]. Subsequent studies showed that AT viruses originated 
when cells were infected with LL viruses as a result of the breakage of host cell 
DNA [29, 30]. The AT viruses also were found to contain a non-viral gene that 
had actually originated from the cellular chromosome. The portion of the LL 
virus that was incorporated into the AT virus was a long terminal sequence (L TR) 
needed for protein expression. Since the LL virus lacked an oncogene, the viral 
oncogene of the AT virus must have been derived from the cell chromosome [29]. 
It was therefore reasoned that the L TR sequence was responsible for activating 
the cell-derived oncogene, in turn leading to acute transformation of normal cells 
(Fig. 1). 

The mechanism of viral oncogene formation and activation via incorporation 

of a mammalian proto-oncogene prompted a search for similar viral oncogenes 
in other systems. To date, more than 20 vertebrate proto-oncogenes have been 
identified in association with the oncogenes of retroviruses [31]. In addition, 
many proto-oncogenes were found in organisms that were phylogenetically 
disparate [21, 32-34]. This implied that proto-oncogenes had been conserved 
throughout evolution and further suggested that proto-oncogenes might also play 
a central role in normal cellular physiology. 

As each new retrovirus was isolated, it served as a probe for corresponding new 
proto-oncogenes. However, searches with these new viruses all generally led to 
identification of the same limited number of proto-oncogenes [53]. This indicated 
that the number of proto-oncogenes was probably far less than the number of 

retroviral oncogenes. Another possibility was that the number of proto-oncogenes 
in mammalian cells was actually greater, with only a certain few being acquired 
by the retroviruses. Thus, proto-oncogenes that were not expressed in the cell, 
or that might be performing other functions, might be unavailable to the trans
forming retroviruses. 

These results also implied that cell proto-oncogenes might not require the viral 

genome to become activated. Theoretically, other factors might activate the 
proto-oncogene. Observations of chemical and physical carcinogenesis could be 
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explained by the presumption of such a mutational event without relying on the 
need for tumor induction by a viral genome. 

If it was reasoned that the genetic material was the common demoninator of 
carcinogenesis, then it should be possible to transfer the appropriate genome of 
a cancer cell into a normal cell and induce transformation. This was demonstrated 
by a method known as transfection, in which DNA molecules, entrapped within 
a calcium phosphate crystal matrix, were engulfed by cells in culture, became 
integrated into the cells' chromosomes, and induced transformation [36]. Thus, 
DNA from a chemically-induced mouse fibroblast tumor was found to transform 
normal mouse fibroblasts in vitro, and when subsequently injected into normal 
mice, generated tumors [37]. When DNA from normal fibroblasts was used, no 
foci of transformed cells developed, and no tumors were induced. 

In addition, the ability of DNA to transform cells was found to survive serial 
transfer in tissue cultures [38]. This implied that multiple genes were not responsi
ble for transformation, since the long strands of DNA would have been repeatedly 
broken into progressively smaller fragments, and therefore gradually lose their 
cell-transforming capability. This was subsequently confirmed by demonstrations 
that only single cloned genes led to neoplastic transformation [38]. 

In many instances, cellular oncogenes or proto-oncogenes from tumors were 
found to be homologous if not identical to those that had been associated with 
viral oncogenes [39-44]. Thus, oncogenes from the bladder carcinoma cell lines, 
EJ and T24, could be traced to the c-oncogene that was associated with the 
v-oncogene ofthe Harvey murine sarcoma virus [45,46]. Similarly, the oncogene 
from human lung and colon carcinoma could be traced to the proto-oncogene that 
had been associated with the viral oncogene of the Kirsten murine sarcoma 
virus [47, 48]. Moreover, the Harvey murine sarcoma virus and the Kirsten 
murine sarcoma virus were related evolutionarily as members of the same virus 
group [49]. This suggested not only that there were a relatively small number of 
cellular and viral proto-oncogenes but also that proto-oncogenes could be activat
ed both by incorporation into acute transforming retroviruses as well as by genetic 
mutation without viral interaction. 

Oncogene protein products and carcinogenesis 

The critical question that remained unanswered was how oncogenes actually 
transformed cells. Antibody isolation techniques were used to identify the product 
of the v-src oncogene as a protein [50]. Since this protein was found to be a 
phosphoprotein of 60,000 daltons molecular weight, it was designated pp6Ov-src, 
for 'phosphoprotein 60,000 daltons molecular weight viral sarcoma gene pro
duct' [51]. 

However, whereas antibody against the v-src oncogene product formed an 
immunocomplex with the protein, radioactive phosphate, when added to the 
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complex, tagged only the antibody band [52]. Thus, the protein product had 
actually acted as a protein kinase, attaching phosphate ions to the antibody. 

Subsequent studies found that the pp60v-src protein attached phosphate ions 
specifically to the amino acid tyrosine [53]. The ability to phosphorylate tyrosine 
was highly unusual, since most protein kinases phosphorylated the amino acids 
serine and threonine. In fact, phosphotyrosine in normal cells represented only 
0.03070 ofthe phosphorylated amino acids, the remaining 99.97% being comprised 
of phosphoserine and phosphothreonine. In addition, when cells were transform
ed by the Rous sarcoma virus, the amount of phosphorylated tyrosine increased 
tenfold [53]. Taken together, it appeared that phosphorylation of tyrosine might 
be important in the oncogene-induced development of uncontrolled cell growth. 

That other oncogene-encoded proteins (from Avian sarcoma virus, feline 
sarcoma virus, and Abelson murine leukemia virus) had similar phosphotyrosine 
activity was not surprising. Nor was the homologous sequence of their catalytic 
domain (the segment of the enzyme, which binds to the substrate) unexpect
ed [54-57]. What this suggested was a common evolutionary origin of these 
oncogene proteins, a common role in cell transformation, and possibly a common 
function within normal cells. 

In this context, it was predictable that tyrosine kinase activity could also be 
found in normal cells [58], In fact, the first tyrosine kinase identified in normal 
cells was found to be encoded by the c-src proto-oncogene [53]. 

Oncogenes and growth factors 

The association between tyrosine kinases and blood-borne growth factors such 
as epidermal growth factor (EGF) and platelet derived growth factor (PDGF) 
provided additional clues to understanding cell transformation, cancer cell 
evasion of normal regulatory controls, and resultant unrestrained growth. These 
growth factors had been found to activate cells and stimulate their proliferation 
by binding to specific receptors located on the cell membrane [59-64]. Exami
nation of the EOF receptor disclosed a protein which extended through the cell 
membrane. The portion of the protein outside the cell comprised the EOF binding 
site, while the portion within the cell was an enzyme that on subsequent analysis 
was found to be a tyrosine kinase [65,66]. Moreover, the binding of EOF to the 
receptor was found to activate the catalytic domain of the enzyme, thereby 
unifying the concept of genetic control of cell growth and oncogene control of 
proliferation. 

Additional confirmation of this concept was provided by the discovery that a 
segment of the EOF receptor had an amino acid sequence closely related to a 
sequence found within the oncogene protein product of the avian erythroblastosis 
virus (designated erb-B) [67, 68J. In fact, the erb-B protein was found to resemble 
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or be identical to the EGF receptor without its binding site. Other studies reported 
that the EGF receptor was in fact encoded by oncogenes. 

Similar observations were made for platelet derived growth factor (PDGF), a 
heat stable protein found within platelets and thought to function as a mitogen 
for connective tissue cells [69]. PDGF receptor was also found to be a tyrosine 
kinase [70, 71]. Moreover, PDGF was found to be nearly identical in structure 
to the protein product of the oncogene of the simian sarcoma, the so-called 
's;s'-oncogene [72, 73]. Thus, when cells were infected with the simian sarcoma 
virus, they were found to secrete a growth factor much like PDGF [74]. In 
addition, the proto-oncogene associated with the sis-oncogene was found to be 
identical to the cellular gene that encodes for PDGF [72, 73]. The finding that 
PDGF and the EGF receptor are encoded by oncogenes appeared to be too closely 
associated to reflect mere coincidence or chance. 

Oncogene protein products and cell membranes 

A search for targets of these oncogene-encoded enzymes led to the identification 
of even more intriguing relationships. Because a transformed cell had an irregular 
shape which differs markedly from that of a normal cell, the cell cytoskeleton 
became a focus of such studies. In one report, vinculin, one of a number of 
cytoskeletal proteins, was found to contain twenty times more phosphotyrosine 
in cells transformed by the Rous sarcoma virus than in normal cells [75-77]. 

It was also learned that the pp6Ov-src protein is located along the inner surface 
of the plasma membrane, particularly at the site of adhesion plaques which are 
the same sites where the cytoskeleton is attached to the cell membrane [78, 79]. 
Since vinculin is an integral component of the adhesion plaque, the pp6Ov-src 
protein would be in a proximate position to phosphorylate the tyrosine residues 
of the vinculin. It was reasoned that an increase in phosphotyrosine might act to 
disrupt the adhesion plaque, thereby releasing actin filaments, and producing the 
cytoskeletal disorganization which characterizes transformed cells. 

Further evidence in support of these hypotheses was obtained in experiments 
in which normal cells in culture were treated with radioactive phosphate and 
subjected to viral transformation by Rous sarcoma virus. Gel electrophoresis 
consistently revealed a protein band with a large amount of phosphotyrosine. This 
band, called P36 because of its 26,000 dalton molecular weight, was thought to 
be the major substrate for viral encoded tyrosine kinases [80-83]. Moreover, 
recent studies have shown that P36 is associated with the inner surface ofthe cell's 
plasma membrane, suggesting a structural function and possibly representing an 
effect on the cytoskeletal structure reminiscent of that of the pp6Ov-src pro
tein [84, 85]. 

A separate but related line of investigation into the mechanism of action in 
oncogenesis concerned changes in plasma membrane phospholipids during neo-
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plastic transformation. It was known that inositol lipid metabolism precedes cell 
proliferation. As this had been thought to signal the transmission of growth 
factors and hormones, it was postulated that certain oncogene enzymes might act 
via inositol lipid metabolism (essentially functioning as inositol lipid kinases) in 
promoting cell transformation. 

The normal pathway of inositol lipid metabolism begins with the activation of 
cell membrane receptors and the subsequent breakdown of phosphatidyl inositol 
4,5, di-phosphate into 1,2 diacylglycerol and inositol triphosphate [86, 87]. The 
latter acts to mobilize calcium ions from an intracellular depot, while the 
diacylglycerol activates protein kinase C [88]. Protein kinase C directs the phos
phorylation of serine and threonine moieties in a variety of cell proteins which, 
in turn, control many normal cell functions including gene expression. This may 
have direct impact on the control of cell proliferation and growth. However, each 
of these factors has only been associated with the regulation of normal cell 
growth. 

On the other hand, the substrate phosphatidyl inositol 4,5, di-phosphate, 
produced by the two-step phosphorylation of phosphatidyl inositol, first to 
phosphatidyl4-phosphate and then to phosphatidyI4,5, di-phosphate, has been 
reproduced in vitro by the src-gene product' src tyrosine kinase,' [89]. If by simply 
increasing the availability of substrate, uncontrolled proliferation ensues, then a 
mechanism of oncogene-induced tumor growth may have been identified 
(Fig. 2). 

Oncogenes and additional mechanisms of function 

Other mechanisms of possible oncogene function have also been described. For 
example, not all products of transforming viral oncogenes are protein kinases. 
Harvey sarcoma virus, which has been implicated in the etiology of human 
cancers, has as the product of its oncogene a protein of 21,000 daltons molecular 
weight (ras-P21) which is situated along the inner surface of the plasma membrane 
and binds tightly to guanosine triphosphate (GTP) [90-93]. In normal cells, the 
cellular ras proto-oncogene product is a protein on the inner surface of the plasma 
membrane, which binds GTP, acts as a GTPase and assists in transmitting signals 
from the cell surface to its interior. It has been noted that when ras-P21 protein 
binds to GTP in the transformed cell, there is a concomitant decrease in GTPase 
activity. This has led to speculations that in the transformed cell, the ras-P21 

protein has been changed and in its altered form may act as an unregulated 
perpetual transmitter [94]. 

In addition to these kinases, researchers have discovered a small group of 
nuclear transforming proteins. The product of the viral myc-oncogene of the 
avian myelocytomatosis virus, for example, has been found to bind to DNA 
[95, 96]. Since cellular myc-proto-oncogenes are active in growing cells just 
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Figure 2. Proposed mechanism of inositol lipid metabolism in The regulation of cellular growth and 
transformation. 

In the metabolism of inositol lipids, phosphatidyl inositol undergoes a two-step phosphorylation 
process to phosphatidyl inositol 4 phosphate and phosphatidyl inositol 4,5 diphosphate. This substrate 
is then broken down by the enzyme, phospholipase C into diacylglycerol and inositol triphosphate 
(both intracellular second messengers) . The latter mobilizes Ca2 + from intracellular stores, while the 
former activates protein kinase C, both of which are needed for cellular proliferation to take place. 

Phorbol di-esters, which are known tumor promoters, closely resemble diacylglycerol structurally 
and may also activate protein kinase C. 

The protein products of several oncogenes (src, ros, jps) are tyrosine kinases which may be 
responsible for the formation of the substrate phosphatidyl inositol 4,5 diphosphate. 

Epidermal growth factor, platelet-derived growth factor and their receptors and the coupling agent 
(0 protein), may be needed to activate the enzyme phospholipase C. 

Platelet-derived growth factor is encoded by the sis oncogene while epidermal growth factor receptor 
is the product of the erb-B oncogene. The protein is believed to be encoded by the ras oncogene. 

These interrelationships are highly suggestive of an integral role of these factors in the determination 
and control of cell proliferation. 

prior to DNA replication, some have suggested that these viral oncogene products 
may somehow bring about uninterrupted, continuous replication. Whether this 
also accounts for neoplastic transformation, however, remains to be determined. 
Table 1 presents listing of common oncogenes and their products. 

Many questions remain unanswered but are central in attempting to understand 
the neoplastic process. Perhaps foremost is that wl)ich concerns the mechanisms 
whereby a gene changes from being an integral part uf the normal cell into a cancer 
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producing gene. Of related importance is the question of how viral and cellular 
oncogenes may interact. The structural similarities between cellular proto-onco
genes and viral oncogenes implies that the former, thought generally to be 
involved only in the regulation of normal cell functions, have the potential to be 
oncogenic. Furthermore, it has been observed that the retroviral genome is 
sandwiched between long terminal repetitive nucleotide sequences (LTR's) which 
signal initiation, promotion, enhancement, and termination of trans
cription [97-100]. Thus, if and when the retroviral genome is transposed in 
proximity to a mammalian proto-oncogene, malignant transformation might 
occur. 

In additional studies, the cellular proto-oncogenes of the Moloney murine 
sarcome (c-mos) and the Harvey murine sarcoma (c-rasHa) were found to induce 
transformation of NIH 3T3 cells after being joined to retroviral terminal nucleo
tide sequences [101, 102]. Similarly, the avian leukemia virus (ALV) has been 
thought to act as a transcriptional promoter when inserted into the vertebrate 
genome adjacent to the proto-oncogene c-myc, resulting in malignant transfor
mation [98]. 

A further possible mechanism of carcinogenesis has been suggested to involve 
oncogene translocation. In Burkitt's lymphoma, the c-myc oncogene was observ
ed to be translocated from chromocome 8 to 14, bringing it into close association 

Table 1. Current nomenclature of recognized oncogenes and their products 

Type of tumor 

Sarcomas 

B-Iymphoma 
Erythroleukemias 
Sarcomas 
Sarcomas 
Erythroleukemia and Sarcoma 
Carcinomas, sarcomas, 

myelocytic leukemia 
Myeloblastic leukemia 
Osteosarcoma 
Sarcomas 
Sarcomas 

Oncogene 

r yes 
jps/jes l m' jgr 
jms 
abl 
erb-B 
raj/mil 
mas 
ras 

myc 
myb 
jas 
ski 
sis 
reI 
erb-A 

TYR, tyrosine; SER, serine; THR, theonine 

Biochemical function of oncogene 

TYR protein kinases 
Kinase gene 
family 

Truncated EGF receptor 
SER/THR protein kinase 
Not known 
GTP-binding/GTP-ase 

l Nudm pM" .. 

J 
PDGF homology 
Not known 
Not known 
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with the heavy chain locus and resulting ip. a five-fold increase in c-myc messenger 
RNA production compared to normal controls [103-105]. In such instances the 
structural similarity of the c-myc oncogene product in both normal and malignant 
cells implied that the change was quantitative rather than qualitative. 

Such mechanisms were consistent with a proposed 'dosage therory' of carcino
genesis in which an increased amount of the oncogene protein product, with or 
without a corresponding increase in its proto-oncogene, resulted in malignant 
transformation. 

In contrast, the aberrant gene theory of carcinogenesis implicated qualitative 
changes in the oncogene product as the basis of carcinogenesis. This theory 
proposed that a structural change in the gene could change it from its normal state 
into a cancerous one. The model for this theory was the c-ras Harvey gene of the 
EJ and T24 bladder cell cancer lines, in which a single point mutation at amino 
acid 12 was postulated as being responsible for inducing tumor [106-109]. 

Thus far, point mutations have been observed to occur only with ras oncogenes, 
and only in approximately ten percent of those studies. Interestingly, these 
mutations have been found to occur solely at the amino acid 12 and 61. In 
addition, these mutations have not been observed within the proto-oncogenes of 
normal cells taken from the same patient, suggesting that the mutation was a 
somatic, or acquired, event. This further implied that the particular mutation was 
some how selected for by the tumor, and that activation of the ras oncogene 
directly contributed toward malignant transformation and was not a result of it. 

Oncogenes and the stepwise process of carcinogenesis 

As evidence in each of these areas has been accumulated, it has become apparent 
that carcinogenesis is a process that may proceed through a series of steps rather 
than as a precipitous solitary occurence. For example, the addition of the 
proto-oncogene c-ras to a cell culture system of rat embryo fibroblasts did not 
result in malignancy. However, when a second oncogene, such as the viral 
promoter myc or the adenovirus oncogene E1A, was added to the system, 
transformation occurred [110,111]. In contrast, c-ras alone was able to transform 
cells of the NIH 3T3 line, a cell system of immortalized rodent fibroblasts, that 
had already undergone a preliminary step in transformation [112]. These studies 
seemed to indicate that multiple steps would be required to alter cell function. 
The oncogene alone could transform already altered cells of the 3T3 line, but two 
complimentary oncogenes were required to transform otherwise normal cells. 

Oncogenes and genitourinary neoplasia 

The association between oncogenes and genitourinary neoplasia is not simply 
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based on the fact that oncogenes were first discovered in established cell lines 
derived from patients with bladder tumors. Indeed, it has been more difficult to 
document the presence of oncogenes in fresh bladder tumor tissue. What is more 
important, however, is the concept of oncogenes in the context of experimental 
observations taken together with what is known clinically of bladder cancer and 
other genitourinary neoplasias. 

For example, in bladder cancer we seem to be dealing with a variety of pathways 
of tumor development. In the one, cell proliferation takes place and leads to the 
generation of papillary excrescences of low grade cancer cells in which recurrence 
after treatment is common, but progression is rare. In another pathway, cellular 
atypia and dysplasia occur with proliferation resulting in the infiltration of cells 
into the bladder wall, and beyond. This form of cancer appears to be more 
aggressive and ultimately leads in most instances to the patient's demise. Envision
ing the role of oncogenes in these separate pathways is not difficult. Thus, the 
simple activation of an oncogene as a solitary event may result in cellular 
proliferation. In many instances, this is the only event that occurs. On the other 
hand, a sequence of oncogenes may be activated under the appropriate conditions 
leading to the genesis of the more aggressive type of tumor. Those physical and 
chemical influences to which the urothelium is exposed may be relevant to the 
type of oncogene activated and to the ultimate expression of the transitional cell 
cancer. 

Analogous situations may be considered in renal cell carcinoma. Some of the 
tumors when initially diagnosed, even though quite large, have remained confined 
to the kidney and are eminently curable by surgery. In contrast, others are 
diagnosed in the presence of metastases, and in these cases the prognosis with any 
form of therapy is bleak. What determines the different biologic behavior of these 
tumors in unclear. However, if phenotypic expression is dependent upon the type 
and number of oncogenes activated for the development of a particular neoplasm, 
it is conceivable that only certain oncogenes lead to the development of tumors 
with more aggressive behavior. 

Concept of initiation and promotion may also be factored into these conside
rations. The traditional definition of these processes to explain the influence of 
epidemiologic factors in the genesis of bladder cancer has indicated that initiation 
is an irreversible process occurring rapidly and resulting in the transformation of 
cells, while promotion is a reversible process occuring over time by repeated 
stimulations, and does not necessarily by itself generate a cancer but rather a 
proliferative tumor mass. The application of these principles to the different 
pathways of tumor development, such as in bladder or in kidney cancers as 
described above, supports the concept that more than one oncogene may be 
required to respond to stimuli in the environment and produce a malignant 
neoplasm. Clearly, however, much remains to be learned about these processes 
and their various possible interactions. 
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Conclusions 

While the discovery and study of oncogenes has expanded understanding of 
carcinogenesis, the application of this knowledge in cancer treatment remains 
uncertain. Yet, tremendous strides in this direction have been made. That there 
are a limited number of oncogenes offers hope that the mechanisms for tumor 
formation can be elucidated and treatments therefore devised. However, since 
proto-oncogenes probably function in normal cell regulation, a simple treatment 
approach may be difficult to accomplish. At the present time, knowledge of how 
even the encoded proteins function remains obscure. Nonetheless, the detection 
of the various steps in carcinogenesis may enable the diagnosis of high risk 
patients and possibly lead to prevention and rational treatment. 
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Editorial Comment 

DONALD S. COFFEY 

The authors have provided the reader with a very lucid and informative overview of the historical 
development of many of the important concepts in the rapidly developing area of the oncogene. This 
chapter brings out the important issues without submerging the reader into minutia and confusion. 
It now appears that proto-oncogenes are essential to the development and normal growth and as such 
they function as any growth regulatory substance. Many oncogene functions are expressed during 
embryonic development but they can also be highly active in any growing tissues. The role of the 
oncogene in cancer has been a long controversy over whether the neoplastic process involves an 
overexpression of a normal proto-oncogene at an inappropriate time or if it is an expression of a 
mutated oncogene. Most common in the latter argument has been the mutation of the ras oncogene 
at specific amino acid loci. It now appears that these mutations are not common and there are still 
uncertainties about how oncogenes function in carcinogenesis. Almost every discovery starting with 
the overexpression of the oncogene and the mutation theory is quickly followed by a host of papers 
showing that the story is more complex than we first believed it to be. The recognition that the ras 
oncogene may express a P21 protein that was a non-functioning GTPase of the G protein variety led 
many to speculate that it would be involved in the regulation of adny1cyclase. At last, the elevation 
of cyclic AMP cannot be clearly demonstrated and it appears that the system may be more complex 
than a loss in G protein control of adeny1cyclase. 

More recently, it has been shown that the ras oncogene can cause changes in cell motility like ruffling 
along the surface and this may involve an autocrine motility factor. Cell motility has always been 
an important facet of the cancer cell and now that the autocrine growth factors have been found 
there appear also to be autocrine motility factors. It is unknown how these factors induce the cell 
to undergo rapid changes in the membrane that involves a ruffling like motion. Cell motility is bro
ken up into various types and ruffling is only one form of a variety of cell movements. It is this 
change in motility that probably accounts for the morphological changes that are seen in cells following 
their transformation in vitro when the cells appear to lose their contact and pile up on one an
other. 

Several investigators have recently reported that the steroid receptor and glucocorticoid receptor 
contain an homology in their sequence similar to the erbA oncogene. This very intriguing observation 
leads one to wonder why normal steroid receptors should carry such an homology unless it helps the 
receptor to bind to specific nuclear proteins. Indeed, the receptors have been shown to bind to the 
nuclear matrix, the skeletal scaffolding system of the nucleus, and many of the nuclear oncogene 
products bind to this same type of structure. The nuclear protein binding of oncogene products such 
as myc, fos and myb is a very active area of research. The binding of the retrovirus oncogene products 
to the nuclear matrix is similar to the binding of the transformation protein, large T antigen, that 
is present in SV40 transformation. This would also be similar to the E-IA protein binding seen in 
the adenoma transformation. In summary, both the retroviruses, polyoma and adenoma viruses make 
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transformation proteins that bind to the nucleus and this is believed to be one of the early events in 

immortalizing a cell. 
Whatever the final transformation step, this leads to a progression that causes genetic instability. 

It is the genetic instability in cancer that counts for its progression as it spins off a variety of different 
cells with different genotypes. This shows up in the anaplasia and variance in structure that occurs 
with the development of cancer. This variance causes tumor cell heterogeneity and it is the outgrowth 
of resistant clones that makes resistance such a perplexing clinical problem. It is difficult to cause 
normal cells to induce a resistant clone to almost any form of cancer chemotherapy. However, cancer 
cells invariably cause clones to develop with high drug resistance. This is true for practically every 
form of therapy imposed upon the cancer. For example, it is rare for anyone to develop normal 
resistance to cancer chemotherapeutic agents so that with subsequent treatment their bone marrow 
becomes more difficult to suppress. In contrast, all cancers become resistant as a cytotoxic drug is 
administered. It is believed that this difference in resistance is due to the wide variety of clones existing 
in the cancer cell that result from genetic instability. As the genetic instability continues, many types 
of trans locations and chromosome markers can be observed and changes in the amount of DNA occur 
producing anuploidy. This type of anaplasia is always characterized by changes in the structural 
elements of the nucleus and cell. One of the frontiers in the oncogene study now is directed towards 
how the products of the oncogene affect nuclear and cytoplasmic structures. It is believed that these 
structural changes may be at the heart of genetic instability. While the clinician awaits the research 
scientists efforts to unravel this problem, there has been much attention as to how these observations 
might be applied in a clinical setting. There have been several reports that increased oncogene 
expression might denote the more aggressive forms of cancer. These reports have been dampened and 
it has become apparent that many normal tissues and benign cells can also express increased amounts 
of these oncogene protein products. It would be fair to say that the initial enthusiasm for oncogenes 
has waned as we run into the complexities and overlap with normal tissues. There will undoubtedly 
be more excitement in the future as we try to unravel whether oncogene expression is changed or 
increased by DNA rearrangement, changes in the state of methylation of DNA, or point mutations. 
As we gain additional insight into these problems, we may gain insight into new therapeutic 
approaches. At present that goal is exciting but far from clear. 
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7. Monoclonal antibodies and urologic oncology: 
antigenic expression on genitourinary tumors 

LAURENCE H. KLOTZ and NEIL H. BANDER 

Introduction 

The development of a technique for the routine production of monoclonal 
antibodies (mAbs) of defined specificity [1] opened up a new era in tumor 
immunology. It has created the tantalizing possibility of resolving such basic 
issues as the existence of tumor-specific antigens in human cancer, and the nature 
of patients' humoral immune response to their tumors. In addition, the appli
cation of mAbs to the diagnosis and therapy of cancer promises to provide a host 
of powerful and specific modalities for the management of malignancy. While 
the clinical applications of mabs are in a preliminary phase, this chapter will 
review mAbs currently available which are of interest in urologic oncology, and 
their applications to date. 

Studies of antibody specificity in general and their interaction with tumor 
antigens in particular, were complicated for many years by the polyclonal nature 
of the immune response. Attempts to establish a pure population of antibody 
producing cells failed as normal lymphocytes could neither survive in long-term 
culture nor could they be cloned. 

The technique of hybridization of an immortal myeloma cell line with an 
antibody-producing B cell, first described in a landmark paper by Kohler and 
Milstein in 1975 [1], provided a technique by which monoclonal antibodies could 
be produced in virtually unlimited quantities. Their strategy was straight-forward 
and elegant. Although normal lymphocytes could not survive in culture, mouse 
B-cell tumors (myelomas) could. Kohler and Milstein took normal B-cells from 
the spleen of an immunized mouse and using the techniques of somatic cell 
genetics, fused these cells to the immortalized mouse myeloma cells. The resulting 
fused cells, so-called 'hybridomas', combined the features of both parent cells. 
From the myeloma cell parent, they derived the ability to survive in culture 
indefinitely. From the immunized spleen B-cell, they derived the ability to produce 
a specific antibody molecule. These hybridomas can be cloned to yield individual, 
pure (i.e. monoclonal) immortal populations of cells, each derived from a single 
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hybridoma parent and therefore each secreting antibody to an individual antigenic 
determinant - a monoclonal antibody. 

This revolutionary technique, for which Kohler and Milstein were later awarded 
the Novel Prize, eliminated the problems related to dealing with mixtures of 
antibodies in conventional antiserum. MAbs may be used as probes to precisely 
determine the antigenic expression of tumor cells, and to 'dissect' the polyclonal 
immune response into its component antibody populations. 

An antigen (Ag) is a molecule which, when introduced into an animal, can 
induce a detectable immune response. In general, only restricted portions of these 
molecules, known as determinants or epitopes, are involved in the actual binding 
with antibody combining sites. A single antigen may contain many such determi
nants. These average about 6 amino acids or sugar moeities in size. For each 
antigenic determinant there may be many slightly different antibody molecules 
which will bind, each with subtle differences in amino acid sequences. In the 
interaction between the antigen and this narrow spectrum of antibodies, each 
combination will have a slightly different affinity. This represents the so-called 
polyclonal response which is, in turn, compounded for each antigenic determinant 
on a complex antigen., and for each complex antigen on a cell. 

The most important property of mAbs is their precise specificity, i.e., their 
ability to recognize a single antigenic determinant. Any reactivity observed with 
a given mAb is due to the presence of that particular antigenic determinant. This 
is in contrast to conventional (polyclonal) antisera which contains antibodies of 
unknown or unwanted specificity in addition to the desired antibody. Conse
quently, the finding of reactivity when using polyclonal sera is difficult to 
evaluate. It may indicate the presence of the appropriate epitope or an entirely 
different pair of Ag-Ab reactions. In practical terms, the ability to produce 
virtually unlimited amounts of antibody capable of unequivacably detecting its 
defined antigen in a complex mixture represents a significant advantage. 

There are disadvantages of mAbs. Firstly, they are unable to immunoprecipi
tate antigens having only one determinant for the antibody. This is due to the 
inability to form lattices by cross-linking multiple antigen molecules. Secondly, 
the precise specificity of the antibody, under certain circumstances, may be a 
drawback. For example, many mAbs fail to recognize denatured or precursor 
forms of the antigen. Polyclonal sera would generally have at least a small 
proportion of antibody reacting with all forms of the antigen. Thirdly, while 
polyclonal antisera contains a spectrum of antibodies with affinity for antigen 
ranging from low to high, a mAb demonstrates antigen-antibody interaction of 
only a single affinity constant. If the affinity of the mAb happens to be low, the 
binding of mAb to antigen will be weak. Lastly, polyclonal response involves the 
production of antibodies of a variety of immunoglobulin classes. Different classes 
of aJ:ltibody have the capacity to recruit various effector mechanisms such as 
complement fixation and antibody-dependent cell-mediated cytotoxicity. An mAb 
belongs only to a single subclass and may not mediate a desired effector response. 
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Classification oj tumor antigens 

Tumor specific antigens may be defined as those antigens that are expressed solely 
on tumor cells and not on any normal cell in the body at any stage of differen
tiation or development. To date, no antigen fulfilling this definition has been 
identified in humans [8]. A more realistic definition of tumor specific antigens 
are those antigens that are expressed on tumors and are recognized as foreign by 
the immune system of the tumor-bearing host. A basic tenet of tumor immunol
ogy is that such antigens exists. 

The evidence for the existence of tumor specific antigens originated [2, 3, 4] 
with the demonstration, initially by Gross in 1943, of strong tumor antigens on 
chemically induced sarcomas in mice [9]. Gross detected these antigens by trans
plantation techniques and showed that inbred mice could be immunized against 
these tumors. However, these experimentally induced tumors may be special cases 
in that most spontaneous tumors do not appear to carry detectable tumor-specific 
transplantation antigens [5-7]. The best evidence for tumor-specific antigens on 
human tumors comes from the observation that some cancer patients produce 
antibodies that detect cell surface antigens which are restricted to their own 
tumors [8]. To date, neither mouse nor human mAbs have been produced to these 
unique tumor antigens. 

The hope that antigens restricted to human tumor cells could be detected by 
producing mAbs from mice immunized with these cells has not been fulfilled. 
None of the antigens so far detected using mouse mAbs have, upon rigorous 
examination, been shown to be absolutely restricted to tumor cells. However, the 
search for tumor-restricted antigens is far from over. There are several possible 
explanations for the failure to detect them to date: 1) human tumor specific 
antigens do not exist, 2) human tumor specific antigens exist but mice immunized 
with these antigens either do not recognize or are not capable of producing 
antibodies to them, and 3) human tumor-specific antigens exist as extremely 
minor or only weakly immunogenic components of the cell surface, so that whole 
tumor cells or crude extracts are not sufficiently immunogenic for the stimulation 
of antibody-producing clones. 

It should be pointed out that many mAbs give the appearance of restricted 
specificity during the early stages of analysis when only a small panel of cell lines 
or tissue sections has been investigated. The assertion that a tumor specific 
antibody has been produced is only as strong as its probed antigen panel is long. 
Antibodies require screening against a large variety of adult, fetal, and malignant 
tissue sections by immunofluorescence or immunoperoxidase techniques in order 
to confirm expression of the antigen in tumor samples and exclude its expression 
on normal tissues not available for study as cell lines. Many of the mAbs described 
to date have not yet been evaluated in this exhaustive fashion. 

Most restricted antigens thus far detected by mAbs are differentiation antigens 
which fall into 3 groups. The least restricted are characteristic of cells of common 
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embryologic origin (i.e., all neuroectodermal cells). A second group define cells 
of particular tissue, and the third distinguish cells at a particular differentiation 
or maturation stage within cells of a given lineage. All three types of mAbs have 
been described in urologic tumor systems. 

Human and murine mAbs 

To date, most monoclonal antibodies developed against human tumor cells have 
been the product of immunized mouse B-cells fused with mouse myeloma cells. 
Mouse hybridomas are now generated relatively routinely in the laboratory. The 
repertoire of antibodies produced represent the way the mouse immune system 
'sees' the particular immunogen (a human tumor cell). The mouse recognizes 
foreign antigenic determinants on human tumor cells which are not recognized, 
or poorly recognized by the patient. This means that antibodies may be produced 
to tumors which are not immunogenic in the host. Conversely, the mouse may 
not recognize antigens detected by the human immune system. Accordingly there 
is great interest in the development of human hybridomas derived from the fusion 
of human myeloma cells and lymphocytes from patients with cancer. These would 
allow the dissection of the human serological immune response into its component 
B-cell populations and therefore allow study of antigens recognized as foreign by 
the patient. In addition, the administration of human mAb to patients for 
diagnostic studies or treatment would decrease the potential problems of host 
sensitization associated with the administration of heterologous mouse proteins. 

Human mMbs, however, are proving much more difficult to produce than their 
mouse counterparts. This is probably due to several factors including: 1) the 
inability to hyperimmunize patients 2) the lower fusion rate of currently available 
human myeloma cells, and 3) the difficulty in obtaining stimulated, antigen-prim
ed B-cells from peripheral blood. Various strategies have been utilized to circum
vent these problems. One approach fuses human B-cells with mouse myeloma cell 
lines. These interspecies hybridomas with some exceptions [21] have proven to be 
generally less stable due to the progressive loss of human chromosomes and the 
resultant cessation of immunoglobulin production. Another method has been to 
directly transform (immortalize) human B-cells using the oncogenic Epstein-Barr 
virus (EBV). EBV-transformed lymphocytes, however, cannot be cloned, secrete 
low levels of antibody and do so only for a limited period of time. 

Despite the problems, human mAbs have been produced by a few groups [12, 
15]. The Human Tumor Secrology Laboratory at Memorial Sloan Kettering 
Cancer Center has produced human mAbs using B-lymphocytes from patients 
with renal and breast cancer and melanomas. These are currently undergoing 
analysis but none appears to recognize tumor specific antigens yet. Furthermore, 
the spectrum of antigens detected by these patients' immune systems is far 
different from that detected by the mouse system. For instance, over 90070 of the 
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human mAbs generated have been to intra-cellular rather than to cell-surface 
antigens. Because at the present the mouse mAb technology is much further 
advanced than the human counterpart, the remainder of this discussion will center 
around the former. 

Production oj mAbs 

The steps in the production of mouse monoclonal antibodies are briefly described. 
a) Immunization: Mice, usually BALB/c strain, are injected with the antigen 

of interest repeatedly over several weeks or months. This may vary from a whole 
cell preparation to a highly purified substance. An immune stimulant such as 
Freund's adjuvant is often used. The mouse is then sacrified, the spleen removed, 
and a single cell suspension consisting of about 100 million lymphocytes is 
prepared. 

b) Growth of the myeloma: the established, immortal myeloma lines are 
drug-marked by growth in 8-azaguanine, thereby selecting out those mutants 
which are deficient in the enzyme hypoxanthine-guanine phosphoribosyl transfer
ase (HGPRTase). These cell are totally dependent on the 'de novo' biosynthetic 
pathway for nucleic acid production and are unable to utilize thymidine or 
hypoxanthine in the alternate 'salvage' pathway. 

c) Cell Fusion: The suspension of immune spleen B-cells is mixed with myelo
ma cells. Polyethylene glycol (PEG), a substance which decreases the surface 
tension of cell membranes, is added to the mixture for 2-3 minutes (longer 
exposure is toxic to the cells). This allows neighboring cell membranes to fuse, 
thereby combining two or more cells into one large cell. The probability of a 
successful fusion between lymphocyte and myeloma cell is small (about 
11200,000). After the PEG is washed out of the cell suspension, the cells are 
seeded in tissue culture wells at a density of about 50,000 cells per well. They are 
fed with medium containing aminopterin, an anti-metabolite which blocks the de 
novo synthetic pathway of DNA. Any unfused myeloma cells are killed as both 
of their DNA synthetic pathways have been blocked. Unfused spleen lymphocytes 
are inherently unable to survive in tissue culture so they too die. The only cells 
which can survive are the approximately 500-1000 successful hybridomas which 
have inherited the normal HGPRTase gene from the genome of the normal 
B-Iymphocyte. 

d) Growth of hybrids: After approximately two weeks, groups of cells 
('clones') become readily visible in some of the wells. These cells secrete immuno
globulin molecules into the tissue culture medium. This immunoglobulin includes 
that coded for in the DNA of the immune lymphocyte. Since the immune 
lymphocyte partner which forms each hybridoma is almost a random representa
tive of all the spleen cells and since the mouse's lymphocytes are responding to 
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many diverse antigens, one has to select only those clones secreting antibody to 
an antigen of interest. This is done using a variety of serological techniques. 

e) Selection of hybrids: In the search for tumor related cell surface antigens, 
the 'spent' tissue culture medium of each clone is screened against a panel of tissue 
culture cell lines consisting of a range of cancer and normal cell types. Binding 
of the antibody to the cell surface may be detected by any of the standard 
immunologic assays such as radioimmunoassay, immunofluorescence enzyme
linked assay, or anti-immunoglobulin-bound erythrocyte rosette assay. From this 
test, a preliminary 'specific profile' of each hybridoma's secreted antibody is 
determined. Most of the antibodies from a fusion are broadly reactive; that is, 
they detect highly immunogenic antigens which are present on most cell types 
(e.g., HLA antigens). Some antibodies bind antigens which are of intermediate 
restriction present on some, but not all, cell types. Only a few antibodies detect 
highly restricted antigens - for example proteins which perform a highly special
ized function of a differentiated cell type. 

f) Growth of Hybridomas: The few (if any) clones secreting an antibody of 
apparent interest are then repeatedly subcloned to insure that each clone derives 
from a single parent cell and is, therefore, producing identical antibody molec
ules. The clone is then injected intra-peritoneally into syngeneic mice where it 
forms an ascites-producing tumor. The antibody concentration in ascites fluid is 
100--1000 times that of tissue culture medium. This high-titered fluid is utilized 
to fully characterize and define the antibody and antigen. 

g) Immunoprecipitation of antigen: Once a stable population of antibody 
producing cells has been achieved, the antigen recognized by an mAb can be 
immunoprecipitated and characterized. Tumor cells expressing the antigen are 
incubated with 3H glucosamine or 35S, methionine which become incorporated 
into the cell's sugars and proteins. The cells are lysed to release the radiolabelled 
molecules. The lysate is then incubated with the mAb, and the resulting immune 
complexes precipitated. The Ag-Ab complexes are de-complexed by boiling, and 
the resulting solution contains pure, radiolabeled antigen. The molecular weight 
is then determined by polyacrilamide gel electrophoresis. 

h) Further characterization of the mAb requires extensive analysis of its 
specificity on normal and malignant cell lines in vitro and by immunofluorescence 
or immunoperoxidase staining of tissue sections of normal, fetal, and malignant 
tissues. Specificity in vivo is determined by imaging tumors in immunodeficient 
nude mice and, subsequently, cancer patients using radionuclide-Iabelled mAb. 
Finally, the gene responsible for the production of the antigen may be mapped 
to its chromosomal location using somatic cell hybrids and cloned using trans
fection techniques. 

The potential applications of mAbs in oncology are extraordinary; the follow
ing is a brief, general, and undoubtedly incomplete list. 

1. Cancer Biology: MAbs can be used as probes to characterize the distri
bution, significance, and function of cellular antigens, many of which were 
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previously unknown. Mapping of the antigens permits their further use as 
molecular probes to analyze the structure of the human genome in both normal 
and malignant cells. 

2. Immunopathology: Specific identification of the antigenic pattern of tumors 
using a panel of mAbs allows stratification of tumors into subgroups on the basis 
of their molecular profile. Lymphomas have been stratified in this fashion, and 
in this chapter advances in the stratification of renal and bladder tumors are 
presented. This offers the prospect of more precise understanding of tumor 
natural history and formulation of treatment plans. 

3. Immunodiagnosis: Assay of antigen levels in serum and urine may provide 
a system to detect and follow the course of malignant disease and to stratify 
patients with cancer relative to risk of recurrence. For example, mAb OC125 
reacts with a glycoprotein associated with ovarian cancer [14]. This antigen is 
found at increased levels in 82070 of patients with ovarian cancer but only 1 % of 
healthy controls. Furthermore, rising or falling levels of the antigen correlated 
with progression or regression of disease in 93% of patients. 

Immunoscintigraphy 

The use of radionuclide-Iabelled mAbs for radioimmunodetection and radioim
munotherapy has great potential. Pioneer work performed by Pressman and 
Bale [17-19] showed that semipurified 1-131 labelled rabbit antibodies against 
poorly defined tumor associated antigens can localize to epithelial tumors in vivo. 
The concept of paired labelling (specific antibodies labelled with I -131 and control 
IgG labelled with 1-125 injected simultaneously followed by substraction imag
ing), was already defined in 1957. In 1971 the first attempt to localize human 
choriocarcinoma grafted into hamster cheek pouches with 1-131 labelled rabbit 
anti-human HCG antibodies produced low specific tumor uptake of antibodies 
and poor scanning images [20]. In 1974, two groups reported localization of 
heterografted human carcinoma by external scanning with 1-131 labeled goat 
anti-CEA antibodies [21, 22]. The first successful detection of carcinoma in 
patients using 1-131 labelled purified anti-CEA antibodies, external photo scan
ning and computerized substraction of blood pool radioactivity following in
jection of Tc-99m labelled albumin was reported in 1978 by Goldenberg [23]. 
Subsequently the same group reported detecting 35/41 colon carcinoma tumor 
sites, 21124 ovarian carcinomas, 12117 lung carcinomas, 9/14 breast carcinomas 
and 28/31 uterine carcinomas using 1-131 labelled purified goat anti-CEA anti
bodies [24]. Indium-lIl labelled polyclonal anti-CEA antibodies have recently 
been demonstrated to detect extra-hepatic metastases [28]. 

The first successful tumor localization with radiolabelled mAbs (anti-CEA) 
using both external photoscanning and tomoscintigraphy was reported in 1981 by 
Mach [25]. In 1983, Buchegger et al. [26] used nude mice grafted with human 
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colon carcinoma and clearly demonstrated that fragments from different anti
CEA mAbs gave better tumor to normal tissue ratios than intact antibodies. The 
highest ratios were obtained with Fab fragments due to improved penetration of 
the fragments into CEA containing areas. F(ab')2 fragments have subsequently 
been shown to be optimal for imaging [27]. 

In 1984, Delaloye using 1-123 labelled F(ab')2 fragments of anti-CEA mAbs and 
tomoscintigraphy, was able to clearly localize the majority of tumor deposits from 
patients with colon carcinoma within 6 to 24 hours after injection [30]. 

Immunotherapy 

MAbs may be effective alone in producing specific toxicity for the cancer cell by 
growth regulation, by inducing cell-mediated phenomena, or via activation of the 
complement system. The targeting of drugs, toxins, or radioisotopes conjugated 
to mAbs seems to offer great hope for the development of cancer-specific 
cytotoxic agents. Small numbers of patients with colon cancer, melanoma, 
leukemia, lymphoma, and renal cancer have been treated with mAbs alone. The 
Hammersmith Oncology Group [16] reported the successful management of 
3 patients with malignant effusion of the peritoneum, pleural, and pericardial 
spaces. These patients were treated with a tumor-associated mAb labelled with 
1-131. They observed no toxicity and good clinical response as defined by loss of 
tumor cells in the effusion and objective tumor shrinkage. Miller [13] described 
the complete response of a drug-resistant B-cell lymphoma to the systemic 
administration of an antibody directed against the variable region of the immuno
globulin expressed on the lymphoma cell surface (anti-idiotype antibody). 

The specific mAbs produced against urologic tumors and the extent to which 
they have been utilized experimentally and clinically will be reviewed in the 
following section. 

Monoclonal antibodies to kidney 

The host immune response to renal cancer is widely held to affect the natural 
history of the tumor. The evidence for this is indirect. Spontaneous regression 
of tumor, although rare, is more common in renal cancer than any other 
tumor [31]. Additionally, some patients relapse with metastatic renal cancer 20 
or more years after nephrectomy; these lesions presumably were present at the 
time of surgery but were kept in check by a balance between tumor and host. 

