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Cancer Treatment and Research 
Foreword 

Where do you begin to look for a recent, authoritative article on the diag
nosis 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textbooks are generally out of date.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 in-depth reviews of cancer topics, and published 
symposium lectures are often the best overviews available. Unfortunately, 
these reviews and supplements appear sporadically, 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 that 
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, and 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, genitourinary cancer, pediatric oncology, etc.; and 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 diag
nosis, 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 or her field. Kluwer Academic Publishers has 
made an equally major commitment to the rapid publication of high-quality 
books and to worldwide distribution. 

Where can you go to 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 ultimate objective of therapy for genitourinary malignancies is cure 
without adversely affecting the quality of life. Therapy for Genitourinary 
Cancer addresses modifications of standard surgical procedures that purport 
to decrease the morbidity of therapy for testis cancer and renal cell car
cinoma without compromising cure. In addition, the rationale for decreasing 
the extent of surgical extirpation for bladder cancer and rhabdomyosarcoma 
are summarized. The ability to limit the extent of therapy depends upon the 
ability to predict the metastatic potential of the primary tumor. The appli
cation of cell motility and DNA ploidy to predict the metastatic potential of 
prostate cancer are presented. Prostate cancer represents the second most 
common cause of cancer-related deaths among American males. Due to the 
realization that little progress has been made to enhance survival rates for 
prostate cancer, more aggressive treatment regimens are presently being 
advocated. The role of adjuvant radiotherapy following radical prostatectomy 
and complete androgen suppression for metastatic prostate cancer are re
viewed. Chemotherapy for prostate cancer has proven to be disappointing. 
The preliminary experiences with suramin and the implications of combining 
tumor necrosis factor and chemotherapeutic drugs are presented. The use of 
bladder substitution with intestinal segments has enhanced the quality of life 
following pelvic extirpative surgery. The development of carcinoma in these 
intestinal bladders is discussed. 

The contents of Therapy for Genitourinary Cancer reflects the com
mitment of clinicians and basic scientists to enhance the effectiveness of 
therapy for genitourinary malignancies. The editors are grateful for the 
scholarly manuscripts submitted by all of the contributors. Several of 
the diagnostic and treatment modalities for genitourinary malignancies 
presented in Therapy for Genitourinary Cancer are in their early stages of 
investigation. Hopefully, these innovative approaches to the treatment 
of genitourinary malignancy will gain clinical acceptance and improve our 
ability to cure these tumors. 

HERBERT LEPOR 

RUSSELL K. LAWSON 

Editors 
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1. Genitourinary rhabdomyosarcoma in childhood: 
Current treatment alternatives and controversies 
in management 

Ellen Shapiro and Douglas Strother 

1 

Rhabdomyosarcoma (RMS) is the most common soft-tissue sarcoma of 
childhood and accounts for 4-8% of all malignant disease in children less 
than 15 years of age. It constitutes 5-15% of all malignant solid tumors. 
Among solid tumors, it is exceeded in frequency only by brain neoplasms, 
neuroblastoma, and Wilm's tumor. Approximately 15-20% of RMS are 
genitourinary (GU) in origin and arise from the same embryonal mesenchyme 
that gives rise to striated skeletal muscle [1,2]. 

Treatment for GU RMS has evolved over the years and treating physicians 
have tried to maintain a balance between high survival rates and preservation 
of the genitourinary tract to ensure the quality of life. Prior to 1960, the 
treatment of GU RMS consisted of extirpative surgery and radiation, either 
alone or in combination. In 1959, one of the earliest reviews of bladder 
sarcomas in children reported 80 cases diagnosed after 1900 [3]. There 
were only six known survivors and the earliest disease-free survior was not 
reported until 1952 [4]. 

Significant advances have been made over the past two decades in under
standing the biological activity of this tumor. The rationale for a multi
therapeutic approach has come from the efforts of three cooperative cancer 
study groups. These groups combined their resources in 1972 to form the 
Intergroup Rhabdomyosarcoma Study (IRS). This multicenter effort has 
resulted in several clinical trials (IRS-I 1972-1978, IRS-II 1978-1984, IRS
III 1984-1988, and IRS-IV 1989-present). The evolution of our treatment 
approach to the patient with rhabdomyosarcoma is the result of the outcomes 
of these studies. 