Renal cancer is an experimentally accessible system for several reasons. 1) It 
is easily grown in tissue culture; the success rate of establishing continuous cell 
lines from primary tumors is 13070, and from metastatic lesions 23% [32]. This 
yield is far higher than any other human tumor except for melanoma. 2) Normal 
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Figure 1. Mapping of the nephron according to antigenic expression of its constituent parts. The 
nephron is dissected according to its antigenic expression using a panel of mAb's. 

renal epithelium can be grown in tissue culture for short periods of time (about 
3 months). This means that both the primary tumor and its normal counterpart 
may be evaluated in vitro, and their antigenic expression and molecular biology 
compared. This is the only human tumor system where one can compare normal 
and neoplastic cells from the same (autologous) patient. 

MAbs have greatly facilitated the ability to dissect the complex antigenic 
structure of normal kidney and of renal cell carcinoma (RCC). Much of the work 
in this area has come from Lloyd Old's group at MSKCC. Their original 
study [33] described 17 mAbs derived from mice immunized with established cell 
lines of renal cancer. These mAbs defined 9 cell-surface antigenic systems 
(Table 1). Immunofluorescence and immunoperoxidase studies demonstrated 
that these antigens as well as others more recently described [34, 35, 36) were 
expressed by different cell types comprising the nephron. These mAbs 'map' the 
domains of the nephron according to the antigenic expression of its parts. Figure 1 
shows the immunofluorescence staining of normal kidney by this panel. It is 
important to point out that with the exception of the blood group antigens and 
the adenosine deaminase binding protein (ADBP, a proximal tubular antigen 
previously identified using polyclonal techniques», none of these antigens had 
been detected using conventional antisera. 

Mab MA99 is derived from a mouse immunized with an ovarian cancer cell line. 
It detects a glycoprotein complex with subunits of 170,000, 140,000 and 
28,000 daltons which is widely distributed on cultured cell lines. In kidney, it 
stains only glomerular basement membrane. This indicates that an mAb derived 
from one tissue may be useful in the study of another, unrelated tissue type. MAb 
S4 was derived from a mouse immunized with a well-differentiated renal cancer 
cell line (SKRC-7). This mAb immunoprecipitates a glycoprotein of 160,000 dal
tons (gp160). This antigen is expressed by glomerular and proximal tubular 
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epithelium. Gp160 is also expressed by vessels and interstitial matrix of some 
tissues including placenta and myometrium, and by a number of sarcomas. 

Another group [37] has developed a panel of 7 mAbs which are directed against 
glomerular antigens. Two of these recognize Fibronectin and type IV collagen 
respectively, and the other 5 define new carbohydrate or protein determinants 
which are present on the mesangium or glomerular basement membrane. 

MAb AJ8, which precipitates a glycoprotein of 100,000 daltons, also is reactive 
with glomerular epithelial cells and proximal tubular epithelium. It appears to be 
identical to the CALLA antigen previously described in leukemia [38] and detect
ed in kidney tissue [39]. 

MAbs S23, S27 and S6, produced by immunization with a renal cancer cell line, 
precipitate a glycoprotein of 120,000 daltons which is expressed on proximal 
tubule brush border and proximal loop of Henle. This antigen has recently been 
identified as the adenosine deaminase binding protein (ADBP) [40]. The 3 anti
gens identify distinct epitopes on ADBP. Previous studies with polyvalent antibo
dy to ADBP has shown its presence in kidney, liver, lung, colon, spleen, and 
placenta, as well as fibroblasts and leukocytes [41,42,43]. ADBP also occurs in 
the body fluids, including serum, saliva and urine. ADBP has been reported to 
be both present [44] and absent [45] in tumors arising from ADBP + tissues. 

Most renal carcinomas arise from proximal tubular cells, and thus, would be 
expected to share the S4/F23/S23/S27 phenotype of proximal tubular cells. Renal 
cancers arising in other areas of the nephron would lack expression of these 
antigens. Distinct subsets of renal cancer can be defined by their antigenic 
phenotype. Some antigens are expressed by virtually all renal carcinomas, whereas 
others are expressed by a proportion. In a study of 50 renal cancer specimens 
typed according to their antigenic expression, 96% expressed at least one proximal 
tubular antigen. The 40/0 of tumors which expressed no proximal tubular antigens 
may be derived from another part of the nephron, and be expected to behave quite 
differently. Amongst the majority of renal carcinomas of proximal tubular origin, 
expression of many of the proximal tubular markers are variable and aberrant. 
For example, although gpl00 is expressed by all normal proximal tubular cells, 
no renal cancers express this antigen. Whether repression of the gene which codes 
for gplOO is related to the cause of, or the result of, neoplastic transformation 
is unknown. Conversely, gp115, which cannot be demonstrated on normal 
proximal tubular cells (or any other normal cells for that matter) is expressed by 
about 40% of renal cancers. Other proximal tubular antigens mayor may not 
be expressed by a particular tumor. All possible patterns of expression of these 
antigens have been documented, and the data is consistent with the expression 
of each of these antigens being independent of one another. Furthermore, there 
is no clear relationship between degree of differentiation and antigenic expression 
as is seen in the melanoma and leukemia systems. 

Antigenic expression, like other differentiation traits, provides a means to 
stratify renal tumors into subsets according to their antigenic expression relative 
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to survival. A correlation between the antigenic profile of renal cancer and the 
clinical course of the patients can be demonstrated. Cancers that are S4 + IS23 + 
tend to be well differentiated and slow growing with a 90070 2 year survival rate. 
Conversely, S4 - IS23 - tumors are rapidly progressive and these patients have 
only a 10070 2 year survival (34). 

MAbs S27 and S23 are of particular interest because the existence of multiple 
mAbs recognizing different epitopes on the same antigen permits the development 
of a highly sensitive and specific sandwich assay to detect the presence of this 
antigen in bodily fluids. An assay for ADBP has been developed using S23 and 
S27. In the urine, ADBP is a marker for proximal tubular injury [47, 48, 49]. 
100070 of 37 normal controls and 95070 of 40 patients with glomerulonephritis had 
low levels of urinary ADBP. Conversely, of 79 patients with acute tubular 
necrosis (ATN), 100070 had elevated levels. The marker also appears to differen
tiate between various forms of urinary tract infection. 6 of 6 patients with acute 
bacteremic pyelonephritis had high ADBP levels, whereas none of 12 women with 
acute cystitis had elevated levels. Additional data on transplant patients demons
trated that urinary ADBP is elevated 1 to 7 days prior to the onset of clinical 
manifestations of rejection, and that sustained elevation following anti-rejection 
therapy signified a high likelihood of re-rejection following cessation of therapy 
(Table 2). 

ADBP has also been detected in the serum of renal cancer patients by means 
of this mAb-based assay [50]. It is elevated in 45070 of renal cancer patients, 
compared to 10070 of non-renal cancer patients. Patients who have persistent 
elevation of serum ADBP following nephrectomy appear to be at a high risk for 
recurrence of disease. These patients had a 17070 five year survival rate, compared 
to 75070 for those patients with normal post-operative levels. 

Wahlstrom's group has generated a mAb to the endogenous feline retrovirus 
RBll4 p30 antigen. This mAb reacts with an antigen in the tumor cell cytoplasm 
of 27127 renal cell adenocarcinomas, and in the lumen of normal tubuli of 
tumor-bearing kidneys. This antigen was detected in the urine of patients bearing 
renal cancer, and declined after nephrectomy. Six of 8 patients with persistently 
elevated p30 antigen post nephrectomy had distant metastases, compared to 2 of 

Table 2. Urinary ADAbp and transplant rejection 

Total number Urine ADAbp Urine ADAbp 
of episodes 0.35 0.35 

No post-transplant rejection 11 patients 11 0 

Urine ADAbp level 1-7 days 29 0 29 

prior to rejection (19 patients) 
Successful treatment for rejection 18 6 12 

Kidney re-rejected post treatment 0/6 10/12 (83Il7o) 
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7 whose p30 antigen normalized. Urinary p30 antigen may be a marker for 
residual renal cell carcinoma [53]. 

Other mAbs stain selectively the loop of Henle (mAb F31), distal and collecting 
tubules (mAb C26, a product of a colon cancer immunization), and collecting 
tubules only (mAbs M2 and S8). 

Embryologists wishing to study the development of the nephron can study fetal 
tissue sections or fetal kidney cells in vitro. For example, a 22 week human fetal 
kidney stained with gpl00 demonstrates a progressive increase in staining of 
tubular structures as one moves from cortex towards medulla, reflecting increased 
differentiation. Similarly, cultures of normal kidney epithelium have also been 
evaluated to determine the specific site of origin of the cells which grow in vitro; 
about 800/0 of these cells are derived from the proximal tubule [34]. 

MAbs offer tremendous potential in imaging and treating malignant disease. 
One group [52] has used 3 mAbs reactive to renal cancer in the radioimmunode
tection and immunoradiotherapy of a human RCC-bearing mouse xenograft 
model. Renal tumors as small as 40 mg were clearly visualized by radioimmuno
scintigraphy. 1-131 labeled mAb was then administered, producing significant 
inhibitory effects with marked improvement in survival. 

Bander et al. at MSCCK [51] have successfully imaged human renal cancer 
implanted in the thigh of Swiss nude mice with the F(ab'h fragment of mAbs S4 
and S22. Pilot studies have recently begun at MSKCC to determine the locali
zation and pharmacokinetics of mouse monoclonal antibodies S4, S22, and F23 
in patients with advanced renal cancer. Using the same mAbs, therapeutic trials 
have also been initiated. Preliminary results are encouraging with major responses 
seen in 2 of 4 patients treated with 10 mg of mAb. 

Together, these mAbs represent an invaluable tool for a wide spectrum of 
investigations including studies of embryogenesis, microanatomy and physiology 
of the normal kidney, to the analysis of the effects induced by the nephritides and 
nephrotic syndrome, to the determination of the cellular origins of subsets of renal 
cancers, and potentially the stratification of renal cancer patients based on the 
antigenic expression of their tumors. 

Monoclonal antibodies to bladder cancer 

The heterogeneity of bladder cancer is manifested in the variable natural histology 
of pathologically similar tumors. Much effort has gone into the analysis of 
bladder tumors, beyond grade and stage, in an attempt to predict more accurately 
the subsequent behavior of a given tumor. 

Hybridoma technology has been used to create a variety of mAbs directed 
against antigens expressed on the surface of bladder tumors. To date, all such 
mAbs have been created by mouse-mouse fusions of murine myeloma cells with 
spleen cells from mice immunized with established lines of cultured human 
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bladder cancer or lysates of bladder tumors. In this section, the more interesting 
of these mAbs will be discussed. 

Fradet [54] developed 11 mAbs which identify distinct antigens of bladder 
cancer. These were generated by immunization with bladder cancer cell lines 
253-1, 486-P, or T24 or with fresh bladder papillomas. Specificity was determined 
by direct or absorption tests on a panel of 75 established human cell lines, 
short-term cultures of fibroblasts and kidney epithelial cells, and immunofluore
scence analysis of normal fetal and adult human tissues and tumor specimens. 

Table 3 provides data on the patterns of reactivity of these mAbs on cell lines 
and frozen sections. MAb Om5 identifies an antigen, which is the most restricted 
of the group. It was expressed by 4 of 18 bladder cancer cell lines, 1 melanoma 
line and 1 pancreatic line. 4 of 10 fresh bladder tumors expressed the antigen, and 
all of these had a papillary morphology. None of the poorly differentiated or solid 
tumors tested expressed this antigen. The antigen has been identified on the cell 
surface of normal adult urothelium in about 50070 of samples tested. This antigen 
has not been immunochemically characterized. 

In contradiction to OM5, 3 other antibodies characterize antigens expressed by 
more aggressive tumors. T43 immunoprecipitates an 85,000 molecular weight 
glycoprotein called URO - 5. It is an antigen which is widely distributed on most 
cultured cell types, but not on normal urothelium. Six of 10 bladder tumors were 
URO - 5 + , as are normal Kidney proximal tubules and the basal cell layer of skin, 
cervix and esophagus. MAb T23 was reactive with 3 of 10 bladder tumors and 
a variety of normal tissues. MAb Tl38 demonstrated binding to 5 of 10 bladder 
tumors and a very limited number of other tumors. In spite of their lack of 
tumor-specificity, these 3 mAbs appear to be expressed preferentially by high 
grade, invasive tumors. Three other mAbs, 1233, 1P165, and TlOl, detected 
antigens which were not expressed by any normal adult or fetal tissues. 1233 was 
expressed on several cultured bladder and renal cancer cell lines, but not on any 
frozen sections by immunofluorescence. TI01 was expressed on a variety of tumor 
cell lines, but only on 4/10 bladder tumors, 1 villous adenoma, and 1 breast 
tumor. 

Chopin et al. [55] have developed a pair of mAbs, G4 and E7, which recognize 
a determinant present on high grade transitional cell carcinoma (TCC) and 
carcinoma-in-situ (CIS), but not on 16 normal urothelia or a panel of 30 normal 
or malignant, non-TCC tissues. G4 precipitates an 80 kilodalton (Kd) glycopro
tein. 

Grossman [56] defined 2 antigens using RT-4 immunized mice. MAb A2 
recognizes an antigen present on 2 bladder cell lines, RT4 and 5637 and 1 cervical 
carcinoma line as determined by extensive absorption analysis. 

Koho [57, 58] et al. described 6 mAbs which reacted against bladder tumor cell 
lines. 3 of these mAbs precipitated the same antigen, a 92 Kd polypeptide. This 
antigen was expressed by 5 of 7 bladder cancer cell lines but not by normal 
urothelium. Another mAb reacted with 6 of 7 bladder tumors and a prostatic 
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cancer cell line but not with normal urothelium. Other investigators [59,60] have 
described a similar cross-reaction between prostatic and urothelial carcinomas 
using specific mAbs. Immunofluorescence of fresh tumors and normal tissue was 
not performed. 

The Hellstroms [61] have generated hybridomas to the FANFT-induced mouse 
bladder tumor. One of these, mAb 2H5, bound to membranes (plated cell 
extracts) from 5 of 7 transitional cell carcinomas but not to any other of 21 tissue 
preparations from other origins studied. The antigen was weakly expressed by 
normal bladder urothelium. Neither IF of fresh tumors, nor evaluation of cell 
lines was performed. This mAb immunoprecipitated a 140 KD protein. 

Masuko et al. [62] have defined 3 antigenic systems using mAbs produced 
against bladder cancer cell line KU-l. One system, defined by 3 mAbs, is a 
glycopeptide complex consisting of molecules with molecular weight of 78,000 
(major) and 40,000 and 130,000. This antigen is expressed by 5 of 6 bladder cancer 
cell lines and a portion of human epithelial cell lines. It is not expressed by normal 
tissues or cells except for one of the 3 epitopes which is expressed by normal 
epidermis. 

Settle et al. [63] developed an mAb which recognizes cytoskeletal keratins of 
stratified epithelia and bladder carcinomas, but not normal bladder epithelium. 
This was raised to a mouse bladder tumor using rat immune splenocytes. 

MAbs to intermediate filament proteins have been used to study the processes 
involved in the neoplastic progression of bladder tumors [64]. Normal urothelium 
expresses cytokeratin 18 in the superficial cell layer only. This pattern is also seen 
in well-differentiated papillary transitional cell carcinomas. In highly invasive 
tumors, cytokeratin 18 is expressed throughout the tumor, including the basal cell 
layer. This is somewhat paradoxical, as normal transitional cells mature into 
cytokeratin I8-expressing cells at the end stage in their development. One would 
expect high grade tumor expression to reflect a more primitive phase of cellular 
maturation. 

A, Band H blood group specific monoclonal antibodies have been used in an 
indirect immunoperoxidase technique to define blood group isoantigen expression 
by normal transitional epithelium and TCC [65]. Conventional ABH testing using 
the specific red cell adherence (SRCA) test is technically difficult and subjective. 
Only 12010 of 31 patients who were isoantigen positive by the mAb immunoperox
idase technique progressed to invasive disease compared to 50% of antigen 
negative patients. A subsequent report refined the method using an avidin-biotin 
complex technique [65a]. This has resulted in a more reproducible assay as well 
as consistently strong binding of the H antigen. Nonetheless, the advantages of 
ABH serotyping over conventional clinical evaluation of bladder tumors by means 
of grade and stage has yet to be demonstrated conclusively. 

Summer hayes et al have generated 9 mAbs from membrane preparations of 
human bladder cancer which recognise 3 different antigenic systems on the surface 
of normal human urothelium. These 3 antigenic groups are localized to subpopu-
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lations of normal urothelium; 1 group is specific for basal and intermediate cells 
of urothelium, and the others stain superficial and intermediate cell layers. 
Invasive tumors demonstrated 'one-sided basal staining', characterized by the 
surface staining of cells at the epithelial-stromal interface. The authors claim this 
may have predicitive value for invasion [66]. 

A hemagglutinating IgM mAb, mAb 145 directed against a red blood cell 
membrane antigen also recognizes an antigen expressed on normal urothe
liurn: [67]. In 16 bladder tumors from 12 patients, 7 expressed both ABH and mAb 
145 antigens, 7 expressed neither, and 2 were mAb 145 + / ABH -. One patient 
who progressed to invasive disease had progressive loss of both antigens. 

A mAb developed by Lin's group [68] recognizes an antigen expressed by a 
histologically wide range of bladder tumors. This mAb has been evaluated in the 
detection of exfoliated tumor cells in bladder washings. The assay appears to be 
superior to routine cytology in the detection of low grade tumors, although patient 
numbers were small. 

MAb Cal recognizes the so-called 'Ca' antigen which is a marker for human 
epithelial malignant cells [69]. Flow cytometric measurement of Ca antigen 
visualized by immunofluorescence demonstrated [70] a significant increase in the 
proportion of fluorescent cells in 11 of 12 aneuploid tumors and 0 of 14 diploid 
tumors. 7 of 11 tumors with Cal + cells were invasive. This pattern is the 
reciprocal of the expression of blood group antigens which are less likely to be 
expressed by invasive tumors. 

Using urine from bladder cancer patients as the immunogen, McCabe and 
Lamm developed mAbs to urinary fibrinogen/fibrin degradation products [71]. 
Using this mAb an enzyme-linked immunosorbent assay (ELISA) was developed 
to evaluate the level of these products in urine. The assay identified 830/0 of the 
specimens from bladder cancer patients with a false positive rate of 5%. The 
accuracy of the assay was not limited to high grade lesions as well differentiated 
tumors produced an elevated value as often as did poorly differentiated tumors. 

There are numerous potential applications of these antibodies in the manage
ment of patients with this disease. The antigenic profile of a tumor, based on 
immunofluorescence studies with a panel of monoclonals, is easily performed. 
The ability to type a patient's bladder tumor may provide information about its 
natural history. For hematopoietic tumors [72] and melanoma [73], diversity in 
the antigenic expression of tumors is analogous to the diversity in the surface 
antigens of corresponding normal cells as they differentiate, and for these tumors 
subsets may be defined on the basis of these antigens. It has been demonstrated 
by the red cell adherence assay and immunoperoxidase testing that loss of normal 
blood group antigens on urothelial neoplasms correlates with invasive tumor 
potential. However, in the bladder antigenic system, data regarding the relation
ship between antigen expression and the likelihood of invasion and metastasis has 
not yet been developed. 

A second, related application is in the use of flow cytometry in conjunction 
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with monoclonal antibodies. Huffman [74] has described the use of multi-par
ameter flow cytometry in quantifing the relationship between DNA-RNA content 
and antigenic expression. Using mAb OM5 [54] which recognizes a differentiation 
antigen expressed by normal urothelium and well differentiated transitional cell 
carcinomas, exfoliated epithelial cells in the urine of patients with non-papillary 
carcinoma-in-situ were examined during and after intravesical therapy with 
Bacillus-Calmette-Guerin (BCG). 5 of 9 patients with persistence of OM5 positive 
cells after therapy had recurrent tumor, whereas none of four without detectable 
antigen-positive cells after therapy had persistent tumor. The analysis of the 
antigenic characterization of bladder tumors from bladder irrigation specimens 
may provide a powerful tool to assess clinical status and response to therapy. 

Grossman et al. [75] imaged an RT4 bladder tumor growing in a nude mouse 
with 1-125 labelled intact murine mAb A2. Tumor uptake peaked at 24 hours. 
The uptake of 1-125 mAb in the bladder was comparable to levels in other 
nontarget tissues. High background from blood pool radioactivity remains a 
problem. Imaging of metastatic bladder cancer with mAbs has not yet been 
attempted clinically. 

A fourth, exciting application is the use of mAbs directed against bladder tumor 
antigens as intravesical therapy. This is appealing because the potential problems 
associated with the systemic administration of mouse monoclonals, (sensitization, 
cross-reactivity with normal tissue bearing the same determinant, etc.) would be 
diminished. In addition, mAb-toxin conjugates which may be too toxic to be 
administered systematically may be used intravesically. To date, no experience 
with the use of intra-vesical mAb has been reported. 

MAbs to prostate 

In 1964, Shulman et al [77] described an acid phosphatase which was immunologi
cally specific to human prostate. Prostatic acid phosphatase (PAP) has been 
purified to homogeneity from both the human prostate gland and seminal 
fluid [78]. PAP is a glycoprotein with a molecular weight of about 100,000. By 
isoelectric focusing it can be separated into eight or more isoenzymes with 
isoelectric points between 4.2 and 5.5. [79, 80, 81]. Antiserum raised against 
purified PAP exhibits, upon appropriate absorption, immunologic reactivity only 
with purified PAP or prostate tissue extract and not with extracts from other 
tissues [77, 80]. 

Recently, Lee et al. described four anti-PAP MAbs of different subclasses 
(lgGl, IgG2a, IgG3, and IgM) [82]. Initial data indicated that the mAbs of the 
IgG 1 and IgM subclasses were more specific for PAP than were those of the IgG2a 
and IgG3 subclasses. The binding analysis suggested that the IgG2a and IgG3 
mAbs bound to an identical or closely spaced antigenic determinant on PAP. The 
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IgM and IgGl mAbs reacted with two other distinct antigenic determinants, 
indicating that 3 or more distinct antigenic determinants were detected. 

The PAP molecule has been further defined using submaxillary protease 
digestion to break it into 3 fragments (SP-l, 2 and 3). Anti-PAP mAbs exhibited 
striking specificity to PAP, particularly to the SP-l fragment, without binding 
to other acid phosphatase preparations. By competitive or direct binding assays, 
three nonidentical and non-overlapping antigenic determinants were recognized 
to be clustered on the SP-l fragment. SP-3, the enzyme active site, was an 
antigenically cross-reactive region, and SP-2 was nonantigenic. 

Lillehoj [83) produced 6 mAbs with strict specificity for PAP. Binding to PAP 
was not inhibited by absorption with lysosomal acid phosphatase, which is similar 
in its molecular size and kinetic properties. 

PAP can be assayed by a number of immunoassays, both serologically and 
immunohistochemically. MAb assays develop to date have increased specificity, 
but less sensitivity, than the polyclonal antisera based assays currently in use [84). 
Their clinical role has yet to be defined. At least one study [85) has shown no 
advantage of an mAb-based RIA over conventional polyclonal antibody-based 
RIA in the evaluation and monitoring of patients with prostate cancer. 

In 1980, prostatic antigen (P A) was identified and purified from prostatic tissue 
by Wang et al. [86). This has subsequently been identified in seminal plasma, 
normal, malignant, and hypertrophic prostate, and in the sera of patients with 
prostate cancer. PAis localized within the cytoplasm of ductal epithelial cells and 
in secretory material in ductal lumina. It consists of a single polypeptide of 
MW 34,000. Serologically it is quite distinct from PAP [87). 

The specificity of P A has been further defined by mAb F5 [88]. This mAb, 
defined by competitive binding and immunohistochemical studies, reacted with 
normal, malignant, and metastatic prostate tissue as well as purified PA. It did 
not react with other normal or malignant tissues including bladder and kidney. 
Expression on fetal tissues was not studied. The determinant is resistant to tissue 
fixation with paraffin. The degree of staining correlated with the degree of 
cytological differentiation, being most intense in well-differentiated tumors. 
However, poorly differentiated tumors, whether primary or metastatic, stained 
well enough to permit differentiation from tumors of non-prostatic origin. 

Frankel et al. have generated 3 mAbs (1 F3, 2G 7, and 1 C5) specific for prostatic 
antigen (PA) [89). All three mAbs were of the IgGl subclass. These defined two 
non-cross-blocking unique determinants on P A, each present as one site per 
molecule. The antigen has the same tissue distribution as PA. Immunoperoxidase 
staining of paraffin sections of BPH and prostatic carcinoma revealed strong 
prostate epithelial reactivity, but no reactivity with prostate membrane prepar
ations. This suggests that PA is an intracellular antigen. The existence of 2 mAbs 
recognizing different epitopes of the same antigen permitted the detection of 
serum P A. Six of 6 normal and 4 of 4 non-prostatic cancer patients had P A levels 
less than 5 ng/ml; 7 of 20 stage D prostate cancer patients had levels of 100 or 
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greater. The sensitivity and specificity of this assay, as well as its relationship to 
serum PAP levels, has yet to be defined precisely, but it may have a role as a tumor 
marker for prostatic carcinoma. 

Ware et al. [90, 91] described an antigen, p54, defined by mAbs aPro 3 and 
aPro 5.-These mAbs bound preferentially to the surface of the immunizing cell 
line, PC-3, and reacted less strongly with another human prostatic carcinoma cell 
line (DUI45) and a colon carcinoma line (LoVo). APro 3 also reacted with human 
breast carcinoma and normal fibroblast cell lines. The mAb competed with serum 
immunoglobulin from patients with prostatic cancer for binding to p54 antigen. 
This indicates that the determinant recognized by these patients' serum Ig was 
identical to that recognized by the aPro 3 mAb. The antigen was detectable in 
extracts of human normal and malignant non prostatic tissue, as well as in benign 
prostate tissue. Absorption analysis, however, revealed substantially greater 
quantities in malignant prostate tissue and testis tumors. 

Another mAb (a-Pro 13) developed by the same group [92] defined an antigen 
(p40) expressed by ductal epithelium of the prostate, renal vascular endothelium, 
testicle and tonsil. By immunoperoxidase staining, the antigen was expressed by 
4 of 16 prostate cancers, 1 of 2 renal cancers, and no other malignant tissue. The 
antigen was found to be stable on the cell surface of PC-3 cells. The mAb-Ag 
complex persisted on the cell surface for over 56 hours. This bears on the potential 
therapeutic role of mAb-toxin conjugates. 

Starling et al. [93,94], using prostatic cancer cell line DU145 as an immunogen, 
developed a mAB (D83.21) which bound to both prostate and bladder cancer cell 
lines. It did not bind to a number of other normal or malignant cell lines except 
for a cytomegalovirus (HCMV) transformed human embryonic lung cell line. 
Neither normal nor HCMV infected but non-transformed embryonal lung fibro
blasts expressed the antigen recognized by D83.21, indicating a shared antigen 
between urogenital tumors and HCMV-transformed cells [95]. Malignant tissue 
and liver metastases demonstrated high reactivities, but normal and hypertrophic 
prostate did not. By immunoperoxidase, 5811,10 of primary prostate carcinomas and 
1711,10 of metastatic tumors reacted with D83.21. Subsequent analysis of this 
antigen [96] indicated that it is a membrane glycoprotein made up of 
disulfide-bonded subunits. This is a characteristic of a number of membrane 
molecules which act as receptors, including the transferrin, insulin, and T-cell 
receptor, and suggests that the D83.21 antigen is involved in the transmission of 
signals across the membrane. 

A second mAb, P6.2 [94] developed by the same group reacted with 6811,10 of 
primary and metastatic tumors. Marked heterogeneity of Ag expression was 
identified in most tumors, confirming the well-established concept of multiple 
subpopulations of prostatic cancer cells constituting a prostatic tumor. Neither 
antibody reacted with 6 normal or 12 benign prostate specimens, nor any of a 
variety of other normal human tissues except for the proximal tubules of normal 
kidney. 
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Using membrane-enriched fractions of human benign prostatic hyperplasia 
ti~sues, Frankel et al. generated eight mAbs reactive with human prostate 
tissues [97]. These were divided into 3 major groups - epithelium-specific, polye
pithelial, and stromal-specific - on the basis of differential binding to the surfaces 
of various component cells in the prostate and other epithelia. Two of the 
epithelium-specific mAbs, 35 and 24, defined protein antigens specific for pros
tate epithelia that did not cross react with PAP or P A. These reacted with normal, 
BPH and malignant prostatic tissue. MAb 35 reacted only with normal kidney 
and mAb 24 only with salivary gland; neither reacted with any other normal tissue. 
MAb 35 reacted with bladder cell line T -24; neither reacted with any other 
non-prostatic line. Only 5 lines were tested, and the MAbs were not screened 
against fetal tissue. 

Another mAb, KP-P8, prepared against the PC3 cell line, reacted with an Ag 
expressed on glandular epithelium of all normal, BPH and malignant prostate 
glands. The antigen was not expressed by a variety of normal tissues nor 4 
non-prostatic cancer cell lines [98]. The Ag was not destroyed by paraffin prepar
ation of tissue. It was present in seminal plasma indicating it was a secreted 
product. The authors conclude that the Ab is prostate 'organ-specific'; however, 
it is difficult to accept this claim in the absence of more extensive testing against 
cell lines, fresh non-prostatic tumors, and fetal tissues. 

Durkop et al. [99] using prostatic carcinoma line HPC 36 as the immunogen 
and screening against spent tissue culture medium, generated a mAb directed 
against an antigen found in the supernatant of HPC 36 cultures. The Ag was also 
expressed on the surface of tumor cells and by a subpopulation of immature 
prostatic myoepithelial cells but not by normal mature glandular cells. The mAb 
precipitated a protein of 65 kD. Whether this Ag is secreted into prostatic fluid 
preferentially by tumor cells remains to be seen. 

Lowe et al. has recently generated a human-mouse hybridoma from the fusion 
of lymphocytes from a regional lymph node of a patient with prostate carcinoma 
and murine myeloma cells [100]. This mAb, MHG7, reacted with 3 of 4 prostate 
carcinoma cell lines and about two thirds of BPH and malignant cells on both 
frozen and paraffin sections. Certain colon and lung carcinoma cell lines were 
also MHG7-positive. 

Another mAb, F77-129, developed by Carroll et al. [101] to the PC-3 prostate 
adenocarcinoma cell line, recognized an antigen expressed by prostate and breast 
cancer. This antigen appears similar to Ware's mAb also raised to PC-3. This 
system has been used to successfully image a 90 mg tumor in a PC-3 tumor-bearing 
nude mouse. In addition, the authors have demonstrated that the antibody is 
internalized in vitro. This is important for the development of therapies involving 
conjugates between mAbs and drugs, toxins, or radiation-emitting compounds. 

Progress in the development of mAbs with specificity to prostate cancer has 
been slower than in other systems due, in part, to the lack of available prostatic 
adenocarcinoma cell lines, the slow growth rate of prostate cancer, and perhaps 
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to the inherent nature of the antigenic expression of these cancers. The differential 
antigenic expression of hormone-responsive and hormone-resistant prostate can
cers has yet to be explored. Progress has been made in the analysis of PAP and 
PA and in the characterization of some prostatic surface antigens, Many of the 
mAbs described above have great potential usefulness. 

MAbs and testicular cancer 

The concept that normal antigens may be expressed or shed by solid tumors was 
recognized early in the course of tumor immunology. The current use of alphafe
toprotein (AFP) and beta-human chorionic gonadotropin (BHCG) in clinical 
practice are prominent examples. 

MAb studies of testicular cancers have dealt with cell-surface 'embryonic' 
antigens. A murine mAb has been developed against murine teratocarcinoma 
which also binds to murine embryonal carcinoma. The antigen recognized is called 
stage-specific embryonic antigen 1 (SSEA-l) because it is expressed on the 8-cell 
embryo [103]. This antigen is also expressed by the ectodermal cells of the early 
postimplantation embryo, on primordial germ cells, on ejaculated sperm and on 
kidney and endometrial cells. It is not present on mature ovarian or testicular cells, 
and is not species specific. It can be detected on yolk sac elements of human germ 
cell tumors, fetal (but not mature) testicular tubules, and on both fresh embryonal 
cell carcinoma and established embryonal cell carcinoma cell lines. Another mAb 
defines an antigen SSEA-3, a developmentally earlier antigen present on mouse 
fetal testicular cells and human embryonal carcinoma cells, including those of 
testicular carcinoma in situ, but absent from adult murine testis and teratocarci
noma cells. The antigen is also expressed by other cell types, including vascular 
and smooth muscle cells, erythrocytes, and myoepithelial cells. These findings 
suggest that human embryonal carcinoma is a very primitive tumor in terms of 
its cell of origin, arising from primordial or fetal germ cells rather than mature 
germ cells [104]. 

MAbs which recognize distinct epitopes of AFP have been developed [105]. 
Using these mAbs, the authors have developed a highly specific sandwich assay 
for AFP which has higher sensitivity and specificity for hepatocellular carcinoma 
than the conventional polyvalent RIA. Result in a small group of patients with 
testicular cancer were comparable to conventional RIA. 

Another area of great potential clinical value is the use of anticytokeratin mAbs 
in the detection and diagnosis of epithelial tumors. Keratins are a family of 
water-insoluble proteins of 40 to 70 KD, and are present in almost all epithelial 
cells. Keratin filaments are related to, but immunologically distinguishable from, 
intermediate filaments of other types, such as vimentin of mesenchymal cells, 
desmin of muscle cells, neurofilaments of neurons, and glial filaments of astro
cytes [106]. 
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One study reported to date examined cytokeratin staining in germ cell tu
mors [107]. All seminomas stained negatively for cytokeratin, while all embryonal 
carcinomas, yolk sac tumors, and choriocarcinomas were at least focally positive. 
Thus these mAbs will be an adjunct to conventional histology in those cases of 
diagnostic difficulty, for example between anaplastic seminoma and embryonal 
carcinoma. 

Conclusion 

Monoclonal antibody technology offers an unprecedented tool with which to 
evaluate the molecular expression of tumors, and to utilize these antigens both 
as a means of detection of occult lesions and a target for tumor toxins. The role 
of mAbs in diagnosis is well established in a preliminary fashion in specific areas. 
Their role in the treatment of genitourinary malignancies remains to be elicited. 

While much work has been done in defining tumor antigens, it is likely that 
hundreds or thousands of tumor-associated antigens are expressed by tumors. 
Monoclonal antibodies will remain a fruitful area for both basic and clinical 
investigation for the forseeable future. 
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Editorial Comment 

THOMAS R. HAKALA 

The discovery that animals can immunologicaly recognize tumor transplants from syngeneic animals 
led to the search for antigens unique to spontaneously arising tumor cells. Production of antibodies 
to such putative tumor-specific antigens (TSAs) or tumor-associated antigens (TAAs) by conventional 
immunization, has been largely unsuccessful. However, the requisite specificity and molecular 
homogeneity of monoclonal antibody preparations has given new life to the search for TAAs. 

The properties of enhanced specificity and molecular homogeneity in monoclonal antibody prepar
ations are obviously interrelated. The enhanced specificity represents a quantitative improvement over 
that found with polyclonal antibodies and is achieved without the need of absorption with control 
antigen preparations. The molecular homogeneity of monoclonal antibodies is a qualitative distinction 
from polyclonal antibodies and can be exploited in ways which are impossible with polyclonal 
antibodies. Most of the efforts to date have focused on the enhanced specificity of monoclonal 
antibodies to detect TAAs in genito-urinary tumors. 

A large number of monoclonal antibodies against spontaneous human tumors have been described. 
Almost none of them have been shown to be completely unique to a tumor when they have been tested 
against a wide variety of non-tumor tissue. None the less these antibodies appear likely to be quite 
useful. The criteria for a useful monoclonal antibody are a function of the use to which the antibody 
is to be put. If antigen detection in circulating or excreted body fluids is to be the goal, then differences 
in antigen shedding from tumor and normal cells becomes more important than their relative presence 
on the cell surface. For the purpose of tumor localization relative cell surface expression is paramount 
though modest amounts of cross-reactivity with normal tissue may be accepted. If the purpose is to 
deliver lethal damage to tumor cells, then greater antibody specificity is required of the antibody to 
prevent the destruction of normal tissue. 

In order for an antibody to be useful in detecting or in destroying human tumors, the TAA must 
be expressed in sufficient quantity to allow a significant amount of binding to occur. It is also desirable 
to have the TAA expressed on a significant percentage of tumors in order to avoid the necessity for 
custom antibody production for each individual patient. Of the antibodies thus far described, there 
appears to be a roughly inverse correlation between the degree of tumor specificity and the percentage 
of the tumors upon which the antigen is found. That is, those antibodies presented as being the most 
highly specific to a tumor also appear to be present on the smallest percentage of tumors of a given 
type. T AA heterogeneity may be overcome with monoclonal antibody mixtures if the pantheon of 
specificities is manageably small. 

The lack of absolute tumor specificity need not be an impediment to the practical application of 
monoclonal antibodies. Antigen accessibility may be as important as antigenicity. For example the 
amount of Stage-Specific Embryonic Antigen I (SSEA-I) is greater in normal kidney than in some 
tumors, yet anti-SSEA-I permits specific localization of these tumors by gamma scintigraphy [I). 
Almost no antibody is localized to SSEA-l containing normal tissue. 
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The extensive compilation of monoclonal antibodies reported by many investigators and summar
ized by Drs. Klotz and Bander indirectly points to the need for some system of cataloging the wide 
variety of antibodies which have been discovered to date. Monoclonal antibody production is 
straight-forward but the technique itself is expensive and labor intensive. Time and effort required 
for the detection of T AAs would be reduced if investigators could be spared the characterization of 
antibodies and antigens reported by others. Uniform criteria of antibody characterization together 
with practical methods for exchange of antibodies already characterized may be of use in this regard. 
In some ways the situation is similar to that of the early days of anti-HLA antibody development. 
Antiblldy exchange and HLA workshops removed the need for each laboratory to repeat all the efforts 
of others and helped produce knowledge from data. 

Some principles are emerging from the reports of anti-tumor monoclonal antibodies published thus 
far. In general, those antibodies which are relatively tumor specific have been derived from immuni
zations using cell lines instead of fresh tissue. Perhaps dividing tissue cultured cells are more likely 
to display unusual antigens. The reasons for the difference between in vitro and in vivo antibody 

specificity are yet to be fully explored. 

The search for genito-urinary TAAs is complicated by our meager knowledge about the nature of 
the antigens we pursue. Classical demonstration of TAAs require tumor transplants and syngeneic 
populations. Since neither is available to study human tumors most investigators have immunized 
with complex, uncharacterized mixtures (tumor cell preparations) and sought tumor specificity by ref
erence to antibody binding with normal tissue. An alternate strategy has been to select a defined anti
gen likely to be associated with oncogenesis. An example of this approach in the development of 
antibodies against synthetic antigens associated with oncogenes [2]. The intimate relationship between 
monoclonal antibody and nucleic acid techniques that has been so successful in other areas of biology 
is amoung the most exciting in the detection and analysis of antigenic expression of genitourinary 
tumors. 

We are at present limited by the immunologic repertoire of a relatively small number of species 
in the production of monoclonal antibodies. As techniques develop which allow monoclonal antibody 
production from animals other than mice and rats and improve antibody production from human 
hybridomas, we may find that the immunological responsiveness of these alternate hosts may change 
the profile of antigens recognized or at least which antigens are immunodominant. This should expand 
our resolution of antigenic differences, improve detection of different classes of epitopes and perhaps 
increase the likelihood of detecting useful antigens which are operationally tumor specific. 

The molecular homogenetity of monoclonal antibodies permit manipulations not possible with 
polyclonal antibodies. Such manipulations include epitope examinations and antibody engineering by 
biologic selection, chemical modification and DNA modification. 

The epitope of a T AA to which a monoclonal antibody binds may not be the most tumor specific 
even though it may be immunodominant. Isolation of the T AA molecule with the original antibody 
and immunization with that molecule may produce monoclonal antibodies with greater affinity to 
the originally detected epitope as well as antibodies to other epitopes on the TAA. Epitope examination 
has been a useful tool in determining the function of other biologically active molecules and may serve 
similarly with TAAs. 

The immunoglobulin class of a monoclonal antibody of interest may not be suitable for the intended 

application. Binding of complement, solubility, biologic half-life and other characteristics are largely 
determined by heavy chain class. Spontaneous and induced immunoglobulin class switching can occur 
during hybridoma growth. Class switching is infrequent but can be detected by suitable assays. It is 
thus possible to select and sub-clone hybridomas which produce an antibody with both the binding 
specificity and heavy chain characteristics most suitable. 

Chemical modification of monoclonal antibodies is facilitated by their homogeneity however 
techniques must be individualized to the antibody class. Coupling to isotopes, chromogens, enzymes 

and toxins is done with techniques similar to those used with polyclonal antibodies. With monoclonal 
antibodies however it is possible to produce hybrid molecules with two different binding sites on the 
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same molecule. With DNA transfection the structure of the heavy chain molecule can be altered to 
incorporate biologically active substituents [3]. 

Monoclonal antibodies can be used to develop antigens totally free of malignant potential. The work 
of the Hellstroms [4] in the use of a monoclonal antibody to develop an anti-idiotype antibody 
illustrate this example. A monoclonal antibody has at its binding surface a rather close approximation 
of the immunologic surface of the antigen to which it binds. This antibody binding site can serve as 
a template upon which an 'anti-binding site antibody' (antiidiotype antibody) can be made. The 
binding site of the antiidiotype antibody can form a positive mold of the immunologic surface of the 
antigen to which the original antibody was produced. The Hellstoms have shown that animals injected 
with such antiidiotype antibodies will develop immunity to the antigen to which the first monoclonal 
antibody was produced. 

The applicability of a new technique to an old problem does not necessarily mean that it must be 
applied in the same way that the previous techniques were used. We are in the early phases of the 
application of the technique of monoclonal antibody production to the search for tumor-associated 
antigens. The proliferation of antibodies from independent investigator's laboratories has done much 
to increase our knowledge. However, if each laboratory is to be spared the waste of reinventing 
somebody else's wheel, and if the results of this antibody explosion are to provide understanding as 
well as data, then more effort must be devoted toward developing a unified approach to evaluating 
new antibodies, toward characterizing correponding antigens and toward developing methods for 
exchanging and comparing the antibodies developed in separate laboratories. 
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Prostate cancer is the second leading cause of death due to cancer in men and 
the first cause in men aged 60 years or more [1]. With increasing longevity, 
previously occult cases of prostate cancer have enough time to become clinically 
important, thus possibly explaining the increasing rate of death from prostate 
cancer in the West [2]. Due to the presence of bone metastases in the majority 
of patients at the time of diagnosis, the possibility of treatment of the primary 
tumor by surgery and/or radiotherapy is limited to a small proportion of cases, 
while, for all others, hormonal therapy and sometimes chemotherapy are the only 
alternatives [3-5]. However, the results of chemotherapy have been disappoint
ing [5]. 

The most promising advance in the treatment of prostatic cancer has clearly 
been the demonstration of the role of testicular androgens by Huggins and his 
colleagues in 1941 [6]. These observations opened a new era in the treatment of 
prostate cancer and were based on the following straightforward rationale: 'In 
many instances, a malignant prostatic tumor is an overgrowth of adult epithelial 
cells. All known types of adult prostatic epithelium undergo atrophy when 
androgenic hormones are greatly reduced in amount or inactivated. Therefore, 
significant improvement should occur in the clinical condition of patients with 
far advanced prostate cancer subjected to castration or estrogen adminis
tration' [7]. Since these observations of Huggins and his colleagues [6, 7], orchiec
tomy and treatment with estrogens have been the cornerstone of the management 
of advanced prostate cancer [8]. 

These. two approaches cause improvement for a limited time interval in 60 to 
80% of cases, thus leaving 20 to 400/0 of the patients without improvement of their 
disease [5,9-11]. Moreover, progression of the cancer usually occurs within 6 to 
24 months in all those who initially responded [12] with a median survival of only 
six months [13, 14]. In addition to the uncertain improvement in survival, 
orchiectomy is often psychologically unacceptable while estrogens cause serious 
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side effects such as gynecomastia, fluid retention, myocardial ischaemia and 
thromboembolism. These side effects of estrogens by themselves have been 
reported to cause 15010 of deaths during the first year oftreatment [15]. The side 
effects of the two current forms of hormonal therapy and their questionable 
influence on survival left most physicians undecided about the real benefits of 
hormonal therapy. There was thus the clear need for more efficient and better 
tolerated therapies. 

The finding that agonists of luteinizing hormone-releasing hormone (LHRH) 
cause a blockade in testosterone formation in experimental animals [16, 17] 
accompanied by a loss in prostate weight offered the possibility of replacing 
orchiectomy and estrogens. In fact, in men, following a transient period of 
stimulation, serum testicular androgens are reduced to castration levels during 
chronic treatment with the well-tolerated LHRH agonists [17-22]. However, 
although LHRH agonists make castration more acceptable and free of important 
side effects, one cannot expect to improve the prognosis of prostate cancer beyond 
the results previously achieved with orchiectomy [6] since their effect is limited 
to the blockade of testicular androgens [17-22]. 

Before describing the clinical results obtained in advanced prostate cancer using 
the combination therapy, it appears important to review some data which dem
onstrate the major-importance of adrenal androgens in prostate cancer in men 
as well as some biological properties of androgen-sensitive normal and cancer 
tissues as well as the properties of commercially available antiandrogens. Then, 
a proposal for most appropriate antihormonal therapy will be presented. 

Major importance of adrenal androgens in men 

Man is unique among species in having a high secretion rate of adrenal steroids 
which are converted into active androgens in peripheral tissues. Despite its 
discovery in 1960 [23] and the fact that dehydroepiandrosterone sulfate (DHEA
S) is present in human serum at far higher concentrations than any other steroid, 
the biological function of this so-called adrenal androgen has so far received little 
attention. 

High intraprostatic concentration of DHT following castration 

As illustrated in Figure 1, a high level of the active androgen dihydrotestosterone 
(DHT) remains in the prostatic cancer tissue following castration, thus clearly 
demonstrating the importance of androgens of extratesticular origin in the pros
tate. Although orchiectomy, estrogens, or LHRH agonists (through reduction of 
gonadotropin secretion) cause a 90 to 95% reduction in serum testosterone (T) 
levels [17-22, 24-40], a much smaller effect is observed on the really important 
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Figure 1. Effect of surgical castration on the serum levels of T (A) and on the concentration of the 
active androgen DHT in prostatic cancer tissue (B). Date are from Geller and colleagues [41, 43]. Note 
the relatively small effect of castration on intraprostatic DHT concentration as compared to the 9511,70 

fall in serum T. 

parameter of androgenic action in the prostatic tissue, namely the concentration 
of DHT. 
Measurements of serum T and DHT levels have little or no value except as an 
index of testicular activity since the intraprostatic DHT concentration is the 
significant parameter indicating the level of active androgen at its site of action. 
In fact, unexpectedly high concentrations of DHT and 3a-diol (5a-androstane-
3a, 17~-diol) have been found in prostatic carcinoma after orchiectomy or DES 
treatment [41-43]. This is clearly illustrated in Figure 1 where it can be seen that 
although orchiectomy causes a 90070 to 95% fall in serum T level, the intraprostatic 
concentration of the potent androgen DHT is reduced by only about 50% [41, 
43] (Belanger and Labrie, unpublished data). 