This chapter will review GU RMS, including those of the bladder, prostate, 
vagina, uterus, cervix, and vulva, and controversies in their management. 
Paratesticular RMS will be discussed separately at the end of this chapter. 

Epidemiology 

The estimated annual incidence of genitourinary rhabdomyosarcoma is 
0.5-0.7 cases per one million children under age 15. The tumor occurs with 

Lepor, H. and Lawson R. K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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a male predominance of 3: 1 [5]. Rhabdomyosarcoma of urogenital origin 
occurs at two age peaks: the first, in children between 2 and 6 years, and the 
second, during adolescence between 15 and 19 years [6]. Rhabdomyo~arcoma 
has been associated with several congenital disorders, including neuro
fibromatosis, Gorlin's basal-cell nevus syndrome, and the fetal alcohol 
syndrome [7]. There also appears to be a genetic component to this tumor. 
Li and Fraumeni have identified familial aggregations of rhabdomyosarcoma 
with other sarcomas, breast cancers, and brain tumors [8]. Other familial 
associations have been reported with an increased incidence in RMS in the 
siblings of children with CNS tumors and adrenal cortical carcinoma [7]. 

Research advances 

Cytogenetics 

Advances have been made in determining the cytogenetic features of this 
tumor. Douglass et al. identified a distinct chromosomal translocation 
t(2;13)(q35;qI4) in a direct preparation of rhabdomyosarcoma involving 
cells that had metatasized to bone marrow and in human tumor xenografts 
[9]. This translocation appears to be specific for RMS and has been found in 
embryonal, undifferentiated, and alveolar subtypes. IRS-IV will prospec
tively assess the clinical significance of this translocation, since it has been 
found in tumors from patients with advanced or recurrent disease. Inves
tigation of his translocation may be useful in identifying patients who present 
with more advanced disease at diagnosis and those with disease that is 
refractory to current treatment protocols [to]. 

Molecular studies 

Using human RMS cell lines, intracellular peptides that modulate cell 
growth activity, including transforming growth factors, tumor cell inhibitory 
factors, and the transforming oncogene N-ras, have been identified [7]. 
Experiments using the implantation of human RMS xenograft lines into 
nude mice have been invaluable in determining the sensitivity and resistance 
mechanisms of various cytologic agents. For example, vincristine resistance 
may be associated with the production of tubulin with an altered binding 
affinity, which affects drug retention by tumor tissues [11]. Also, the activity 
of an enzyme important in DNA repair has been shown to be positively 
correlated with the sensitivity of cell lines to nitrosourea methyl-CCNU [7]. 

IRS-IV proposes to examine RMS tumor cells to detect alterations of 
specific cellular proto-oncogenes that may have prognostic and therapeutic 
importance. Roberts et al. examined DNA from patients of RMS for evi
dence of amplification of the g/i gene [12]. A 30-fold amplification of g/i 
and detectable levels of g/i mRNA transcripts were identified in rhabdo-
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myoblasts. Other investigators have documented N-myc gene amplification 
in RMS, which has been an important prognostic indicator in patients with 
neuroblastoma [13-15]. IRS-IV will also be investigating the occurrence of 
abnormalities of not only the N-myc gene, but also abnormalities of other 
cellular proto-oncogenes, such as C-myc, L-myc, NEV, and EGFR [to]. 

Flow cytometric studies 

Flow cytometric determination of cellular DNA content can be used to 
predict the prognosis in some childhood ca~cers. The DNA ploidy values 
appear to have different clinical implication in different types of childhood 
tumors. In a study from the Mayo Clinic, six patients with embryonal RMS 
of the bladder and prostate had DNA aneuploid tumors [16]. At the time of 
diagnosis, one patient was stage I and five patients were stage III. All of 
these patients responded well to a combination of chemotherapy and surgery. 
In the IRS tumor samples submitted thus far, there has been a correlation 
between tetraploidy patterns with alveolar histology and intermediate hyper
diploidy with embryonal histology [to]. The prognostic significance of these 
findings will need to be determined. 