Conversion of adrenal androgen precursors 

Although, as mentioned earlier, orchiectomy, estrogens, or LHRH agonists 
decrease by 90% to 95 % the circulating androgens with strong intrinsic activity, 
such as T and DHT [17-22, 24-40, 44, 45], the precursor androgens continue to 
be secreted at a high rate by the adrenal cortex, thus providing substrates for the 
intraprostatic formation of the most potent androgenic compound, namely DHT. 

The main androgen precursors of adrenal origin are ~ 4 -androstenedione 
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(3mg/day) and dehydroepiandrosterone (DHEA, 25mg/day) [46]. The plasma 
levels of ~ 4-androstenedione are 1.69 ± 0.88 ng/ml, whereas those of Tare 
4.46 ± 1.57 ng/ml [47]. The serum levels of DHEA and DHEA-sulfate (DHEA
S), on the other hand, are 1.9 ± 0.3 ng/ml and 834 ± 147 ng/ml [29]. These weak 
adrenal androgens may be converted into strong androgens, not only in the 
prostatic tissue [48-50] but also at the peripheral level. Skin converts DHEA-S, 
DHEA and ~4-androstenedione into T and DHT [51-54]. Even blood cells can 
transform androstenedione into T [55, 56] whereas the brain can transform 
DHEA into T and DHT [57]. 

Radioactive DHEA-S infused into patients is taken into prostatic tissue and 
transformed into DHEA, 5a-androstanediol, T, and DHT [49]. Because of such 
high levels of DHEA-S in the circulation, a small percentage of transformation 
of this steroid into DHT is sufficient to playa major role in the evolution of 
prostatic cancer. Androstenedione, another steroid of adrenal origin, may also 
elicit a stimulatory response in the prostate. Acevedo and Goldziecker have 
observed that human prostatic tissue can metabolize androstenedione in vitro into 
T, androsterone, and 5a-androstanedione [48]. After in vivo infusion, Harper 
and associates have found an important transformation of this steroid in the 
prostatic tissue into T, DHT, androsterone, and 5a-androstenedione [49]. 

5a-androst-5-ene-3~, 17~-diol (~5-diol), a direct secretory product of the 
adrenals, is another precursor of androgens, especially T [58], and also has 
intrinsic androgenic activity. Direct production of T and DHT by the adrenals 
is minimal [59]. Only about 5070 of total circulating androgens originate from 
peripheral conversion from adrenal prehormones, specially androstenedione. The 
importance of adrenal steroids in prostatic cancer is thus mainly related to the 
intraprostatic metabolism of DHEA-S, DHEA, androstenedione, and ~5-diol. 

Based on the above-mentioned data and the intraprostatic levels of DHT 
measured after castration or estrogen treatment [41, 43] (Belanger and Labrie, 
unpublished data), the contribution of the testes and adrenals to the androgenic 
stimulation of prostatic carcinoma can be estimated to be approximately of equal 
importance. Such data stress the need to neutralize the activity of the androgens 
of adrenal origin for an efficient treatment of prostate cancer. The high levels 
of DHT remaining after surgical castration or treatment with estrogens or LHRH 
agonists alone are more than likely to have a deleterious effect on the evolution 
of the cancer. Clearly, a treatment limited to the blockade of androgens of 
testicular origin only partially relieves the cancer from androgenic stimulation. 
Moreover, measurements of serum levels of T and DHT, although being excellent 
parameters of testicular steroidogenic activity, are a poor index of intraprostatic 
androgenic activity. 
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Previous clinical evidence for the role of adrenal androgens 

That androgen-sensitive cancer cells remain active after surgical castration or high 
doses of estrogens is clearly illustrated by the finding that 33070 to 39070 of patients 
already castrated or treated with estrogens showed a positive response to the pure 
antiandrogen flutamide [60, 61]. Moreover, after adrenal androgen suppression 
with aminoglutethimide in patients who had become refractory to orchiectomy 
and exogenous estrogens, a favorable response was observed in three of seven 
patients [62]. In a similar study, Robinson and coworkers found palliation in 50070 
of patients [63]. 

The first bilateral adrenalectomy in prostatic cancer was perfermed by Huggins 
and Scott with appreciable success despite the lack of substitution therapy [64]. 
Subsequently, bilateral adrenalectomy and hypophysectomy were used in advanc
ed prostatic cancer with a significant rate of remission in previously castrated 
patients or those already treated with estrogens. In fact, bilateral adrenalectomy 
has been found to be associated with palliation in 20070 to 70070 of patients with 
advanced prostatic carcinoma who had become refractory to castration or estro
gen therapy [46, 65-71]. Surgical hypophysectomy has also been found to improve 
transiently the disease in about 50070 of patients [66]. 

That low levels of circulating androgens can be important in prostatic cancer 
is further indicated by the close correlation observed between plasma T levels and 
the evolution of prostatic cancer [72]. Thus, in cases with serum T levels between 
0.34 ng/ml and 0.57 ng/ml, partial response was reported in only 37070 of cases, 
whereas when T values were between 0.1 and 0.24 ng/ml, a positive response was 
seen in 60070 of cases. This is further supported by the data of Sciarra and 
colleagues, who showed that remission after bilateral castration occured in a 
group in whom serum T decreased to 0.3 ± 0.2 ng/ml, whereas no remission 
occurred in 10 of 27 patients in whom T levels were 1.4 ± 0.3 ng/ml [73]. That 
the adrenal androgens were responsible for these high levels of circulating andro
gens was confirmed by the marked inhibitory effect of dexamethasone on serum 
androgen levels in these patients. Thus, although serum androgen levels are 
reduced markedly after surgical or medical castration by estrogens or LHRH 
agonist treatment remaining basal circulating levels of T are not negligible. 
Moreover, stress owing to many physical or psychological causes can increase 
serum androgen levels further. 

Biological properties of intact and cancer androgen-sensitive tissues 

Characteristics of the biological response to androgens 

As illustrated by many examples which will be presented in this section, the 
biological response to DHT (as well as the response to any biological stimulus) 
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Figure 2. Dose-response curves of 2 clones of androgen-sensitive mouse mammary carcinoma SC-115 
cells to increasing DHT concentrations expressed in absolute number of DHT molecules, in molarity 
and in ng/ml. Comparison is made with the usual mean affinity of binding of DHT to the androgen 
receptor. Data are from Labrie et al [74] and Simard et al. [89]. The important observation is that 
levels of DHT below the lower limits of detection of current assays (0.1 ng/ml or g tissue) leave 
1.0 x 1014 molecules of DHT per ml, thus offering an extremely large number of DHT molecules with 
the potential for androgenic stimulation in normal tissues and especially in cancer tissue having 
hypersensitivity to androgenic stimulation (an example is the clone showing half-maximal growth at 
0.008 ng/ml DHT (left curve). 

follows a logarithmic instead of a linear rule (Fig. 2). This implies that by 
decreasing serum DHT levels by 90070 causes a much smaller inhibitory effect on 
the response which is decreased by less than 50% (Figs 2, 3 and 4). This obser
vation is of major consequence since it indicates that by decreasing serum T and 
DHT levels by approximately 90% by medical or surgical castration leaves more 
than 50% of the androgenic stimulus on prostate cancer growth. 
Another fact of major importance is that our inability to measure a steroid by 
presently available techniques because of lack of sensitivity should not be inter
preted as meaning that the cellular mechanisms are unable to detect and respond 
to such apparently low levels of hormones. As illustrated in Figure 2, the usual 
limit of sensitivity of current techniques for DHT measurement in serum or tissue 
is 0.1 ng/ml or g tissue. It should be realized that approximately 1 x 1014 molecules 
of DHT per ml or g tissue are left at this concentration of the androgen, thus 
leaving an extremely large number of DHT molecules for potential stimulation 
of cancer growth. As illustrated in this Figure, maximal growth of a clone of 
hypersensitive shionogi mouse mammary cells (SC-115) was obtained at DHT 
concentrations below the detection limits of presently available assays, the half
maximal stimulation being measured at 0.024 nM or 0.008 ng/ml DHT [74]. 
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Figure 3. Effect on the growth of Shionogi mouse mammary carcinoma cells of concentrations of 
testosterone (T) corresponding to the serum values found in intact men (4--8 ng/ml) and the levels 
achieved after surgical or medical castration (0.2-0.4 ng/ml), respectively (8) . Note that a 95070 
reduction in T concentration causes only a 38 to 64% reduction in cell growth. Panel A shows, as 
an example, the serum T levels measured before and after 1 month of treatment with an LHRH agonist 
in adult men suffering from prostate cancer [78) . 

Importance oj low levels oj androgens on biological responses 

A question which has received little attention is the biological significance of the 
apparently low levels of serum T and DHT which remain after surgical or medical 
castration. The particular importance of the subject is suggested by the recent 
observation that the maintenance of serum T at levels similar to those found in 
castrated men (0.2-0.4 ng/ml) causes an increase in prostate weight as high as 
35-40070 of the value found in intact animals [75]. Using the growth of androgen
sensitive Shionogi mammary carcinoma cells as parameter of androgen 
action [76, 77], the present data show that castration levels of T and DHT can 
maintain growth of cancer cells in culture at values as high as 38 to 64% of 
maximal androgen-sensitive growth. 

As mentioned earlier, serum T levels in intact adult men usually range between 
4 and 8 ng/ml while values of 0.2 to 0.4 ng/ml (5% of control) are observed after 
surgical or medical castration [24,25, 78] . As an example, Fig. 3A shows respec
tive values of 4.49±0.35 and 0.31 ±0.02ng/ml before and after I month of 
treatment of 12 men suffering from prostate cancer with the LHRH agonist 
[D-Trp6]LHRH ethylamide [79]. As illustrated in Fig. 3B, the important finding 
is that the apparently low castration levels of serum T at 0.2 to 0.4 ng/ml stimulate 
growth of the androgen-sensitive mouse mammary carcinoma cells at 38-64% of 
the maximal growth rate achieved with T levels found in intact men (4 to 8 ng/ml). 
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Figure 4. Effect of increasing concentrations of DHT on the maximal androgenic response (DNA 
content) in the 3 clones obtained from a Shionogi mouse mammary tumor. In order to facilitate 
visualization of differences in androgen sensitivity, all data are expressed as a percentage of the 
maximal response to DHT [74]. 

The same group of patients shown in Fig. 3 had pretreatment and treatment values 
of serum DHT of 0.55 ± 0.07 and 0.05 ± 0.03 ng/ml, respectively. Again, the 
impressive finding is that a reduction in serum DHT to 100/0 of control values 
decreases androgen-sensitive cell growth only from 74-84% to 27-41 % of maxi
mal androgen-sensitive cell growth (data not shown). 

Contrary to the widely accepted dogma in the endocrine therapy of prostate 
cancer [80-82], the present data clearly demonstrate that castration levels of T 
and DHT exert a significant stimulatory effect on growth in cancer tissue. In fact, 
the growth of a typical androgen-sensitive carcinoma cell line, namely the 
Shionogi mouse mammary carcinoma (SC-115) [76, 77] is stimulated at 38 to 
64% of maximal growth by castration levels of T or DHT in the incubation 
medium. These data are in direct contradiction with the belief that the apparently 
low (5 to 10% of control) serum concentration of serum T and DHT remaining 
after surgical or medical castration should have little, if any, influence on the 
growth of prostate cancer [80-82]. This belief was based on the observation of 
only a 60 to 80% rate of positive response of prostate cancer to castration. 
However, as will be seen later, further blockade of androgens markedly increases 
the rate of response to more than 95%. 

The present data are in agreement with the elegant study of Barstch et al. [75] 
who have shown, using Silastic implants of T, that the maintenance in castrated 
rats of serum T at the concentration found in the serum of castrated men leads 
to an approximately 100fold higher concentration of DHT in the prostate tissue, 
thus causing a stimulation of prostatic weight as high as 30 to 40% of the value 
found in intact animals. The physiological importance of relatively low levels of 
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T and DHT has also been demonstrated in rat anterior pituitary cells in cul
ture [78,84]. Androgens are in fact well known to exert specific inhibitory effects 
on LHRH-induced LH release in adenohypophysial cells in culture. Using this 
precise and well-established in vitro system, we have observed that reduction of 
the concentration of T in the incubation medium to the values found in the serum 
of castrated men reduced the androgenic activity by only 50 to 700/0. 

The present data, those of Barstch et al. [75], as well as our previous obser
vations [78, 83, 84], clearly demonstrate that low concentrations of androgens are 
highly active in androgen-sensitive tissues and that variations of these low concen
trations of androgens can cause major changes in the responses observed in 
various androgen-sensitive systems, namely cancer cell growth (these data), 
growth of the normal rat prostate [75] as well as LHRH-induced LH release in 
normal rat gonadotrophs in culture [78, 84]. In these three different systems, one 
common finding is that low castration levels of T at approximately 5 % of control 
can maintain an important level of biological activity at 30 to 60% of the level 
found under maximal stimulatory conditions. Concentrations of androgens below 
the physiological range thus have major biological activity. Such data are in 
agreement with the finding that the prepubertal prostate accumulates DHT in 
children [85]. 

Based on the observation that 20 to 40% of patients with advanced prostate 
cancer do not respond to surgical or chemical castration [9, 10], it was generally 
believed that 20 to 40% of prostatic carcinomas were already androgen-insensitive 
at the start of treatment [9, 80-82, 86, 87]. As a more likely explanation, the 
present data suggest that the circulating levels of T and DHT remaining after 
castration are responsible for most of the uninterrupted growth of prostatic 
cancer following standard hormonal therapy limited to the removal of testicular 
androgens. This is well supported by our recent observation to be summarized 
later that less than 5 % of patients with advanced prostate cancer show progression 
of their disease when more complete androgen blockade is achieved with the pure 
antiandrogen Flutamide administered in association with surgical or medical 
castration at start of treatment in order to neutralize the castration level of 
androgens [78, 79]. 

The low levels of serum T and DHT present in the circulation of prostate cancer 
patients after medical or surgical castration can be directly secreted by the 
adrenals and/or released into the circulation following transformation in the 
prostate and other peripheral metabolizing sites from the adrenal precursors 
DHEA-S, DHEA, ~5-diol and ~4-dione [48-52]. Direct secretion of T by the 
adrenals is supported by measurements of T in adrenal vein blood [46]. It is most 
likely that a significant proportion of T and DHT is released into the circulation 
from the prostate and other peripheral tissues, especially the skin, which possess 
the required enzymatic systems [48-52]. 

The importance of adrenal androgens is particularly well demonstrated by the 
finding of intraprostatic levels of DHT as high as 1 ng/g tissue (3 nM) following 
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castration or treatment with estrogens [41, 43] (Belanger and Labrie, unpublished 
data). Since the KD value of DHT interaction with the androgen receptor is less 
than 1 nM [88, 89], it is clear that a concentration of 1 ng/ml or 3 nM DHT in 
the prostate cancer tissue is more than sufficient to exert a major stimulatory 
effect on cancer growth. 

Wide range of sensitivities of tumor cells to androgens 

Clinical evidence in prostate cancer clearly indicates heterogeneity of the sensitivi
ty to androgens and the development of resistance to hormonal therapy. These 
data pertain to the failure of hormonal therapy in a proportion of previuosly 
untreated patients and, especially, the low rate of success of hormonal therapy 
in patients who had previous endocrine manipulations [5, 9-12, 14, 78]. It thus 
becomes of great interest to study in detail the phenomena of heterogeneity and 
development of true or apparent androgen resistance in originally androgen-sensi
tive cells. An excellent model for such studies is the androgen-dependent Shionogi 
mouse mammary carcinoma 115 (SC-115), a tumor showing rapid growth both 
in vivo and in tissue culture [76, 77]. 

We have used this model to investigate the heterogeneity of androgen sensitivity 
following cloning of a tumor and the changes of androgen sensitivity which occur 
during long-term culture of cloned cells. The present data clearly show that a wide 
range of hormone sensitivities are found in the clones derived from the original 
tumor and develop during tissue culture of cloned cells. Such findings have major 
implications for the efficient treatment of prostate cancer where a population of 
hypersensitive cells can continue to grow in the presence of the low androgens 
of adrenal origin left after castration ( medical or surgical). 

As illustrated in Figure 4, the 3 clones obtained from a Shionogi mouse 
mammary tumor show marked heterogeneity of sensitivity of DHT action. While 
the original tumor shows a Km value of DHT action at 0.9 nM, the Km values 
of DHT action in clones A, Band C were calculated at 0.024,0.15 and 30nM, 
respectively. There is thus a 1250-fold difference in sensitivity to DHT between 
clones A and C. 

After 13 months in monolayer culture in the presence of 10nM DHT, the 
original clone B was recloned in soft agar and the growth sensitivity to DHT was 
again determined. As illustrated in Figure 5, a marked heterogeneity of basal 
growth (in the absence of androgens), maximal response to DHT and sensitivity 
to DHT (Km values) was observed among the 10 clones obtained from individual 
cells. The growth in the absence of androgen varied by as much as 16-fold between 
clones 6 and 7 while the Km values range from 0.05 to 10 nM between clones 7 
and 9 (200-fold range). 

The present data indicate that the Shionogi mouse mammary carcinoma tumor 
can contain cell populations having a marked heterogeneity in terms of sponta-
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Figure 5. Effect of increasing concentrations of DHT on cell growth of 10 clones obtained after 13 
months of culture of cloned cells B (Fig. 4) in medium containing IOnM DHT [74]. 

neous growth in the absence of androgens as well as in terms of responsiveness 
to androgens. Moreover, they illustrate that such heterogeneity can develop under 
controlled conditions in culture in clones derived from an individual cell. Not only 
the growth of the various clones shows heterogeneity in the absence of androgens 
but the maximal response to DHT also shows marked variations. However, the 
most significant observation is probably the heterogeneity of the sensitivity of cell 
growth to DHT. In fact, in clones obtained from the original tumor, there was 
a 1250-fold range of Km values of DHT action while a 200-fold range was 
obtained in the clones obtained from a single original cell kept in culture for 13 
months in the presence of DHT. 

Although the origin of tumors is believed to be monoclonal [90], it is clear that 
most, if not all, advanced tumors are composed of mixed populations of cells 
having a wide range of phenotypes. That heterogeneity of androgen sensitivity 
analogous to the one described in this report exists in human prostate cancer is 
unequivocally demonstrated by the clinical data showing a 30 to 50070 response 
to adrenalectomy, hypophysectomy, Flutamide or aminoglutethimide in patients 
who relapse after orchiectomy or treatment with estrogens [46, 60-66, 78, 91]. 
Such a response to further androgen blockage in patients already castrated can 
only be explained by the presence in these patients of prostatic tumors which were 
still growing in the 'low' androgenic environment provided by the adrenal 
androgens following medical or surgical castration. 

The situation in human prostate cancer appears to be analogous to the data 
presented in this study where a proportion of clones show super sensitivity to DHT 
with half-maximal growth at a concentration of DHT as low as 0.008 ng/ml 
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(0.024 nM) (Fig. 4). Since the castration levels of serum DHT range from 0.04 to 
0.08 ng/ml [78], it is clear that such hypersensitive tumors can continue to grow 
at a maximal rate following castration. In addition to the second response 
observed in 30 to 50070 of castrated patients following blockage of adrenal 
androgens, additional proof for the presence of androgen-supersensitive prostatic 
carcinoma is provided by the recent findings that combined treatment of advanced 
prostate cancer with an LHRH agonist (or orchiectomy) in association with the 
pure antiandrogen Flutamide causes a positive response in more than 95% of 
patients [29-31, 78, 79, 91]. Since only 60 to 80% of patients were responding 
to castration (medical or surgical) [9-12, 92], the increase in responders from 
6~80 to 95% following the combination therapy [29-31, 78, 79, 91, 93, 94] 
indicates the presence of androgen-hypersensitive tumors in at least 15 to 35% 
of patients with advanced prostate cancer. These patients were previously thought 
to be androgen-resistant at start of treatment while, on the contrary, they are 
androgen-hypersensitive. 

The approximately 5% of prostatic tumors which do not respond to combi
nation therapy [78, 93, 94] might be truly androgen-resistant or, alternatively, 
these tumors could be even more androgen-sensitive and able to grow with the 
small fraction of free androgens remaining in the prostatic tumors in the presence 
of therapeutic doses of the antiandrogen. Further blockade of adrenal androgen 
secretion and/or action will be needed to differentiate between these two possibil
ities. 

Although tumors are monoclonal in origin, they acquire a marked heterogenei
ty which has to be taken into account for the development of an effective 
therapeutical strategy. The present data indicate that a marked heterogeneity of 
sensitivity to androgens exists in the original Shionogi mouse mammary carcino
ma in analogy with the clinical evidence in human prostate cancer [46, 6~66, 78, 
79, 91, 93]. Moreover, starting with a single cloned cell, the development of 
similar heterogeneity can be reproduced under controlled conditions in vitro. Such 
data indicate that the Shionogi carcinoma cell line offers an excellent model to 
investigate in detail the factors controlling the changes in androgen sensitivity and 
the development of phenotypes having different requirements for androgens. 

Antiandrogens 

Clinical studies with antiandrogens 

As an alternative to bilateral adrenalectomy, antiandrogens have been found to 
be effective in treating prostatic adenocarcinoma and to cause atrophy of the 
accessory sex organs in experimental animals and man [60, 61, 95-101]. When 
the 111 documented cases of patients treated with Flutamide alone at doses 
ranging from 0.75 to 1.5 g/day are evaluated, an approximately 50% objective 
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response was observed [60,61,97,98, 102-104]. In a typical study in previously 
untreated stage D carcinoma of the prostate, Airhart and associates have reported 
that about 50070 of patients improve when treated with either flutamide or 
DES [97]. 

As mentioned earlier, Flutamide therapy in patients refractory to conventional 
therapy showed a favorable response of short duration in 23% of cases [60] 
whereas a 39070 response was observed by Stoliar and Albert [61]. Similarly, 
Airhart and co-workers [97] have observed some improvement by Flutamide in 
patients already treated with estrogens. Flutamide, a pure antiandrogen, exerts 
its androgenic activity through inhibition of androgen uptake and competition at 
the level of the androgen receptor for endogenous steroids [89, 99, 101, 105]. In 
patients previously untreated, a reduction in size of the local tumor was found 
in 68% of patients treated with the steroidal compound cyproterone ace
tate [106-110]. 

Previous limitations of pure antiandrogens 

Pure antiandrogens can neutralize androgens of all sources and thus theoretically 
represent the ideal form of therapy. However, a secondary increase in gonado
tropin and androgen secretion can result from such treatment [95, 96, 98] and 
progressively higher doses of the drug are needed to neutralize the effect of rising 
androgen levels [95, 96, 99, 101]. 

As an example of the neutralizing effect of Flutamide on the inhibitory 
feedback action of androgens on gonadotropin secretion, plasma T rose from 249 
to 484ng/dl during treatment with Flutamide [104]. Such an elevation of plasma 
T leads to a progressive reversal of the antiandrogenic action of Flutamide in 
peripheral tissues. The re-establishment of a new steady-state of gonadotropin 
and androgen secretion at higher levels needs increasing doses of the antiandro
gen, and a point is rapidly reached where the dose of the antiandrogen needed 
is too high and exceeds the limits of tolerance. 

A limitation to the use of pure antiandrogens in prostate cancer was thus the 
progressive increase in gonadotropin and androgen secretion caused by 
neutralization of the inhibitory feedback action of androgens at the hypothalamo
adenohypophysial level. This limitation has now been overcome by the combi
nation therapy using orchiectomy or treatment with an LHRH agonist, which 
blocks gonadotropin secretion [16, 17, 111, 112] and prevents any secondary 
increase in T secretion [16, 17, 28-40]. This approach was originally suggested 
by our animal studies, which showed that combined treatment with an LHRH 
agonist and a pure antiandrogen is highly effective in inhibiting androgenic 
influence on secondary sex-organ weight during both short-term [95] and long
term [96] treatment in rats. 
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Figure 6. Effect of increasing doses of Flutarnide, cyproterone acetate or megestroI acetate on ventral 
prostate weight in castrated rats receiving dihydrotestosterone (125!1g twice daily) for 14 days starting 
one day after castration [114]. 

Importance of using a pure antiandrogen: There is antiandrogen and 
'antiandrogen' 

An antiandrogen must be strictly defined as a compund which inhibits androgen 
action at the target tissue level [113]. In agreement with this definition, we should 
exclusively use pure anti androgens or compounds devoid of any androgenic, 
glucocorticoid, progestatin or any other hormonal or antihormonal activity. We 
have recently compared the properties of three 'antiandrogens' commercially 
available for the treatment of prostate cancer, namely Flutamide (Eulexin), 
cyproterone acetate (Androcur) and megestrol acetate (Megace) [114]. 

It can be seen in Figure 6 that at the dose of 1 mg (twice daily), Flutamide causes 
a 750/0 inhibition (p <0.01) of the DHT-induced increase in prostate weight while 
cyproterone acetate has no significant inhibitory effect and megestrol acetate 
causes a 28% increase (p < 0.05) in prostate weight. At the 3 mg dose, Flutamide 
and cyproterone acetate inhibit the action of DHT by 94 and 85%, respectively, 
while megestrol acetate is still stimulatory. At the maximal dose (lOmg), Flutam
ide causes a complete reversal of the effect of DHT while prostate weight remains 
at 40% above control (p < 0.01) in the group of animals who received cyproterone 
acetate. 

In order to provide a direct measure of the androgenic activity of the 3 
compounds used, they were administered alone in castrated animals. While 
Flutamide shows no effect on ventral prostate weight, cyproterone acetate and 
megestrol acetate increase prostate weight by 60 and 100%, respectively (p 
< 0.01) [114]. As further proof of the androgenic activity of cyproterone acetate 
and megestrol acetate, it can be seen in Figure 7 that the simultaneous adminis
tration of the pure antiandrogen Flutamide completely prevents the stimulatory 
action of the two other compounds on prostate weight. 
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Figure 7. Effect of treatment with megestrol acetate or cyproterone acetate alone or in combination 

with Flutamide on ventral prostate weight in castrated rats. The compounds were administered 
subcutaneously twice daily at the dose of 5 mg for 21 days starting one day after orchiectomy [94]. 

As mentioned earlier, antiandrogens must be strictly defined as compounds which 
inhibit androgen action at the target tissue level and do not act through inhibition 
of gonadotropin secretion [113]. An androgenic activity of cyproterone acetate 
on ventral prostate and seminal vesicle weight in the rat has been previously 

reported [115, 116]. Moreover, when cyproterone acetate was administered to 
pregnant rats, all female fetuses showed signs of virilization of the genital 
tract [117]. 

The present data show that megestrol acetate has, on a weight basis, an 
androgenic activity somewhat higher than that of cyproterone acetate. Tisell and 

Salander [118] have reported that megestrol acetate stimulated the weight of the 
seminial vesicles as well as that of the coagulating glands in castrated rats while 
there was no significant effect on the ventral prostate. However, the androgenic 
effect of megestrol acetate was also illustrated by the histologic appearance of the 
seminal vesicles and coagulating glands as well as that of the ventral and 
dorsolateral prostate. 

Megestrol acetate (Megace) has been suggested for the treatment of prostate 
cancer on the basis of its antigonadotropic and antiandrogenic activ
ities [119-121]. The present data show that the antiandrogenic activity of this 
compound is zero. In order to potentiate its weak antigonadotropic activity and 
incomplete blockage of testicular androgen secretion, megestrol acetate has 
recently been administered in combination with estrogens [120, 121]. However, 
as clearly shown in the present study, megestrol acetate it not an antiandrogen 
and is thus unable to neutralize the action of the adrenal androgens in the prostatic 
cancer tissue. On the contrary, megestrol acetate, in common with cyproterone 
acetate, has some androgenic activity, an action completely opposite to the aim 
of prostate cancer therapy. 
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The glucocorticoid activity of cyproterone acetate has been previously describ
ed in experimental animals and man [115, 122]. It is reasonable to assume that 
the use of compounds having intrinsic glucocorticoid activity, such as cyproterone 
acetate and megestrol acetate, can have a negative influence on the immune 
defenses against prostate cancer. As mentioned earlier, the ideal or pure antian
drogen should be devoid of any intrinsic hormonal activity. Of the compounds 
commercially available for the treatment of prostate cancer, the only one which 
meets these criteria is the nonsteroidal antiandrogen Flutamide. Cyproterone 
acetate and megestrol acetate have important glucocorticoid and progestational 
activity [115, 118, 123] (Table 1). In addition, an even more serious limitation of 
these 2 compounds is their significant androgenic activity. 

Of major importance, it should also be added that Flutamide is approximately 
2 times more potent than cyproterone acetate [94, 114, 124-126]. Since the usual 
dose of Flutamide is 250 mg every 8 hours while that of cyproterone acetate is 
50 mg, it follows that patients receiving Flutamide probably have 10 times more 
antiandrogen protection than those receiving cyproterone acetate. It thus seems 
logical to conclude that among the compounds commercially available, Flutamide 
is the only one having the properties of a pure antiandrogen, has the best tolerance 
and is thus the most likely to have optimal benefits for the treatment of prostate 
cancer. 

Table 1. Profile of the antiandrogenic and hormonal activities of Flutamide, cyproterone acetate and 
megestrol acetate 

Activity 

Antiandrogenic 
Androgenic 
Progestational 
Glucocorticoid 

Compound 

Flutamide 

+ (4, 8) 
- (4, 8) 

- (4) 

- (4) 

1) Neri et al., 1967 [115] 

2) Neumann et aI., 1970 [123] 

3) Eiger, 1966 [125] 

4) Neri et aI., 1972 [124] 

5) Sufrin and Coffey, 1973 [116] 

6) Graf et al., 1974 [117] 

7) Tisell and Salander, 1975 [118] 

8) Poyet and Labrie, 1985 [114] 

Cyproterone acetate 

+ (2, 8) 
+ (I, 3, 5, 6, 8) 
+ (I, 2) 
+ (I, 2) 

Megestrol acetate 

- (8) 

+ (7, 8) 

+ (7) 
+ (7) 
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Figure 8. Response of serum radioimmunoassayable testosterone to the administration of the LHRH 
agonist [D-Trp6, des-Gly-NH21O]LHRH ethylamide or [D-Ser (TBU)6, des-Gly-NH2 1O]LHRH ethylam
ide on the first day of treatment and after I, 6, 12, 18 and 24 months of daily treatment (500 ~g daily 
for one month followed by 250 ~g daily). The basal levels of testosterone were 3.18 ± 0.49 ng/ml 
(I nmole/L = 0.30ng/ml) [22]. 

LHRH Agonists 

Our finding that agonists of luteinizing hormone-releasing hormone (LHRH) 
cause a blockade in testosterone secretion accompanied by a loss in prostate 
weight in experimental animals [16, 17] offered the possibility of an advantageous 
replacement for orchiectomy and estrogens for the treatment of prostate cancer, 
In men, following an initial but transient period of stimulation, it is now well 
established that testicular serum androgens are reduced to castration levels during 
chronic treatment with these peptides [17, 22, 28-40], 
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Long-term castration with LHRH agonists 

Since our first observations in 1980 [17], during the last 5 years, chronic treatment 
with potent LHRH agonists has been shown by many groups [17, 22, 28-40, 92, 
127] to inhibit serum testicular androgens to castration levels without side effects 
other than those related to hypoandrogenicity, namely hot flashes and a decrease 
or loss of libido. It is however most important to make sure that the inhibitory 
effect of these well-tolerated peptides is maintained during long-term treatment. 

As illustrated in Figure 8a, serum T increases slowly during the first 24h 
following the first administration of the LHRH agonist to reach 500/0 above 
control at 24h (p < 0.05). Serum T then decreases to 10% of control at 1 month 
and remains at this low level thereafter (p <0.01) (Fig.8b to 8f). The most 
important finding is however that no increase in either serum LH or T is observed 
after the subcutaneous injection of 500 Ilg of any of the two LHRH agonists used 
in our study, namely [D-Trp6]LHRH ethylamide or [D-Ser (TBU)6]LHRH ethy
lamide, thus indicating that no escape occurs during chronic treatment with an 
appropriate dose of these peptides administered by the subcutaneous route. 

Loss oj biological activity oj LH 

Despite the decrease in serum testosterone to castrated levels in patients receiving 
LHRH agonists, serum LH measured by radioimmunoassay (RIA) is only slightly 
reduced or even sometimes remains normal. Since we had already observed a 
discrepancy between bioactive and radioimmunoassayable LH in monkeys treated 
with an LHRH agonist [128], we have measured the bioactivity of LH in the 
serum of patients with advanced prostatic cancer receiving the combination 
therapy using an LHRH agonist and the antiandrogen Flutamide in order to 
determine if the inhibition of serum androgen levels could be due to a loss of the 
biological activity of circulating LH. Testosterone secretion by a suspension of 
mouse interstitial cells was used as parameter of LH biological activity. 

Figure 9a illustrates the time course of the changes in serum immunoreactive 
and bioactive LH concentrations in 14 patients with prostatic cancer during the 
first 90 days of combined treatment with an LHRH agonist and an antiandrogen. 
After a transient stimulatory period, serum LH levels determined by RIA return 
to pretreatment values by day 15 and show a 50% reduction at 90 days of 
treatment (1.1±0.1 on day 90 as compared to 2.2±0.3ng/ml on day -2). 
Biologically active serum LH exhibits the same stimulatory pattern at the begin
ning of the treatment. However, bioactive LH levels, although parallel to radioim
munoassayable LH during the first 2 weeks of treatment, then show a drastic 
inhibition to 7% of pretreatment values after 30 days of combined antihormonal 
therapy (0.43 ± 0.04 and 0.030 ± 0.007 ng/ml on days - 2 and 30, respectively) and 
remain low thereafter. 
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Figure 9. Comparison of the time course of changes in serum levels of bioactive LH, radioimmunoac
tive LH and testosterone in patients receiving the combined antihormonal therapy with an LHRH 
agonist and a pure antiandrogen. Blood samples were obtained at 0800h on days - 2, 0, 2, 5, \5, 
30, 60 and 90 of treatment. Panel A: serum LH assayed by RIA and by the mouse interstitial cell 
bioassay. Panel B: testosterone measured by double-antibody RIA after purification on LH-20 
columns [129]. 

The changes in serum LH bioactivity thus remain parallel to those of serum 
testosterone concentrations during the whole course of treatment. As observed 
for serum bioactive and immunoreactive LH, testosterone levels are stimulated 
during the first days of treatment, this stimulation being followed by a significant 
decrease to 5011,10 of control on day 15 (Fig. 9b). Castration levels of the androgen 
are then reached at later time intervals. 

The present data show an almost complete loss of biological activity of LH 
during treatment of adult men with an LHRH agonist and an anti androgen while 
LH measured by RIA was only 50% reduced. Such results illustrate the limitations 
of RIA measurements for proper evaluation of gonadotropin secretion under at 
least some experimental conditions in the human. Even though the precise 
change(s) of the LH molecule remain(s) to be characterized, the close parallelism 
observed between serum testosterone and bioactive LH levels suggests that the 
loss of potency of the gonadotropin is mainly, if not exclusively, responsible for 
the complete inhibition of testicular testosterone secretion observed during chron
ic treatment with LHRH agonists. Such treatment with LHRH agonists causes 
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a specific and reversible hypophysectomy limited to gonadotrophs or 'gonadotro
phectomy'. 

Tumor flare with LHRH agonists used alone 

Transient increase in testicular androgen secretion 
As observed in the first patient with prostate cancer treated with an LHRH 
agonist [17], the first 5 to 10 days of treatment with these peptides are accompa
nied by an increase in the serum levels of T and DHT. This transient period of 
hypersecretion of testicular androgens is observed with any LHRH agonist given 
by any route of administration at any pharmacologically active dose. This period 
of increased androgen secretion is due to the stimulated release of pituitary LH 
induced by the superactive LHRH agonist during the first days of treatment with 
a secondary hyper stimulation of steroid secretion by the Leydig cells. However, 
after 5 to 10 days of treatment, desensitization takes place in pituitary gonado
trophs, thus causing a loss of the biological activity of LH and a progressive 
decrease of androgen biosynthesis in the Leydig cells which are deprived of their 
obligatory stimulus for steroidogenesis [78, 91, 129]. 

Tumor flare 
It is now well recognized that the transient rise in the serum levels of T and DHT 
seen during the first days of treatment with LHRH agonists alone carries the 
serious risk of disease flare or of exacerbation of the signs and symptoms of 
prostate cancer. The most recent and perturbing report is that of Waxman et 
al. [130] who have found that 17 of 32 patients (53070) with bone pain at 
presentation had increased symptoms. Of all the 46 men in the study, 19 of them 
(41%) had increased symptoms. The 17 patients with increased bone pain ex
perien~ed additional problems, namely lymphoedema, urinary obstruction, in
creased serum creatinine and/or signs of cord compression. In two patients, renal 
and neurological functions were severely compromised. It must be considered that 
in patients who have no bone pain and are asymptomatic at presentation, an 
increase in tumor growth is not expected to cause clinical symptoms or signs 
although such an androgen-induced stimulation, in addition to causing local 
growth of prostate cancer, is likely to induce the seeding of additional metastases. 
This recent report on LHRH agonist-induced tumor flare follows a series of 
previous observations [92, 130]. 

LHRH Agonists should not be used alone 

With this knowledge, one wonders how LHRH agonists can still be used alone 
for the treatment of prostate cancer. The adverse effects of an increase in serum 
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androgens on the evolution of prostate cancer could easily be predicted from 
previously knowledge: As early as 1941, Huggins and Hodges [6] have shown hat 
serum acid phosphatase, a well-known objective parameter of prostate cancer 
activity, was sharply increased by injecting androgens. There is no reason to 
believe that an increased secretion of testicular androgens induced by LHRH 
agonists would not lead to a similar stimulatory effect on serum prostatic acid 
phosphatase (PAP) and cancer growth. Such a stimulation of serum PAP levels 
was observed in the report of the Leuprolide Study Group [92] as well as in a study 
using another LHRH agonist, named Buserelin [37]. 

It is also of interest that in the early study of Huggins and Hodges [6], there 
was a decline of serum acid phosphatase to preinjection levels following cessation 
of testosterone treatment in two patients while, in one patient, this decrease was 
succeeded by an abrupt spontaneous secondary rise in acid phosphatase. It is of 
interest that the authors suggested that the subsequent rise could be explained by 
postulating 'that the cancer cells had been functionally expanded by androgen and 
therefore responded in an augmented way to hormones .. .' With the recognized 
role of androgens in prostate cancer growth, there is no doubt that the interpre
tation of Huggins and Hodges was correct and that an increase in androgen 
activity (exogenous or endogenous) is a stimulus for cancer growth and is 
unacceptable in any regimen of prostate cancer therapy. 

Although further proof of the stimulatory action of androgens on prostate 
cancer growth appears quite unnecessary and even dangerous for the patients, the 
effect of testosterone administration to 52 patients with metastatic prostatic 
carcinoma has recently been reported [131]. Signs and/or symptoms of cancer 
progression were observed in 45 of 52 patients. It should be added that these 
unforable reaponses were seen extremely early with a median duration of testoste
rone treatment of only 9 days. It should also be mentioned that 14 or 270/0 of 
patients were in remission at the time of androgen administration, thus decreasing 
the probability of a subjective and/or objective progression being detectable 
during a short period of treatment with testosterone. In fact, only 7 patients did 
not experience a progression of their disease during androgen administration. Of 
these, 6 were in remission at the time of androgen administration and 1 was 
previously untreated. In all these 7 cases, subclinical disease progression probably 
took place despite the lack of noticeable sign or symptom. In fact, in all evaluable 
patients, progression was later seen. 

The increase in pain was sudden in onset and severity. Four patients died 2 to 
15 days after the start of T administration, presumably as a result of treatment. 
That the exacerbation of the disease was due to androgen administration itself 
is supported by the finding of a prompt regression of the unfavorable response 
in all except 2 of 33 evaluable patients upon cessation of treatment. In the 2 
patients who did not experience regression, the complications were in fact similar 
to those found in patients having tumor exacerbation due to treatment with 
LHRH agonists alone, namely irreversible paraplegia and pulmonary metastases. 
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Figure 10. Changes in serum /15 -diol in previously untreated patients having clinical stage D2 prostate 
cancer receiving the combined therapy with a pure antiandrogen in association with orchiectomy or 
an LHRH agonists. The pretreatment values of serum /15-diol were O.59±O.07 ng/ml (15 
patients) [79]. 

The most significant and provocative finding is thus the study of Fowler and 
Whitmore [132] who have observed that 33 of 34 patients (970/0) in relapse under 
endocrine therapy experienced progression of their disease upon administration 
of androgens. The conclusion of these findings is that even in relapsing patients, 
97% possess androgen-sensitive tumors able to respond quickly to androgens even 
at a late stage of the disease at the time of relapse. The conclusion of these authors 
is thus most appropriate: 'The occasional catastrophic sequel and the possibility 
that testosterone may cause significant subclinical prostatic tumor growth dictate 
caution in further explorations of potential clinical uses of testosterone in patients 
with prostatic cancer' . 

Combination therapy using a pure antiandrogen and an LHRH agonist (or 
orchiectomy) in previously untreated patients 

From March 1982 to September 1985, 131 patients with histology-proven prostatic 
adenocarcinoma and bone metastases visualized by bone scintigraphy (stage D2) 
took part in this multicentre study after written informed consent. The criteria 
for inclusion and exclusion were those ofthe US NPCP [14]. Ofthe 131 previous
ly untreated stage D2 patients who had combination therapy, 118 received the 
combination treatment with the LHRH agonist [D-Trp6, des-Gly-NH21~LHRH 
ethylamide or [D-Ser(TBU)6, des-Gly-NH21O]LHRH ethylamide (Buserelin) in 
association with the pure antiandrogen 2-methyl-N-[4-nitro-3-(trifluorome
thyl)phenyl]propanamide (Flutamide, Eulexin, Euflex) while 13 had orchiectomy 
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(instead of LHRH agonists) in association with the antiandrogen. No difference 
in the clinical response was observed between chemical or surgical castration. 
Twenty-three patients were originally started randomly with the Flutamide 
analog, 5,5-dimethyl-3[4-nitro-3-(trifluoromethyl)phenyl]-2,4-imidazolidione 
(RU23908). However, the occurrence of visual side effects in 70070 of the patients 
receiving this compound has led to an early change to Flutamide and to the 
exclusive use of Flutamide in our clinic since June 1983. 

The LHRH agonists were injected subcutaneously at the daily dose of 500 Ilg 
at 0800h for 1 month followed by a 250 Ilg daily dose while Flutamide was given 
three times daily at 0700, 1500 and 2300h at the dose of 250 Ilg orally. The 
antiandrogen was started one day before the first administration of the LHRH 
agonist or orchiectomy. 

Complete clinical, urological, biochemical and radiological evaluation of the 
patients was performed before starting treatment as described [29]. The initial 
evaluation included history, physical examination, bone scan, trans rectal and 
transabdominal ultrasonography of the prostate, ultrasonography of the abdom
en, chest roentgenogram and skeletal survey and sometimes computerized axial 
tomography (CAT) of the abdomen and pelvis as well as excretory urogram (IVP). 
Performance status and pain were evaluated on a scale of 0 to 4. The follow-up 
was as described [29]. The criteria of the US National Prostatic Cancer Project 
were used for assessment of objective response to treatment [14]. Statistical 
significance was measured according to the multiple-range test of Duncan-Kram
er [129] and the Fisher's exact test [133], when appropriate. The probability of 
continuing response and survival was calculated according to Kaplan and Mei
er [134]. 

In addition to the rapid fall in serum T and DHT mentioned earlier. it is of 
great interest to see the rapid decrease in the serum concentration of the four 
adrenal steroids which act as precursors for the biosynthesis of testosterone and 
5a-dihydro-testosterone in the prostate cancer tissue. From basal values of 
915 ± 75 ng/ml, the serum concentration of DHEA-S is already decreased to 73% 
of control (p<0.05) between days 1 and 4 of treatment and reaches 61 % at one 
month (p<O.OI). Thereafter, the mean concentration of circulating DHEA-S 
remains at 60% of control or lower (p<O.OI). 

The serum levels of DHEA follow a pattern almost superimposable to that of 
DHEA-S. In fact, from basal values of 2.18±0.17 ng/ml, the concentration of 
serum DHEA decreases progressively to reach 63% of control after one month 
of treatment (p<O.Ol). Thereafter, the concentration ofDHEA remains approxi
mately constant at mean values ranging between 46 and 67% of control (p < 0.01). 

An even more striking inhibitory effect is observed on the serum concentration 
of androst-5-ene, 3~, 17~-diol (~5-diol) (Fig. 10). from basal values of 
0.59 ± 0.07 ng/ml, the serum concentration of this adrenal steroid decreases to 
44% of control at one month (p<O.Ol). Thereafter, the mean serum concen
tration of ~ 5 -diol remains at values ranging between 36 and 50% of control 
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(p<O.Ol) during most of the treatment period. The serum levels of androsten
edione (L\ 4-dione) follow a similar pattern (data not shown). It is of great interest 
to see that the serum concentration of cortisol remains constant during the whole 
period of combined antihormonal treatment, the pretreatment value being 
184±6.65 ng/ml. During the whole course of treatment, the mean values range 
between 170±7.10 and 215± 11.9 ng/ml. 

Starting in March 1982, 131 previously untreated patients with histology-pro
ven prostatic carcinoma and bone metastases identified by bone scan and X-Ray 
received the combined treatment for more than 3 months as first therapy for an 
average period of 545 days of treatment and could thus be evaluated (Table 2). 
Pain was originally present in 66070 of patients and it subsided completely in more 
than 90% of cases during the first month of treatment. 

The serum levels of PAP were initially elevated in 87070 of the patients, the 
values ranging between 0.2 and 896 ng/ml, the normal being < 2.0 ng/ml. In all 
cases, the start of treatment was followed by an extremely rapid fall in serum 
PAP, a decrease to 21 % of control being already reached on days 5 to 10 (p<O.OI) 
after the start of treatment. Serum PAP values returned to normal in all except 
8 patients before 6 months of treatment. 

Bone scintigraphy performed 3 to 6 months after the start of treatment was an 
absolute requirement for inclusion of the patients in one of the categories of 
objective responses. An example of the changes in bone scintigraphy in a patient 
who showed a complete response at 6 months of treatment is illustrated in 
Figure 11. 

As can be seen in Table 2, a positive objective response assessed according to 
the criteria of the US National Prostatic Cancer Project [14] has been observed 
in 95.4% of the patients. Of 131 previously untreated patients with clinical stage 
D2 prostate cancer, only 6 patients did not show a positive objective response at 
start of treatment with the combination therapy. Of the positive responses, 30 
were complete (23%) while 50 were partial (38%) and 45 were stable (34%). As 
illustrated in Figure 12 and Table 3, such a high level of complete objective 
responses is far superior to all previous studies where the treatment was limited 

Table 2. Objective response to combined antiandrogen treatment in previously untreated 
stage D2 prostate cancer patients 

Num- Age Days of Best objective response Relapse Death Death Arrest 
ber of mean treatment from from of 
patients (limits) mean Compo Par- Sta- Prog. prostate other treatment 

(limits) tial ble cancer causes 

131 67 491 30 50 45 6 31 12 8 10 
(45-86) (102-1208) (230/0) (38%) (34%) (5%) (24%) (9.2%) (6.1%) (7.6% ) 
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Figure 11. Bone scans with 99mTc-labelied methylene diphosphonate of patient treated with the pure 
antiandrogen Flutamide and the LHRH agonist [D-Trp6]des-Gly-NH2 1O]LHRH ethylamide. (A) Be
fore treatment on July 23rd, 1984, showing disseminated bone metastases; (B) January 29th, 1985; 

6 months after the start of combined antihormonal therapy. Note the disappearance of all areas of 
increased uptake [91]. 
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Figure 12. Comparison of the objective response to combination therapy with the results of treatments 
limited to the blockade of testicular androgens. 

to a blockade of testicular androgens. It should be mentioned that the 23070 of 
complete responses observed in the present study includes patients recently 
entered into the study, a situation which decreases the chances of complete 
responses which can be achieved at longer time intervals. In fact, for patients who 
have reached 2 years of combination treatment, 45070 of them showed a complete 
response as best response. 

The other striking finding illustrated on Figure 12 is that only 4.6070 of patients 
did show an objective response at the start of combination therapy. In all these 
cases, however, regression of uptake on the bone scan could be seen in some 
lesions while disease continued to progress in one or more areas. Such data clearly 
indicate various levels of androgen sensitivity of different tumors in the same 
patient. However, subjectively, all patients who had symptomatic disease at start 
showed a positive response. Thus, while a positive objective response is seen in 
95070 of cases, a subjective improvement is seen in more than 99070 of patients upon 
start of combination therapy. 

In addition to the finding of a much higher proportion of patients who show 
a complete response to combination therapy, as compared to monotherapy, it can 
be seen in Table 3 and Figure 12 that the combination therapy markedly reduces 
the percentage of patients who continue to progress at start of treatment. From 
values ranging from 14 to 28070 following standard therapy, the percentage 
decreases to 4.6070 in the group of patients who received the combination therapy. 

In addition to the improved percentage of positive responses at the start of 
treatment, another most important aspect of the effect of the combination 
treatment is the marked increase in the duration of the positive response. While 
the percentage of patients still in remission at 2 years is 60.5070 with the combi-
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nation therapy, it has already decreased to 0% before reaching 2 years with 
Leuprolide [92] (Fig. 13). There is thus a remarkable advantage of the combi
nation therapy, not only on the percentage of initial responses, but even more 
strikingly, upon the duration of the positive response. The most medically 
significant result is however that observed on survival. In fact, as shown on 
Figures 14 and 15, the probability of survival following combination therapy is 
89.2OJo at 2 years as compared to 40 to 60% by previous therapies (p<O.Ol). 

Combination therapy in previously treated patients 

An important question which remains unanswered is the relative benefits of the 
combin~tion therapy administered as first treatment as compared to the same 
therapy applied as a second step at the time of disease progression in patients 
previously orchiectomized or treated with estrogens or LHRH agonists alone. Our 
data show that the death rate calculated at 2 years is increased by as much as 4-fold 
in the group of patients where the combination therapy with Flutamide was 
delayed and given as a second treatment at the time of disease progression. 

As illustrated in Figure 15, the survival is markedly increased (p < 0.01) in the 
group of stage D2 patients who received the combined treatment with the pure 
antiandrogen as first treatment as compared to those who had orchiectomy or 
received estrogens or LHRH agonists alone prior to the administration of Flutam
ide. In fact, the survival at 2 years is 89% in the group of patients who received 
the combination therapy at the start treatment as compared to only 48% in those 
who had partial androgen blockade for various time intervals before receiving the 
combination therapy. Up to 2 years of treatment, the death rate is thus increased 
by more than 4-fold by delaying Flutamide administration (from 10.9 to 51.8%, 

Table 3. Comparison of the best objective response to combination therapy versus monotherapy in 
stage D2 previously untreated prostate cancer patients assessed according to NPCP criteria 

Response Combined DES/ORCH DES/ORCH LeuproJide Leuprolide DES 
anti- NPCP-500 NPCP-1300 1st study 2nd study Abbott 
hormonal Abbott Abbott 
(anti-
androgen) 
1170 1170 1170 1170 1170 1170 

Complete 30 22.9 10 12 5 5 2 1 2 2 
Partial 50 38.2 24 29 15 15 18 38 34 37 41 44 
Stable 45 34.3 33 40 58 60 15 32 44 48 37 39 
Progression 6 4.6 16 19 19 20 13 28 13 14 14 15 

Totals 131 83 97 47 92 94 
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Figure 13. Comparison of the probability of continuing response following combination therapy and 
the administration of Leuprolide alone [92] or DES [92]. 

p < 0.01). When only deaths due to prostate cancer are considered, it can be seen 
in Table 4 that there are 38 deaths in the group of patients who received delayed 
combination therapy as compared to only 12 deaths from prostate cancer among 
the patients who had a blockage of both adrenal and testicular androgens at the 
start of treatment (Table 1). 

It can be seen in Table 4 that 24 of 56 (42.9070) of previously treated patients 
showed a positive objective response to the combined anti androgen blockade. 
Patients previously castrated received only Flutamide while those treated with 
DES or an LHRH agonist alone received [D-Trp6]LHRH ethylamide in combi
nation with Flutamide. By contrast, 125 of 131 (95.4%) of previously untreated 
patients showed a positive objective response at start of treatment (p < 0.01, 
Fisher's exact test) (Table 1). 

In agreement with the present data, 33 to 39% of patients already castrated or 
treated with estrogens have shown a positive response to Flutamide [60, 61]. 
Similarly, after adrenal androgen suppression with aminoglutethimide in patients 
who had become refractory to orchiectomy or estrogens, a positive response was 
observed in 50% of patients [63]. Bilateral adrenalectomy and hypophysectomy 
have been associated with palliation in 20 to 60% of cases [78]. 
As mentioned earlier, there is convincing clinical and laboratory evidence for an 
important role of adrenal androgens in prostate cancer. The clinical data pertain 
to the observation in all studies of a 30 to 50% response to adrenalectomy, 
hypophysectomy, Flutamide or aminoglutethimide in patients who showed re
lapse after orchiectomy or treatment with estrogens [60,61,63,78,91]. Such as 
response can only be explained by the continuing stimulatory action of adrenal 
androgens on prostate cancer growth following medical or surgical castration. 
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Figure 14. Comparison of the death rate after 2 years of treatment with the combined androgen 
blockade (Laval University Prostate Cancer Program (LUPCP» with previous results obtained with 
no treatment [9] and the standard hormonal therapies (orchiectomy (ORCH) and/or estrogens) in 
previously untreated stage D patients: Nesbit and Baum's study [9], study of the Veterans' Adminis
tration Cooperative Urology Research Group (VACURG) [10]; survey of the American College of 
Surgeons (ACS) (1982) [92], and study 500 of the USNPCP (1983) [5]; Leuprolide alone (1984) [92]; 
DES alone [92], and orchietectomy alone (1985) (LUPCP). 

As a support to the clinical data obtained following blockade of the secretion 
or action of adrenal androgens, all the enzymes required for the conversion of 
the adrenal precursors dehydroepiandrosterone (DHEA), DHEA-sulfate 
(DHEA-S), androst-5-ene-3B, 17B-diol (~5 -diol) and androstenedione (~4-dione) 
have been described in the prostate cancer tissue [49-52]. Moreover, castrated 
levels of serum testosterone at 5-10070 of control (0.2-0.4 ng/ml) are still effective 
in androgen target tissues and can maintain androgen-dependent functions at 30 
to 50% of control [75, 78]. These findings are in agreement with the observation 
that the intraprostatic concentration of the most active androgen, namely dihy
drotestosterone (DHT), is only reduced by 50% following orchiectomy [43] 
(Belanger and Labrie, unpublished observation). 

There is thus ample clinical and biochemical evidence for a role of adrenal 
androgens in prostate cancer. Although it seems logical to remove all androgens 
as first treatment of androgen-sensitive diseases such as prostate cancer, the 
relative benefits of early versus late blockage of adrenal androgens had to be 
determined. The finding of a 95.4% rate of positive objective response at start 
of treatment following combination therapy in previously untreated patients 
(Table 1) indicates that prostate cancer, even at the advanced stage of metastases, 
remains exquisitely sensitive to androgens when continuously exposed to normal 
levels of androgens. However, when exposed for some time to the low level of 
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Figure 15_ Comparison of the death rate in previously untreated patients having clinical stage D2 
prostate cancer who received the combination therapy as first treatment and those who had orchiecto
my or received estrogens or LHRH agonsits alone before administration of the combination therapy 
at the time of progression_ Survival was calculated according to Kaplan-Meier from the time of first 
treatment in the two groups_ 

adrenal androgens, tumors become autonomous or treatment-insensitive, thus 
partly loosing their property to respond to the combined antiandrogen blockade 
in approximately 60070 of the cases (Table 4). 

It should be mentioned that the development of treatment resistance has been 
observed in some patients who had received estrogens or had orchiectomy for only 
5 to 10 days although the average pretreatment time was 10.9 months. The 
appearance of autonomous prostate cancer tumors in the human is analogous to 
the development of androgen resistance in mouse Shionogi mammary carcinoma 
cells where the phenomenon occurs extremely rapidly and has been found within 
2 weeks of exposure to low androgens [135, 136]. 

The recent finding that the antiandrogen Flutamide can prevent the loss of 
androgen sensitivity [136] in the presence of low androgen levels may partly 
explain the favorable results observed in the present study in patients who received 
the combination therapy at start of treatment. In fact, Flutamide not only blocks 
the stimulatory action of the adrenal androgens which remain present in prostatic 
cancer tissue following medical or surgical castration but the drug may well block 
the spontaneous action of the free androgen receptor [137] and thus prevent or 
delay the development of androgen-resistant tumors. 

The present data confirm that a large proportion of prostatic cancer tumors 
are autonomous or treatment-resistant at the time of relapse following medical 
or surgical castration. As a consequence, the delay in administering the combi
nation therapy has a major negative impact on the quality of life and survival, 
the death rate during the first 2 years being more than 4-fold higher in the group 
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of previously treated patients as compared to those who received the combination 
therapy as first treatment. Survival, however, was calculated in the two groups 
from the time of first treatment. 

Treatment of patients in relapse following medical or surgical castration 

Since the median life expectancy of patients with metastatic disease is of the order 
of 24 months following standard treatment with castration or treatment with 
estrogens, the majority of prostate cancer patients seen by the urologist and/or 
oncologist are those in relapse. In fact, it includes the patients with advanced 
disease who do not initially respond to standard treatment (20 to 40070) and all 
those who initially respond but eventually relapse (60 to 80%). All cases of 
advanced prostate cancer end up in this category of relapse where the therapeutic 
choices are uncertain and are applied with little uniformity and an absence of 
defined strategy. Although it is clear that these patients present major therapeutic 
problems, some points concerning the androgen-sensitivity of their cancer deserve 
clarification and we will thus attempt to define a strategy for an antihormonal 
treatment based on the most up-to-date fundamental and clinical information. 

Evidence for the androgen-sensitivity of prostate cancer during relapse: need of 
combination therapy in all patients at all times 

The common belief that patients in relapse after castration or treatment with 
estrogens have exclusively androgen-insensitive tumors should be abandonned. In 
fact, it is most likely that androgen-sensitive tumors are present at all stages of 
prostate cancer in all patients and that optimal androgen blockade should be 
performed in all cases. Instead of being androgen-insensitive, most o{the tumors 

Table 4. Objective response to combined antiandrogen treatment in previously treated patients 
in relapse 

Number Months Best objective response Relapse Deaths 
of of 
patients treat- Complete Partial Stable Pro- Pros- Other 

ment gression tate causes 
means cancer 
(limits) 

56 24.3 4 8 12 32 13123 38 2 
(6.1- (7.10/0) (14.3%) (21.4%) (57.1%) (54.2%) (63.7%) (3.6%) 
63.2) 
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which continue to grow after castration are androgen-hypersensitive. These 
tumors are able to grow in the presence of the 'low' level of androgens of adrenal 
origin left after castration. Control of these tumors requires further androgen 
blockade. This affirmation is supported by convincing clinical data as well as by 
well-established fundamental observation [74, 135]. 

We will first make a short review of the clinical observations which demonstrate 
without any doubt that androgen-sensitive tumors remain active after surgical 
castration or treatment with high doses of estrogens. These pertain to the finding 
that 33 to 390/0 of patients already castrated or treated with estrogens showed a 
positive response to the pure antiandrogen Flutamide [60, 61, 91]. In our own 
series (Table 4), it can be seen that an objective positive response assessed 
according to the U.S. NPCP criteria [14], was observed in 42% of patients in 
relapse. Although the number of complete responses is small (7%), they represent 
a major achievement in patients who, otherwise, had a life expectance of less than 
6 months with a poor quality of life. A decrease of more than 50% in the number 
of bone metastases was observed in 14% of patients while a stabilization of the 
disease was seen in 21 % of them. Since the antiandrogen Flutamide is extremely 
well-tolerated and that at least the quality of life is markedly improved in 
approximately 40% of patients in relapse, it seems logical to recommend addition 
of Flutamide to any patient showing relapse after medical or surgical castration. 

The finding of a 420/0 positive objective response upon treatment with Flutam
ide in patients who relapse after castration indicates that a large majority of 
tumors can be blocked or stabilized at least for some time by the antiandrogen 
in these patients. In fact, since the average number of bone metastases at the time 
of relapse is approximately 10, and an arrest or regression of all tumors is seen 
in approximately 40% of cases. It follows that regression of some tumor(s) must 
also occur in more than 95% of the other patients who continue to progress 
globally upon addition of the antiandrogen. In fact, progression does not mean 
that all tumors progress since a single tumor is sometimes responsible for the 
progression while all the other tumors are stabilized or even regress. Most of the 
prostatic tumors, even at the time of relapse, thus have a sensitivity to androgens 
within the range of action of the antiandrogen. That more than 95% of patients 
at the time of relapse have androgen-sensitive tumors is clearly demonstrated by 
the observation of a rapid exacerbation (within 3 days) of the symptoms in 97% 
of relapsing patients treated with exogenous testosterone [131]. 

Categories of relapsing patients 

Two additional points deserve emphasis: first, patients in relapse following 
castration and those in relapse following treatment with estrogens or LHRH 
agonists should not be considered as an homogeneous group of patients. This is 
an error common to most clinical studies performed in patients in relapse. For 
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those who relapse following orchiectomy, the addition of Flutamide alone is the 
next logical step. However, in patients treated with estrogens or LHRH agonists 
alone, measures should be taken to continue to block the testes at the same time 
as Flutamide is administered. Discontinuation of treatment with estrogens or 
LHRH agonists implies that testicular androgen secretion will return to normal, 
thus markedly decreasing the neutralizing ability of Flutamide at the androgen 
receptor level. 

It should be remembered that Flutamide acts by competition with androgens 
at the receptor level and that maximal efficacy of the drug is necessarily achieved 
with the lowest level of endogenous androgens [89]. Moreover, a well-known 
limitation of the use of pure antiandrogens alone is the rise in LH secretion due 
to neutralization of the inhibitory feedback action of androgens on LHRH and 
LH secretion, thus resulting in a secondary rise in serum testosterone and a 
progressive loss of efficacy of the anti androgen at the receptor level [95, 96]. An 
absolute requirement for the use of a pure antiandrogen is thus simultaneous 
blockade of testicular androgen secretion by surgical or medical castration. The 
androgens left are thus limited to those of adrenal origin and the antiandrogen 
will have maximal efficacy. 

Duration of combination therapy 

A second point of major importance which follows the previous one is that one 
should never stop combined antihormonal therapy at the time of relapse. In fact, 
it is most likely that some tumors sensitive to androgens are present at all times 
and that discontinuation of the antihormonal therapy will permit the growth of 
tumors which could be kept under control by a could well-tolerated therapy. Upon 
discontinuation of combination therapy, the tumor burden would be increased 
and tumor growth would then include the growth of tumors unresponsive to the 
antihormonal treatment as well as those which were kept under control by the 
antihormonal treatment (but left free to grow upon its cessation). 

If one decides to add other therapies such as chemotherapy or local radiothera
py, this should always be done in addition to combined antihormonal therapy, 
namely antiandrogen and blockade of the testes. This reasoning is even more 
evident in patients who relapse after monotherapy such as with LHRH agonists 
alone or DES. Since 970/0 of patients at the time of relapse have androgen-sensitive 
tumors [132], it is a major mistake to stop the antihormonal monotherapy before 
adding other measures such as radiotherapy or chemotherapy. Instead of chang
ing hormonotherapy for these other treatments, the most reasonable approch is 
first to change to combination therapy and then to possibly add (not change for), 
those extra measures (if found useful). Local radiotherapy is certainly a most 
useful treatment for pain due to local mestastases. The benefits of presently 
available chemotherapy are however questionable [5]. 
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Inhibition of adrenal secretion 

Aminoglutethimide, an inhibitor of adrenal steroidogenesis, has been found to 
induce a positive response in a significant proportion of relapsing patients. Thus, 
in patients who had become refractory to orchiectomy and exogenous estrogens, 
a favorable response was observed in three of seven patients [46]. Similarly, 
Robinson et al. [63] have seen a palliation in 50070 of patients. In a recent study, 
a subjective response of a median duration of 8 months was found in 19 out of 
40 (47%) relapsing patients treated with amino glutethimide while a positive 
objective response assessed according to NPCP criteria was seen in 6 of 40 cases 
(15070) [138]. A subjective improvement in a similar group of patients has been 
reported in 9 of 12 (75%) cases [139]. Complete and partial objective responses 
(according to US NPCP criteria) have been reported in 7 of 43 patients 
(15%) [140, 141]. 

The sum of available clinical data indicates that the administration of amino
glutethimide to relapsing patients offers subjective benefits in approximately 50% 
of patients. It should be mentioned that in many patients treated with estrogens, 
the estrogen therapy was stopped and there is every reason to believe that the 
inhibition of adrenal androgen secretion was more than offset by the return of 
testicular androgen activity. Better responses could thus be expected if estrogen 
therapy had been continued or even better replaced by orchiectomy or treatment 
with LHRH agonists. One should not neglect the testicular androgens when 
dealing with those of adrenal origin. Since both the testes and the adrenals 
contribute about equally to the total androgens present in prostate cancer, partial 
blockade of adrenal androgen secretion with aminoglutethimide in the presence 
of normal testicular androgen secretion might be even less efficient than the 
previous treatment with estrogens which blocked 50% of androgens, namely those 
of testicular origin. As will be described in more detail in the section entitled scale 
of usefulness of antihormonal therapies, blockade of the testes in association with 
an antiandrogen is the first step and is an obligatory component of all antihormo
nal regimens. 

Scale of usefulness of antihormonal therapies in prostate cancer 

The antihormonal therapy of prostate cancer is based on the principle that 
prostate cancer development and growth is sensitive to androgens as originally 
suggested by Huggins and Hodges [6]. The second and recently established 
principle [28, 78] which is the basis for combined antihormonal therapy, is that 
two sources, namely the testes and the adrenals, contribute about equally to the 
total amount of androgens present in the prostate (both normal and tumoral). 

If one accepts that androgens stimulate prostate cancer growth, the next logical 
step in the treatment of this disease is to eliminate, as much as possible, all 
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androgenic influences on prostate cancer with the best available drugs. Since the 
testes represent approximately 50070 of androgens and appropriate means to 
eliminate this source of androgens are readily available, this should be an essential 
component of any anti hormonal therapy of prostate cancer. The choice is between 
orchiectomy and the use of LHRH agonists. For the patients who accept surgical 
castration, this is certainly most valid. However, LHRH agonists are now widely 
available and there is no doubt that these pep tides are a well-tolerated, safe and 
an efficient way of achieving a complete blockade of testicular androgen se
cretion [17, 22, 78]. 

Due to their high rate of serious cardiovascular side effects [15], estrogens, in 
our opinion, are no longer justified. In addition to a death rate as high as 15% 
due to estrogens during the first year of treatment, a finding sufficient by itself 
to prohibit their use, there is also evidence that estrogens can increase the level 
of prostatic androgen receptors, thus increasing the local activity of andro
gens [142, 143]. Elimination of approximately 5011,10 of the androgens active in 
prostate cancer can thus be easily achieved by orchiectomy or treatment with 
LHRH agonists without any side-effect other than those due to elimination of 
testicular androgens. 

The next easy and also highly efficient step is the oral administration of a pure 
antiandrogen such as Flutamide. For reasons discussed above, the administration 
of the antiandrogen should, without exception, start at the same time as orchiecto
my or first injection of the LHRH agonists. From our current knowledge on the 
pharmacokinetics of action of the antiandrogen, the first pill or tablet of Flutam
ide should be administered 3 hours before injection of the LHRH agonist or 
orchiectomy. The anti androgen has a double beneficial action: first, it inhibits 
by approximately 50% the serum levels of the four adrenal steroids DHEA-S, 
DHEA, ,:\ 4-dione and ,:\5 -diol, thus decreasing to the same extent the level of 
androgens from adrenal origin in the prostate cancer [78, 144]; second, it com
petes with the remaining adrenal androgens for the androgen receptor [89]. 

While medical or surgical castration causes a decrease of free intraprostatic 
DHT from approximately 3.0 to l.5 ng/g tissue (Fig. 1), the addition of Flutam
ide causes a major additional decrease estimated to leave approximately 0.2 ng 
free DHT / g tissue. The combination of castration and Flutamide at the dose of 
250 mg every 8 hours thus causes an estimated 9311,10 decrease in intraprostatic free 
DHT. It should be mentioned that this approximately 9311,10 blockade of androgens 
in prostate cancer tissue is achieved very easily with minimal or no side effects. 
It should be added that these values of free active DHT are approximate and based 
on the available affinities of DHT and Flutamide for the androgen receptor and 
the concentration of the respective substances in the prostate (Belanger, Dupont 
and Labrie, unpublished data). Important variations are also expected between 
patients as well as between individual tumors in each patient. 

The next question is the usefulness of further androgen blockade after combi
nation therapy. The response is most likely to be yes if the benefits of the added 
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drug are not compensated by side-effects which affect the quality of life. The 
approximately 70/0 of active DHT or 0.20 ng DHT/g tissue left free after combi
nation therapy can well play an important role in prostate cancer growth. The 
importance of these low levels of DHT is likely to vary with each tumor [141]. 
In fact, although 0.20 ng DHT / g tissue is at the lower limit of current measure
ment assays, it might well be in the range of sensitivities of some tumors or 
clones [74]. As illustrated in Figures 2, 4 and 5, the response of prostate cancer 
to androgens is logarithmic, thus indicating the importance of low levels of DHT. 

In summary, based on our are current endocrinological, urological and 
biochemical knowledge, the drug that should be used in all cases of advanced 
prostate cancer is a pure antiandrogen such as. Flutamide. It is the single most 
efficient inhibitor of androgen action in prostate cancer. However, this drug 
should never be used alone but always in combination with an LHRH agonist or 
surgical castration. With this combination therapy, excellent results are obtained 
with minimal side effects limited to hot flashes and a decrease of loss of libido. 
Although further androgen blockade could be desirable and research efforts 
should be devoted to this subject, the other available drugs can only achieve a 
partial blockade of adrenal androgen secretion below the efficiency of Flutamide, 
a drug that blocks both adrenal secretion and action [78, 144]. If one elects to 
use further blockade of adrenal secretion, these other drugs or measures should 
always be in addition to the combination therapy which should be continued for 
life. 

Clinical trials on the benefits of combination therapy versus combination 
therapy plus aminoglutethimide and low dose hydrocortisone should be undertak
en. It is also possible that the addition of ketoconazole during the first two weeks 
of treatment with LHRH agonists in order to block the transient rise in serum 
androgens could be advantageous. This drug, however, should never be used 
alone but always in combination with Flutamide and an LHRH agonist (or 
orchiectomy) since its inhibitory effect on adrenal steroid secretion is much too 
weak. 

None of the above-mentioned drugs should be used alone, combination therapy 
with an LHRH agonist (or orchiectomy) in association with Flutamide being the 
minimal antihormonal regimen for all patients suffering from advanced prostate 
cancer. Why leave tumors grow when well-tolerated drugs are available. The time 
for partial blockade of androgens in prostate cancer is something of the past and 
unacceptable according to the most up-to-date endocrine and biochemical scienti
fic data. The goal of all of us treating advanced prostatic cancer should be the 
best possible response and not simply a response. 

Since the combined antiandrogen blockade provides a much higher rate of 
positive response at the start of treatment (95.4 vs 60-80%), and provides 
additional years of excellent quality of life with no side effects other than those 
related to the blockade of androgens (hot flashes and a decrease or loss of 
libido) [78, 79, 93, 94], it seems logical to propose that the combination therapy 
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should be given as first treatment with no exception to all patients having 
advanced prostate cancer and should be continued without interruption for life. 
For all those who have received previous hormonal therapy, the combination 
treatment remains the best alternative and can permit a positive response in a large 
proportion of patients with a good quality of life and most likely prolongs 
survival. In order to avoid the development of resistance to treatment, compliance 
is an essential requirement: the combination therapy with an antiandro
gen + LHRH agonist (in non castrated patients) should be taken for life without 
any interruption. 
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Editorial Comment 

JOSEPH A. SMITH, Jr. 

The concept of total androgen suppression in the treatment of patients with metastatic carcinoma of 
the prostate is not noval. The recognition that prostatic cancer may be stimulated by androgens of 
adrenal origin has led to previous efforts to ablate adrenal androgen production. Several factors have, 
however, led to renewed interest in the subject. First, improved biochemical assay methods have 
allowed identification of what appear to be significant levels of intracellular androgens, even after 
patients have undergone orchiectomy. Secondly, the development of LHRH analogs and nontoxic 
anti-androgens has allowed pharmacologic deprivation of both adrenal and testicular androgen from 
the prostatic cancer cell and decreased the morbidity of treatment. Finally, the enthusiasm and zeal 
with which Dr. Labrie and colleagues have promoted this subject have generated widespread interest 
within the lay pUblic. 

The role of adrenal anrogens in stimulating the growth of prostatic cancer certainly deserves further 
study. However, what must be kept in mind is that total androgen suppression is not 'clearly proven 
beyond any doubt whatsoever' to be superior to traditional methods of hormonal therapy in the 
treatment of patients with prostatic cancer. Several concepts put forth in the preceding chapter do 
not offer as irrefutable proof of the superiority of this treatment as is implied and deserve further 
comment. 

Circulating and intracellular androgen levels 

Over 90OJo of circulating levels of serum testosterone are of testicular origin and the adrenal gland 
contributes only weak androgens to the circulating pool. Therefore, the possibility that adrenal 
androgens may be of significance in patients with prostatic cancer often has been dismissed. More 
recent evidence has, however, shown that intracellular dihydrotestosterone levels may be significant 
even after orchiectomy [1]. The implication is that intracellular conversion of the adrenal steroids 
androstenedione and dehydroepiandrosterone produces significant amounts of potent androgen 
dihydrotestosterone. The ability of adrenal androgens to promote secondary sexual characteristics 
through intracellular conversion to DHT is demonstrated in pathologic conditions such as Cushing's 
syndrome, idiopathic hirsutism, adrenal hyperplasia or adrenal tumors. 

While the demonstrated levels of intracellular DHT after orchiectomy are a possible concern and 
deserve further study, the contribution of adrenal androgens to the growth of prostatic cancer cells, 
in either the presence or absence of testicular production of testosterone is uncertain. Dr. Labrie and 
colleagues estimate that adrenal and testicular androgens contribute equally to intracellular DHT levels 
and that orchiectomy eliminates only half of the potential androgenic stimulus to prostatic cancer 
cells. Much of their work regarding cell growth and heterogeneity is based upon the Shionogi mouse 
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mammary carcinoma model. Although their data are interesting and should lead to further study, 
the unwavering extrapolation that these same phenomena are operative in human prostatic adenocar
cinoma is not scientifically sound. 

Historical data 

The lack of enthusiasm for adrenal androgen blockade among most clinicians treating patients with 
prostatic cancer is based upon the relatively unfacorable results which have been achieved historically. 
Certainly, Dr. Labrie and co-workers have derived a much more favorable interpretation of previous 
results than is commonly held. 

Huggins and Scott initially reported adrenalectomy for prostatic cancer patients based upon the 
belief that adrenal androgen ablation may be beneficial in patients relapsing after primary hormonal 
therapy [2]. In a literature review, Brendler reported only a six per cent objective response after 
adrenalectomy [3]. Although 73 per cent of patients reportedly had subjective improvement, most 
responses were of short duration. Aminoglutethemide produces a medical blockade of adrenal cortical 
function and has been used as a 'medical adrenalectomy' in prostatic cancer patients. The reported 
series suggest a favorable response in approximately one third of patients treated with aminoglute
themide after previous hormonal therapy. Most responses are subjective and of short duration and 
the contribution of concomitantly administered steroids to these results is uncertain. 

Pituitary ablation via surgery, cryo destruction, or interstitial irradiation has also been used un 
patients who fail to respond or relapse after conventional hormonal therapy. Short duration subjective 
responses of greater than 50 per cent are commonly reported in the literature [4]. However, well 
documented objective responses are much less common. Indeed, in our series, we observed clear 
evidence of objective progression in patients with subjective improvement [5]. Hypophysectomy is 
known to alter levels of endorphins and enkephlins, endogenous opiate peptides which affect 
subjective pain interpretation and may serve as neuro-transmitters in pain modifying pathways. Since 
the primary response to hupophysectomy in prostatic cancer patients seems to be sUbjective improve
ment in bone pain, the effects of pituitary ablation may be related to alterations in pain perception 
rather than a favorable impact upon the disease process itself. 

Flutamide, as Dr. Labrie correctly points out, is a drug which appears to be relatively unique in 
that it is a pure anti-androgen. Flutamide has been used in prostatic cancer patients failing alternative 
endocrine therapy with results somewhat less impressive than implied by Dr. Labrie and colleagues. 
Sogani and associates reported an objective response of short duration in six of 26 patients with 
prostatic cancer refractory to conventional hormonal treatment who were treated with flutamide [6]. 
MacFarlane and Tolley found that 12 of 14 patients failing conventional hormonal treatment had no 
evidence of a response to 750 mg of flutamide daily [1]. Based upon their own experience, the authors 
of these papers concluded that flutamide was of little benefit in patients failing standard therapy. 

LHRH analogs 

The ability of LHRH analogs to suppress serum testosterone levels and maintain them in the castrate 
region has been well documented and these drugs are now used as an alternative means of endocrine 
therapy for prostatic cancer patients [8]. However, Dr. Labrie and colleagues wonder how LHRH 
analogs can be used alone in the treatment of prostatic cancer patients. Their skepticism is based upon 
analysis of the endocrine response in patients treated with LHRH analogs and seems to ignore the 
abundant clinical data demonstrating the effectiveness of these agents. While it is true that one should 
not anticipate a response superior to that achieved with alternative means of hormonal therapy, the 
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equivalent response between patients receiving LHRH analogs and those treated with estrogens and, 
implicitly, orchiectomy is documented [9]. 

The issues raised regarding the initial testosterone stimulation in LHRH treated patients and the 
potential for a 'tumor flare' are important and deserve further comment. Undoubtedly, elevation of 
serum testosterone in prostatic cancer patients runs contrary to the well established goals of hormonal 
therapy. As Dr. Labrie points out, administration of exogenous testosterone to prostatic cancer 
patients relapsing after conventional hormonal therapy is dangerous and has an adverse effect in over 
90 per cent of patients. However, in previously untreated patients where circulating levels of serum 
testosterone may be producing near maximal physiologic stimulation of tumor cells, adverse responses 
are less common. Nevertheless, there undoubtedly are well substantiated reports of adverse effects 
observed within the first two weeks of LHRH therapy in prostatic cancer patients. Appropriate patient 
selection is mandatory and certain patients, including those with impending neurologic compromise, 
should be excluded from initial LHRH therapy. Using these selection criteria, approximately 10 per 
cent of our patients have had a modest increase in bone pain during the first week of therapy with 
an LHRH analog but we have seen no serious adverse response in over 80 patients treated. Also, there 
seems no clinical justification for the belief that the transient increase in serum testosterone adversely 
effects survival or duration of response in patients treated with an LHRH analog. Dr. Labrie states 
that there is a zero per cent response rate at two years in patients treated with an LHRH analog. This 
clearly runs contrary to most published reports and there seems good evidence that the duration of 
response is similar to that achieved with orchiectomy or estrogens [9]. 

A final comment regarding objective response to LHRH analogs is pertinent. Dr. Labrie states that 

combination therapy with an LHRH analog and an anti-androgen improves the objective response 
by nearly 40 per cent compared to an LHRH analog alone. Using the same criteria which he espouses, 
i.e. those of the National Prostatic Cancer Project, patients treated initially with an LHRH analog 
alone were found to have an 86 per cent objective response [9]. Therefore, the potential for 
improvement is strikingly more modest than implied in the previous chapter. 

Clinical results of treatment with an LHRH analog and f1utamide 

Initially, enthusiastic reports of LHRH plus anti-androgen treatment were published before large 
clinical series were available. Reportedly, 95 percent of patients have had an objective response based 
upon N.P .C.P. criteria although careful review indicates that many patients do not have parameters 
which would allow accurate definition of response using these criteria. Also, the reported 95 percent 
response may not be dissimilar to the previously published 86 percent objective response using these 
same criteria seen in patients treated with an LHRH analog alone. The improvement, if any, with 
combination therapy may be much less remarkable than is implied. 

After patients have failed alternative hormonal therapy, the authors claim a 42 percent objective 
response in patients treated with f1utamide. This response exceeds that reported by other groups using 
the identical drug. Also, it should be noted that a 48070 response of short duration has been reported 
in patients treated with an LHRH analog after failing estrogen therapy [II]. Since the majority of 
responses in f1utamide or LHRH treated patients are stabilization, one wonders whether this is a true 

response or simply an observation of the natural history of the disease. Also, it should be questioned 
whether all of the patients treated by Dr. Labrie and colleagues were true failures on alternative 
hormonal therapy. Some patients were started on flutamide within five or ten days of orchiectomy 
or the initiation of estrogen therapy. How could progressive disease be documented within that time? 
Finally, the advice that hormonal therapy be continued in relapsing patients who are to be treated 
with palliative irradiation or chemotherapy seems well founded. There is good evidence that some 
cells maintain their androgen responsiveness in this setting and may increase in size if serum 
testosterone is allowed to rise. Whether or not f1utamide should be instituted after patients have failed 
orchiectomy is, however, far less certain. 
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Summary 

The concept of total androgen suppression by ablation of both testicular and adrenal androgen 
production is worthy of study. However, the dogmatic fervor with which this treatment is espoused 
in the preceding chapter seems unsubstantiated. Neither historical data nor the known hormonal 
responsiveness of prostatic cancer would imply that this is likely to be a 'remarkable advance'. 
Fortunately, unlike so many other areas of medicine, this does not seem to be an argument which 
will persist indefinitely. A large, multi-center study comparing the results of an LHRH analog plus 
flutamide versus an LHRH analog plus placebo in previously untreated metastatic prostatic cancer 
patients has recently completed accrual [12]. The results of this study should be forthcoming within 
the next few years. Dr. Labrie has accepted the results of this study as a foregone conclusion and 
has suggested another study adding aminoglutethemide or ketoconozale as a third treatment. Howev
er, since most clinicians are less convinced of the value of combination therapy with an LHRH analog 
and flutarnide, the results of this initial study will be of great interest. Dr. Labrie deserves credit for 
increasing the interest in the possibility of adrenal androgenic stimulation of prostatic cancer but the 
answer as to whether or not such combination therapy improves the results which have historically 
been obtained with testicular androgen deprivation remains to be determined. 
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Transitional cell carcinoma of the bladder is an ideal tumor for the evaluation 
of cancer immunotherapy. Unlike most tumors, patients with transitional cell 
carcinoma of the bladder typically present with localized superficial disease which 
can be readily resected. After tumor resection patients are generally immunologi
cally competent and adequately nourished, but have an approximately 70070 risk 
of tumor recurrence. Such recurrences may be due to the implantation of tumor 
cells released during transurethral resection. Animal models suggest that traumat
ized urothelium is particularly susceptible to tumor implantation. Alternatively, 
tumor recurrence may be due to incomplete resection of the primary tumor, 
growth of microscopic tumors not visible to the endoscopist, or the generation 
of new tumors. New tumors may result from continued physical, chemical, or 
biological carcinogen exposure in a susceptible host or, more likely, from the 
progression of malignantly transformed cells from occult to overt malignancy. 
Multifocal atypia, loss of blood group antigens in normal appearing urothelium, 
and multi focal recurrences in patients with transitional cell carcinoma suggest that 
malignant transformation is widespread. Such microscopic or submicroscopic 
disease is accessible for topical therapy. It is presumably the combination of an 
immunocompetent host with an accessible, antigenic, microscopic or submicro
scopic malignancy which has resulted in the successful immunotherapy of bladder 
cancer. 

BCG immunotherapy for recurrent superficial bladder cancer has been highly 
successful and has been acknowledged to be currently the most successful form 
of immunotherapy for human malignancy [1]. Current data to be presented in 
this chapter suggest that BCG immunotherapy is in fact the most effective 
intravesical treatment of carcinoma in situ as well as the most effective prohylactic 
agent for the prevention of recurrence of transitional cell carcinoma. 

* Supported in part by NCr 5 Ror CA 42327. 
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206 

Historial background 

Tuberculosis has been a primary scourge of mankind. Early morbidity and 
mortality figures are difficult to obtain and are of questionable validity, but it 
is estimated that more than 90070 of the European population were exposed to 
tuberculosis and the annual death toll exceeded 275 per one hundred thousand 
population in the mid-19th century [2]. The prevalence of the tuberculosis bacillus 
and the mortality rate of infection suggest that this organism may have had a 
significant influence on evolution. Indeed, in the mouse genetic control of 
resistance to tuberculosis infection has been documented [3]. It is not surprising, 
therefore, that bacillus Calmette-Guerin is one of the most potent immune 
stimulants known. The survival of our ancestors was in part dependent on their 
ability to mount an immune response to Mycobacterium tuberculosis. 

Koch demonstrated that the tubercle bacillus was the causative agent of 
tuberculosis in 1882 [4]. Many researchers initiated attempts to prepare a tubercu
losis vaccine thereafter, with preliminary success reported as early as 1886 [4]. 
Auguste Calmette and Claude Guerin are responsible for the most successful 
tuberculosis vaccine: bacillus Calmette-Guerin. BCG was isolated at the Pasteur 
Institute of Lille through progressive attenuation of a virulent strain of Mycobac
terium bovis that had been previously isolated in 1882 by Nocard. Complete 
attenuation required 13 years and 231 serial passages which were made possible 
by adding beef bile to the bacterial emulsions [4]. The first clinical trial of the 
vaccine was given in 1921. An oral BCG preparation was used to protect a 
newborn child who was to live in household with active tuberculosis infection. 
The child suffered no ill effects and did not contract tuberculosis [4]. Since that 
time more than 1.5 billion BCG vaccinations have been performed with negligible 
mortality and very little morbitity [5]. 

Nearly 4 decades elapsed between the application of BCG in tuberculosis 
prophylaxus and its application in the treatment of cancer. During this interval 
Freund and other immunologists discovered the remarkable stimulatory effect of 
BCG on the immune response [6]. BCG was found to be a potent stimulant of 
the reticuloendothelial system [7], and stimulation of the reticulo-endothelial 
system had been observed to be associated with the prevention of tumor 
growth [8]. It was this activity which first prompted investigators in 1959 to 
evaluate BCG in the inhibition of tumor growth in animal models [9]. The 
remarkable efficacy of BCG immunotherapy in animal tumor models, the high
lights of which will be discussed, was not effectively transferred to man as BCG 
met with multiple failures in clinical trials. BCG immunotherapy was initially 
reported to be dramatically successful in the treatment of melanoma, squamous 
cell carcinoma of the head and neck, lung carcinoma, and, when combined with 
chemotherapy, acute lyphocytic leukemia and acute and chronic myelocytic 
leukemia [10]. Unfortunately, with the notable exception of carcinoma of the 
bladder, most well designed prospectively controlled clinical trials failed to 
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demonstrate significant therapeutic benefit from BeG immunotherapy [11]. The 
dramatic success in the treatment of human bladder cancer when contrasted with 
the failures observed in the treatment of other malignancies should provide 
lessons which will permit the extension of effective immunotherapy to many other 
human malignancies. 

Animal studies 

As pointed out by Bast in 1974, clinical investigators have not made optimal use 
of information obtained from work with animal tumors [9]. Experimental results 
with animal tumor models cannot be translated directly to the clinic, but the 
experience gained from such experimentation can significantly improve the design 
of clinical protocols and expedite the delivery of therapeutic improvements. 
Experience obtained by a number of investigators and reviewed by Bast [9] 
suggests that growth of a variety of tumors can be prevented in a wide range of 
animal species if systemic BeG infection was established by subcutaneous or 
intravenous inoculation. BeG has been much less effective in the treatment of 
established tumor grafts. Tumor size has constituted a critical limitation of BeG 
immunotherapy, with as few as 100,000 cells being a limit of efficacy in some 
mouse models. In general, admixture of BeG with irradiated tumor ot tumor 
vaccines has improved the efficacy of BeG. BeG has been effective only when 
given to immunocompetent hosts. Suppression of the immune response with 
anti-thymocyte serum, steroids, or irradiation, and thymectomy typically results 
in failure to develop acquired cutaneous hypersensitivity to PPD and inability to 
prevent tumor growth. While some nonviable BeG subfractions have demonstrat
ed activity in animal models, in general an adequate number of viable BeG 
organisms is an essential requirement for successful BeG immunotherapy. In 
general, approximately ten to the seventh organisms are required. Excessive BeG 
administration, or administration of nonviable preparations can reduce the 
efficacy. Close association of BCG and tumor cells results generally produces 
optimal response. In animal models, intralesional injection is typically highly 
effective, whereas injection of BeG in areas remote from the tumor typically does 
not inhibit tumor growth. As with any immunotherapy, BCG can be effective only 
if there are recognizable antigenic determinants on the tumor cell. It is readily 
apparent from a review of the suggested requirements for optimal immunotherapy 
in animal studies, i.e., prophylactic BeG administration, minimal tumor size, 
immune competent host; administration of adequate numbers of viable orga
nisms, close proximity of BCG to tumor cells, and the presence of an antigenic 
tumor, that transitional cell carcinoma of the bladder represents an ideal appli
cation of the principles of BeG immunotherapy tu human cancer. 

Animal studies of BeG immunotherapy in transitional cell carcinoma have also 
contributed to our knowledge of the factors of importance in effective BCG 
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immunotherapy of bladder cancer. In 1977 Lamm and co-workers observed that 
intralesional administration of BCG cell walls effectively prevented tumor pro
gression in systemically BCG sensitized rats while no affect was observed when 
BCG cell walls were injected intralesionally in unsensitized rats [12]. In 1978, 
deKernion and co-workers observed prolongation of survival, despite an absence 
of effect on tumor growth, when intramuscular BCG was given on the day of 
transplantation of the transplantable murine bladder tumor MBT2 [13]. Adolphs, 
et aI., in 1979 observed that cyclophosphamide, which is known to inhibit 
suppressor T-cells, enhanced the efficacy of systemic BCG immunotherapy [14]. 
They also observed that systemic BCG alone reduced bladder tumor size relative 
to untreated controls. Surprisingly, intralesional BCG increased mean bladder 
weights compared with controls. This increase in bladder weight was no doubt 
in part related to the mass associated with granuloma formation in BCG inoculat
ed animals. Initial studies by Soloway [15] and Morales [16] suggested that 
systemic intraperitoneal BCG had no anti-tumor effect, but subsequent studies 
using higher doses of BCG resulted in very significant protection [17]. The 
efficacy of high dose systemic intraperitoneal BCG, which is of interest in view 
of the reported clinical efficacy of oral BCG, has been recently confirmed by 
Drago in the Nb rat bladder cancer model [18]. 

Comparison of substrains of BCG in the MBT2 model has demonstrated that 
Tice and Armand-Frapier preparations in doses ranging from 5 x 105 to 1 x 107 

colony forming units per animal were highly effective and superior to immuno
therapy with agents such as BCG cell wall skeletons, RE glycolipid or Keyhole 
Limpet Hemocyanin [19]. Glaxo BCG had no beneficial effect when used in 
maximal doses in the MBT2 model, but was observed by Pimm and Baldwin to 
decrease growth of human tumor cell line T24 when admixed at the time of 
transplantation into nude mice [20]. The immunity induced by BCG has been 
observed to protect from subsequent tumor challenge for as long as eight months 
without additional BCG treatment and as long as 15 months if additional BCG 
was given at the time of tumor inoculation [21]. Animal data clearly confirm that 
appropriate doses of local and/or systemic BCG inhibit the growth of transitional 
cell carcinoma. Multiple other non-specific immunotherapeutic agents, including 
Keyhole-Limpet Hemocyanin, Levamisole, Corynebacterium parvum, and inter
feron inducers have been effective, but to date nothing has been demonstrated 
to be superior to immunotherapy with live BCG. 

Mechanism of action 

The wide variety of immunological effects of BCG attests to the wisdom of those 
who have labeled it a non-specific immune stimulant. While the efficacy of BCG 
cannot be denied, the mechanism of action which is responsible for the beneficial 
results observed in cancer immunotherapy remain largely undetermined. There 
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is evidence from animal studies that suggests that BCG may share antigenic 
determinants with a variety of tumors [22]. BCG is a potent immune adjuvant 
which heightens the response to antigenic stimulation. Administration of BCG 
stimulates the reticuloendothelial system resulting in hyperplasia and increased 
phagocytic and cytolytic activity of macrophages and augmentation of delayed 
cutaneous hypersensitivity. In animals systemic BCG administration results in 
hyperplasia of the spleen, which is measurable as increased splenic weight. In our 
patients given BCG immunotherapy small but statistically significant increase in 
absolute lymphocyte counts were observed. In animal models, BCG adminis
tration has been associated with increased resistance to bacterial and viral in
fection, enhanced humoral immunity, and increased interferon production. In 
our patient we have observed an increase in antibody titers to PPD, but no 
non-specific increase in antibody titers or skin test reactivity to common infectious 
organisms [23]. We have also observed stimulation of interferon levels in patients 
who favorably respond to BCG immunotherapy [24]. 

Intravesical BCG administration results in an intense inflammatory cell infil
tration of the bladder with lymphocytes, polymorphonuclear leukocytes, plasma 
cells, histiocytes, and foreign body giant cells. Some have suggested that the 
inflammation resulting from intravesical BCG administration is the sole mecha
nism of action. In view of the multiplicity of responses to BCG and the obser
vation that other inflammatory agents such as DNCB promote rather than inhibit 
bladder tumor growth [12], inflammation is unlikely to be the sole mechanism 
of action. Moreover, the efficacy of local BCG immunotherapy is correlated with 
systemic immune response as measured by PPD skin test reactivity [25, 26], and 
oral BCG in man [27] and high dose systemic (intraperitoneal) BCG immunother
apy in animals [17, 18] is reported to be effective in the prevention of transitional 
cell carcinoma without causing local inflammatory reactions. Characterization of 
the response to BeG immunotherapy in terms of alteration of lyphoid subpopu
lations is currently under investigation. Preliminary results suggest that, in healthy 
subjects, BCG vaccination results in a reduction in white cell, lymphocyte, and 
monocyte counts two days after administration followed by an increase back to 
baseline levels [28]. Increased NK cytotoxicity was observed on days 10 and 14 
and antibody dependent cytotoxicity remained increased through day 21 [28]. On 
the other hand, BCG vaccination in bladder tumor patients has been observed 
to prevent the depression of lymphocyte cytotoxicity to bladder tumor cell lines 
which occurs following transurethral bladder tumor fulguration [29]. The array 
of responses to BCG suggests that BCG affects a range of different cell types 
including B cells, T cells, macrophages, killer (K) cells, and natural killer (NK) 
cells [30]. Since BCG is able to exert an effect in the presence of selective 
immunosuppressants it is unlikely that it acts through a single mechanism [30]. 
The induction of cytotoxic T cell immunity is clearly an important mechanism 
of action of BCG. In experiments by Davies and Sabbadini, tumor immunity in 
BCG-treated mice could be transfered to non-immune mice by cells having 
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characteristics of T cells [31]. The complexity of immune responses to BCG 
suggests that multiple factors are responsible for the antitumor effect of BCG. 
Indeed, as new lymphokines and antitumor factors are identified, it is anticipated 
that many of these factors will be induced by BCG. 

Clinical BCG trials 

BCG Prophylaxis: The first clinical trial of intravesical BCG therapy was reported 
in 1976 by Morales [32]. In this initial report 9 patients with Stage T-O(O) or 
T -1 (A) transitional cell carcinomas were treated with six weekly vaccinations of 
120 mg Armand-Frappier BCG in 50cc saline intravesically plus 5 mg of BCG 
percutaneously using the multiple puncture technique. BCG treatment resulted in 
a 12 fold reduction in the number of tumors per patient month. Based on these 
encouraging preliminary results the National Cancer Institute funded two pros
pective randomized clinical trials of intravesical BCG using Morales' technique. 
Our initial results were presented in 1979 [33]. The significant advantage of BCG 
immunotherapy observed at that time has become even more impressive with the 
passage of time. A total of 94 patients have now been enrolled in randomized 
studies. Only 10 of 54 (18.5070) patients treated with BCG have had recurrent 
tumor compared with 19 of 40 (47.5%) control patients (P=0.003, Chi square). 
The disease free interval has been prolonged from the mean of 31 months in 
controls to 58 months with BCG treatment (P = 0.0017). As illustrated in the 
figure, control patients have continued to have tumor recurrence at the expected 
rate. However, in the BeG group of patients there is an apparent leveling of the 
time to recurrence curve. Indeed, of the original group of 30 patients randomized 
to BCG, 6 were reported to have had tumor recurrence in 1982. Since that time, 
none of the remaining 24 patients has had tumor recurrence. 

The recond prospective randomized trial was performed at Memorial Sloan
Kettering Cancer Center [34]. The same treatment schedule was used but the 
patient population was quite different and represented a group of patients with 
superficial bladder tumors who were at very high risk for tumor recurrence as 
evidenced by the 100% recurrence rate by 8 months in the untreated control 
group. The dramatic reduction in tumor recurrence from 2.37 tumors per patient 
month in control to 0.7 tumors per patient month in the BCG group has persisted 
with continued observation [35]. 

Multiple investigators have confirmed the efficacy of BCG in the prevention 
of bladder tumor recurrence. In 1980 Martinez-Pineiro [36] noted 21 % tumor 
recurrence in 29 patients followed for 5 to 42 (mean 15.1) months. In 1982 
Brosman noted no tumor recurrence in 49 patients treated with maintenance 
intravesical BCG and followed for over 2 years [37]. In 1983 Adolphs and 
Bastien [38] observed only 9% tumor recurrence in 90 patients treated with a 
single injection of cyclophosphamide and a 6 week course of intravesical and 
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percutaneous BCG [38], and Netto and Lemos reported 6070 tumor recurrence in 
16 patients treated with high-dose oral BCG [27]. Similar protection from tumor 
recurrence has been reported by Babayan [39], deKernion [40], Haaf [41], Schell
hammer [42], and others. 

Two studies stand alone in failing to observe protection from tumor recurrence 
in patients treated with BCG. These studies are important, since a review of the 
method of BCG immunotherapy utilized may provide information of use in the 
design of treatment protocols. The first study by Flamm and Grof [43] observed 
a 59% recurrence rate in patients treated with Connaught BCG given only 
intravesically. While this dissappointing recurrence rate may reflect the selection 
of a high risk population, it is noteworthy that the same strain was highly effective 
when given both intravesically and percutaneously by Adolphs and Bastien [38] 
and by members of the Southwest Oncology Group. The second negative study 
by Stober and Peter [44] is a well performed prospective study comparing transur
ethral surgery alone versus surgery plus percutaneous BCG. No protection was 
observed when percutaneous BCG alone was given. These studies suggest that the 
route of administration is important, and may be particularly important when 
lower vaccine doses or shorter durations of treatment are used. Low doses of BCG 
given intravesically alone may be ineffective while combined intravesical and 
percutaneous BCG, or higher doses given intravesically alone are effective. 

Treatment of existing tumor 

Despite the observation from animal studies that BCG is rarely effective when 
tumor burden exceeds 100,000 cells, BCG has been used to treat patients with 
residual bladder cancer. Surprisingly, such treatment has been remarkably effec
tive and compares very favorably with response rates reported for intravesical 
chemotherapy. A variety of treatment techniques and BCG substrains have been 
used. As illustrated in Table l, complete response rates range from 36 to 83 per 
cent, with a mean complete response rate of 58%. 

While this complete response rate is indeed encouraging, based on the animal 
data and my own experience in treating patients with bulky disease, I personally 
make every effort to completely resect all tumor prior to initiating BCG immuno
therapy. In two instances patients have had such extensive disease that two 
separate operations were required to safely remove all visible tumor. These 
patients, like many others, have remained free of tumor recurrence for several years. 

BeG therapy for carcinoma in situ 

Carcinoma in situ of the bladder should in theory be an ideal tumor for BCG 
immunotherapy. Carcinoma in situ is a poorly differentiated and presumably 
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antigenic tumor that is only a few cell layers thick, and is commonly widely 
dispersed in the bladder. Tumor volume with CIS is small. When confined to the 
bladder, CIS is most accessible to direct contact with BCG. CIS of the ureter, 
and perhaps the urethra, is less accessible and more difficult to manage. The 
complete response rate of 82 percent in a combined experience with 177 patients 
with CIS of the bladder treated with Armand-Frappier, Connaught, and Tice 
substrains of BCG exceeds that reported with any other intravesical agent. 
Reported responses range from 68 percent to 100 percent. Those differences are 
largely attributable to differences in criteria of qualification for complete re
sponse. Morales [49], for example, required complete response without relapse 
for the duration of the study to qualify as a complete response. Another apparent 
factor in the difference in reported response rates is the continuation of BCG 
treatment. Brosman [50] increased his complete response rate from 67"70 at 12 
weeks to 89% at 18 weeks and 100% at 24 weeks in 27 patients who were able 
to tolerate weekly intravesical BCG treatment. These complete responses are not 
merely of academic interest since 87% of patients achieving complete response 
remained disease free during the 5.25 year average follow up period. Excellent 
responses have been observed with Tice, Armand-Frappier, and Connaight 
substrains of BCG [51]. 

The excellent complete response rate of CIS to BCG treatment plus the 
durability of these responses suggests that BCG is the treatment of choice for 
carcinoma in situ of the bladder. While invasive or metastatic disease can progress 
despite a complete response to bladder CIS, and caution must be exercised with 
meticulous follow up and bladder biopsy to rule out occult invasive disease, it 
is in my opinion not reasonable to recommend cystectomy as the initial treatment 
of choice for this group of patients. The complete response rate to BCG is 
excellent and generally durable. The vast majority of patients who do not respond 

Table 1. BCG response rates in residual tumor 

First author (ref) Number Complete Percent 
response 

Douville (45) 6 4 67 
Morales (46) 17 10 59 
Lamm (47) 10 6 60 
Brosman (37) 12 10 83 
deKernion (40) 22 8 36 
Kojima (48) 29 16 55 
Schellhammer (42) 22 14 64 

Totals 118 68 58 

Table 1: Reported response rates in 118 patients with intravesical BCG. Patients with CIS only are 
excluded. 
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completely will fail with localized disease, which can be detected and effectively 
treated. Cystectomy itself has significant morbidity and mortality and there is to 
date no evidence to suggest early cystectomy will increase overall survival or 
decrease the morbidity. 

Ongoing studies suggest that the superior response rate of BCG in patients with 
CIS from historical series will prove to be true in randomized prospective 
comparisons of BCG and intravesical chemotherapy. Adriamycin has a reported 
complete response rate in CIS of 59 per cent in five series totaling 76 patients. 
In our ongoing multicenter Southwest Oncology Group trial, BCG has been 
compared with Adriamycin. Patients randomized to BCG have had an 81070 
complete response rate compared with a 60% complete response rate in patients 
treated with Adriamycin (p<O.Ol). 

BeG immunotherapy vs. chemotherapy 

BCG has an advantage over intravesical chemotherapy in that its mechanism of 
action, while not completely defined, is clearly different from that of chemothera
py. Most intravesical chemotherapies are alkylating agents, and resistance to one 
agent increases the likelihood of resistance to the second. Such cross resistance 
has not been identified with BCG. In our experience with 22 patients who had 
failed intravesical chemotherapy, 82 per cent responded favorably to BCG [25]. 
The high response rate to BCG and the low incidence of significant complications 
suggest that BCG may be the primary treatment of choice for superficial bladder 
cancer. Patients who fail BCG treatment will also commonly respond to intravesi
cal chemotherapy. 

Two published studies have reported BCG to be significantly superior to 
Thiotepa in the prevention of bladder cancer recurrence. These studies are 

Table 2. BCG therapy for carcinoma in situ 

First author (ref) Number Complete Percent 
response 

Morales (49) 7 5 71 
Lamm" 23 22 96 
Herr (51) 47 34 72 

Brosman (50) 33 31 94 
deKernion (40) 19 13 68 
Schellhammer (42) 6 6 100 
S.W.O.G." 42 34 81 

Totals 177 145 82 

a Current data from the author's ongoing studies. 
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particularly impressive when one considers the multiple studies that have been 
unable to demonstrate that the newer chemotherapies are superior to Thiotepa. 
In Brosman's randomized comparison of intravesical maintenance BCG with 
Thiotepa, no recurrences were observed in 27 randomized or 12 nonrandomized 
patients treated with BCG. In patients treated with Thiotepa 9 of 19 patients (40 
per cent) had tumor recurrence [37]. Very similar results were reported by Netto 
and Lemos with a markedly different BCG treatment protocol [27]. Using Mor
eau BCG in oral doses of 200 to 800 mg. three times a week, only 1 of 16 patients 
(6070) had tumor recurrence compared with a 43 per cent incidence of tumor 
recurrence in patients treated with Thiotepa. 

The Southwest Oncology Group has an ongoing multicenter trial comparing 
intravesical and percutaneous Connaught BCG with Adriamycin. Early results in 
this study suggested a marked advantage for the BCG group [52]. Currently 139 
patients enrolled in this study are evaluable, 85 (61 %) with carcinoma in situ and 
54 (39%) with superficial transitional cell carcinoma without CIS. Overall, 56 of 
70 patients (80%) randomized to receive BCG are disease free compared with 36 
of 69 patients (52%) randomized to receive Adriamycin. In patients with CIS 34 
of 42 patients (81 %) treated with BCG had complete response compared with 26 
of 43 patients (60%) treated with Adriamycin. In patients without CIS only 6 of 
28 (21 %) in the BCG group developed recurrent tumor compared with 16 of 26 
(62%) in the Adriamycin group. The observed difference could not be explained 
on the basis of decreased response to Adriamycin due to previous chemotherapy 
treatment. Surprisingly, the advantage of BCG was even greater in those who had 
not received prior chemotherapy. Thirty-one (86%) of 36 BCG treated patients 
who had received no prior chemotherapy were disease free, compared with only 
22 (61 %) of 36 patients treated with Adriamycin. 

Influence of BeG on tumor progression and survival 

BCG and intravesical chemotherapy with Thiotepa, Epodyl, Adriamycin, and 
Mitomycin C reduce tumor recurrence at least in the short term. The benefit of 
intravesical immunotherapy or chemotherapy in reducing tumor recurrence 
beyond 5 years, in reducing tumor progression, or in improving patient survival 
has not been established. Suggestive but far from conclusive data have been 
presented to suggest that Thiotepa and Mitomycin C decrease the incidence of 
tumor progression when compared to untreated controls [53,54]. Our experience 
with 90 patients with stage 0 (Ta) or A (Tl) transitional cell carcinoma enrolled 
in BeG protocols similarly suggests that BCG treatment will reduce tumor 
progression [55]. Twenty six patients served as controls and initially did not 
receive chemotherapy or BCG. Sixty four patients were enrolled in randomized 
BCG protocols. Both groups have been followed for a median of 27 months. The 
BCG group actually comprised a higher risk population, since only 23% of the 



215 

control group had lamina propria invasion compared with 69070 of the BeG 
group. In the control group 65% had tumor recurrence, 23% progressed to stage 
A or greater, and 8% progressed to stage B or greater. In the BeG group 16% 
had tumor recurrence (p<O.OOI), 6% progressed to stage A or greater (p<0.05), 
and 3% progressed to stage B or greater (not statistically significant). Progression 
from stage A to stage B occured in 17% of our controls, 30070 of controls in the 
Group A study [56], and only 4% of our patients treated with BeG. These data 
must be considered preliminary and must be confirmed by other investigators. 
If these results are typical, or if other treatment can be developed to reduce the 
incidence of tumor progression to as low as 6% in patients with stage A disease, 
marked improvement in survival will result. Since only about 40% of patients who 
develop muscle invasion can be cured, prevention of progression of noninvasive 
disease would save over 2000 lives each year in the United States. 

BCG in muscle invasive disease 

Nonspecific immunotherapy with BeG or any other agent is thought not likely 
to be effective in the face of significant tumor burden or invasive or metastatic 
disease. Surprisingly, some documented responses have occured with BeG treat
ment in patients with residual invasive disease within the detrusor muscle. Only 
patients who refused cystectomy or had medical contraindications to radical 
surgery have been offered the alternative of BeG treatment in our studies. We 
currently have 37 patients with transitional cell carcinoma extending into or 
beyond the detrusor muscle. These patients have an average age of 75 and have 
been followed for a median of 41 months. Thirty two per cent of these patients 
have had no further recurrence of tumor and 43070 are alive. While these data 
compare favoraby with the mean five year survival of 42% in patients with muscle 
invasive disease treated with cystectomy (with or without preoperative radiation 
therapy) reported in Whitmore's review [57] one cannot recommend BeG as an 
alternative to accepted treatment of this lethal disease until prospective long term 
studies are completed. 

BCG immunotherapy technique 

When one weighs the known risks, morbidity, and expense of BeG versus the 
benefits of this treatment, most patients with superficial bladder cancer are 
cancidates for treatment. An exception would be the patient who presents with 
a solitary grade I, stage 0 (T A), blood group antigen-positive tumor. These 
patients will rarely have tumor progression and therefore often require no further 
therapy. Patients who are at intermediate risk for tumor recurrence, for example 
those with grade I-II tumors or those who present with more than one tumor, are 
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likely to benefit from an initial 6 week course of BCG but can probably be spared 
prolonged maintenance protocols. Ideal candidates are those with documented 
tumor recurrence, carcinoma in situ, high grade tumor, or tumor invading the 
lamina propria. Patients with resectable muscle invasive disease who are not 
candidates for cystectomy have also benefitted from BCG in my experience, but 
one cannot recommend this treatment alternative until the percentage of patients 
surviving long term is known. Non-invasive carcinoma of the prostatic urethra 
has not been a contra-indication to BCG immunotherapy. Complete and long 
term resolution of CIS of the prostatic urethra has been documented in my 
experience and that of other investigators [42, 50]. 

Although the optimal protocol for BCG immunotherapy remains undefined, 
the experience of multiple investigators has provided extensive information from 
which reasonable though tentative conclusions may be derived. The first question 
to be answered by the clincian wishing to use BCG is, 'Which substrain is best?' 
In the United States Glaxo BCG, the most readily available preparation, is 
marketed in a form which is excellent for tuberculosis prophylaxis but inadequate 
for the treatment of superficial bladder cancer. This preparation contains only 
8 to 26 x 106 colony forming units per ampule, or only about 1 % of the commonly 
used dose. While documented responses using high dose Glaxo BCG have occur
ed [58], our animal data suggest that this preparation does not provide antitumor 
responses equal to that of Tice or Armand-Frappier substrains [19]. In addition, 
we have observed that Glaxo BCG is less effective than Tice and Armand Frappier 
preparations in stimulating human natural cell-mediated cytotoxicity in 
vitro [59]. Substrains which have been demonstrated by clinical trials to be 
effective in doses of 40 to 120 mg intravesically include Armand-Frappier, 
Connaught, Pasteur, Japanese, and Tice. Optimal doses of vaccine have not been 
established since treatments have been given empirically. Commonly used and 
effective intravesical doses of these vaccines are 120 mg for Armand-Frappier, 
Connaught, and Pasteur preparations, 50 mg for Tice, and 40 mg for Japanese 
BCG. 

Most investigators have initiated therapy within 2 weeks of tumor resection in 
an attempt to provide optimal juxtaposition of BCG and any residual tumor as 
well as stimulate a strong immune response. In reviewing my own experience, I 
have not been able to document that patients who have treatment begun within 
2 weeks of tumor resection do any better than patients who are tumor free and 
have an intact urothelium. Since many of my patients travel considerable dis
tances, I have often initiated treatment within 24 to 48 hours after tumor 
resection. Although febrile responses are more commonly seen in these patients, 
early treatment can be safely given to patients who have not had extensive tumor 
resections once gross hematuria has cleared. 

Empirically, patients have been treated weekly for six weeks, and it has not been 
established that longer courses are better or that shorter courses are equally 
effective. The necessiry of maintenance BCG immunotherapy also remains debat-
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able. In theory since it is known that the immune stimulation induced by BCG 
wanes with time and the proclivity of the urothelium to tumor formation persists, 
periodic retreatment with BCG should improve long term results. Long term 
protection from a single course of BCG would suggest the correction of an 
immune deficit or the induction of specific antitumor immunity. In my experience 
the initiation of maintenance BCG immunotherapy in patients followed for at 
least one year of until tumor recurrence reduced the rate of tumor recurrence 
four-fold, from 1.9 to 0.49 tumors per 100 patient months [25], Preliminary 
results of Catalona's prospective randomized comparison of maintenance and no 
maintenance BCG immunotherapy have to date not revealed an advantage for 
maintenance therapy [25]. One would, of course, not expect to see any advantage 
of maintenance therapy until the protective effect of primary treatment has 
waned. Preliminary observations in such an investigation may therefore be 
misleading. A multicenter evaluation of the role of maintenance BCG immuno
therapy has been recently initiated by the Southwest Oncology Group. 

Equally undecided is the advantage of concurrent percutaneous BCG adminis
tration. Clearly excellent results can be obtained with high-dose intravesical BCG 
alone, as documented by Brosman [37] and others. Flamm and Grof, on the other 
hand, observed no significant reduction in tumor recurrence with 6 to 12 weekly 
Connaught BCG treatments given by the intravesical route alone [43]. My ex
perience with Armand-Frappier BCG given only intravesically was equally dis
appointing, with 40 per cent of patients developing tumor recurrence [25]. How
ever, both Catalona and Herr have observed reduction in tumor recurrence with 
Armand-Frappier BCG given intravesically alone [25]. Antitumor responses to 
BCG appear to be related at least in part to systemic immunity as measured by 
PPD skin test conversion. Our experience and that of Kelley and co-workers [60] 
suggests the PPD skin test conversion correlates with response to BCG treatment. 
We observed tumor recurrence in only 1 of 22 patients (4.5 per cent) who 
converted to PPD skin test positive compared with a 320;0 incidence of tumor 
recurrence in 38 patients who were skin test positive before BCG or remained 
negative after treatment (p = 0.017 [25]. One should not conclude that patients 
who are PPD skin test positive are not candidates for BCG immunotherapy since 
these patients, as well as those who fail to convert to skin test positive with BCG, 
have recurrence rates which are still significantly lower than those who are not 
treated with BCG. Many patients who remain skin test negative after intravesical 
BCG, or have tumor recurrence, will respond to continued treatments with both 
skin test conversion and freedom from tumor recurrence. However, only prospec
tive randomized studies will be able to answer these questions, since Herr has 
observed prolonged protection from tumor recurrence with a single course of 
intravesical BCG despite the absence of PPD skin test conversion [25]. 

Until controlled studies further define optimal BCG treatment protocols, 
clinical treatments can be individualized to each patient. Since concurrent percu
taneous BCG administration may be more effective and does not increase the 
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expense or morbidity of treatment, I have elected to continue its use. It is clearly 
less toxic and less expensive than monthly intravesical treatments. Effective 
systemic immunization can be accomplished with the multiple puncture tech
nique. One simply applies 0.5cc of the suspension to be instilled in the bladder 
on the cleansed inner thigh and punctures the dermis four times with a 25-28 
guage needle. Caution must be exercised to never inject BCG intradermally, 
subcutaneously, or intramuscularly. Superficial injections will cause ulceration 
and necrosis, and intramuscular injection has resulted in severe local pain and 
symptoms of systemic BCG infection. Continued inflammation of percutaneous 
inoculation sites suggests ongoing immune response or infection. Therefore 
patients who develop annoying skin reactions can discontinue percutaneous 
inoculation without concern. No apparent increase in bladder or skin toxicity has 
been apparent in my experience in patients who are PPD skin test positive. 

The decision to give maintenance BCG treatments might logically be based on 
patient risk factors, since it is unlikely that all patients will require continued BCG 
treatment. It would appear that PPD skin test negativity will be a useful risk 
factor. It is important to note that some patients will require more than a single 
6 week course of treatment to prevent tumor recurrence [53] or to completely 
eradicate carcinoma in situ [37]. These studies suggest that one should not 
consider a patient to be a BCG treatment failure therefore unless he has had at 
least two 6 week courses of BCG or developed increasing disease while on 
treatment. This recommendation must be balanced by the admonition that high 
risk patients should not continue on ineffective intravesical therapy while the 
disease progresses beyond the limit of surgical excision. 

Complications of BCG treatment of bladder cancer 

Intravesical BCG produces cystitis with frequency and dysuria in over 90070 of 
patients. Symptoms usually begin after the second or third instillation and persist 
for about 2 days. Mild gross hematuria is common and about one fourth of 
patients will have constitutional symptoms consisting of low grade fever, malaise, 
or nausea. Major complications have been recently reviewed [61]. The most 
frequent complication observed was fever of over 103 degrees which occured in 
3.9% of patients. Granulomatous prostatitis, which is occuring with increasing 
frequency, occured in 1.3%. While generally asymptomatic, the induration 
produced by granulomatous prostatitis can be confused with carcinoma of the 
prostate. Systemic BCG infection with pneumonitis or clinically significant hepati
tis occured in 0.9%. BCG typically retains sensitivity to isoniazid, but life 
threatening acute infection with septic or anaplylactic shock can occur. Such 
patients require a combination of antituberculous antibiotics including cyclose
rine, since other antibiotics require several days for response. Arthritis or arthral
gia occured in 0.5%, hematuria requiring catherization or transfusion in 0.5%, 
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and skin rash or skin abscess from percutaneous inoculation in 0.4070 each. 
Ureteral obstruction secondary to cystitis or ureteritis occured in 0.3070. Ureteral 
obstruction occured more commonly in patients with carcinoma in situ of the 
bladder or ureter. Patients with vesicoureteral reflux have not been excluded from 
BCG treatment protocols. In the face of ureteral carcinoma in situ, reflux may 
in fact be advantageous. We have not noted any increase in complications in 
patil~nts with reflux, with the exception of one patient who developed renal 
granulomas secondary to intravesical BCG. Bladder contracture has occured in 
2 patients (0.2070), epididymoorchitis in 0.2070, and hypotension and cytopenia 
each in 0.1070. As more patients receive BCG the list of complications will 
undoubtedly increase, but increased experience will also improve our ability to 
prevent such complications. Since most patients have increasingly severe cystitis 
and systemic symptoms prior to the onset of severe BCG complications, the more 
liberal use of isoniazid in such patients may significantly reduce the toxicity of 
BCG treatment. Our experience and that of Brosman support this proposition. 

Conclusions 

BCG immunotherapy represents a major advance in the treatment of superficial 
transitional cell carcinoma of the bladder. Controlled studies have demonstrated 
that it significantly reduces the incidence of tumor recurrence when compared to 
no treatment or chemotherapy with Thiotepa or Adriamycin. Responses in the 
treatment of carcinoma in situ of the bladder average 82070, and a multicenter 
study has found BCG to be superior to intravesical chemotherapy with Adriamy
cin. Fifty-eight per cent of patients with unresectable or residual tumors within 
the bladder respond with complete resolution of disease. Early experience suggests 
that disease progression to muscle invasion or metastasis is reduced five fold with 
BCG treatment. If confirmed, such reduction in progression would result in major 
improvement in the survival of patients presenting with superficial bladder cancer. 
While not yet approved by the Food and Drug Administration, continuing 
experience suggests that BCG is both highly effective and safe in the management 
of transitional cell carcinoma. 
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Editorial Comment 

ALVARO MORALES 

This chapter provides a concise historical perspective and a comprehensive review of the place of BCG 
in the urological armamentarium. 1r. Lamm has highlighted the importance of basic research and 
its contribution in establishing the role of non-specific active immunotherapy for the treatment of 
cancer in humans. He has rightly emplasized that the frequently reported success of immunotherapy 
in experimental tumor systems has rarely been reproduced in their clinical counterparts. Part of the 
problem resides in the inherent behavioral differences between species but the disappointing clinical 
results, in many cases, can be traced to trial design in which the experience of basic investigators were 
largely ignored. In this context it is worth reiterating that the successful introduction of BCG as an 
effective anti-neoplastic agent in the particular situation of superficial vesical carcinoma was not 
fortuitous. It represents the clinical application of experimental studies carried out by a number of 
investigators not necessarily involved in the specific field of bladder cancer. Perhaps the most relevant, 
early work was that of Coe and Feldman [1) who elegantly demonstrated that the bladder is an ideal 
and unique organ for the extracutaneous induction of delayed hypersensitivity reactions. A second, 
important piece of information resulted from a series of well-constructed experiments aimed at 
establishing the effectiveness of non-specific active immunotherapy in a well defined animal model 
(reference 9 in the chapter). These experiments provided the cornerstone for the design of clinical 
protocols employing immune modulators. With this information available, it was apparent that 
superficial bladder cancer is an ideal candidate for regional BCG therapy: According to Coe and 
Feldman the bladder would exhibit a strong cellular-mediated response to antigenic stimuli and the 
human organ-tumor system would completely fulfill the postulates for successful therapy enunciated 
by Zbar and his group. 

The effectiveness of BCG in the treatment of superficial bladder cancer has now been established. 
Additional improvements, however, may occur by modifying existing protocols, defining the most 
effective strains of the vaccine, and minimizing annoying side effects. However, further research is 
needed to elucidate the mechanisms of action of BCG. It has been recently reported (2) that live BCG 
administered to humans produces an exopolysaccharide glycocalyx which provides the most intimate 
contact between the bacterial cell wall and the bladder urothelium. It appears that this exopolysacchar
ide mediates the antigenic and the inflammatory reactions detrimental to tumor development and 
growth. If this hypothesis can be confirmed, it would be possible to administer a more accurate 
immunization and to avoid some of the systemic side effects observed with the live bacteria. 

Important contributions to the armamentarium of the urologist could be made by basic investi
gations as well as improvement of currently available protocols. There is a need for comparative 
studies to determine the individual merits of immune modifiers (Le. BCG, interferon) and chemothera
peutic agents (adriamycin, mitomycin-C). The dismal response of metastatic bladder cancer to our 
present therapies may be improved by combined approaches. To expect immunotherapeutic successes 
where surgery, chemotherapy and radiation have previously failed is beyond reasonable expectations. 
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The judicious and well timed combination of these modalities may prove to be a worthwhile and 
fruitful endeavour. 
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10. Expectant management of stage 
a nonseminomatous testicular tumors 

ARTHUR I. SAGALOWSKY 

The dramatic improvements in patient survival following treatment for even 
advanced stages of nonseminomatous germ cell testicular tumors (NSGCTT) with 
muItiagent combination chemotherapy and surgery including primary retroperi
toneallymph node dissection (RPLND) and debulking procedures have given rise 
to legitimate questions of how much, or more accurately, how little therapy is 
required for low stages of disease. Recently clinical trials of observation alone 
following orchiectomy for clinical stage A NSGCTT have been in progress. This 
article will review the data from those trials and pose a number of questions 
regarding optimal management of this disease. 

A postulated 'natural history' of clinical stage A NSGCTT following radical 
orchiectomy is depicted in Figure 1. Approximately 73 percent of patients were 
pathologic stage A and were cured by orchiectomy alone. Clearly this group of 
patients does not benefit from RPLND but suffer its risks if subjected to surgery. 
Approximately 7 percent of patients will suffer pulmonary relapse despite nega
tive nodes at the time of RPLND. Hematogenous dissemination is the most likely 
explanation for this pattern of metastasis. Finally, 20 percent of patients will have 
retroperitoneal and or pulmonary metastases. If early RPLND is not performed 
will this group of patients be as curable when relapse is first detected? Would some 
of these patients have been cured by RPLND or at least moved to the less frequent 
group who have hematogenous metastases? For patients who were initially 
pathologic stage Bl (fewer than 5 nodes positive, microscopically only) is cure by 
RPLND preferable to cure by combination chemotherapy with or without subse
quent surgical debulking? For patients who initially were pathologic stage B2 
(greater than 5 nodes positive, or nodes grossly positive) does early RPLND make 
subsequent cure by chemotherapy at the time of relapse more likely? Will fewer 
courses of chemotherapy be required? Will the need for surgical debulking 
following chemotherapy be reduced? 

One of the central issues regarding management of testicular tumors is the 
reliability of clinical staging. From collected series lymphangiography has an 
overall specificity of 84 percent in pathologic stage A and overall sensitivity of 

Ratliff, T.L. and Catalona, W.J. (eds), Genitourinary Cancer. ISBN·13: 978-1-4612-9210-4 

© 1987, Martinus Nijhoff Publishers, Boston. 



226 

Pathologic stage A 

73% 
cured 

Clinical stage A 

I 

Pathologic stage B or C 

7% 
relapse lungs 
nodes negative 

20% 
relapse nodes, 

± lungs 

Figure 1. Hypothetical natural history of patients with clinical stage A NSGCTT. 

67 percent in pathologic stage B NSGCTT respectively (Table 1) [1]. Abdominal 
computerized tomography (CT) has an overall specificity of 82 percent and 
sensitivity of 76 percent in detecting NSGCTT retroperitoneal metastases in 
pathologic stages A and B respectively (Table 2). The production of tumor 
markers alphafetoprotein (AFP) and beta subunit human chorionic gonadotropin 
(beta RCG) by many testis tumors is of great value in initial staging and followup. 
The overall specificity and sensitivity of these two tumor markers is 93 and 67 
percent respectively in pathologic stages A and B NSGCTT (Table 3). The 
reported incidences of sustained complete remissions following orchiectomy and 
RPLND for pathologic stages A and B NSGCTT are 89 and 66 percent respective
ly (Table 4). The higher sustained complete remission rates in the more recent 
series are attributable to widespread availability of tumor markers and computer
ized tomography. 

Patient survival for clinical stages A, Bl and B2 NSGCTT treated by orchiecto
my and RPLND is nearly 100 percent [2, 3]. Results of all future treatment 
modifications must be compared to this standard. Patient survival for advanced 
NSGCTT (stage B3 advanced retroperitoneal, stage C pulmonary) treated with 
platinum based multiagent chemotherapy is 82 percent [3]. The impact of tumor 
volume on response is shown most clearly in cases with advanced metastases 
(Table 5) [2]. Einhorn reported 93 and 96 percent of cases with minimal pulmona
ry or minimal pulmonary and minimal abdominal metastases respectively treated 
with platinum, vinblastine and bleomycin became tumor free [2]. In contrast only 
65 and 66 percent of patients with advanced abdominal or advanced pulmonary 
disease respectively fully responded. Therein lies the greatest fear in observation 
protocols following orchiectomy for clinical stage A NSGCTT. There can be little 
doubt that a patient who initially is pathologic stage B2 and is observed because 
of false negative clinical staging is at major risk of relapsing with advanced disease 
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and having a substantially lower cure rate. The following case from the author's 
personal experience illustrates this point. 

G.S. is a 23 year old rodeo bull rider who presented with a 2 month history 
of a hard mass in the right resticle which he believed was due to trauma. On 
8/16/84 he underwent right inguinal orchiectomy for removal of a mixed germ 
cell tumor that contained embryonal cell carcinoma, teratocarcinoma and chorio
carcinoma. The tumor did not extend through the tunica albuginea or invade the 
epididymis or spermatic cord. There were numerous areas of vascular invasion 
(venules and lymphatics) by choriocarcinoma and embryonal carcinoma elements 
within the testis. Chest x-ray, and chest and abdominal CT were negative. Both 
serum AFP and beta HCG were elevated prior to orchiectomy (165 ng/ml and 
690 mlU/ml respectively) and declined at a rate following orchiectomy consistent 
with the known serum half-lives for these markers (Fig. 2). Both tumor markers 
became negative by 18 days following orchiectomy. 

This patient was advised of his clinical stage A status and of current observation 
protocols and results to date. Nevertheless, I recommended he undergo RPLND 
due to the presence of extensive vascular invasion within the tumor by both 
choriocarcinoma and embryonal cell carcinoma. A semen specimen was collected 
for possible cryopreservation but was not of adequate quality to warrant storage. 
The patient consented to RPLND and at exploration the nodes were grossly 
normal except for prominent vascularity. Histologic sections revealed embryonal 
cell carcinoma and teratocarcinoma in 12 of 59 major lymph nodes. There were 
no metastases of choriocarcinoma. Following a smooth postoperative recovery, 

Table 1. Reliability of lymphangiography for detecting nonseminomatous retroperitoneal lymphatic 
metastases' 

Series Pathologic stage A Pathologic stage B 

No. Pts Specificity No. Pts Sensitivity 

Wallace (1970) 42 98% 25 68010 
Maier (1972) 21 86010 48 88010 
Rulten (1973) 14 86010 25 84010 
Jonsson (1973) 10 90010 12 83010 
Kademian (1977) 13 92010 32 88010 
Storm (1977) 25 72010 20 50010 
Sago (1978) 18 50010 11 45010 
Vugrin (1980) 60 38010 
Ehrlichman (1981) 4 100010 12 58010 

Totals 147 84010 245 67010 

"Fowler Jr JE: Nonseminomatous germ cell cancer of the testis: current management, future 
possibilities. Monographs in Urology 3: 162-186, Stamey TA (ed). Princeton NJ, Custom Publishing 
Services Inc, 1982 
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Figure 2. Time course of serum tumor markers in a patient with clinical stage A NSGCTT. Serum 
AFP and beta HCG were both elevated prior to orchiectomy and normalized before RPLND. The 
shaded area represents normal values for AFP and beta HCG. 

the patient received 2 courses of platinum, vinblastine and bleomycin and has 
been continuously free of disease for 14 months. 

This patient had considerable pathologic stage B2 disease and inexplicably 
developed negative tumor markers despite initial marker abnormalities. One may 
speculate on whether or not he would still have been stage B2 when relapse was 
detected if he chose observation, or if he would have had less chance of cure. 
However, he certainly would have had a greater tumor burden and would have 
required at least two more courses of first line chemotherapy than he received and 
possibly surgical debulking following chemotherapy. 

Table 2. Reliability of computerized tomography for detecting nonseminomatous retroperitoneal 
lymphatic metastases' 

Series Pathologic stage A Pathologic stage B 

No. Pts Specificity No. Pts Sensitivity 

Burney (1979) 10 80070 28 82% 
Williams (1980) 17 82% 15 93% 
Ehrlichman (1981) 2 50% 15 60% 
Richie (1981) 10 90% 20 65% 

Totals 39 82% 78 76% 

'Fowler Jr JE: Nonseminomatous germ cell cancer of the testis: current management, future 
possibilities. Monographs in Urology 3: 162-186, Stamey TA (ed). Princeton NJ, Custom Publishing 
Services Inc, 1982 
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With all the preceding information as background I now would like to review 
the results presented thus far by several authors on surveillance protocols for 
clinical stage A NSGCTT. Peckham and associates at the Royal Marsden Hospi
tal reported on 53 patients studied from February, 1979 to June, 1981 
(Table 6) [4]. Criteria for entry included: 1) normal chest x-ray and CT, excretory 
urogram, abdominal CT and sonography, lymphangiogram and liver function 
tests; 2) no tumor at the surgical margin of the spermatic cord; and 3) serum 
tumor markers negative preoperatively or returned to normal postoperatively. 
Followup was monthly for the first year, bimonthly for the second year and 
quarterly for the third year and included serum tumor markers at each visit and 
CT scans at every other visit for two years! Preorchiectomy serum AFP and/or 
beta HCG were measured in 32 of 53 patients and one or both were elevated in 
75 percent of patients (24/32). There was a slightly higher incidence of marker 
positivity (78.3 percent, 18/23) when both markers were checked. With a mean 
followup of 16.7 months (range 6 to 40 months) 17 percent of patients (9/53) had 
relapsed. Eight relapses occurred at less than 6 months and the remaining relapse 
occurred by 12 months. Sites of relapse were: marker elevations only, retroperito
neal nodes only, and pulmonary lesions in 1,5, and 3 cases respectively. All 
9 patients with relapse became free of disease following chemotherapy. The 
probability of relapse correlated with the cell type of the primary tumor. Relapse 
occurred in 42.8 percent (6/14) of cases with embryonal cell carcinoma ('malig
nant teratoma undifferentiated', British nomenclature) versus 3.4 percent (1/29) 
of cases with teratocarcinoma ('malignant teratoma intermediate'), p less than 
0.05. Pre-orchiectomy tumor markers were available in 4 of 9 patients who 

Table 3. Reliability of tumor markers (AFP and HCG) for detecting nonseminomatous retroperitoneal 
lymphatic metastases" 

Series Pathologic stage A Pathologic stage B 

No. Pts Specificity No. Pts Sensitivity 

Scardino (1977) 22 100070 15 671110 
Lange (1977) 13 921110 15 871110 
Skinner (1980) 67 851110 44 641110 
Javadpour (1980) 53 1001110 65 851110 
Fowler (1980) 9 1001110 11 821110 
Vugrin (1980) 60 451110 
Ehrlichman (1981) 3 1001110 17 651110 

Totals 167 93010 227 67070 

"Fowler Jr JE: Nonseminomatous germ cell cancer of the testis: current management, future 
possibilities. Monographs in Urology 3: 162-186, Stamey TA (ed). Princeton NJ, Custom Publishing 
Services Inc, 1982 
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relapsed and were normal in two of these cases. These few cases suggest that 
normal initial tumor markers do not reflect a decreased tendency for the tumor 
to metastasize. Also patients with initially elevated markers that returned to 
normal following orchiectomy were not at greater risk for relapse than patients 
who never had marker elevation. In a later presentation on 120 patients entered 
into the surveillance protocol, Peckham reported relapse to the retroperitoneum 
or to the lungs in 10 percent and 9 percent of cases respectively [5]. 

Johnson and coworkers at the M.D. Anderson Hospital reported on 31 patients 
with clinical stage A NSGCTT entered into a surveillance protocol since October, 
1981 (Table 6) [6]. Staging included chest x-ray, abdominal CT, bipedal lym
phangiogram, serum AFP and beta HCG in all cases. Followup included chest 
and abdominal x-ray and serum tumor markers every 2 months and abdominal 
CT every 6 months. The mean length of followup was 10 months (range 2 to 18 
months). Eighty-four percent of patients (26/31) remained continuously free of 
disease and 16 percent (5/31) relapsed between 2 and 6 months of followup. In 
analyzing this series one must acknowledge the unique experience at the reporting 
institution with skilled interpretation of lymphangiograms. Relapses were identi
fied in the retroperitoneum and/or in the lungs in 1 and 3 cases respectively and 
by marker elevation only in one case. All five patients with relapse became free 
of disease following chemotherapy. Patients with embryonal cell carcinoma 
relapsed more often than did those with teratocarcinoma (30 versus 11 percent) 
and relapse was more likely to present in sites other than retroperitoneal nodes 

Table 4. Sustained complete remissions after orchiectomy and retroperitoneal lymphadenectomy alone 

in pathologic stages A and B nonseminomatous tumors' 

Series Pathologic stage A Pathologic stage B 

No. Pts Sustained CRb No. Pts Sustained CRb 

Whitmore (1968) 49 88070 16 56070 

Castro (1969) 32 88070 5 20070 

Boctor (1969) 13 62070 7 71070 

Skinner (1971) 4 100070 

Walsh (1971) 25 96070 4 75070 

Staubitz (1973) 36 86070 17 71070 

Johnson (1976) 72 90070 

Skinner (1976) 30 90070 

Donohue (1980) 57 93070 24 71070 

Totals 314 89070 77 66070 

'Fowler Jr JE: Nonseminomatous germ cell cancer of the testis: current management, future 

possibilities. Monographs in Urology 3: 162-186, Stamey TA (ed). Princeton NJ, Custom Publishing 

Services Inc, 1982 
bCR, complete remission 
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(i.e. lung, 25 versus 10 percent). Johnson sites the fact that 10 to 15 percent of 
patients with positive nodes at RPLND will develop other metastases. From 
Johnson's findings one might argue that patients with embryonal cell carcinoma 
are more likely than patients with other tumors ultimately to require chemothera
py for hematogenous metastases and should be spared RPLND. Conversely, one 
might apply the results from Johnson's and from Peckham's series to suggest that 
patients with clinical stage A embryonal cell carcinoma should not enter surveil
lance protocols. In neither case is the percent of patients who had pulmonary 
metastases without retroperitoneal nodal metastases known. Thus, one could also 
argue that some of the patients who developed pulmonary metastases may have 
been cured by early RPLND and never have required chemotherapy. 

Johnson and coworkers acknowledge that the morbidity of RPLND is low (7 
to 15 percent) and that the mortality risk is extremely low. The major morbidity 
from RPLND is loss of seminal emission and this has been a key factor for 
patients seeking an alternative to RPLND. However, concern over fertility in 
patients with NSGCTT must be kept in perspective. Data on the intrinsic fertility 
potential of patients who develop testis tumor are few. In one study Bracken and 
Smith found that only 4 percent (1/25) of patients have semen parameters suitable 
for cryopreservation at the time the testis tumor is diagnosed [7]. A number of 
authors report that modifications in the technique of RPLND which preserve the 
autonomic nerves in the presacral and thoracolumbar regions and the use of 
sympathomimetic agents postoperatively preserve or allow return of normal 
ejaculation in up to 50 percent of patients [8-10]. The present author has not seen 
return of ejaculation in patients who were aspermic after RPLND and were 
treated with alpha adrenergic agents. However, I have several patients who 
continue to have normal ejaculation after the surgical modifications of RPLND 
described above. These modifications of technique pose no real threat to the 
thoroughness of RPLND in patients who are pathologic stage A or B1• It must 
also be remembered that surveillance protocols accept that pathologic stage Bl 

Table 5. Response by extent of disease" 

Total NED 

A. Minimal pulmonary 30 28 (93OJo) 
B. Advanced pulmonary 38 25 (66OJo) 

C. Minimal pulmonary + minimal abdominal 24 23 (96OJo) 
D. Advanced abdominal 54 35 (65OJo) 
E. Elevated markers only 11 11 (100%) 
F. Other 7 6 (86OJo) 

Totals 164 128 (78OJo) 

"Einhorn LH: Testicular Cancer as a model for a curable neoplasm: The Richard and Hilda Rosenthal 
Foundation Award Lecture. Cancer Reserach 4: 3275-3280, 1981 
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patients will relapse and require chemotherapy which in itself may produce 
infertility. Fertility should assume less importance than patient survival in treat
ment plans. No patient should choose surveillance over RPLND based primarily 
on concerns over fertility without knowing that his baseline semen parameters 
suggest that he is fertile in the first place. Cryopreservation should be offered to 
suitable patients before RPLND. 

Jewett and associates in Toronto found a relapse rate of 40 percent during a 
mean followup of 16.6 months (range 3 to 33 months) in 30 patients with clinical 
stage A NSGCTT treated by orchiectomy alone (Table 6) [11]. Staging included 
chest x-ray, whole lung tomograms, bipedallymphangiogram, abdominal CT, 
and serum tumor markers. Followup included monthly chest x-ray and tumor 
markers and abdominal CT every three months. Three patients relapsed with 
markers and CT positive, 6 with markers only positive and 3 with CT only 
positive. The median time to relapse was 5 months (range 2.5 to 8.5 months). In 
this series embryonal cell carcinoma and teratocarcinoma had a similar tendency 
to relapse. At progression all 12 patients received RPLND or chemotherapy and 
11 patients became disease free. The remaining patient had partial remission of 
disease. 

Sogani and coworkers at Memorial Sloan-Kettering Cancer Center reported 
their early findings in 36 clinical stage A NSGCTT patients treated by orchiecto
my alone (Table 6) [12]. Staging included chest x-ray, bipedallymphangiogram, 
abdominal CT, and serum tumor markers. Followup included monthly chest x-ray 
and tumor markers and abdominal CT every 3 months. Eighty-one percent 
(29/36) of patients remained continuously free of disease and 19 percent (7/36) 
of patients relapsed between 4 to 7 months followup. Recently the same authors 
presented their longer followup on the original 36 patients plus 9 additional 
patients in the surveillance protocol [13]. The relapse rate in these 45 patients with 
a mean followup of 37 months (range 20 to 63 months) was 24.4 percent (11145) 
and 75.6 percent of patients (34/45) remained continuously free of disease. 
Relapse was identified in retroperitoneal nodes, lung, or by tumor marker 
elevation in 8, 2 and 1 case respectively. Nine of the 11 patients with relapse 
(81.8 percent) became free of disease for a mean followup of 22 months (range 

Table 6. Relapse rates in surveillance protocols for clinical stage A NSGCTT. 

Series (ref.) n Followup. months Percent 
mean (range) relapse 

Peckham (4) 53 16.7 (6-40) 17 

Johnson (6) 31 10 (2-18) 16 

Jewett (11) 30 16.6 (3-33) 40 

Sogani (13) 45 37 (20--63) 24.4 

Javadpour (15) 60 26 (24-60) 16.7 
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15 to 47 months) following further therapy with disease following RPLND and 
an incomplete response to V AB6 chemotherapy. One patient died of progressive 
central nervous system involvement by tumor. One might argue that CNS spread 
of tumor may have been hematogenous in origin and would not have been 
prevented by early RPLND. Nevertheless the fact remains in this group of patients 
with NSGCTT who were originally clinical stage A, the one death and the other 
patient with progressive disease, whose prognosis must be guarded, reveals 
4.4 percent of patients (2/45) had a less than optimal result within the early period 
of followup. Relapse occurred in 57 percent of patients with embryonal cell 
carcinoma (4/7) and in 25 percent of patients with teratocarcinoma (7/28). 
Vascular invasion was present in the primary tumor in 57 percent of cases who 
relapsed versus 18 percent of cases who remained disease free. Based on the 
experience in these 45 cases the physicians at Memorial Sloan Kettering have made 
two substantive changes in the surveillance protocol. First, patients with vascular 
invasion in the tumor no longer are considered candidates for the protocol. 
Second, patients who are entered into the protocol undergo repeat abdominal CT 
every 6 weeks instead of every 3 months. I am afraid this degree of followllp 
becomes almost prohibitive from a cost and practicality standpoint. 

Javadpour has reported on limited excision of 'primary landing zone lymphat
ics' and on surveillance following orchiectomy for clinical stage A NSGCTT [14, 
15]. Relapse occurred in 10 of 60 patients (16.7 percent) with clinical stage A 
tumors who were treated by orchiectomy alone and followed for a mean of 
26 months (range 24 to 60 months) (Table 6). Embryonal cell carcinoma with or 
without elements of choriocarcinoma had the highest relapse rate, p less than 0.01. 
Size of the primary tumor did not correlate with the risk of relapse. However, 
two histologic features in the primary tumor were very prevalent in patients 
suffering relapse: vascular or lymphatic invasion and tumor extension into the 
epididymis (80 percent, p less than 0.001 and 60 percent, p less than 0.01 respec
tively). Based on this experience Javadpour currently proposes that only patients 
with clinical stage A NSGCTT and no histologic predictors of a high relapse rate 
be entered into a post orchiectomy surveillance protocol. Patients who are in the 
protocol are followed with physical exam, serum tumor markers and chest x-ray 
every month for 1 year, then every 3 months during the second year and annually 
thereafter. The need for followup abdominal CT is individualized. The as
sumption that early relapse will be detected by tumor markers or chest x-ray is 
a flaw in the protocol in my opinion. J avadpour recommends patients who have 
one or more of the histologic predictors of relapse (cell type, vascular, lymphatic, 
or epididymal invasion) undergo surgical staging of the primary lymphatic landing 
zones of testicular tumors. Nodes from the left renal pedicle, right pericaval, 
aortocaval and ipsilateral spermatic vessels are carefully inspected and frozen 
sections are obtained. If frozen sections are positive for tumor a complete RPLND 
is performed; if specimens are negative all nodal areas are 'meticulously inspected' 
prior to closing the abdomen. This approach relies heavily on the accuracy of 
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frozen sections which are performed hurriedly and on limited samples. Meticulous 
visual inspection of the nodes should offer the surgeon little confidence in the 
microscopic status of the nodes. I had the personal experience of performing a 
complete bilateral RPLND in a patient with a left sided embryonal cell carcinoma 
and resecting 119 lymph nodes the majority of which were grossly enlarged and 
firm. Microscopic evaluation revealed 4 nodes with tiny foci of embryonal cell 
carcinoma and all of the remaining nodes showed only tremendous inflammatory 
response with reactive hyperplasia. The assumption that primary landing zones 
are invariably positive if contralateral sites bear tumor is justified by the extensive 
experience of Donohue in greater than 270 cases of complete bilateral 
RPLND [16]. 

Moriyama and associates retrospectively studied 45 patients with NSGCTT for 
factors associated with relapse [17]. Metastases developed in 4 of 19 patients 
(21.1 percent) who had negative nodes at the time of RPLND. Patients with 
vascular invasion in the primary tumor were far more likely to have metastases 
than patients without vascular invasion (25 of 29, 86 percent versus 3 of 16, 
19 percent). Choriocarcinoma was associated with metastases in 5 of 6 cases and 
vascular invasion in the testis in all cases. Preorchiectomy levels of AFP and beta 
HCG did not predict which cases had metastases. The stage of the primary tumor 
specimen correlated with metastases. High stage lesions (pT2-4, VICC classifi
cation) had metastases more often than did low stage (pTl) lesions (17 of 21, 
81 percent versus 6 of 24, 25 percent). 

In summary, what conclusions may be drawn from the preceding data? I am 
reminded of the politician who when asked where he stood on a difficult issue 
replied 'Some of my friends are for it, and some of my friends are against it. As 
for me, I am for my friends'. All of the referenced series on surveillance protocols 
following orchiectomy for clinical stage A NSGCTT were performed by highly 
skilled physicians at major centers with a vast experience in the management of 
testis tumor patients. Each aspect of the results from the accurate interpretation 
of initial staging, to the application of multiagent primary and salvage chemother
apy, to surgical debulking when appropriate, must be considered in this context 
when discussing the good results obtained. Surely a surveillance protocol requires 
the utmost in patient compliance with followup and sound physician judgment 
at key intervals. It would be an error to assume that urologists and medical 
oncologists treating an occasional testis tumor patient with variable followup will 
obtain the same results as described above. 

The experience to date from surveillance protocols allows the following con
clusions. The early relapse rate has been approximately 20 percent in all but one 
series and is in keeping with the accepted false negative rate for current staging 
modalities. Relapse rates can be expected to become slightly higher with longer 
followup barring an improvement in staging techniques. The great majority of 
relapsing patients have become free of disease following combination chemother
apy and/or surgery. At least one patient in a surveillance protocol has died of 
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Figure 3. Survival in patients with complete remission or disease-free status after chemotherapy and 
surgery (squares) compared with that in patients with only partial remission or less (triangles) [18]. 
'Reproduced by permission of authors and publisher'. 

tumor progression and several other patients continue to have disease after 
incomplete response to chemotherapy. Previous experience with chemotherapy 
for testis tumors teaches us that not all patients respond completely to primary 
or salvage regimens and partial response with persisting active tumor carries a 
guarded prognosis (Fig. 3) [18]. Therefore, one can predict a finite albeit small 
number of such patients from surveillance protocols as well. Patients with 
vascular or epididymal invasion in the primary tumor are at high risk for 
metastases and should not enter surveillance protocols. Patients with embryonal 
cell carcinoma are at higher risk for metastases than patients with teratocarcino
ma. 

Some of the questions posed in the introduction to this article are not answer
able at this time. Nevertheless they are vital if we are to devise optimal manage
ment for patients with NSGCTT. Surveillance protocols will identify relapse at 
small tumor volumes in the majority of cases. However, the case cited from my 
personal experience indicates that some patients believed to be stage A are in fact 
pathological stage B2 and will have a considerable tumor burden when relapse is 
detected even by the most careful followup in a surveillance protocol. Therefore, 
the majority of patients with relapse will enjoy a high probability of cure but 
others will not. Following initial enthusiasm for surveillance protocols after 
orchiectomy in all patients with stage A NSGCTT, investigators clearly are 
shifting back to additional therapy for patients having any of the histologic 
predictors in the primary tumor of a significant risk of relapse. Some investigators 
have suggested two courses of adjuvant chemotherapy in this setting. Patients 
with pathologic BI disease would be cured by RPLND in all but a few percent 
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of cases and never require chemotherapy. Whether or not cure by RPLND is 
preferable to cure with chemotherapy cannot be answered yet. The risks of 
RPLND in experienced hands are very low. The acute toxicities of muItiagent 
platinum based chemotherapy are considerable but can be diminished by judicious 
use of drugs and careful patient preparation. However, chronic toxicities includ
ing paresthesias and decreased hearing from high cumulative doses of platinum, 
and interstitial pulmonary fibrosis from bleomycin are unavoidable currently. 
The possibility of additional long term consequences of these agents remains. The 
answers to all of these questions will only be obtained from carefully controlled 
studies. We must avoid a casual attitude in the management of clinical stage A 
NSGCTT or the spectacular results achieved to date will surely decrease. We must 
advise these patients of the options for RPLND or surveillance in a fully informed 
manner regarding the limits of experience and results to date. The dilema of how 
best to manage clinical stage A NSGCTT and still maintain near 100 percent 
patient survival is a happy circumstance that we have yet to enjoy in any other 
area of urologic oncology. 
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Editorial Comment 

ROBERT R. BAHNSON 

The surveillance protocols for patients having clinical stage A nonseminomatous germ cell testicular 
tumors (NSGCTT) have evolved from observations that retroperitoneal lymphadenectomy (RPLND) 
has adverse effects on fertility, and combination chemotherapy can salvage the vast majority of 
patients having metastatic testicular cancer. Dr. Sagalowsky has carefully reviewed the early results 
of reported surveillance trials and posed meaningful questions suggesting that the preferred manage
ment of these patients is still undetermined. 

Perhaps the greatest impediment to the acceptance of surveillance protocols is the inability of 
current staging techniques to detect metastatic disease in 20 to 25070 of patients. Microscopic nodal 
metastases in this group currently are detected only by RPLND. Improvement in staging accuracy 
should decrease relapse rates in surveillance protocols to approximately lOOJo, which is the relapse rate 
observed in patients with pathologic stage A disease who have undergone RPLND [1]. However, until 
new or improved staging modalities are available, a 20070 incidence of relapse can be expected after 
orchiectomy alone for clinical stage A patients. Furthermore, in patients who do not comply with 
follow-up protocols, relapse may not be detected until advanced disease is present and the prospect 
for cure is less likely. 

Recent data on poor semen quality in patients with NSGCTT and modification of the surgical 
technique for RPLND in low stage disease diminish the importance of fertility as a major issue in 
designing treatment plans for clinical stage A patients. Several studies indicate a majority (52 to 77070) 
of patients with testicular tumors have sperm counts of less than 20 million before or immediately 
after orchiectomy [2,3,4,5]. Lange et al [6] postulate that expectant management of stage A patients 
would result in only a 16070 increase in potential fertility over patients treated by traditional RPLND 
and chemotherapy. Pizzocaro et al [7] reported that unilateral RPLND in patients with clinical stage A 
NSGCTT preserves antegrade ejaculation in more than 80070 of patients without compromising 
survival. By contrast, Narayan et al [8] observed spontaneous return in ejaculation in only 45070 of 
patients treated with an extended bilateral dissection. Limited (staging) lymphadenectomy is appealing 
because careful mapping studies of the metastatic pathways of NSGCTT performed by Donohue et 
al [9] have demonstrated the doubtful need for a full contralateral dissection in patients having clinical 
stage A disease. In these patients, limited node dissection accurately stages the disease while preserving 
antegrade ejaculation in the majority of cases. 

An important observation from the collected series of patients is the identification of factors 
prognostic of tumor recurrence in low stage NSGCTT. It is apparent that vascular invasion and/or 
lymphatic invasion in the tumor, extension of the tumor into the epididymus and/or spermatic cord, 
embryonal histology and possibly size of tumor are important predictors of relapse. It would seem 
advisable to exclude these patients from surveillance protocols. 

Expectant management of clinical stage A NSGCTT is still experimental and the optimal manage
ment can be determined only from carefully controlled studies as Dr. Sagalowsky suggests. At present, 
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I believe the best therapeutic alternative to bilateral complete RPLND for low stage NSGCTT is a 
staging lymphadenectomy limited to the primary zones of metastatic spread. For right sided tumors 
this would involve a right paracaval, precaval, interaortocaval, preaortic, right suprahilar, and right 
iliac dissection. For left sided cases it would involve full dissection in and around the renal vessels 
on the left extending to the mid-precaval zone while omitting the right paracaval, right iliac, and 
suprahilar zones. This would eliminate most staging errors, preserve ejaculatory function in many 
patients, and identify patients who should be treated with a thorough extended bilateral dissection 
and post operative adjuvant chemotherapy. 
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Flow cytometry has evolved as a powerful laboratory tool in both research and 
clinical settings. The modern flow cytometer is designed to record a variety of 
simultaneous measurements on individual cells as the cells, aligned by the laminar 
flow of a surrounding sheath of liquid, pass in single file through a sensing region 
of the instrument. The flow cytometer, with the aid of a supporting computer, 
can perform several simultaneous analytical functions on a complex mixture of 
cells by examining each cell individually at the incredible rate of several hundred 
to several thousand cells per second. In some instruments, the computer can also 
utilize the analytical data collected on the individual cells to instruct the flow 
cytometer to effeciently sort the cells into sub-groups based upon the information 
collected. A minor component of a complex mixture can therefore be effectively 
cloned for later examination using alternative techniques. This sorting procedure 
can be performed aseptically so that cells can be cloned, placed into in vitro 
culture or injected into animals for further propagation. 

The historical development and intricate workings of the flow cytometer are 
beyond the scope fo this article. There are several excellent reviews available which 
elegantly describe the details of the development [1, 2] and function of this 
instrument [3-7]. It is sufficient to know that the flow cytometer makes two basic 
measurements on a cell- scatter of an incident beam of light (usually argon laser 
or high intensity mercury lamp) and fluorescence emission by appropriate probes 
attached to or internalized within the cells: The measurement of light scattered 
by the cell is a rough measurement of the size, as well as to the granularity, of 
the cell; any fluorescent label which can be excited by the incident beam of light 
can be used to label the cells or cell compartments. Addition of multiple light 
sources such as a complementary krypton laser [8-10] or the relatively new dye 
laser [11-13] greatly extend the capabilities of the flow cytometer since even more 
simultaneous measurements can be made using multiple fluorescent probes which 
are excited and which emit at alternative wavelengths. 
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The most important restriction for analysis of a specimen by flow cytometry 
is that the cells generally must be in the form of a single cell suspension and not 
be clumped or aggregated. This restriction often creates a major obstacle to the 
practical application of the flow cytometer to the examination of certain prop
erties of solid tissues, an example of which is a measurement of the expression 
of cell surface antigens. The procedures necessary to obtain a single cell sus
pension from a solid tissue usually alters the antigenic properties of the cell surface 
so that the data obtained do not adequately represent the cells as they existed in 
vivo. 

Type of information generated by flow cytometry 

The variety of information that a multiparameter flow cytometer could conceiv
ably generate seems almost limitless (reviewed by Shapiro [14]); however, the 
instrument has only been routinely applied to a limited number of the tasks of 
which it is potentially capable. The bulk of the clinical and biological information 
so far generated by flow cytometry falls into two categories - cell cycle kinetic 
analysis and immunobiology. Cell cycle analysis involves stoiciometric labelling 
of the cellular DNA with any of several fluorescent probes such that the amount 
of DNA within the cell can be quantified. The flow cytometer then counts the 
number of cells, or free nuclei, containing variable amounts of DNA and produces 
a histogram which depicts the number of cells in each compartment of the cell 
cycle (Fig. 1). In general, a DNA histogram obtained from a flow cytometric 
analysis of normal human tissue contains a prominant peak of cells with diploid 
amounts of DNA, representing cells in the GO/Gl-phase of the cell cycle. These 
cells contain 46 chromosomes (2N) and are representative of the bulk of normal 
somatic human tissues. A second, smaller peak is normally present at double the 
channel number of the first peak and represents cells with tetraploid amounts of 
DNA, corresponding to cells in the G2IM-phases of the cell cycle (4N). Between 
these two peaks, and overlapping to some extent with them, are found the cells 
involved in active DNA synthesis corrsponding to the S-phase of the cell cycle. 
In normal tissues, such as the urinary bladder, the number of cells in the S- and 
G2IM-phases of the cell cycle are usually small in number, representing less than 
100/0 of the total cells in the tissue. Any of several mathematical models, which 
make different assumptions about the distribution of cells within the histograms, 
can be used to quantitate the number of cells in the various cell cycle compart
ments [15-21]. 

Many tumor tissues, however, contain cells with abnormal amounts of DNA 
so that new peaks appear on the histograms corresponding to the appearance of 
aneuploid clones of cells growing within the tumor (Fig. 2). Increased rates of 
DNA synthesis are also present in many tumors so that the percentage of cells 
in the S-phase of the cell cycle is greatly increased. Thus, DNA analysis by flow 
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Figure 1. Flow cytometric DNA histogram for the human fibrosarcoma cell line HT 1080 illustrating 
a near diploid profile. The histogram shows increasing fluorescence on the horizontal axis, as 
expressed as channel numbers, and the relative number of cells at each flurescence level on the vertical 
axis. The cell cycle compartments are indicated: 2N=GO/GI-phase, S=S-phase, and 4N=G2/M
phase of the cell cycle. C=chicken erythrocytes. T=trout erythrocytes. 

cytometry provides several pieces of information about the proliferative potential 
of a tumor and about the degree of abnormality within a tumor cell population. 
Internal markers of known DNA content can be added to the samples in order 
to define the relative peak positions on the resulting histograms (note Figs I and 
2). The most commonly used internal markers have been nucleated chicken 
erythrocytes (CRBC'S), trout erythrocytes (TRBC'S) and human lympho
cytes [22,23]. Chicken erythrocytes have approximately 35070, and trout erythro
cytes approximately 80%, of the DNA content of normal human diploid cells [23] 
and are thus ideal internal standards since they can routinely be added to the 
clinical sample without interfering with the resulting histogram. Only in cases 
where a hypodiploid clone is present does the potential exist for these internal 
standards to interfere with the analysis of the resulting histograms. 

Immunological analyses performed on the flow cytometer have usually dealt 
with the appearance of differentiation and tumor specific antigenic properties of 
cells. As indicated above, the major constraint encountered in assessing the 
antigenicity of solid tumors, such as the urologic tumors, is the requirement for 
the tissue to be reduced to a single cell suspension, prior to analysis in the flow 
cytometer, using techniques which alter many of the interesting cell surface 
antigens. Therefore, immunological analysis in the flow cytometer has generally 
involved examination of lymphoid cells, although internalized antigens of solid 
tumors can also be analyzed on the instrument [7, 24]. 

DNA analysis by flow cytometry 

A variety of DNA specific fluorescent labels have been used to examine cell cycle 



244 

2N 
01 =1.7 
%S =13.8 

c 

20 60 100 140 180 

CHANNEL NUMBER 
Figure 2. Flow cytometric DNA histogram from a Grade IV transitional cell carcinoma from the 
urinary bladder with a major aneuploid cell population. The peaks are defined as C = chicken 
erythrocytes, T=trout erythrocytes, 2N=diploid human cells, GO/Gl=tumor GO/Gl peak, 
G2/M=tumor G2IM peak. The normal 4N peak corresponding to the diploid 2N cells would be 
located under the tumor GO/01 peak on this linear scale. DNA Index (DI) = ratio of modal GO/01 
peak for Tumor Cells to that of normal diploid standards. 

characteristics in a variety of tumors (reviewed by Goerttler and Stohr [25]), one 
of the most popular of which is acridine orange. This dye is unique in that it binds 
both to double-stranded DNA to fluoresce at one range of wavelengths (green) 
and to single-stranded RNA to produce a different range of fluorescence (red). 
Thus, acridine orange can be used to stain both types of nucleic acid simultaneous
ly [26-28]. Melamed and coworkers [29-36] have used acridine orange to stain 
bladder tumor cells, utilizing the staining properties of this dye to help identify 
and gate out of their histograms several contaminating cell types, such as 
leukocytes and squamous cells. 

Other fluorescent dyes which are commonly used to label cellular DNA in 
urological tissues are ethidium bromide [37], ethidium bromide plus Mithromy
cin [38], propidium iodide [39], 4'-6-diamidino-2-phenylindole (DAPI) [40], and 
the Roescht dyes [41, 42]. The Roescht dyes are vital dyes and can be used to 
temporarily label the DNA of living cells, often without irreversibly damaging 
them. The chemistry of many of these fluorescent dyes has been reviewed by 
Latt [43] and Darzynkiewicz [44]. Each of these dyes, if utilized as intended, can 
provide much information about the DNA content of solid tumor cells. 

Limitations of DNA analysis by flow cytometry 

It is necessary to discuss certain limitations of flow cytometry as it is applied to 
DNA analysis. The validity of DNA measurements made in the flow cytometer 
rests upon being able to demonstrate the same type of information by alternative 
techniques. It has been adequately shown, in several tumor systems, that a major 
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characteristic of malignant cells is the appearance of aberrant chromosomes and 
chromosome numbers [45-49]. Also, several laboratories, using the technique of 
absorption cytofluorometry (a microscope-based analysis of the total cellular 
DNA content), have provided data similar to that obtained from the flow 
cytometer [50-53]. It is important to realize that flow cytometric analysis provides 
only a measure of the total DNA content per cell and not of the distribution of 
this DNA amongst the chromosomal complement of the cells, information which 
might be obtained from a karyotypic analysis. A chromosomal rearrangement 
without a substantial net gain, or loss, of DNA would not be detected by flow 
cytometry. A diploid histogram in a tumor, therefore, does not necessarily mean 
a normal chromosomal complement. In at least one report by Granberg-Ohman 
et al. [54] DNA analysis by flow cytometry was compared with the results of a 
chromosomal analysis on the same cells. They reported that the flow cytometric 
analysis provided DNA contents 20% higher than the quantity estimated from 
chromosomal analysis. Barlogie et al. [55], on the other hand, compared the DNA 
Index (ratio of the modal GOIGI peak for tumor cells to that of normal diploid 
standards) with the Karyotype Index (ratio of modal chomosome number to the 
diploid chromosome number of 46) for several tumors and found that in many 
cases there was a linear relationship between the two values. There were, however, 
a number of diploid or near-diploid tumors by chromosome analysis which had 
aberrent DNA contents by flow cytometry. The discrepencies between labora
tories and with different specimens could reflect differences in stainability of the 
cells as well as procedural differences employed by various laboratories. Thus, 
the DNA values obtained from the flow cytometer should be regarded as relative 
values rather than as absolute values. 

Some of the fluorescent dyes bind not only DNA but double-stranded RNA 
as well (e.g., the intercalating dyes propidium iodide and ethidium bromide) so 
that it is necessary to use ribonuclease (RNAase) in the preparation to destroy 
this interaction. Other factors such as ionic strength, pH, type of fixation, type 
of dye and dye concentration are also vitally important in the quality of the 
staining reaction. In addition, different physical states of DNA can result in 
differential staining of cells in that the degree of condensation of the DNA or the 
binding of different proteins could greatly affect the amount of dye bound [56]. 
This problem is most apparent in flow cytometric analysis of abnormal testicular 
tissue and sperm [57, 58]. Many of these factors have been addressed by the 
authors listed above for the use of each of the individual stains. 

It is also possible that there could be differences in the way different tissues 
interact with some of these reagents. We have noted, for instance, that the Krishan 
reagent (propidium iodide) as used in our laboratory [19, 39, 59] works well for 
preparation of all epithelial cells and tissues examined so far, including a variety 
of carcinomas and adenomas. The presence of the non-ionic detergent NP-40 in 
the reagent adequately releases single nuclei from these cells, even when the cells 
are badly clumped. Fibroblastic tissues and fibroblasts in short term tissue 
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culture, however, do not behave as well in this staining solution since there is only 
partial release of the nuclei from the cells and there is a strong tendancy for the 
released nuclei to form aggregates. Thus, the resulting histograms have much 
broader peaks than found for the epithelial tissues and there are fewer free nuclei 
available for analysis per milligram of tissue. Supplementation of the staining 
solution with additional detergents, mild sonication, or even dounce homogeni
zation, have not resulted in a significant increase in the release of free nuclei from 
these cells (unpublished observations). 

DNA ploidy in urological tumors 

It is clear, in several tumor systems, that there is a direct correlation between the 
appearance of abnormal DNA contents within the tumors and the degree of 
clinical involvement (reviewed by Barlogie et al. [55]; Frankfurt et al. [40, 60]). 
Several laboratories have used flow cytometry to examine this relationship in 
urological tumors. As discussed above, the search for DNA aneuploidy by flow 
cytometry is not a sufficient criterian, by itself, to identify all urological tumors; 
diploid, or near-diploid, tumors and those with chromosomal rearrangements 
which do not have a net loss or gain of DNA content might not be detected by 
this technique. In addition, sampling errors can also lead to false-negative results 
since small tumors, or tumors buried deeply within the tissue, can be missed 
depending upon the procedures used to collect specimens. Still, a large body of 
information indicates that flow cytometry can be very effective in identifying 
many of the urological tumors based solely on abnormalities in the resulting DNA 
histograms. 

One of the earliest flow cytometric studies on bladder cancer was reported by 
Tribukait and Esposti [61] using bladder washings from 288 patients. Their 
method of preparation consisted of fixation of the cells in 960/0 ethanol, ribonu
clease (RNAase) treatment, release of the cell nuclei by pepsin digestion and 
subsequent staining of the DNA with ethidium bromide. The results obtained by 
flow cytometry were correlated with standard cytological and histological ana
lyses. Their preliminary data implied that, in bladder tumors, the presence of 
aneuploidy was an indication of malignancy. Comparison of the appearance of 
aneuploidy to tumor grade showed that aneuploidy was present in 7% of the 
histological grade 0 and grade I tumors, in 35% of the grade II tumors and in 
79% of the grade III tumors. Thus, there was an apparent direct correlation 
between the presence of aneuploidy and tumor grade. Further subdivision of the 
grade II tumors according to the degree of cellular atypia illustrated that tumors 
with only slight nuclear atypia had a lower incidence of aneuploidy (9%) compar
ed with the more atypical tumors within this group (68% aneuploidy). Also, 
correlation with cytological grading showed that tumors with benign appearence 
were aneuploid only 8% of the time while poorly-differentiated tumors expressed 
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960/0 aneuploidy. Pedersen et al. [62], in another early study using either propid
ium iodide or ethidium bromide to stain tumor cells [63], also noted a direct 
correlation between the degree of anaplasia and the appearence of aneuploid 
peaks. These early flow cytometric studies therefore illustrated that the flow 
cytometer was capable of obtaining data similar to that provided by more 
laborious techniques such as chromosome analysis [45-49] and microscope-based 
absorption cytophotometry [50--53]. 

Tribukait et al. [64] later reported on 100 untreated, newly-diagnosed bladder 
cancer cases where the flow cytometric results were correlated with the TNM 
system of clinical assessment of tumor involvement [65]. Tumors with tetraploid 
stemlines were grouped with the aneuploids in this study. A tumor was labeled 
as having a tetraploid stemline if the number of tetraploid cells (G2IM, 4N) 
exceeded the average value of the 4N peak of cells from normal bladders by 
3 times the standard deviation (in their experience, 4.1 ± 2.0% for bladder wash
ings and 3.9± 1.3% for biopsies). One third of the T1 tumors showed evidence 
of aneuploidy while, with only one exception, all of the T2, T3, T 4 and TIS tumors 
had aneuploid stemlines. Examination of the relative positions of the aneuploid 
peaks of the different members of the T -series indicated that there was a 
progressive shift from a hypotetraploid position for T1 aneuploid tumors to a 
hypertriploid position for T3 tumors; therefore, there was an apparent loss of 
DNA with increasing clinical involvement. There also appears to be a relationship 
of T-series with the histological grade [66] since grade 3 tumors of the T-series 
congregated in the hypertriploid region while grade 2 tumors were centered in a 
more tetraploid region. Frankfurt et al. [40], while examining biopsy material 
with either propidium iodide or DAPI stains, also noted an interesting correlation 
between the degree of aneuploidy and the degree of differentiation in bladder 
tumors. Only in poorly-differentiated tumors did they find DNA Indices (01) in 
the range of 1.4 to 2.2. (DI = 1.0 for diploid cells) whereas in well- and moderately
differentiated tumors the DNA Index was usually near diploid. They also noted 
that there was a progression of aneuploidy with clinical stage in bladder tumors 
since most TO and T1 tumors were diploid while most T2 to T4 tumors were 
aneuploid. They found no correlation between the presence of metastatic lesions 
and the degree of aneuploidy in the small number of cases they examined. These 
results indicate that low grade and low stage bladder tumors are generally either 
diploid or near-tetraploid while more advanced tumors are hypertriploid in DNA 
content. 

Farsund et al. [67, 68] reported observations comparing cell cycle analyses 
made on multiple aspirations of bladders taken during cystoscopy using a tech
nique developed earlier that allowed selective aspiration of cells from different 
regions of the bladder [38, 69]. The aspirated cells were fixed with ethanol and 
stained with ethidium bromide plus Mithramycin. Utilizing this technique, they 
showed that one could map the DNA distribution of the bladder mucosa and 
found that, in at least some cases, the distribution of diploid and aneuploid cells 
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varied with location around the tumor. They felt that this technique of selective 
aspiration was superior to bladder barbotage for sampling tumor cells since, in 
the latter case, all relationship of cells to their site of origin was lost. Also, there 
was greater potential for dilution of tumor cells with excessive numbers of normal 
cells by the bladder barbotage technique which could produce false negative 
results by flow cytometry. Utilizing the selective sampling technique, they report
ed that histological grade 2 tumors [66] were 43070 aneuploid while 91 % of the 
grade 3 tumors were aneuploid. Examination of the degree of aneuploidy in a 
number of tumors yielded two main classes of aneuploidy distribution - one with 
a hypertriploid distribution and one with a hypotetraploid pattern. It was noted 
that there was more extensive involvement of surrounding bladder mucosa in 
cases where the aneuploid stemline was hypertriploid than hypotetraploid. This 
result correlated well with the results of Frankfurt et al. [40] indicating that 
the more aggressive bladder tumors had DNA contents in the near triploid 
range. 

Melamed and coworkers have examined more than 500 urologic patients by 
flow cytometry in an extensive study which has been in progress for several 
years [30-36, 70]. Tumor cells obtained by either bladder irrigation or tumor 
biopsy were stained with acridine orange so that both DNA and RNA content 
of the cells could be analyzed simultaneously in the flow cytometer. The combined 
analysis of RNA and DNA, along with light scatter characteristics of the cells, 
allowed them to distinguish several contaminating non-tumor cells which were 
subsequently eliminated by gating from their analysis results. 

Collste et al. [30] examined 39 cancer patients by both biopsy and bladder 
irrigation. Comparison of the results obtained by flow cytometry with those 
obtained histologically showed that 34 of the 39 bladder tumors were identified 
in the irrigation samples by flow cytometry as a result of the appearance of either 
a distinct aneuploid DNA peak or of an increase in the number of hyperdiploid 
cells above a baseline level (cells with a DNA content above 2N but not showing 
a distinct aneuploid peak). Four of the five false-negative patients, not detected 
by flow cytometric analysis of the irrigation fluids, had well-differentiated papil
lomas and one had a low-grade papillary carcinoma. There were occasional 
differences between the histograms obtained from the two methods of sample 
collection. Most often, the specimen with the most variability in the number of 
DNA stemlines present was that obtained by irrigation, a result which might 
be expected for a technique which samples a larger portion of the bladder sur
face than examined by biopsy methods. This data indicated that the irrigation 
technique might be superior to biopsy procedures for diagnosis of bladder 
cancer using flow cytometry. Studies involving multiple biopsy sites obtained 
around a tumor indicated that different stemlines of tumor can be growing 
at different locations within the bladder, a result supported by the work of 
Farsund et al. [67, 68] using multiple aspirations of the bladder surface 
mucosa. 
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Klein et al [31] extended this study to encompass nearly 400 urologic patients 
including 100 normal controls. The criteria chosen to identify a positive bladder 

tumor was that the cells should either: 1) possess a distinct aneuploid peak by flow 
cytometry, or 2) the percentage of hyperdiploid cells should exceed 15% of the 
total cells. The overall results showed that the more a tumor progressed the more 
likely it was to be detected by flow analysis of the DNA content. Thus, flow 

cytometry was positive for 31 % of the papillomas, 86070 of the noninvasive 
carcinomas, 97% of the flat carcinomas in situ (CIS) and 92% of the invasive 
carcinomas. Similar results were noted concerning the appearance of aneuploidy 
by itself within these tumors. Fifty-five percent of the papillomas were aneuploid 
compared with 40% of the noninvasive papillary carcinomas, 84% flat CIS, and 
67% of the invasive carcinomas. Only two false-positive cases were encountered 

and both of these involved patients with severe cystitis and bladder calculi 
associated with benign prostatic hyperplasia, situations which might have induced 
cellular proliferation within the bladder mucosa. Neither of these cases showed 
the presence of aneuploidy. More importantly, there were 18% false-negatives by 
these criteria. However, if the papillomas were dropped from this figure, the 
number of false-negatives fell to 7%. All of the missed carcinomas were either 
small and localized, or consisted of invasive carcinomas which were covered over 
with ulcerated mucosa containing fibrinous inflammatory exudate. These results 
support earlier data for bladder irrigation specimens by Tribukait and Esposti [6] 

and Collste et al. [30] that aneuploidy increased with the histological grade of the 
tumor, while Tribukait et al. [71], Jakobsen et al. [72] and Granberg-Ohman et 
al. [73] had reported similar data for biopsy specimens. 

An attempt was made to correlate the results obtained by flow cytometry with 
those derived from routine cytologies and from cystoscopic observations. There 
were 4 groups recognized: First, were those where all three parameters correlated; 
this occurred in 220 of the 325 specimens - 64 positive in all cases and 156 negative 
in all cases. The second group consisted of those cases where only flow cytometric 
and cytologic analyses agreed; this occurred in only 39 specimens - 12 positives 
and 27 negatives. The third group contained those cases where only the flow 
cytometric data and cytoscopic examinations correlated; this occurred in 40 cases 
- 38 positives and 2 negatives. Group 4 was composed of those cases where flow 
cytometric data was not verified by either of the other procedures; this group 
consisted of 26 cases in which flow data were positive but could not be confirmed 
by the other two procedures. Twelve of the 21 patients from which these 
26 samples in group 4 were taken subsequently developed positive cytologies or 
showed indentifiable tumor by cystoscopy within 1 year. Thus, flow cytometry, 
in combination with one or both of the other techniques, should prove valuable 
as an additional tool for detection of bladder cancer; it is possible that flow 
cytometric analysis of bladder irrigation specimens could be more sensitive than 

either of the other two procedures for early diagnosis of bladder cancer. 
Klein et al. [32], in a related report, studied 123 patients with carcinoma in situ 
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(CIS) of the bladder. Eighty of these patients had flat CIS, while 43 had papillary 
tumors with foci of CIS or diffuse noninvasive papillary carcinomas. Analysis 
of bladder washings from these patients showed that flow cytometry correctly 
diagnosed flat CIS 98070 of the time; the two false-negative cases had very small 
foci of tumor. Eighty-six percent of the positive cases had distinct non-tetraploid, 
aneuploid peaks while another 14070 had tetraploid peaks which comprised greater 
than 15% of the total cells present. Eighty-eight percent of the cases which had 
papillary carcinomas in situ were positive by flow cytometry and 42% of these 
had non-tetraploid, aneuploid DNA profiles. 

Gustafson et al. [74] also examined 20 patients with CIS and found that all 20 
showed evidence of aneuploidy. This group also noted that tumor progression was 
apparent only in cases with multiple aneuploid DNA clones. Thus, flow cytometry 
appears to provide important clinical information about CIS which is not avail
able from other sources. The results of these two laboratories clearly illustrate 
the utility of flow cytometry for recognition of carcinoma in situ within bladder 
irrigation specimens. 

Melamed [70] and Melamed and Klein [36] recently summarized the flow 
cytometric results on bladder tumors obtained in their laboratory over the past 
several years. Using the criterian that the presence of an aneuploid population 
of cells by itself is a highly accurate indicator of an existing carcinoma, they were 
able to accurately predict 86% of the flat CIS cases and 42% of the cases of 
papillary CIS [32]. By this same criterian 67% of the invasive carcinomas were 
identified [31]. Modification of the requirements for identification of positive 
cases to include specimens which had a distinctive tetraploid population, or had 
greater than 15% hyperdiploid cells without an apparent aneuploid peak, resulted 
in recognition of nearly all the flat CIS, 80% of the papillary CIS, and 92% of 
the invasive carcinomas. False-positives have varied from 2 to 10% depending 
upon the number of cases which had severe cystitis. Approximately 12% of the 
benign papillomas contained aneuploid cells [34] and, by all of the criteria above, 
46% of the patients with papillomas gave positive flow cytometric results. It is 
possible that there exists a division of the papillomas, signaled by these results 
from the flow cytometer, as to the potential for these tumors to progress. The 
necessary follow-up studies to ascertain this possibility have not been reported, 
however. 

Jakobsen et al. [75] investigated 303 multiple biopsies on 45 patients with 
untreated bladder cancers. The biopsy specimens were minced with a scalpel and 
syringed to break up the tissue. The cells were stained with ethidium bromide in 
detergent [72] and trout erythrocytes (TRBCS) were used as an internal control. 
All but 2 specimens, classified as histological grade 0 by the Bergkvist criteria [76], 
were diploid. About half of the grade II specimens were diploid whereas 90% of 
the grade III and IV specimens were aneuploid. The frequency of aneuploidy, 
therefore, increased with the degree of atypia, an observation also noted for 
selected site samples taken from areas not adjacent to the primary tumor. The 
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DNA indices of the cells adjacent to the tumor were identical to that of the tumor 
in all cases examined. Samples from non-adjacent, selected sites, however, 
occasionally had different DNA stemlines at different locations. 

Gustafson et al. [77] did a followup study on 229 patients with grade I and 
grade II tumors which had been surgically treated. Within this group 175 cases 
were initially diploid and 54 were aneuploid. They found no tumor progression 
in any of the 175 diploid cases as defined by 1) increase in the T -category (UI CC), 
2) development of flat CIS, or 3) local progression, such as papillomatosis, 
requiring further treatment. Their findings were similar to others in that the 
greatest number of aneuploids were found in the grade II tumors, with most of 
the grade I tumors being diploid. Examination of the degree of ploidy in patients 
with recurrent tumors indicated that there was a high level of consistency in that 
the recurrent tumors usually remained at the same degree of ploidy as the primary 
tumors during a lengthy period of observation. There were, however, 19 cases 
with primary diploid tumors which recurred as aneuploid tumors, and 8 cases 
which were initially aneuploid but reappeared as diploid tumors. 

Many fewer flow cytometric studies have been performed on prostate carcino
mas than on bladder tumors which is probably a reflection of the relatively greater 
difficulty in obtaining adequate material for examination in the flow cytometer. 
The clinical diagnosis of prostatic carcinoma is largely based upon histopathologi
cal analysis of biopsy material, often via fine-needle aspiration. This type of 
biopsy may not always be representative of the tumor which makes accurate 
classification of the disease difficult. There also appears to be a large variation 
in the clinical behavior of prostate tumors of the same histological type making 
prediction of the course of the disease very difficult [78]. Early investigations 
based upon absorption cytophotometry in the microscope had indicated that there 
was a correlation between the DNA content and prognosis of prostatic carcino
mas [79-81]. Some of the initial flow cytometric studies on prostate carcinoma 
also indicated that there was a direct correlation between the DNA pattern and 
the state of differentiation [82-85]. 

Ronstrom et al. [86] reported the results of examination of 500 untreated 
patients with suspected prostatic cancer who submitted to trans rectal fine-needle 
aspiration biopsies. Multiple biopsies were made of the same area for both flow 
cytometry and routine histological analysis. The samples for flow cytometric 
analysis were stained with ethidium bromide as described by Tribukait et al. [37]. 
Their results showed that benign prostatic tissues had a mean G2 + M content of 
4.2070. They, therefore, cataloged any cell with a G2 + M fraction greater than 7070 
(mean + 2 standard deviations) as abnormal and highly suspicious of containing 
a tetraploid tumor stemline. Morphologically benign samples were generally 
diploid or tetraploid while 73070 of the carcinomas were aneuploid; one third of 
the questionably malignant tumors had non-diploid DNA patterns. Only one case 
was found where a well-differentiated tumor showed evidence of having an 
aneuploid stemline. Half of the moderately-differentiated tumors were tetraploid 
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while half were non-tetraploid, aneuploid; most of the poorly-differentiated 
tumors were non-tetraploid, aneuploid. Five percent of the moderately-differen
tiated tumors and 350/0 of the poorly-differentiated tumors had multiple 
aneuploid clones. The degree of aneuploidy also varied with the tumor pro
gression: well- and moderately-differentiated tumors with aneuploid clones had 
an average peak position of 3.9c (3.9 times haploid chromosome DNA content) 
while the poorly-differentiated tumors had an average peak position of 3.6c (DNA 
Index roughly equal to 1.8). Thus, there was also a tendency toward triploidy with 
increasing degree of aneuploidy in the prostate tumors. 

Tribukait et al. [87] examined the aneuploid tumors in greater detail placing 
special interest upon the distinction between tetraploid and non-tetraploid tu
mors. Examination of 300 patients showed exclusively diploid cell lines in 61 % 
of the well-differentiated cases but only in 3% of the poorly-differentiated cases. 
They found that the percentage of the tetraploid tumors decreased with increasing 
cytologic grade (88% in well-differentiated tumors to 69% in moderately-differ
entiated and 33% in poorly-differentiated tumors). Likewise, multiple aneuploid 
clones were more common in poorly-differentiated tumors (0% in well-differen
tiated and 22% of the poorly-differentiated tumors). Thus, well-differentiated 
tumors could be separated into diploid and tetraploid tumors, poorly-differentiat
ed tumors into tetraploid and aneuploid tumors, and moderately-differentiated 
tumors contained all three DNA classes. In addition, the percentage of non
diploid cells in relation to the total cells aspirated showed a direct correlation with 
the increasing tumor grade; the greatest effect was noted in the non-tetraploid, 
aneuploid tumors. Caution must be exercised in interpreting this data, however, 
since non-tetraploid, aneuploid tumors may be less cohesive than more highly 
differentiated tumors and thus be more apt to shed tumor cells by fine-needle 
aspiration. It is also possible that there were more diploid tumor cells in the 
tetraploid tumors than in non-tetraploid tumors. Support for this view comes 
from studies using absorption cytophotometry which suggests that tetraploid 
tumors may contain significant numbers of malignant diploid cells [79, 81]. 

Frankfurt et al. [88] recently reported a detailed analysis of 45 prostate carcino
ma patients. They found a frequency of aneuploidy of 44.4% overall and that 
the frequency of aneuploidy increased with advancing stage of tumors. All of the 
tumors confined to the prostate gland (stage B) were diploid while most of the 
tumors with distant metastases were poorly-differentiated and usually had 
aneuploid DNA stemlines. Only 18.2% of the diploid tumors expressed distant 
metastases, whereas 2/3 of the aneuploid tumors had spread to the pelvic nodes 
and to distant sites; none of the aneuploid tumors were confined to the gland 
itself. Therefore, the presence of aneuploid cells appears to be a good indicator 
of tumor spread outside the prostate. There was also a direct correlation between 
the Gleason score [89, 90] and the degree of aneuploidy. 

There have been relatively few additional flow cytometric studies of other 
urothelial tumors. Examination of kidney tumors has been hampered by the size 
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and complexity, as well as by the relative rarity, of these tumors. Schwabe et 
al. [91] examined a small group of 36 patients with various renal tumors in an 
attempt to demonstrate a relationship betw~en flow cytometric DNA analysis and 
histological grade using the grading system of Hermanek et al. [92]. Fourteen 
(39070) of the 36 tumors examined were aneuploid in patients who had undergone 
irradiation therapy on 4 consecutive preoperative days. Their study showed that 
grade I tumors were all diploid while grade II and grade III tumors were both 
diploid and aneuploid. There was no information about the uniformity of the 
kidney tumors in this study since cells from duplicate blocks of tissue were pooled 
for analysis. A microscope-based cytofluometry study by Bennington and May
all [93] showed DNA profile differences between tumor and non-tumor regions 
of the kidney tumors and indicated that these differences increased with tumor 
grade. They could not, by flow cytometric DNA analysis alone, distinguish benign 
adenoma from grade I carcinoma, nor could they distinguish between clear cell 
and oncocytic tumors of the same grade. In general, however, they were able to 
predict the tumor grade from the cytometric data alone. 

Baisch et al. [94] examined 46 renal carcinomas and found that 46% of these 
were aneuploid. All of the tumors of grade IIIb and grade IV were hyperdiploid 
(grading system of Syrjanen and Hjelt [95]). Almost half of the hyperdiploids and 
89% of the diploids were from low grade tumors. In a 2 year follow-up 8 of 17 
patients with hyperdiploid tumors and 1 of 14 with diploid tumors had either 
succumbed to the tumors or had relapsed with multiple metastases. Thus, as with 
several other tumor systems, there was an apparent direct relationship between 
ploidy and tumor progression. 

Otto et al. [96] expanded upon this study of renal cell carcinomas by examining 
multiple site specimens from 68 patients with stages I to III tumors. Twenty of 
the 68 patients had received pre-operative irradiation. They did not distinguish 
between this group of patients and those who had not been irradiated since no 
flow cytometric DNA pattern differences were noted between the two groups. A 
total of thirty-five (51 %) of the patients had aneuploid DNA contents and five 
of these had a nonhomogeneous DNA profile in different areas of the tumor. In 
general, they reported a tumor as being aneuploid if they found an aneuploid 
stemline in any portion of the kidney. Thirty-one (89%) of the 35 patients with 
aneuploid tumors had metastases during the observation period of 1 to 4 years, 
while only 7 (21 %) of the patients with diploid tumors had metastases in the same 
period. Twenty-one of 22 grade III and grade IV tumors had metastases in this 
period while 5 of 15 grade I tumors and 12 of 29 grade II tumors metastasized. 
One interesting observation they reported was that 30% of the grade 1 tumors had 
aneuploid DNA contents indicating that the current schemes of grading renal 
tumors may have a high degree of inaccuracy; flow cytometry might, therefore, 
provide needed assistance in the grading process for renal tumors. 

Chin et al. [97] recently reported flow cytometric data obtained on 54 renal cell 
carcinoma specimens from 50 patients. Aneuploid cells were detected in 31 of 43 
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primary and 9 of 11 metastatic lesions giving an overall incidence of aneuploidy 
of 740/0. No significant difference in the appearance of aneuploidy was noted 
between clear cell and granular cell tumors, between primary and metastatic 
tumors, or between stage III and stage IV tumors (pathological staging procedure 
of Robson et al. [98]. There were relatively few stage I and stage II tumors 
examined, but two of the four stage I tumors and 1 of 2 stage II tumors were 
aneuploid. With one exception, they found complete agreement in the DNA 
indices of primary and metastatic lesions. The exceptional case, however, had 
diploid cells in the primary lesion and 2 different aneuploid stemlines in the 
metastatic lesion. 

Ljungberg et al. [99] recently described a comprehensive examination of 25 re
nal cell carcinomas in which they examined up to 8 isolated sites per tumor. Their 
results showed that 52% of the tumors were aneuploid and that some of these 
had multiple aneuploid clones. Fourteen of the 25 tumors had homogeneous 
DNA patterns at all sites examined with 12 of these having diploid or near-diploid 
patterns. Eleven of the tumors (44%) had heterogeneous DNA patterns at 
different locations within the tumors; four of these 11 tumors had 2 to 3 different 
aneuploid clones growing in different locations. In general, the aneuploid samples 
exhibited significantly higher proliferative rates than did diploid cells. Low grade 
(I and II) tumors were largely diploid while grade IV tumors were usually 
aneuploid, as has been reported in several other tumor systems. No correlation 
between histological grade and DNA pattern was obtained for the grade III 
tumors. This study clearly illustrates the need to obtain multiple site samples from 
renal tumors in order to accurately describe the character of these tumors. 

The bulk of the DNA analyses other than those involving the bladder, prostate 
and kidney have been concerned with examination of testicular tissue of patients 
with testicular cancer or with problems of male infertility. Evenson et al. [58] 
examined semen samples from 14 patients with stage I to stage III testicular 
tumors. The specimens were obtained at intervals of one day to 17 months 
following unilateral orchiectomy without further treatment. Control semen for 
comparison was collected from three normal subjects with proven fertility. The 
fresh semen from the normal volunteers gave a very homogeneous pattern in the 
flow cytometer after staining with acridine orange. This was in striking contrast 
to the results obtained with many of the semen specimens from the cancer patients 
where broad, non-symmetrical histograms were apparent. It was noted, by 
following these patients for several months, that the abnormal staining pattern 
persisted for periods up to one year after unilateral orchiectomy. A dramatic shift 
in the level of red fluorescence was noted in the sperm from the cancer patients 
when the sperm was heated prior to addition of the fluorescent dye. This increased 
red shift is apparently due to the accelerated unfolding of the helical DNA 
structure in the patient samples as compared to sperm from the normal subjects. 
Thus, flow cytometry can provide valuable information about the fragility of 
sperm DNA in these cancer patients following unilateral orchiectomy. 
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Rate of DNA proliferation in urological tumors 

The proliferative rate of the cells in some tumors may have equal importance to 
the detection of aneuploid clones within the cell population since the rate of DNA 
synthesis is directly related to the rate of growth of a tumor. The value of DNA 
synthesis must be tempered, however, by consideration of the rate of cell death 
and of the rate that cells are shed from the tumor. In some tumor systems the 
evidence accumulated suggests that there is a direct relationship between the rate 
of DNA synthesis and the chances of early recurrence [100, 101]. The rate of DNA 
proliferation is usually determined from the thymidine labeling index (TLI) , 
which is a measure of the incorporation of radioactively-labeled thymidine into 
the cellular DNA as gauged by autoradiography (reviewed by Meyer [102]). This 
procedure is very time consuming, taking several days for development of the 
autoradiograms and requiring cell-by-cell microscopic analysis by a trained inves
tigator. Thus, attempts have been made to show a correlation between the results 
obtained by TLI with S-phase values from cell cycle analyses performed in the 
flow cytometer [19, 59]. A direct correlation of the S-phase values obtained for 
breast carcinoma tissues and the TLI results was obtained. It is now necessary 
to demonstrate that high values of S-phase accurately predict the recurrance of 
breast carcinomas, as is apparently the case for high TLI values [100]; this 
followup study is currently in progress (McDivitt and Stone, unpublished obser
vations). 

Several groups have reported S-phase determinations performed on urological 
tumor tissues. Tribukait et al. [64] examined 100 untreated, newly-diagnosed 
cancer cases for both the degree of ploidy and the percentage of cells in S-phase. 
Based on histological grade, the number of S-phase cells in aneuploid clones of 
grade 3 tumors was much greater than in aneuploid grade 2 tumors. Similar 
comparison of the percentage of S-phase cells in different grades of diploid 
tumors, however, showed no such variation. Tetraploid tumors, for reasons 
unknown, had the lowest proliferation rate. Based on the TNM system of clinical 
assessment of tumors [65], they found that the proportion of S-phase cells 
increased with the T-number. The results obtained by this group agreed well with 
mitotic index measurements made by Fulker et al. [103] for bladder tumors of 
different stages. It would thus appear that there is a generally higher rate of 
proliferation in bladder carcinomas with greater tumor involvement. 

Frankfurt et al. [40] examined the percentage of cells in the S-phase of the cell 
cycle in biopsies of a number of different solid tumors, including several urologi
cal tumors. They reported that the median percentage S-phase cells was signifi
cantly higher in aneuploid tumors than in diploid tumors. However, they found 
no significant difference in the median S-phase percentages between primary and 
metastatic tumors. There was a tendency in bladder tumors for the S-phase 
percentage to increase with the degree of aneuploidy, whereas several other tumor 
systems failed to provide this type of correlation. Cell cycle analysis of diploid 
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tumors presents some interesting problems, as indicated by these authors, since 
measurement of the cell cycle phases of these tumors includes the proliferative 
rates of both normal, uninvolved diploid cells as well as the diploid tumor cells. 
The combined result is therefore an average rate rather than an accurate measure 
of the tumor cell population. This is less problematic for aneuploid tumors since 
the histograms can often be dissected to separate the normal cell components from 
the tumor cell components. It is also possible that the percentage of cells which 
are normal in a diploid tumor can be quite variable. Therefore, without additional 
information such as that obtained from cytological or histological analysis, there 
is an uncertainty as to the valitidy of S-phase measurements on these tumors. 

Farsund et al. [67, 68] studied multiple aspirates of tumors and surrounding 
bladder mucosa. Examination of the S-phase populations [67] showed that the 
percentage of cells replicating was significantly higher in grade 1 and grade 2 
diploid tumors than in normal urothelium. There was an even greater increase 
in the percentage S-phase cells in aneuploid grade 2 and grade 3 tumors. The 
highest proliferative rate was in the grade 3 tumors where the percentage S-phase 
cells was more than 10 times that of normal bladder mucosa. They also noted that 
the S-phase percentage for the non-aneuploid mucosal cells of bladders containing 
aneuploid tumors was higher than for normal, uninvolved tissue, even though the 
cells appeared normal histologically. They found these diploid cells to have a 
higher S-phase value than either the grade 1 or grade 2 diploid tumor cells but 
still less than the values for the aneuploid cells themselves. It was previously noted 
by these authors that there was more extensive involvement of surrounding 
mucosa in cases where the aneuploid stemline was hypertriploid than hypote
traploid. The extensive involvement of surrounding mucosa in bladders having 
a tumor may be an important feature of this disease and the higher proliferative 
rate, of even the diploid mucosa in certain patients with aneuploid tumors, may 
reflect long range effects of the presence of the tumor. Whether this is merely a 
nonspecific effect on the total mucosa of the bladder or a early indication of 
further tumor development is not known at this time. 

Gustafson et al. [74] examined 20 patients with CIS and found that all 20 had 
evidence of aneuploidy. When they followed these patients they found that cases 
which progressed to more extensive involvement generally had multiple aneuploid 
stemlines, a high percentage of aneuploid cells compared to diploid cells, and a 
high rate of proliferation. Gustafson et al. [77] also reported a follow-up study 
on 229 patients with grade 1-2 tumors which had been surgically treated. Within 
this group 175 cases were initially diploid and 54 were aneuploid. They found no 
tumor progression in any of the 175 diploid cases. The growth rate of tumors did 
not usually change upon recurrence, but the incidence of tumor progression 
increased in tumors with higher proliferation rates. 

Roters et al. [104], while examining prostatic tumors, reported that all benign 
hyperplasias had G 1 peaks comprising greater than 95010 of the total cells; the G 1 
peaks of carcinomas, however, made up less than 95% of the cells. Since this is 



257 

a reflection of the number of cells in other, possibly aneuploid, peaks and of cells 
in S-phase, this data indicated that malignant prostate tumors also have higher 
proliferative rates than the benign tumors. 

Schwabe et al. [91] examined a small group of 36 patients with a variety of renal 
neoplasms and failed to show any correlation between either ploidy or the percent
age of cells in S-phase with pathological tumor stage, lymph node involvement 
or metastatic spread. Chin et al. [97] also showed a wide variation in S-phase val
ues for both diploid tumors and aneuploid tumors amongst a group of 50 patients 
with renal cell carcinomas. They found, however, that the median S-value was 
lower in diploid tumors than in aneuploid tumors and the values for metastatic 
aneuploid tumors was higher than for primary aneuploid tumors. Otto et al. [96] 
examined stage I to stage III renal cell carcinomas in the flow cytometer. Approx
imately 95070 of the cells of diploid tumors were found in the GO/Gl region of 
the histogram and only 3070 of the cells were in the S-phase. Aneuploid tumors 
showed a greater percentage of cells in S-phase having 88% of the cells in the 
GO/G 1 peak and an average of 7070 in the S-phase area of the histograms, although 
they reported a wide range of proliferative rates in the renal tumors. Ljungberg 
et al. [99] also reported that there was a significant difference in the percentage 
of renal carcinoma cells in S-phase between diploid and aneuploid tumors. It 
would thus appear that urological tumors other than bladder tumors might also 
show greater proliferative rates in a direct relationship to aneuploidy. It still not 
known how this tumor cell property relates to the progression of these tumors. 

Analysis of low grade urological tumors 

Low grade bladder tumors such as papillomas and some papillary carcinomas are 
recognized to be difficult to identify based on the results of DNA analysis from 
flow cytometry. Papillomas, by definition, are histologically benign and would 
not be expected to show gross nuclear alterations or to possess aneuploid stem
lines, although there is some evidence that the rate of DNA synthesis, in at least 
some papillomas, is somewhat higher than found in normal urothelium (reviewed 
by Melicow [105]). Collste et al. [30] had reported a series of flow cytometric 
comparisons between bladder washings and bladder biopsies taken from 
44 patients. Thirty-four of 39 positive tumors were detected in the bladder 
washings, but they reported four false-negatives by this technique. The 4 false
negative patients which were not detected by flow cytometric analysis of the 
irrigation fluids were all from well-differentiated papillomas. Likewise, the 
studies reported by Klein et al. [31] showed that the more a tumor progressed the 
more likely it was to be detected by flow cytometric analysis. Flow cytometric 
DNA analysis was positive for 31 % of the papillomas, 86% of the noninvasive 
carcinomas, 97% of the flat carcinomas in situ (CIS) and 92% of the invasive 
carcinomas in this study. 
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Exfoliated cells from papillomas do, however, often differ from normal urothe
lium by proliferative activity, cell configuration, and amount of cytoplasm. Klein 
et al. [34J examined the combined RNA and DNA contents of cells obtained from 
bladder irrigations taken during endoscopic examination from 48 patients with 
papillomas. Urothelium from normal controls was found to have a uniform RNA 
content by flow cytometry; cellular RNA contents were considered to be abnormal 
if the histograms for RNA analysis were either asymmetrical or had numerous 
cells with higher than normal levels of RNA. The papillomas examined were 
divided into two groups dependent upon their histological appearance - 'orderly' 
or 'atypical'. By this criterian 20 of the cases were identified as orderly and 28 
were atypical. DNA analysis alone identified 22 of the 48 (460/0) cases using the 
criteria established by Klein et al. earlier for DNA 'analysis (see discussion above, 
Klein et al. [31-33]); six of the 22 cases had aneuploid stemlines, ten cases (21 %) 
were suspicious and 16 (33%) were normal. RNA analysis, however, was abnor
mal in 40 of the 48 cases (83 %). Both the orderly and the atypical papillomas were 
equally identifiable by RNA analysis whereas DNA analysis alone could not 
reliably identify the orderly papillomas. All papillomas which were positive or 
suspicious by DNA analysis were also positive by RNA analysis. Since a greater 
number of atypical papillomas had an increased proportion of hyperdiploid 
and/or tetraploid cells Klein et al. [34J suggested that there is a greater prolifera
tive activity within atypical than within orderly papillomas. The combined analy
sis of DNA and RNA, therefore, may have defined a division between the two 
groups of papillomas dependent upon the metabolic and proliferative activity of 
these cells. 

Evaluation of therapeutic protocols 

One important potential function of a flow cytometer is to follow the effects of 
a therapeutic protocol on a patient. This could be especially useful in the case of 
bladder tumors where periodic urinary cytologies or bladder washings can be 
made. There have been some preliminary studies which illustrate the potential 
usefulness of the flow cytometer for this type of study. Klein et al. [106J used the 
flow cytometer to follow 2 patients with aneuploid tumors who were on BCG 
therapy; the tumor of one of the patients responded to the therapy while the other 
did not. Bladder washings from the responder showed a loss of the aneuploid 
stemline and no recurrence of this group of cells. The second patient experienced 
an initial drop in the percentage of aneuploid cells but there was a subsequent 
recurrence of the clinical disease and re-appearance of aneuploid cells in the 
bladder washings. Therefore, the flow cytometric data correlated well with the 
clinical responses in these two patients. Staiano-Coico et al. [107J expanded upon 
this initial study by examining bladder irrigation specimens from 22 patients 
having low stage tumors which were treated with BCG therapy 3 to 5 weeks 
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following local tumor resection. BCG was instilled in the bladder at weekly 
intervals over a period of 6 weeks with a follow-up examination performed 
6 weeks after the last BCG treatment (12 week sample). Before each treatment, 
voided urines were collected for cytology and bladder irrigations were performed 
to obtain samples for flow cytometry. Twelve of the 22 patients were still free 
of tumor 15 months after the initiation of therapy and, in most cases, flow 
cytometry had correctly predicated the patient response to therapy by the 12 week 
checkup. Adolphs et al. [108], however, noted that normal cytological profiles 
do not reappear in the bladder for several months following BCG therapy. The 
overall results of these studies indicated that flow cytometry could be used to 
follow the effectiveness of this type of therapy. 

Farsund et al. [109] followed the effects of chemotherapy on bladder tumors 
by flow cytometry. Two patients with bladder tumors having aneuploid stemlines 
were treated by repeated intravesical instillation of either doxorubicin or mitomy
cin C in the bladder for 1-2 hours. The patients were then followed by selective 
site sampling of bladder mucosa taken during routine cystoscopic examination. 
Successful treatment was indicated in both cases by reduction in the ratio of 
aneuploid to diploid peaks in the histograms. There was still some question 
following the apparently successful treatment of these tumors since the diploid 
cells present after loss of the aneuploid stemlines did not display blood group 
isoantigens A, Band H as expected for normal mucosal cells. 

Klein et al. [110] also used the flow cytometer to follow the effects of irradiation 
on bladder tumors in 28 patients with invasive carcinomas. Bladder irrigation 
specimens were taken prior to integrated irradiation and then again at the time 
of cystectomy 1 to 14 days later (average was 2 days). All patients were positive 
for tumor by flow cytometry with evidence of aneuploid stemlines prior to 
irradiation. Five of the patients showed improved tumor grading following 
irradiation and 4 of these 5 showed complete disappearance of the aneuploid 
stemlines by flow cytometry. Twenty of the 28 patients showed no difference in 
staging of the tumor following irradiation, but 8 of these patients showed 
complete loss of the aneuploid stemline by flow cytometry. Three of the patient 
tumors were staged higher after treatment, and none of these showed loss of the 
aneuploid stemline. Their results indicated that flow cytometry detected an overall 
downstaging response of 43070, suggesting that flow cytometry might be useful 
for following the effects of irradiation therapy on bladder tumors. The use of 
bladder washings for this purpose was questioned by these authors, however, 
since only the superficial cells can be analyzed by this means so that the technique 
provides no information about the state of a tumor deeply invading the bladder 
wall. 

Wijkstrom et al. [111] examined bladder washes and biopsies from 61 patients 
with carcinoma who underwent preoperative irradiation followed by cystectomy. 
They used two courses of irradiation. In one treatment protocol they gave 36 Gy 
of irradiation over a 4 week period followed by a 4 week interval before surgery, 



260 

while in the second procedure they gave 20 Gy of irradiation over a 5 day period 
followed by immediate surgery. The first protocol resulted in clinical downstaging 
of all patients while, in the latter procedure, they had downstaging in only 11 of 
52 cases. The downstaging of the patients receiving 20 Gy was thought to be either 
the results of errors in the initial staging or the result of complete tumor resection 
during the initial examination. DNA analyses on the patients receiving 20 Gyof 
irradiation showed that, in some cases, there was an apparent loss of aneuploid 
stemlines even though there was still tumor present in the bladder. They suggested 
that, in these cases, there had been both aneuploid and diploid tumor cells present 
in the original tumor and that the aneuploid cells were more radiosensitive than 
the diploid tumor cells; the diploid tumor cells having therefore survived the 
treatment protocol. The overall results from this study, however, indicated that 
neither proliferation rate, presence or absence of aneuploid cells, nor degree of 
aneuploidy were of value to identify tumors destined to become progressive. Only 
the presence of multiple aneuploid stemlines in a tumor seemed to correlate with 
tumor progression. There was a suggestion, however, that the loss of an aneuploid 
stemline could have positive prognostic significance. 

Investigations based upon absorption cytophotometry in the microscope indi
cated that there was a correlation between the DNA content and prognosis of 
prostatic carcinomas [79-81]. In addition, these studies suggested a direct corre
lation between the effectiveness of hormone therapy and the presence of a 
diploid-tetraploid tumor. Aneuploid tumors had a very poor response to the 
hormonal therapy. Kjaer et al. [112] reported an early flow cytometric study on 
prostate carcinomas where fine-needle biopsies were taken from 8 patients with 
untreated prostatic carcinoma and again at frequent intervals during hormone 
therapy with estradiol and estramustine phosphate. Four of six tumors which had 
an initial hyperdiploid population changed to a diploid pattern within 3 and 
6 months after initiation of the treatment protocol. There was also a concomitant 
cytological change from malignant cells to a mixture of degenerating and benign 
cells in the later samples. Diploid tumors showed no change in DNA pattern 
during treatment, but there was an obvious cytological change during this time. 
Two of the six hyperdiploid tumors showed no change in DNA pattern and one 
can infer from their data that there was likewise no regressive change noted 
clinically or cytologically. 

Schwabe et al. [113] reported a study of urinary sediments taken during 
chemotherapy for malignancies of the gonads. These examinations showed that 
there was an increased abnormality in the histograms obtained from patients 
under treatment. There was a generalized, time-dependent cell cycle arrest in the 
S- and G2/M-phases of the cell cycle of exfoliated urothelial cells obtained from 
these patients being treated with multidrug therapy. The drugs used in various 
combinations were vinblastine, bleomycin, cis-platinum, ifosfamide and eposide 
(VP16). The authors believe that this cell cycle arrest might prove to be a good 
indicator of the effectiveness of the chemotherapeutic regimen. 
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The preliminary results obtained from several laboratories indicate, therefore, 
that flow cytometry might provide an additional means to assess the effectiveness 
of a therapeutic regimen used to treat a patient. At present, the most likely feature 
to follow would be changes in the ploidy of the tumor DNA. Re-appearance of 
an aneuploid stemline after surgery or chemotherapy could be used to predict the 
recurrence of active tumor growth. This procedure, however, is not sufficient in 
itself since recurrence of tumors can occur with DNA profiles which do not appear 
abnormal by flow cytometry. Therefore, it is necessary to utilize flow cytometry 
along with some independent procedure to properly identify these tumors. 

Further applications of flow cytometry 

The overwhelming majority of applications of flow cytometry to problems in 
urologic cancer has involved cell cycle analysis. These studies have adequately 
demonstrated the sensitivity of the flow cytometer for detection of abnormal cells 
within bladder irrigation specimens, and in the detection of prostate cancer using 
fine-needle aspirates. Somewhat less success has been achieved examining renal 
tumors due to the relative rarity and complexity of the tumors; however, prelimi
nary data accumulated by several laboratories indicate that flow cytometry might 
also play an important role in characterizing these tumors as well, once sufficient 
numbers of renal tumors have been systematically examined. It would appear that 
knowledge of tumor ploidy and/or proliferative rate might yield important 
prognostic information about the tumors and lead to more effective treatment 
protocols. This same type of analysis might also be utilized to follow the effects 
of therapeutic regimens in many of the urological tumor systems since a change 
in ploidy to a diploid stemline from an aneuploid stemline could signal the result 
of an effective treatment protocol. There are, of course, obvious pitfalls in this 
approach since diploid or near-diploid tumors can not always be recognized by 
DNA analysis alone. Combined use of flow cytometry with alternative techniques 
which follow other tumor specific markers could, however, increase the effective 
accuracy of each procedure. 

Frankfurt et al. [88] discussed an interesting observation which has been made 
by several laboratories studying DNA ploidy in human tumors. There is an 
apparent stability in the DNA profile found in these various tumors as expressed 
in the limited number of stemlines observed in most tumors. Multiple stemlines 
are usually found in only a small percentage of the tumors examined. This is 
somewhat surprising since karyotypic analysis indicates that the number of 
chromosomes in metaphases varies substantially from cell to cell [114]. Frankfurt 
suggests that many of the cells with variant DNA must be lost during mitosis in 
order to produce the result seen by flow cytometry. Support for this type of 
interpretation comes from the relative stability of DNA contents observed in 
tumors which have been followed over an extended period and the frequency of 
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finding the same ploidy in primary and metastatic tumors. It is possible that 
aneuploidy is a consequence of an earlier, more basic tumorigenic event and that 
by the time a measurable tumor exists, the aneuploid stemline is a stable characte
ristic of these cells. 

There are several other issues which also have not been resolved concerning 
these studies. For instance, there is a great deal of uncertainty in the identification 
of low grade and benign tumors by DNA analysis alone. This is an area where 
future emphasis should be placed since accurate, early diagnosis of these tumors 
is vital to the future health of the patient. The preliminary studies of Klein et 
al. [34] indicated that there was a difference in the level of RNA synthesis of 
papillary tumor cells as compared to normal urothelium. This type of analysis 
should serve as an indicator for further studies of cellular differences between the 
low grade tumors and the normal precursor cells which might be applicable to 
examination in the flow cytometer. The recent widespread production of mono
clonal antibodies to a variety of cellular antigens may yield probes suitable for 
this analysis in the near future. 

Another area that deserves greater research effort is that of proper identifi
cation of the cells being examined in the flow cytometer. Melamed and coworkers 
have utilized the differential staining of acridine orange and light scatter characte
ristics of bladder tumor cells in order to gate contaminating cells such as 
lymphocytes, dead cells and squamous epithelial cells out oftheir histograms [29]. 
Farsund et al. [109], on the other hand, prepared a stained slide of each specimen 
so that the cellular composition could be ascertained from these slides and the 
data normalized to reflect this composition. An alternative approach is now 
available using an immunological reaction to cellular intermediate filaments in 
conjunction with the DNA probes in order to identify the carcinoma cells in the 
presence of other, contaminating, cell types [115-118]. Most human tissues 
contain specific intermediate filaments characteristic to those tissues or class of 
tissues. There are now commercially-available antisera specific to several of these 
intermediate filaments so that the tissue origin of different types of cells can be 
ascertained. For instance, vimentin is generally found in cells of mesenchymal 
origin, cytokeratins in different types in epithelial cells, desmin in muscle cells, 
and neurofilaments in neuraltissues [117, 119-123]. In the majority of cases, the 
type of intermediate filaments characteristic to a given tissue class is a feature that 
is preserved even after the cells become neoplastic. Therefore, it is possible to use 
information about the profile of intermediate filaments to identify the tissue of 
origin of many of the metastatic tumors. There are, however, exceptions to this 
generalization where uncharacteristic intermediate filaments appear in tumor 
cells [124] and in some tissue cultured cells [125-128]. In these cases, however, 
it is generally the appearance of vimentin, in addition to the anticipated presence 
of tissue specific intermediate filaments, that occurs so that the characteristic 
intermediate filaments are not lost. Therefore, identification of the tumor cells 
should still be possible in many ofthese exceptional cases also. The immunological 
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labeling of intermediate filaments has been used in the flow cytometer to separate 
a mixed population of epithelial cells from other contaminating cells [129, 130]. 
This technique should be useful in many tumor systems to effectively gate 
contaminating cells from the resulting histograms and thereby increase the accura
cy of measurements performed on the tumor cell population. 

There has been an increased level of interest in the immunological characteris
tics of urological tumors since the advent of hybridoma techniques for monoclo
nal antibody production [131]. A number of reports have been published detailing 
the isolation and identification of several new antibodies to urological tissues and 
tumors [132-140]. Several of these antibodies should be useful in flow cytometric 
analyses of cells washed or scraped from tumor cell surfaces. One might expect 
that future development of monoclonal banks could better define the low grade 
urological tumors and lead to better detecton and treatment of these tumors. 

One of the most powerful techniques available on most flow cytometers is the 
capability to analyze multiple parameters simultaneously on single cells. The 
integrated analysis of multiple parameters such as combination of DNA analysis 
with an immunological analysis of tumor specific markers [141], or of pairs of 
tumor-specific antigenic markers, should yield important data concerning the 
origin and biology of individual tumors. Multiparametric analysis in the flow 
cytometer can be used to isolate specific tumor cells from mixed cell populations 
and should receive increased attention in the future. There are important 
questions that could be addressed concerning antigenic modulation of tumor cells 
which might be related to the proliferative capacity of the cells, to the cell lineage, 
or to the ploidy of the individual cells. 

Multiparameter analyses are not limited to examination of immunological 
phenomena since any unique property of a tumor cell might yield useful infor
mation such as rate of an enzymatic reaction [142-144], amount of total protein 
or RNA [34, 145-147], binding of specific lectins [148, 149], or the presence or 
absence of receptor molecules [150--154]. 

It is also now possible to do retrospective flow cytometric analyses on tissues 
which have been embedded in paraffin blocks [155] using a procedure developed 
by Hedley et al. [156, 157] for sectioning and rehydrating the tissue samples with 
the eventual release of stained nuclei from the fixed tissues. The procedure allows 
limited analysis of the ploidy level of the tumors but may not be sufficiently 
sensitive to yield other cell cycle information as it is presently used. 

Flow cytometry, as a laboratory procedure, is currently undergoing a rapid 
period of evolution as many new advancements in instrumentation are introduced 
with relative frequency. There is, at the same time, an ever increasing volume of 
literature detailing new applications of this instrument to important problems in 
biology and medicine. Clearly, flow cytometry should become a very important 
routine laboratory procedure in many hospitals as the cost of the instrumentation 
falls and the confidence in the resulting data produced by the flow cytometer 
increases. 
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Editorial Comment 

JEFFRY L. HUFFMAN 

Automated flow cytometry (FMC) has made a substantial impact on the approach to urologic 
carcinoma, specifically regarding the diagnosis and follow-up of bladder, prostatic, renal and adrenal 
tumors. The most common application has been in bladder carcinoma with its advantage of 
availability of obtaining bladder specimens by a relatively non-invasive urethral catheterization. 
Dr. Kenneth R. Stone has clearly reviewed the history and multiple applications of flow cytometry. 
The purpose of this commentary is to review some of the limitations of the technology and present 
recent applications. 

One advantage of FCM has been its ability to analyze multiple parameters simultaneously on single 
cells. Not only can the relative DNA content and distribution be evaluated, but cellular RNA, presence 
or absence of cellular antigens along with other intra-cellular components, and enzymatic reactions 
can be evaluated. 

FCM also is an objective method allowing sequential specimens to be compared in a quantitative 
fashion. This is of value during treatment of disease allowing the effects of therapy to be monitored 
along with evaluating progression or regression of disease. 

Limitations of flow cytometry 

Many medical centers have accumulated a tremendous amount of laboratory and clinical data within 
their flow cytometry facilities and have developed standardized methods of cell collection, prepar
ation, staining, and computer-generated analysis. However, there are relatively few controls employed 
at each step of the analysis. Experienced centers may argue correctly that exhaustive controls are not 
necessary based on their record of clinical correlations; but when results between centers are compared, 
standardization and built-in controls at every stem become necessary. 

The methods of sample collection are poorly controlled. Bladder barbotage is the usual method 
to obtain bladder washings, however, the exfoliation of cells is not constant. Since the flow cytometry 
reading is based on percentages of cells in different populations, the effect of the barbotage on cell 
exfoliation is highly relevant. For example, if cancerous cells exfoliate more readily than normal cells, 
the relative populations within the sample will be skewed towards the carcinima cells. Again, this may 
not be a problem within one center if the same methods of collection are employed; however, as stated 
above, comparison between centers becomes difficult. Samples obtained from patients in an outpatient 
clinic by barbotage through a 16F catheter are relatively less cellular than those obtained endoscopical
ly under anesthesia using a resectocope sheath and Ellik evacuator. This same argument can be used 
to question the results of a study employing flow cytometry to judge the effect of radiation therapy. 
Does radiation therapy influence exfoliation of one type of cell over another? Will enough 'normal 
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cells' be exfoliated to hide an aneuploid population, thus leading to a false-negative result? Satisfacto
ry answers to these questions will require much more clinical investigation. 

A serious limitation of FCM is the large numbers of cells required for each sample. An improvement 
in the application to bladder cancer would be the ability to perform analyses on voided specimens. 
However, a larger number of cells is required for analysis than that available with voided samples. 
Most centers perform their computer analysis using 5,000 counted cells, far more than present in 
voided samples. Thus, bladder barbotage is used and more than 5,000 cells are obtained. 

Antigen analysis by FCM quantitative immunofluorescence requires approximately 25,000 cells per 
specimen form the sample collection resulting in 5,000 cells for analysis after multiple transfers, 
incubations and filtrations of the cell suspension. Do these 5,000 measured cells represent a satisfacto
ry cross-section of the original population? Theoretically, some of the unanalyzed 20,000 cells may 
contain information not identified in the 5,000 counted cells. 

Another limitation of FCM in bladder cancer is the influence of non-urothelial cells, e.g., 
inflammatory or stromal cells, on the flow cytometric measurement. Although some methods, e.g., 
treatment with Triton-X, are used to limit the numbers of inflammatory cells in the sample, nucleated, 
non-urothelial cells remain in specimens. This is especially true in those patients who have had 
intravesical therapy with agents such as BCG, mitomycin or doxorubicin, which often generate an 
intense inflammatory response reflected in the urine. The potential influence of lymphocytes on the 
flow cytometry analysis is readily apparent. The cytometer views a lymphocyte the same as a normal 
urothelial cell, both having identical DNA content. In fact, many centers use human peripheral bood 
lymphocytes as diploid control. Therefore, if there is an abundance of lymphocytes in the washing, 
the percentage of normal diploid cells would be falsely elevated. This may obscure an aneuploid 
stemline with relatively few cells or significantly alter the percent of hyperdiploid cells. 

As Dr. Stone points out, attempts have been made to isolate only the cells of interest, i.e., urothelial 
cells, within mixed cell populations using FCM [1-3). A mouse monoclonal antibody identifying 
intermediate filament proteins or cytokeratin has been used with early success. Cytokeratin is found 
only in epithelial cells and not in connective tissue, smooth muscle, endothelium, blood cells, or other 
non-epithelial elements. With the help of computer-generated histograms, the population of cells 
staining positive for cytokeratin can be separated and reanalyzed specifically for DNA (Fig. lA-D). 
The simplest and most reliable parameter for analysis by FCM is DNA content. At some centers, this 
is as accurate as conventional exfoliative cytology for the diagnosis of bladder cancer [4). The 
diagnosis of carcinoma by FCM is based on the presence of cells with an abnormal DNA content 
(aneuploidy). This may be identified by a discrete multimodal distribution of DNA which is extremely 
accurate for the diagnosis of carcinoma. However, in a fairly substantial number of samples, there 
may not be a distinguishable peak but rather an increased number of cells with a hyperdiploid DNA 
content. There may also be a peak at the 4C level which cannot be separated from a normal tetraploid 
peak of G2, mitotic, or binucleated cells. Thus in these instances, the diagnosis of carcinoma is 
difficult. In fact, some centers have empirically established an abnormal value as one having greater 
than 151110 of cells hyperdiploid. This value is based on experience with many cases of carcinoma. 
Within centers with a large experience, these results have been very reliable; however, direct compari
son with results from centers not employing identical methods of sample collection, cell staining, and 
computer analysis may be misleading. 

Future applications of flow cytometry 

The current expense of automated flow cytometry instrumentation and the need for engineering and 
computer assistance makes this technique not routinely applicable to the practicing urologist. Thus, 
for flow cytometry to be an applicable clinical technique to a urology practice, it is necessary to 

transport specimens to a core FCM facility capable of performing the measurements. At the present 
time, basic studies have not been completed regarding the stability of cells and reproducibility of results 
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Figure 1. These pseudo-three dimensional histograms demonstrate cytokeratin antigen detection by 
FCM in bladder washings of patients with bladder papilloma (A), invasive carcinoma (B), and chronic 
cystitis (c). Histogram D (human lymphocytes) shows no detection as expected. Note the high 
percentage of cytokeratin-negative or non-urothelial cells in the diploid population of the histogram 
of the patient with chronic cystitis (C). 

at one center compared to another. Therefore, if cells are to be transported from one hospital to 
another or from one city to another, controls and methods of transport will be very important. 

The ease of transport is the appealing aspect of the applications of flow cytometry to paraffin-fixed 
specimens; early experimental results using prostate cancer models have been encouraging [5). Once 
a biopsy or bladder washing is collected and fixed, it can be transported for subsequent analysis. 
However, adequate clinical controls at multiple centers have not yet been completed to allow 
satisfactory comparison of results. 

The applications of flow cytometry as a research tool in urologic oncology are mUltiple. Many 
constituents of the cell can be examined using a variety of specific probes including mouse monoclonal 
antibodies. This technique employs a DNA stain, e.g., propidium iodide, and fluorescein isothiocyan-
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ate (FlTC)-conjugated goat anti-mouse IgG which labels the monoclonal antibodies. In addition to 
the FCM immunofluorescence work with cytokeratin, preliminary work identifying cellular antigens 
related to human bladder carcinoma has also been completed. 

This FCM process allows simultaneous measurement of DNA and cellular antigens and has been 
used to characterize histologically similar bladder cancers and to assess response in patients undergoing 
intravesical BCG therapy for carcinoma in situ [6]. The BCG study employed a mouse monoclonal 
antibody defining a highly restricted differentiation antigen of the urothelium (Om5). Bladder 
washings from 15 patients undergoing BCG therapy were analyzed for the presence or absence of the 
Om5 antigen. Thirteen of 15 patients had Om5 detected in exfoliated cells prior to initiation of BCG 
therapy. Nine of the I3 patients had persistently detectable Om5 after therapy and of these, 8 had 
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Figure 2. Flow cytometry histograms demonstrating the change in antibody binding to Om5 and in 
DNA content of exfoliated bladder epithelial cells from a patient with multifocal carcinoma in-situ 
treated with BCG. Note the loss of antibody binding cells in the histogram following BCG therapy (B), 
a (normal) tetraploid DNA population and the absence of aneuploid cells. 

recurrent cancer by biopsy, positive urinary cytology, or both. Four patients lost OM5-labeled cells 
after therapy, and all of these patients were without evidence of recurrent disease by biopsy and 
cytology (Fig. 2A-D). 

Microscopic immunofluorescence techniques to judge antibody binding are relatively subjective. 
Thus, the specific advantage of FCM quantitative immunofluorescence is the resultant percentage of 
cells exhibiting the antigen. This quantitative method allows direct comparison of sequential samples 
from the same patient and may help predict response to therapy or progression of disease. 

The heterogeneity of human bladder carcinoma is well known; thus combinations of two or more 
antibodies may be necessary to stain all tumor cells and to discriminate subsets or tumor populations 
with differing characteristics. Whatever combination of antibodies that eventually proves must useful, 
it is now clear (I) that human bladder tumors can be characterized by monoclonal antibodies on the 
basis of cellular antigen expression, (2) that this characterization may be used to assess biological 
properties of the tumor and perhaps clinical status and response to therapy, and (3) that multiparame
ter measurements such as these are possible with flow cytometry. In fact, using a dual laser system 
with fluorescence emission at differing wavelengths [I], it is conceivable that more than one antigen 
can be evaluated simultaneously within a cell. 

In summary, automated flow cytometry has thus far been a useful adjunct in the diagnosis and 
follow-up of many patients with urologic cancers. Its practicality for the practicing urologist has yet 
to be determined, mostly due to the expense of the instrumentation and the unavailability of 
satisfactory transport mechanisms to core facilities. Once transport mechanisms are refined and 
satisfactory controls determined, clinical utility may be seen. Certainly as a research tool, this 
technology has been exciting, and I expect such applications only to increase. 
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The over-riding fact today in the treatment of renal cell carcinoma (RCC) is that 
surgical excision is the only modality which can offer the patient a real change 
for cure. Evidence of metastatic spread beyond Gerota's fascia markedly limits 
the therapeutic role of surgery. Alternative methods of therapy such as radiother
apy, chemotherapy, and immunotherapy have demonstrated less than optimal 
results. Unfortunately, one-third of patients with RCC will present with metas
tases at diagnosis and approximately 50070 of those patients operated on for cure 
will subsequently develop metastases. Despite this gloomy picture, medical centers 
throughout the world are making great efforts to develop new techniques of early 
diagnosis of RCC and modes of therapy to control or cure the more advanced 
tumor. 

An attempt has been made to summarize current approaches in the manage
ment of RCC and to delineate some of the forefronts of treatment for this 
unpredictable malignancy. 

Surgical options 

Radical nephrectomy 

This cancer operation is indicated for clinical Stage I, II, and IlIA. If there is 
pre-operative clinical evidence of local lymph node involvement (Stage IIIB or 
IIIC) or advanced disease (Stage IV), the role of radical nephrectomy for cure 
is not indicated and will be discussed later (see Table 1). 

Radical nephrectomy involves an intraperitoneal laparotomy to rule out metas
tases, early ligation of the renal artery and vein, and then removal of the kidney 
and adrenal within an intact surrounding Gerota's fascia. The ureter and ipsilater
al gonadal vein should be taken down to the level of the common iliac artery. 

The rationale for performing a radical rather than a simple nephrectomy is 
based on the series by Robson and associates [1]. In this study of 88 patients 
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operated on between 1949 and 1964, it was demonstrated that tumor had spread 
into the peri-renal fat in 46070 of case and to the ipsilateral adrenal in 6%. Thus, 
a simple nephrectomy would have compromised the chance of cure in over 50% 
of cases. 

The surgical approaches to the kidney are diverse. The main objective is clear 
exposure of the tumor-containing kidney and ipsilateral adrenal so as to prevent 
tumor spillage and to obtain complete control of the renal pedicle and great 
vessels. There are advocates of the anterior transperitoneal, thoracoabdominal 
intrapleural and extrapleural approaches. The subcostal incision has been used 
for low lying tumors. The role of the posterior lumbotomy approach for cancer 
surgery is minimal. The advantages and disadvantages of each approach is 
summarized (see Table 2). 

The technical aspects of these surgical procedures are beyond the scope of this 
review [2]. The operative mortality of a radical nephrectomy has been reported 
between 2-5% and up to 25% for major vascular tumor involvement [3, 4]. 

The five year survival rate after surgical intervention is closely related to the 
stage of the disease [1, 5-7] (see Table 3). 

Role of lymph node dissection 

Considerable controversy surrounds the role of retroperitoneal lymph node 
dissection (RPLND) in the management of renal cell carcinoma (RCC). Questions 
are: 1) does the lymph node dissection have a therapeutic or diagnostic purpose 
and; 2) is an extensive dissection more beneficial than a limited one? 

The lymphatic drainage of the kidneys was exquisitely described by Parker [8] 
and later reviewed by Marshall [9]. A complete regional lymph node dissection 
for a right-sided kidney tumor should start at the diaphragm superiorly and extend 
inferiorly to the bifurcation of the inferior vena cava (lVC). It should include 
lateral caval, pre-caval, post-caval, and inter-aortocaval nodes. For a left sided 
tumor, the dissection should extend from the left crus of the diaphragm and 

Table 1a• Staging of Renal Cell Carcinoma 

Stage I 
Stage II 
Stage IlIA 
Stage IlIB 
Stage IlIC 
Stage IVA 
Stage IVB 

tumor confined to renal capsule. 
tumor extension beyond the renal capsule but still confined to Gerota's fascia. 
tumor within Gerota's fasica but involving the renal vein and/or inferior vena cava. 
tumor extension involving local lymph nodes. 
tumor involvement of local lymph nodes and renal vein and/or IVC. 
tumor involvement of adjacent organs other than adrenal. 
distant metastases. 

a Staging of Renal Cell Carcinoma - as per Robson, Churchill and Anderson, 1969 
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extend inferiorly to the bifurcation of the aorta, anterior and posterior to the 
aorta [9]. 

With increasing size of the RCC, especially if there is renal vein or IVC tumor 
thrombus, there will be parasitic vessels which feed the kidney in a completely 
disorganized fashion. The lymphatics which accompany this neovascularity pro
vide unpredictable drainage for tumor dissemination [10]. 

Robson proposed performing complete RPLND. In this series of 88 cases, 
tumor involvement of lymph nodes was found in 22.71110 [1]. Other series where 
extensive RPLND have been performed have shown an incidence of positive 
regional nodes varying from 6-32% [3, 6, 11, 12]. Other advocates of the 
extensive dissection claim a 5-year survival with positive nodes as high as 45% 
compared to 26% without node dissection [13]. However, most studies concerned 
with the role of RPLND are retrospective, not randomized, consisting of small 

Table 2. Surgical approaches to radical nephrectomy 

Anterior transperitoneal 
Midline vertical 
Chevron 
Subcostal 

Thoracoabdominal 
Extrapleural 

Intrapleural 

Posterior lumbotomy 

Advantages Disadvantages 

- good control of renal pedicle - difficult to visualize and 
- patients with thoracic spinal mobilize large upper pole 

deformity tumors from under 
- minimal circulatory diaphragm 

compromise 
- bilateral tumors 
- ex-vivo bench surgery 
- thrombus in IVC 

- early control of renal pedicle - post-op pain 
- good exposure of upper pole - circulatory compromise in this 

kidney position 
- minimal pulmonary 

compromise - no chest tube 

- for IVC control: 
infrahepatic 
suprahepatic 

- for solitary pulmonary 
metastases 

- choice of rib interspace 
required for best exposure to 
upper pole 

- decreased post-op pain 

- post-op pain 
- pulmonary complication 
- chest tube 
- positional circulatory 

compromise 

- poor pedicle control 
- poor access to peritoneal 

cavity 
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case series with variation in staging and unclear surgical limits. The diagnostic 
imaging for metastatic disease is considerably improved since the early study of 
Flocks [14]. 

Lymph node invasion usually indicates systemic spread [15]. Many patients 
with negative lymph nodes will die of disseminated tumor indicating blood borne 
metastases [10]. There may be an occasional patient with one or two positive 
nodes who may be cures by RPLND. Whether these rare patients justify extensive 
RPLND, with its associated morbidity, being performed in all patients is 
questionable. The alternative modes of non-surgical therapy are, unfortunately, 
limited. 

The overall impression is that until a prospective randomized study clearly 
demonstrates improved survival with extensive RPLND, a limited regional dis
section as described by deKernion should be performed [10]. This should provide 
information in staging the patient without increasing the morbidity. For the 
occasional patient with limited early nodal disease, this dissection may be cura
tive. 

Surgical management of tumor in the inferior vena cava 

Tumor extending into the renal vein and inferior vena cava (IVC) occurs in 250/0 
and 5-10% of cases of Ree respectively [16, 17]. Initially, reports of Ive tumor 
involvement were very pessimistic. Later reports by Marshall and Skinner encou
raged more aggressive surgical approaches with reported 5 year survivals of 
45-55% [18, 1"]. The non-surgical approach had a dismal survival of less than 
1 year. However, after interpreting the result further, it appears that the proximal 
extent of the tumor in the Ive has important prognostic significance. Assuming 
no evidence of metastatic disease at presentation, Sosa and associates reviewed 
the records of 24 patients with Ive involvement [20]. He found that with surgical 
therapy, mean survival was 61 months for infrahepatic vena caval involvment as 
opposed to 23 months for tumor thrombus extending to the level of the hepatic 
veins or beyond the diaphragm. In this latter group, there was a likelihood of 
discovering tumor in the regional lymph nodes and/or perinephric fat, thus 
obviating cure in most cases. The occurence of metastatic disease in addition to 
intracaval tumor thrombus portends a dismal prognosis [21]. There are studies 
which claim 5 year survival of up to 35% after surgical resection in which Ive 

Table 3. 5-Year survival rates after radical nephrectomy 

Stage I 
Stage II 
Stage III 
Stage IV 

56- 82070 
43-100070 
8- 51070 
0- 13"10 
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tumor involvement is accompanied by a solitary metastasis [15, 21, 22]. Needless 
to say, the solitary metastasis is frequently followed by further foci of metastases. 

Therefore, due to the lack of alternative successful forms of therapy, aggressive 
surgical intervention is suggested in Stage IlIA renal cell carcinoma. One may 
subdivide the degree of caval involvement according to Table 4, to determine 
surgical approach and prognosis. 

For infradiaphragmatic tumor thrombus, a midline or thoracoabdominal in
cision allows good control of the Ive above and below the tumor thrombus as 
well as the contralateral renal vein. Mobilization of the liver is sometimes 
requires [23]. Should tumor be found invading into the wall of the IVe, resection 
of the involved wall is required along with the nephrectomy specimen [24]. Prior 
to this, however, the collateral venous circularion of the remaining kidney must 
be assessed. In most cases, this circulation is adequate for the left kidney after 
acute interruption of venous return, but insufficient for right kidney 
drainage [16]. Renal venous pressures greater than 40mm pressure following soft 
clamping will require some form of venous diversion to avoid destruction of the 
remaining kidney. Surgical options consist of utilization of a saphenous vein graft 
to the portal vein or other major venous channel [25], autotransplantation of the 
remaining kidney, or the new technique of pericardial patch graft [26]. 

For supradiaphragmatic involvement of the Ive with tumor thrombus, a chest 
approach is required. Preliminary abdominal laparotomy should reveal no evi
dence of local or distant metastatic disease. Then a midline sternotomy will allow 
access to the mediastinum and heart as needed. If the tumor thrombus has not 
entered the right atrium, the Ive may be clamped where it traverses the pericar
dium. The Pringle manoeuver reduces blood loss (soft clamping the entire porta 
hepatis). Should the venous return be insufficient by the superior vena cava alone, 
then cardiopulmonary bypass is required. For tumor extending into the heart, 
bypass surgery is required. A free floating tumor thrombus can often be gently 
milked from the Ive with a minimal amount of difficulty. The major compli
cations of massive hemorrhaging and tumor emboli have been reduced in recent 
years by numerous new surgical technical improvements and approach [18-20, 
27-29]. 

For tumor thrombus infiltrating the wall of Ive above the diaphragm, the 
tumor is considered unresectable in certain centers. However, the use of the 
pericardial patch as a tube like graft has been proposed [26], but the risk seem 

Table 4. Renal Cell Carcinoma tumor thrombus in Inferior Yena Cava (lYC) 

A Infradiaphragmatic non-infiltrating wall 
(SUbhepatic) infiltrating wall 

B Supradiaphragmatic non-infiltrating wall 
(and hepatic veins) infiltrating wall 



284 

awesome. In some cases, the tumor may be adherent in only a few areas of the 
cava and can be dissected free after suitable vascular control. 

The operative mortality for IVC involvement below the hepatic veins and the 
diaphragm is approximately 6.50/0 as opposed to hepatic vein or supradiaphrag
matic caval involvement where the intraoperative mortality is at least 25% [20, 
21,24]. 

Role of surgery in bilateral renal cell carcinoma 

Bilateral RCC may occur either simultaneously or sequentially in both kidneys. 
It is unclear whether bilateral RCC reflects two separate primary lesions or is a 
metastatic process from one kidney to the other. In pathological studies, the latter 
phenomenon is reported to occur in 30% of cases [30]. However, in clinical 
practice, bilateral RCC (synchronous and asynchronous) occurs in 1.8-4% 
cases [7, 31]. The incidence is higher in patients with Von Hippel-Lindau dis
ease [32]. 

Aggressive surgical treatment allows reasonably good success provided there is 
no other evidence of metastatic disease. The surgical options are delinated in 
Table 5. The advancement in techniques for partial nephrectomy with use of 
intra-operative mannitol, renal cooling and minimal renal vascular pedicle oc
clusion have improved the success in the management of bilateral RCC. Whether 
one should perform radical nephrectomy first and then the partial nephrectomy 
at a later date or vice versa is controversial [33, 34]. There are advocates of 
performing surgery on both kidneys at the same time. They claim that serum 
creatinine will initially rise but dialysis usually is not required [31]. Overall, 
however, the survival does not seem to be dependent on whether a single or 
combined operative approach is used [35]. 

The use of 'bench surgery' utilizing intracellular perfusate (Collin's solution) 
is applicable for large complex central lesions. Total bilateral nephrectomy and 
dialysis is sometimes required when both kidneys are extensively involved with 
tumor. This extirpative surgery may seem overly heroic, however, one should 
consider that the 5 year survival rate of patients with end stage disease on chronic 
hemodialysis is 40--50%, which is well above that of untreated renal carcinoma. 

Table 5. Surgical options for bilateral Renal Cel! Carcinoma or Carcinoma in solitary kidney 

Partial nephrectomy in situ 
2 Partial nephrectomy ex vivo - bench surgery with autotransplantation 
3 Total bilateral radical nephrectomy and dialysis. Possible renal transplantation (Allograft) 
4 Tumor enucleation 
5 Adjuvant laser therapy to tumor bed (for partial nephrectomy or tumor enucleation) 
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Should there be no evidence of metastatic disease after one year, subsequent renal 
transplantation is an alternative [36]. Although there are reported cases of this 
practice, the risk of immunosuppression and resultant exacerbation of preexisting 
clones of malignant cells is a real threat. Enucleation of the renal tumor runs the 
risk of leaving behind tumor cells which have penetrated beyond the tumor 
capsule. In the future, laser beam treatment to the tumor bed reduce the chance 
of residual viable tumor cells. 

It has been suggested that patients with synchronous bilateral RCC have a 
favorable survival (69-78070-5 year survival) when treated by aggressive surgical 
approaches [37-39]. This is compared to less favorable results (38%-5 year 
survival) for asynchonous lesions. 

Other authors do not agree that the prognosis depends on synchronous versus 
asynchronous RCC or the fate of the contralateral kidney [35, 40, 41]. Survival 
rates seem to depend on the adequacy of tumor resection. More specifically, 
survival depends on the stage of the lesion in each kidney or the solitary kidney 
at presentation. The problem with most studies analyzing survival results for 
bilateral RCC is that the series are small, the staging may vary, and the grading 
of the tumor is not usually reported. There are no prospective randomized studies 
and the natural course of renal carcinoma is extremely variable. 

The reported 5 year survival rates for bilateral RCC of up to 78% appears as 
good as Stage I disease. No doubt, the improved diagnostic tools and aggressive 
surgical techniques have contributed to this success. 

Role of surgery in metastatic renal cell carcinoma 

Of patients first presenting with RCC, approximately 25-33070 are found to have 
evidence of metastases before any form of therapy. Subsequently, up to 50% of 
patients operated on for cure for apparent low stage RCC will later manifest 
metastases. 

One must differentiate between nephrectomy done for palliation versus adjunc
tive nephrectomy for possible cure in metastatic disease. 

Palliative nephrectomy is performed to improve the quality of remaining life 
by relieving the symptoms of the primary tumor. It does not significantly increase 
the quantity of life in the vast majority of cases. The indications for palliative 
nephrectomy are listed in Table 6. It is rare today to be required to perform 
palliative nephrectomy; most of the complications of metastatic RCC can be 
managed medically with relative ease. 

It has been shown by numerous investigators that nephrectomy alone for 
metastatic RCC provides little or no prolongation of life survival compared to 
no surgical treatment if one clearly eliminates the patient selection factor [42]. 
Bottiger showed that of patients with stage IV RCC, 50% were dead within 1 year 
and the 5 year survival was only 5% [5]. Johnson studied 93 patients and found 
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the median survival to be 11.3 months with nephrectomy and 7.9 months if no 
surgery was performed [41]. The presence of limited osseous metastases had an 
improved survival of slightly greater than 6 months [43, 44]. 

Adjunctive nephrectomy for metastatic RCC implies performing a radical 
nephrectomy in the presence of limited or solitary metastases. Control of the 
limited metastases is by either further aggressive surgical ablation, immunological 
or chemotherapeutic modes of therapy. It has been reported that in patients with 
minimal metastatic disease to the lungs which could be completely resected, the 
5 year survival was as high as 58070 [42, 45]. However, the end result is usually 
the same; death is from metastatic disease [4, 45-47]. 

The concept of spontaneous remission or regression which has been bantered 
around for years as a possible indication for nephrectomy in metastatic RCC is 
mentioned only to be condemned [48]. There are perhaps 80 to 100 cases of 
spontaneous regression of metastatic disease reported in the literature, occuring 
with a frequency of 0.8% after nephrectomy. However, biopsy confirmation of 
the metastases was often not obtained in these studies. When one considers the 
fact that the operative mortality for radical nephrectomy ranges from 2.3-15%, 
it is difficult to support this form of treatment for the purpose of inducing 
regression of metastatic foci. 

In summary, radical nephrectomy is justified for stage IV RCC only if a solitary 
or limited easily resectable metastatic foci are present (preferably lung). Palliative 
nephrectomy is solely for control of symptoms, biochemical or hormonal mani
festations. 

Role of pre-operative renal artery embolization 

The concept of renal artery embolization in the treatment of human RCC came 
into vogue after the initial studies of Lalli and Almgard [49, 50]. Since then 
numerous devices have been advocated for pre-operative renal artery emboli
zation (Table 7). Following renal artery embolization, if nephrectomy is not 
performed immediately, the patient experiences symptoms of the post infarction 

Table 6. Metastatic Renal Cell Cancer indications for palliative nephrectomy 

Uncontrollable hemorrhage 
Persistent pain 
Fever 
Endocrinological causes - PTH, ACTH, Polycythemia 
OI dysfunction 
Hepatic dysfunction 
Cardiac dysfunction 
Psychological factors 
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syndrome -loin pain, nausea, vomiting, fever, hematuria, and ileus. There may 
be a mild increase in blood pressure and a leukocytosis. The syndrome usually 
abates over 3 days. The major risk of pre-operative embolization is displacement 
of the material into a vessel other than the renal artery [51-53]. The use of 
absolute alcohol has been advocated as being the most effective but it also has 
been associated with colonic infarction if an occlusion balloon catheter was not 
used [54, 55]. 

Pre-operative renal artery embolization in RCC has been proposed for 2 major 
purposes: 1) to facilitate surgery in patients with large RCC and; 2) to augment 
the host immunological response to the tumor. 

There are surgeons who strongly believe that the ease of tumor resection is 
augmented by pre-operative embolization [55, 56]. Others have shown no great 
advantage as far as blood loss, decreased operative time, or ease of nephrectomy 
is concerned [55]. The survival rate does not appear to be affected [57]. Finally, 
there is the theoretical risk of pre-operative embolization in which there is tumor 
thrombus in the renal vein or IVC. With interruption of the parasitic vascular 
supply to the thrombus, it may become dislodged and embolize to the lungs. 
Overall, the use of pre-operative embolization to facilitate nephrectomy appears 
to be a personal preference of the individual surgeon with no strong objective 
evidence to support its clear cut benefit. 

The use of pre-operative arterial embolization and infarction followed 3 to 7 
days later by radical nephrectomy for metastatic RCC was advocated in the mid 
1970's [58-60]. It was proposed that the massive release of tumor antigens 
following the infaction would stimulate the immunological response and in fact 
initial studies did appear to demonstrate this. In animal studies, it has been 
suggested that following dearterialization, there is stimulation of natural killer 
(NK) cell activity [61, 62]. 

Swanson and associates from M.D. Anderson initially reported a 36070 response 
rate in 50 patients with metastatic RCC who underwent angioinfarction of the 
primary tumor followed 1 week later by radical nephrectomy and administration 

Table 7. Angiographic occlusive devices of the renal artery 

Autologous muscle [49) 

Absorbable gelatin sponge [52) 

Steel coils [45) 

Blood clot 
Inflatable balloon 
Mitomycin C capsules 
BCG 
1251 seeds [65) 
Gold particles 
Absolute alcohol [53) 
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of progestational agents [63]. Followup ofthese patients and enlarging their series 
(100 patients), they showed a decline to a response rate of 28070 [64]. Patients with 
only pulmonary metastases had the best survival of 64% at one year. The 5 year 
survival, however, was only 13 %, not much improved compared to no surgery 
at all. 

In summary, pre-operative renal artery embolization for metastatic RCC has 
not demonstrated any clear cut advantage in treatment compared to nephrectomy 
alone. 

Radiation therapy 

Radiotherapy has not shown significant activity against RCC and thus plays a 
limited role in treatment. Studies by van der Werf-Messing and other authors have 
demonstrated that pre-operative radiotherapy (3000 rads over 3 weeks) has not 
improved survival or influenced local recurrence in any stage of RCC [66, 67]. 
In fact, the group receiving nephrectomy alone appeared to have longer survival. 

Similarily post-operative radiation therapy did not improve survival of local 
and distant recurrence in randomized studies [68, 69]. The risk of radiation 
hepatitis following radiotherapy became apparent for right-sided lesions. Injury 
to spinal cord, bowel, and contralateral kidney are real concerns. 

Radiation therapy has a role in palliation of metastatic lesions, primarily to 
bony lesions. Doses of up to 4000 rads over 2 to 4 weeks are generally administer
ed. 

Hormonal therapy 

Growth of renal tumors in syrian hamsters was shown to be induced by diethylstil
bestrol. This phenomenon could be inhibited by the use of progestational 
agents [70]. Based on these findings, Bloom used progestational agents in the 
treatment of metastatic RCC. In reviewing the literature, he claimed an objective 
response rate of 16% and subjective improvement in 55% of cases [71]. However, 
this study was not randomized and response criteria varied. The high objective 
response rate has not been replicated by other authors [45, 72]. It has been 
suggested that renal tumors containing significant numbers of progesterone 
receptors may be more sensitive to the use of progestational agents [73]. However, 
it has been reported that kidneys harbouring adenocarcinoma may in fact contain 
a lower content of progesterone receptors compared to autologous or control 
kidneys [74, 75]. This finding may explain the poor response to progesterone 
therapy. 

Due to the lack of effective alternative therapeutic modalities in the manage
ment of metastatic RCC, progestational agents are still prescribed. The side 
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effects are minimal and the sense of helplessness of both the patient and physician 

may be partly allayed. 
Other hormonal agents such as testosterone, tamoxifen, nafoxidine, and estra

mustine phosphate have been tried with little success [76, 77]. At the present time, 
the administration of hormonal therapy appears to have minimal activity in the 
treatment of RCC. 

Role of chemotherapy 

Due to the unpredictable growth pattern of RCC, chemotherapeutic drugs have 
demonstrated little success in the treatment of metastatic disease. Single agents 
such as vinblastine have demonstrated a 25070 response rate [78]. Other single 
cytotoxic agents such as methyl-GAG, adriamycin, and chloroethyl-cyclohexy
nitrosurea (CCNU) have a response rate of 20% or less [7]. Cis platinum has not 
been shown to be effective in RCC [79]. 

Multiple agent chemotherapeutic protocols have not been shown to be superior 
to single agents. Recent reports have suggested that high dose methotrexate with 
leucovorin rescue alone or in combination with vinblastine may account for up 
to 30% overall response rate. The median survival appeared prolonged up to 110 

weeks [80, 81]. The toxicity from these agents is considerable. 
The lack of impact of chemotherapeutic agents on advanced RCC has prompt

ed extensive research into the development of in vitro tests which could identify 
suitable cytotoxic agents. The clonogenic assay for human RCC stimulated 
considerable excitement, but with time, has not produced the success expected due 
to difficulties in culturing tumor cells and the present lack of effective chemother
apeutic agents [82-84]. In addition, the clonogenic assay is an expensive tool and 
presently is being used only in centers with sufficient financial support towards 
research [72]. However, only with continued efforts to determine effective chem
otherapeutic agents, single or combination, will any impact in the treatment of 
metastatic RCC be realized. 

Role of immunotherapy 

Immunotherapy has been tested extensively in the management of metastatic 
RCC. However, despite the initial enthusiasm for this mode of therapy, immuno
therapy has not been demonstrated to date, to be clearly superior to any other 
mode of therapy in the treatment of this unpredictable malignancy. 

As listed in Table 8, immunotherapy has been tried in various forms: 

1) Active Specific Immunotherapy 
This is the use of tumor vaccines where by an immune response is stimulated 
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within the host. The use of a vaccine prepared from polymerized insoluble 
autologous tumor extracts has been tried with reported regression of pulmonary 
metastases [85]. Schapira and associates used irradiated autologous cells mixed 
with corynebacterium parvum injected intradermally in 3 patients [86]. This 
protocol is now being used in a phase III trial [72]. 

2) Active Nonspecific Immunotherapy 
This form of immunotherapy attempts to activate the intrinsic host defense 
mechanism using various agents. This approach has been the most popular. 

Bacillus Calmette-Guerin (BCG) first proposed 'by Morales and collegues was 
administered intradermally along with cytoreductive surgery in 10 patients [87, 
88]. There were no complete responses and 40% objective responses. Metastatic 
deposits in bone appeared to be less responsive to BCG therapy than those in soft 
tissues. Limitations of these studies, of course, were the small number of patients 
in a non-randomized selection. 

Montie attempted to combine a few nonspecific immunotherapy agents for 
metastatic RCC and found an objective response rate of 14-22070 in 60 patients, 
which was not much. better than hormonal therapy alone [89]. 

3) Passive Immunotherapy 
The use of immune ribonucleic acid (I-RNA), extensively studies by deKernion 
and associates, is the technique of administering intradermal injections of purified 
RNA to patients with metastatic RCC. The purified RNA is extracted from the 
lymphoid organs of sheep which have previously been immunized with human 
RCC [72]. Thus, one is attempting to transfer cell-mediated immunity. The initial 
results of this treatment modality were reported as stabilizing metastases with 
some partial regression [90,91]. It seemed to have its best applicability in patients 
who had minimal metastatic disease limited to the lungs [92]. 

However, later studies have suggested that the immune RNA is actually 
inactivated by host circulating enzymes. Thus, it is unlikely that it could have any 
effect on host lymphocytes and tumor progression. The initial apparent success 
with this technique appears to be solely a reflection of the usual variation in the 
natural history of metastatic RCC [93]. 

Attempts to stimulate autologous lymphocytes by immune RNA in an ex-vivo 
setting with delayed transfer back into the host has not demonstrated improved 
results [94, 95]. 

Table 8. Forms of immunotherapy in Renal Cell Carcinoma (RCC) 

Active Specific 
2 Active Non-specific 
3 Passive 
4 Interferon 
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The use of transfer factor, a polypeptide substance capable of transferring 
delayed hypersensitivity responses, has been tried in metastatic RCC with little 
or no substantial effect [96]. 

Hybridoma technology has developed rapidly in the last few years. Attempts 
are being made to produce monoclonal antibodies specific for RCC expressed 
antigens. The variation in tumor associated anigens may hamper this technique, 
but great efforts are being made in this area of research. 

4) Interferon 
Interferon is a form of active non-specific immunotherapy which has, up to the 
present, held the greatest hope for success in the treatment of metastatic RCC. 
Interferons are glycoproteins which are produced by human cells in response to 
viral infection or other inducers [99]. They have been shown to have antiviral and 
antineoplastic activity. The latter activity may be mediated by direct tumor 
toxicity and/or indirect cytotoxicity through natural killer cell stimulation. 

It has been suggested that interferon may decrease growth rate of tumor cells 
by loss of activities of polyamine biosynthetic enzymes such as ornithine decarbo
xylase and s-adenosylmethionine decarboxylase [99, 100]. 

deKernion and associates have used human leukocyte -interferon in 43 patients 
with metastatic RCC [97]. They found one complete responder, 14070 partial 
response, and 23070 minimal response or stabilization of disease for greater than 
3 months. These results seemed to be superior to hormonal or chemotherapy. As 
in other modes of immunotherapy, the responders had limited tumor burden with 
metastases primarily to the lung. Previous nephrectomy and good performance 
status was noted. The major side-effects of interferon therapy were anorexia, 
fatigue, fever, depression and occassional hematologic depression. Quesada 
reported similar results in a series of 19 patients where 5 patients (26%) showed 
partial responses with the use of human leukocyte interferon [98]. 

To date, interferons seem to offer improved treatment of metastatic RCC if 
the tumor burden is limited, especially involving the lungs. It appears to be 
superior to any other form of adjunctive therapy and hopefully, suitable protocols 
will be developed using it in combination with other agents. 

The immunological system is very complex and certainly much more must be 
discovered. Compounding this complexity is the fact that renal cell carcinoma 
varies in its aggressiveness and its expression of antigenicity in different 
patients [93]. It is, therefore, not surprising that series employing immunotherapy 
have shown generally equivocal results. Only by utilizing well randomized studies 
with large numbers of patients can the physician feel justified in utilizing a form 
of immunotherapy. 
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Frontiers in management of renal cell carcinoma 

One easily recognizes the major limitations of the treatment options for renal cell 
carcinoma. Surgical therapy is potentially curative provided that the tumor has 
not spread beyond the confines of Gerota's fascia. Radiotherapy and chemothera
py have had minimal impact in the treatment of advanced RCC. Immunotherapy 
has generated great expectations, but has not yet had the impact hoped for. 

Research into the use of interferon in combination. with other agents has shown 
early good results. In the murine model, interferon has been combined with 
difluoromethylornithine (DFMO) [101,102]. DFMO is a specific enzyme-activat
ed irreversible inhibitor of ornithine decarboxylase, which reduces polyamine 
biosynthesis and promotes accumulation of methylglyoxal bisguanyl hydrozone 
(MGBG) in experimental tumor models [103]. 

Results are still preliminary, but there is a suggestion that this combination 
significantly inhibits growth of various human RCC cell lines in the in vitro 
setting [104]. Whether this will apply in vivo will have to be determined. Finally, 
combination of DFMO and MGBG significantly inhibited renal cell tumor growth 
in treated mice compared to control animals [105]. 

With persistent efforts in the laboratory setting, hopefully, a major break 
through in the management of advanced RCC will be developed. This, along with 
improved diagnostic tools will provide early and effective treatment for renal cell 
carcinoma. 
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Editorial Comment 

JEAN B. deKERNION 

The staging system of renal cell carcinoma has traditionally been after the method of Robson et al 
as indicated in the text and illustrated in Table 1. However, our new understanding of the prognostic 
factors of renal cell carcinoma demand a more detailed staging scheme. Stage III includes renal vein 
and vena caval involvement as well as lymph node involvement and these represent very different risks 
for local recurrence and metastatic disease. The TNM system avoids these pitfalls and stratifies the 
extent of vena caval involvement as well as extent of lymph node involvement. 

In spite of years of research and many clinical trials, surgery remains the only treatment for this 
tumor. The surgical approach is clearly stated by the author. It is our preference to perform a 
supracostal eleventh rib incision for small tumors and tumors in the lower pole. Involvement or 
suspected involvement of the renal vein with limited extension into the vena cava in a patient with 
a small primary tumor can often be very nicely managed through a subcostal incision which extends 
across the midline into the other rectus muscle, and offers an added advantage of simplicity, rapidity 
and easy access to the vena cava and aorta. Large upper pole tumors are best managed through a 
thoracoabdominal approach. Extensive vena caval involvement is best approached, in our opinion, 
through a median sternotomy incision joined to a midline abdominal incision. 

The extent of the surgical field, for the first time in several decades, is being reassessed. The authors 
rightly state that the current treatment appears to be a standard radical nephrectomy with Gerota's 
fascia and its contents. However, a realistic reappraisal of this principle seems appropriate on the basis 
of the experience with partial nephrectomy for tumors in solitary kidneys, and conservative excision 
of multiple tumors. In the opinion of this writer, the current information is insufficient to warrant 
the risk of abandoning radical nephrectomy as treatment of a tumor for which there is no alternative 
to surgery. Nonetheless, in selected patients with small polar tumors, partial nephrectomy may become 
a viable option. With respect to lymph node excision, patients with extensive involvement will seldom 
be benefited. However, early extension to nodes in or near the renal hilum may not preclude surgical 
cure and we agree with the authors' recommendation for limited unilateral lymph node dissection. 

Aggressive treatment of patients with vena caval extension is appropriate in the modern era. 
Extension into the right atrium can be managed surgically but few patients achieve a long-term survival 
and the indication for surgery in these patients should be primarily relief of symptoms. We have 
recently, after the suggestion of our transplant surgeons, learned to dissect along the vena cava from 
below to a point close to the hepatic veins. This requires great caution and some experience, but allows 
a direct approach which can be managed through an abdominal incision and does not require 
mobilization of the liver. Large vena caval thrombi are often associated with extensive bland 
non-tumor thrombus into the opposite renal vein and distally into the iliac vein. Removal of the renal 
vein bland thrombus is essential. We occasionally have attempted to remove the distal bland thrombus, 
with limited success. The vena cava in such patients should either be ligated (if total occlusion has 
existed for some time) of clipped below the level of the renal veins. 
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Management of bilateral tumors or tumor in the solitary kidney has been fairly well standardized 
and every attempt should be made for surgical excision with preservation of renal tissue sufficient 
to obviate the need for renal dialysis. The use of workbench surgery has markedly decreased and 
almost all tumors can be well managed in situ. At our institution, ex vivo surgery has not been required 
for approximately the last twenty patients with tumors in solitary kidneys. Current debate involves 
the role of enucleation versus partial nephrectomy. In my opinion, enucleation is indicated only when 
partiel nephrectomy with a margin of normal tissue is not feasible, as in the patient with multiple 
small tumors in a solitary kidney. 

The futility of nephrectomy for patients with diffuse mletastatic disease has been clearly demonstrat
ed and is amply reiterated by the author. Patients with severe sumptoms may be candidates for 
nephrectomy when the tumor appears to be resectable. In the absence of symptoms, nephrectomy 
still seems appropriate when the patient has a treatable (either by excision or radiation) solitary 
metastatic site. We have recently been willing to perform adjunctive nephrectomy in patients who 
fulfill specific criteria: small, completely resectable primary lesion; absence of regional metastases; 
normal performance status; and limited pulmonary metastases. Most such patients will have a life 
expectancy of more than one year and might be well served by the removal of the primary lesion. 
All such patients are then placed on experimental treatment protocols since this group of patients is 
the group most likely to respond to systemic therapies. In the absence of an approved experimental 
systemic therapy, one must seriously question the wisdom of adjunctive nephrectomy. Regardless of 
therapy, most such patients will eventually succumb from metastatic disease. The addition of 
preoperative angio-infarction has not proven to be of any benefit in these patients and is practiced 
at very institutions. The added side effects and cost do not warrant its use except under strict 
experimental conditions. 

The treatment of metastatic disease remains a difficult and frustrating problem for the urologist. 
No good chemotherapeutic agent has been identified, through we continue to use intravenous 
vinblastine in selected patients. Hormones have no objective effect although a subjective response can 
sometimes be achieved with minimal toxicity. Immunotherapy is still experimental as are the interfe
rons. In a total of approximately 140 patients with measureable metastatic renal carcinoma treated 
in the past five years at our institution with either immunotherapy or various interferons, only three 
complete responses have been recorded and the total objective response rate (partial response plus 
complete response) is static at approximately sixteen percent. Almost all responders were patients in 
the favorable prognostic category, with normal performance status and minimal tumor burden 
confined to the lungs. The influence of the tumor's natural history in this group of patients must be 
questioned and the true efficacy of these agents will only be determined after randomized trials. No 
clear survival benefit from any of these treatments has been recorded. Further careful clinical studies 
with the interferons and with other immunostimulants still seem appropriate since the level of response 
to these agents is higher than what has been recorded in careful clinical studies with other agents. 

In summary, reassessment of the extent of the surgical treatment should be a concern of urologic 
oncologists for at least the next several years. Continued careful controlled trials with existing and 
new systemic treatments offers the only hope for improving survival of patients with metastatic 
disease. 
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Imaging modalities in prostatic tumors, 82-89 
Immune response, and monoclonal antibodies 

(mAbs), 123 
Immunoenzymatic assay (lEA), with prostatic 

acid phosphatase (PAP), 79 
Immunologic methods acid phosphatase separ

ation with, 5-6, 7 
flow cytometry and, 243 

Immunoscintigraphy, and monoclonal anti
bodies (mAbs), 129-130, 136 

Immunotherapy 
monoclonal antibodies (mAbs) and, 136 
renal cell carcinoma (RCC) with, 289-~91, 298 
see also Bacillus-Calmette-Guerin (BCG) im-

munotherapy 
Inferior vena cava (IVC), in renal cell carcinoma 

(RCC), 282-284, 297 
Insulin, and prostatic epithelial cells, 72 
Interferon 

Bacillus-Calmette-Guerin (BCG) immunother
apy and, 209, 223 

renal cell carcinoma (RCC) with, 291, 292, 298 
Isoenzymes 

acid phosphatase, 2-8, 19 
alkaline phosphatase, 9-11 
creatine kinase (CK), 12-14 
difficulty in assessing serum levels of, 1 
electrophoresis separation of, 1 



lactate dehydrogenase (LDH), 11-12 
leucine aminopeptidase (LAP), 14 
phosphotyrosyl-protein kinase and, 19 
prostate cancer and, 1-20 

Kidneys 
growth factors and, 71 
monoclonal antibodies «mAbs) to, 130-136 
stage-specific embryonic antigen 1 (SSEA-l) 

in, 154 
ureteroscopic resection of upper tract urotheli

al tumors and, 39-40 
see also Renal carcinoma 

Kirsten murine sarcoma virus, 106 

Lactate dehydrogenase (LDH) 
prostatic fluid, as tumor marker, 81-82, 84 
serum, as tumor marker, 80 

Lactate dehydrogenase (LDH) isoenzymes, 
11-12 

Leucine aminopeptidase (LAP) isoenzymes, 14 
Leuproline 

combination therapy with luteinizing hor
mone-releasing hormone (LHRH) agonists 
compared with, 183 

prostatic acid phosphatase (PAP) and, 177 
LHRH, see Luteinizing hormone-releasing hor

mone (LHRH) agonists 
Liver, alkaline phosphatase isoenzyme levels in, 

9, 10 
Long-latency (LL) viruses, 105 
Long terminal sequence (LTR), 105, III 
Lung carcinoma cell lines, and oncogenes, 106 
Luteinizing hormone ~LH), 174-176 
Luteinizing hormone-releasing hormone 

(LHRH) agonists, 173-178,202-203 
combination therapy with antiandrogen and, 

178-187, 203 
duration of combination therapy with, 189 
long-term castration with, 174 
luteinizing hormone (LH) activity and, 

174-176 
previously treated patients and, 183-187 
prostate cancer treatment with, 169 
relapsing patient and combination therapy 

with, 188-189 
testosterone formation and, 158 
treatment recommendations with, 189-193 
tumor flare with, 176-178 

Lymphadenectomy, in radical retropubic pros
tatectomy with potency-sparing modification, 
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21 
Lymph node dissection, see Retroperitoneal 

lymph node dissection (RPNLD) 
Lymphoma, and monoclonal antibodies (mAbs), 

130 

Magnetic resonance imaging (MRI), with pros
tatic tumors, 83-84 

Megestrol acetate 
androgen respone to, 170, 171 
profile of activities of, 172 

Melanoma, and monoclonal antibodies (mAbs), 
141 

Metastatic prostatic carcinoma, with acid phos
phatase as marker, 6, 7-8 

Metastatic renal cancer 
epidermal growth factors (EGF) and, 71-72 
monoclonal antibodies (mAbs), and, 130 

Metastatic renal cell cancer (ReC), 285-286, 291, 
298 

Methotrexate, with renal cell carcinoma (ReC), 
289 

Methy1glyoxal bisuanyl hydrozone (MGBG), 
with renal cell carcinoma, (ReC), 292 

Mitogen, 43 
Mitomycin e, in bladder cancer, 214, 223 
Monoclonal antibodies (mAbs), 123-156 

antiidiotype antibodies and, 156 
bladder cancer and, 136-142 
classification of, 125-126, 155 
disadvantages of, 124 
flow cytometry with, 141-142, 263, 273 
human, in laboratory production, 126---127 
immune response and, 123 
immunoscintigraphy with, 129-130 
molecular homogeneity of, 154, 155 
murine, in laboratory production, 126, 

127-128 
potential applications of, 128-129 
prostatic cancer and, 142-147 
renal cancer and, 130-136 
renal cell carcinoma (Ree) with, 291 
specificity of, 124, 154 
techniques for production of, 123-124, 

155-156 
testicular cancer and, 147-148 
tumor-associated antigen production and, 156 
tumor-restricted antigens and, 125 

Multiparameter analysis with flow cytometry, 
263, 272 

Multiplication-stimulating activity, 55 
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Myb oncogene products, 120 
Myc oncogene products, 120 

Nephrectomy, in renal cell carcinoma (RCC) , 
279-280, 297 

Nerve growth factor (NGF), 55 
comparison of other growth factors with, 57, 

58 
Neurotransmitters, in growth regulation, 71 
Neuravascular bundle, in radical retropubic 

prostatectomy with potency-sparing modifi
cation, 24-25, 32-33 

Nonseminomatous germ cell testicular tumors 
(NSGCTT),225-239 
case example of, 227-228 
chemotherapy in, 236 
clinical staging reliability in, 225-226, 238 
fertility after treatment of, 231-232, 238 
primary landing zone lymphatics in, 233-234 
relapse in, 230-231, 232-233 
retroperitoneal lymph node dissection 

(RPLND) in, 225, 226-227, 231-232, 238 
surveillance protocols in, 229-230, 234-235, 

238 
survival in, 226-235, 238 
survival in, 226-227 

Oncogenes, 62-66, 101-121 
aberrant gene theory of carcinogenesis and, 

112 
cell membranes and, 108-109 
cellular studies of, 104-105 
current concepts of cancer and, 103-112 
dosage theory of carcinogenesis and, 112 
EJ (T24) bladder carcinoma model and, 65, 

112 
genitourinary neoplasia and, 112-113 
growth factors and, 65--66, 107-108 
historical perspectives on, 102-103 
listing of, 110, 111 
nuclear transforming proteins and, 109-110 
phosphotyrosul-protein kinase activity in, 19 
protein products of, 106-107 
proto-oncogenes and, 105-106, 120 
stepwise process of carcinogenesis and, 112 
table listing of, 63, 64 
translocation of, 111-112 
viral transformed cells and, 65 
see also specific ancogenes 

Orchiectomy in prostate cancer combination 
therapy with 

luteinizing hormone-releasing hormone 
(LHRH) agonists and, 178-187 

dihydrotestosterone (DHT) levels after, 
158-159, 201 

estrogen combined with, 157-158 
nonseminomatous germ cell testicular tumors 

(NSGCTT) with, 226-227, 232-233 
previously treated patients and, 183-187 
relapsing patient and combination therapy 

with, 187-199 
treatment recommendations with, 191-192 
treatment resistance with, 186 

Ornithine decarboxylase, with renal cell carcino
ma (RCC), 291, 292 

Osteoblastic metastases, and prostatic growth 
factor (prGF), 49-50 

Osteoblasts, and growth factor, 72 

Paired labelling, in immunoscintigraphy, 129 
Papillary tumors, upper tract, with ureteroscopic 

resection, 38 
Papillomas, with flow cytometry, 258 
Phosphoportein phosphatase, and oncogenes, 19 
Phosphotyrosine, and oncogenes, 107, 108 
Pituitary extract, and prostatic epithelial cells, 

72 
Platelet-derived growth factor (pDGF), 73 

comparison of other growth factors with, 57, 
58 

oncogenes and, 107, 108 
protein interaction with, 55 
smooth muscle growth factor and, 63--65 

Polamine, as tumor marker, 80-81 
Polyacrilamide gel electrophoresis, in acid phos

phatase separation, 4 
Polyamines 

serum, as tumor markers, 80-81 
urine, as tumor markers, 81 

Polychronotopis, in upper tract urothelial tu
mors, 40 

Polyclonal response, 124 
Position emission tomography (PET), with pros

tatic tumors, 88 
Predicitive values, 95 
Progesterone, with renal cell carcinoma (RCC), 

288-289 
Prostate cancer 

acid phosphatase isoenzymes in, 6-8, 19 
alkaline phosphatase isoenzymes in, 9-10 
androgenic stimulation of, 160 
antiandrogens in, 157-204 



bilateral adrenalectomy and hypophysectomy 
in, 161 

creatine kinase (CK) isoenzymes in, 12-14 
detection of, 77-99 
DNA proliferation rate in, 256-257 
flow cytometry in, 251-252, 260 
lactate dehydrogenase (LDH) isoenzymes in, 

11-12 

leucine aminopeptidase (LAP) isoenzymes in, 
14 

monoclonal antibodies (mAbs) in, 137-138, 
142-147 

orchiectomy with estrogen in, 157-158 
phosphotyrosyl-protein kinase in, 19 
relapse in, and treatment, 187-189 
testosterone (T) levels and, 161 
treatment resistance in, 186-187 

Prostatectomy, see Radical retropubic postatec
tomy 

Prostate specific antigen (PSA), as tumor mark
er, 79-80, 82 

Prostatic acid phosphatase (PAP) fragments of, 
144 

combination therapy with antiandrogen and 
luteinizing hormone-releasing hormone 
(LHRH) agonists and, 180 

luteinizing hormone-releasing hormone 
(LHRH) agonists and, 177 

monoclonal antibodies (mAbs) in prostatic 
cancer and, 142-144, 147 

radioimmunodetection with, 87, 96, as tumor 
marker, 78-79 

Prostatic acid phosphatase II (PAP-II), 5 

Prostatic antigen (P A), in prostatic cancer, 
144-145, 147 

Prostatic fluid markers, 81-82, 84 

Prostatic growth factor (PrOF), 49-62 
ammonium sulfate precipitation and concen

tration of, 53-54 
androgen dependence of, 61 
beningn prostatic hyperplasia (BPH) and, 

50-52 
comparison of other growth factors with, 57, 

58 
fractionation of, 54--55 
future directions in study of, 61 
homogenization of, 52-53 
hydrophobic chromatography of, 56 
influence of heat, acid, pH, and dissociating 

agents on, 54 
isolation scheme for, 56-57 
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lipid extraction of, 53 

osteoblastic metastases and, 49-50 
preparative electro focusing of, 55-56 
seminiferous growth factor (SOF) and, 62 
species variations of, 59-61 

Protein products, oncogene, 106-107 
Proto-oncogenes, 105-106, 120 

Radiation therapy 
flow cytometry and, 259-260, 272-273 
renal cell carcinoma (RCC) with, 288 

Radical retropubic prostatectomy with potency 
sparing modification, 21-34 
bladder reconstruction in, 26 
efficacy in ablation of cancer by, 27, 33 
hemostasis control in, 25-26 
neurovascular bundle in, 24--25, 32-33 
rectourethralis muscle fibers in, 24 
sexual potency after, 27-28, 33 
staging pelvic lymphadenectomy in, 21 
technique in, 21-27 

Radiography, with prostatic tumors, 83 
Radioimmunoassay (RIA) 

acid phosphatase with, 5, 7-8, 78, 79, 97 

monoclonal antibodies (mAbs) and, 136 
Radioimmunodetection, with prostatic tumors, 

87-88 

Ras oncogene 
breast carcinoma cells and, 73 
carcinogenesis and, 120 

Receptor down regulation, with transforming 
growth factors (TOFs), 48 

Rectourethralis muscle fibers, in radical retropu
bic prostatectomy with potency-sparing modi
fication, 24 

Regan isoenzyme, 10-11 
Renal carcinoma 

clinical course of, 135 
DNA proliferation rate in, 257 
flow cytometry in, 252-253 
growth factors and, 71-72 
monoclonal antibodies (mAbs) in, 130-136 
nephron mapping in, 131 
proximal tubular cells in, 132 
ureteroscopic resection of upper tract urotheli

al tumors and, 39-40 
Renal cell carcinoma (RCC) 

bilateral, 284-285, 298 
chemotherapy in, 289 
flow cytometry in, 253-254 
hormonal therapy in, 288-289 
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immunotherapy in, 289-291, 298 
inferior vena cava (IVC), and, 282-284, 287 
lymph node dissection in, 280--282 
metastatic, 285-286, 298 
monoclonal antibodies (mAbs) and, 131 
new management techniques in, 292 
pre-operative renal artery embolization in, 

286-288 
radiation therapy in, 288 
staging in, 279, 280, 297 
surgical options in, 279-280, 297 
treatment approaches in, 279-298 

Renotropin, 71 
Reticuloendothelial system, and Bacillus-Cal

mette-Guerin (BCG), 206, 209 
Retroperitoneal lymph node dissection (RPNLD) 

nonseminomatous germ cell testicular tumors 
(NSGCTT) with, 225, 226-227, 231-232, 
238 

renal cell carcinoma, (RCC) and, 178-282 
Retroviruses, 62-63 

oncogenes and, 102 
subgroups of, 105 

Rous sarcoma retrovirus, 102, 103, 108 

Screening for prostatic tumors 
ideal test in, 96 
ultrasonography in, 87, 97 

Selenium, and prostatic epithelial cells, 72 

Seminiferous growth factor, (SGF), 62 
comparison of other growth factors with, 57, 

58,62 
purification of, 62 

Seminomas 
monoclonal antibodies (mAbs) in, 148 
Regan isoenzyme and, 10 

Sensitivity, 94 
Sertoli cells, and growth factors, 62 
Serum markers in prostatic tumors, 78-81 
Sexual potency 

nonseminomatous germ cell testicular tumor 
(NSGCTT) treatment and, 231-232, 238 

radical tetropubic prostatectomy and, 27-28, 
33 

Shionogi mouse mammary carcinoma (SC-115) 
cell line, in androgen studies, 163, 164, 166, 
186, 201-202 

Simian sarcoma cirus (SSV), 63 
Sis oncogene, and growth factors, 63 
Smooth muscle growth factor, 63-65 
Somatomedin (SM-C), 57, 58 

Specificity, 94 
Spermatogenesis, and growth factors, 62 
Spermidine 

serum, as tumor marker, 80--81 
urine, as tumor marker, 81 

Stage-specific embryonic antigen 1 (SSEA-l) 
kidney and, 154 
nonseminomatous germ cell testicular tumors 

(NSGCTT) and, 225-226, 238 
renal cell carcinoma (RCC) and, 279, 280, 297 
testicular cancer and, 147 

Staging 
pelvic lymphadenectomy in radical retropubic 

prostatectomy with potency-sparing modifi
cation with, 21 

ureteroscopic resection of upper tract urotheli
al tumors with, 38 

Steroids 
benign prostatic hyperplasia (BPH) and, 50 
growth regulation by, 71 

SV40, 120 

L( +) Tartrate, with acid phosphatase isoen
zymes, 3 

T cells, in Bacillus-Calmette-Guerin (BCG) im
munotherapy, 209-210 

Teratocarcinoma, 229, 230--231, 233 
Testicular cancer 

monoclonal antibodies (mAbs) in, 147-148 
see also Nonseminomatous germ cell testicular 

tumors (NSGCTT) 
Testosterone (T) 

biological response to, 163-166 
circulating and intracellular levels of, 201-202 
combination therapy with antiandrogen and 

luteinizing hormone-releasing hormone 
(LHRH) agonists and, 179, 203 

conversion of, 160 
flutamide and, 169 
growth factor dependence on, 61 
luteinizing hormone-releasing hormone 

(LHRH) and, 158, 202 
orchiectomy and, 158-159 
prostatic cancer and serum levels of, 161 
renal cell carcinoma (RCC) with, 289 
Wilms tumor and, 71 

Thiotepa, in bladder cancer, 213-214 
Thymidine labeling index (TLI), 255 
Thymolphthalein monophosphate, with acid 

phosphatase isoenzymes, 3, 6, 8 
Transforming growth factors (TGFs), 48-49 



bladder cancer and, 48-49 
comparison of other growth factors with, 57, 

58 
epidermal growth factors (EGF) and, 73 

receptor down regulation with, 48 
Transitional cell carcinoma (TCC), bladder 

Bacillus-Calmette-Guerin (BCG) and, 205, 
207-208, 210, 213-214 

monoclonal antibodies and, 137 

Tumor angiogenesis factor (TAF), 71 
Tumor-associated antigens (TAAs), and mono

clonal antibodies (mAbs), 154, 156 
Tumor markers, 77-82 

alkaline phosphatase (AP) as, 80 
creatine phosphokinase (CK) as, 79 
lactic dehydrogenase (LDH) as, 80 _ 
polyamines as, 80-81 
prostate specific antigen (PSA) as, 79-80 
prostatic acid phosphatase (PAP) as, 78-79 
prostatic fluid markers as, 81-82 
serum markers as, 78-81 
substances investigated as, 77, 78 
urine markers as, 81 

Tumor-specific antigens (TSA) 

definition of, 125 
monoclonal antibodies (mAbs) and, 125, 154 

Tyrosine kinase, and oncogenes, 107 

Ultrasonography 
features seen on, 85-86 

instrumentation used in, 84-85 
prostatic tumors with, 84-87, 97 
routes used in, 84 
screening with, 97, 97 
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Upper tract urothelial tumors clinico-pathologic 
features of, 39-41 
ureteroscopic resection of, 35-42 

Ureteropyeloscope, 35 
complications with, 37-38, 42 
indications for use of, 36 
results with, 38 
staging with, 38 
techniques with, 36-37 

Urine markers in prostatic tumors, 81 

Vasoactive intestinal polypeptide (VIP), 72 
Von Hippel-Lindau disease, 284 
V-src oncogene, 103, 104, 105-107 
V -sis oncogene, and prostate-·derived tumor line, 

73 

Wilms tumor, and renotropin, 71 
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