Monoclonal antibody studies 

Monoclonal antibodies reacting with skeletal muscle markers, such as desmin 
and a muscle-specific isotype of actin, have been useful in the diagnosis of 
poorly differentiated RMS. Antibody probes (4.2A8, 5.1Hll, and 3.1Gll) 
developed by Dr. Peter J. Houghton appear to recognize embryonal but not 
alveolar RMS [10]. These monoclonal antibody studies may be important 
not only as a diagnostic tool, but also as a potential immunotherapeutic 
modality. 

Pathology 

Rhabdomyosarcoma arises from primitive mesenchymal cells that exhibit 
varying degrees of differentiation towards skeletal muscle, smooth muscle, 
and connective tissue [2,17-19]. Rhabdomyosarcomas are highly malignant 
and spread by local invasion, as well as lymphatic and hematogenous routes. 
Lymphatic metastases occur in approximately 20% of genitourinary RMS 
and may be as high as 40% in the subset of paratesticular tumors [20]. The 
most common sites of hematogenous spread include lung, bone marrow, and 
liver, and are present in up to 40% of patients at the time of diagnosis 
[21-23]. 

The histologic classification of RMS reflects the wide range of mesen
chymal differences that may occur. The three major subtypes are embryonal, 
alveolar, and pleomorphic [24]. Embryonal RMS accounts for 50-60% of 
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childhood RMS. Morphologically, embryonal RMS resembles develop
ing skeletal muscle, as seen in the 7- to lO-week fetus, and is composed 
primarily of spindle-shaped cells with a central nucleus and abundant eosin
ophilic cytoplasm [24,25]. Cross-striations are important for diagnosis but 
are seen in only 30% of these tumors. The term sarcoma botryoides refers to 
a polypoid form of embryonal RMS and grossly appears as a cluster of 
grapes projecting intraluminally into a hollow viscus, such as the bladder or 
vagina [26]. Alveolar RMS is the second most common histologic subtype, 
resembling skeletal muscle in the 10- to 21-week fetus [25]. It has a unique 
pattern that is reminiscent of pulmonary alveoli [24). Alveolar RMS is seen 
in older children and young adults, and most commonly accounts for ex
tremity or perineal sites. It metastasizes to lymph nodes and has a poorer 
prognosis than embryonal RMS. The pleomorphic type of RMS is rarely 
seen in children and is most common in extremity and truncal tumors. 

The IRS has further classified these tumors into favorable and unfavorable 
categories [27]. The unfavorable histologic types include 1) anaplastic RMS 
(enlarged bizarre mitotic figures and diffuse nuclear hyperchromatism with 
pleomorphism), 2) monomorphous round-cell RMS (marked uniformity in 
size and cytologic characteristics of the total tumor cell population), and 3) 
alveolar tumors. All other gross or cellular features are categorized as 
favorable. 

Clinical presentation 

Bladder rhabdomyosarcoma 

Tumors originating in the submucosa or superficial layers of the trigone 
often present with bladder outlet obstruction [5,28,29). This may lead to 
urinary retention, incontinence, and infection. Gross hematuria and passage 
of tissue fragments may occur when the tumor disrupts the overlying bladder 
mucosa. The tumor usually occurs in a distinctive botryoides form and often 
enlarges into a palpable suprapubic mass. It may extend into the mem
branous urethra in the male. In the female, the mass may expand along the 
entire length of the female urethra and present as a prolapsing mass [22]. 
Bladder RMS is more commonly seen in males (2: 1), and patients are 
usually younger than 5 years of age [5). The tumor may invade locally into 
the prostate, vulva, and vagina, and it is local extension that is the most 
common cause of treatment failures. 

Prostatic rhabdomyosarcoma 

Prostatic RMS tends to present as a solid mass, rather than in the botryoides 
form. It is often difficult to distinguish if the tumor arose from the prostate 
or from the bladder neck and trigone re~ion. Local extension into the 
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bladder neck and posterior urethra results in bladder outlet obstruction and 
a palpable bladder on physical examination. Expansile growth posteriorly 
causes a mass effect, with the tumor easily palpable on rectal exam. Local 
infiltration of the rectal wall leads to constipation as the presenting symptom. 
The median age for males with prostatic RMS is 3.5 years [5,28,29]. 

In a review of the occurrence of lymphatic metastases in childhood RMS, 
the IRS found nodal metastases to be greatest for primary prostate RMS 
(41 %) [30]. Lymphatic involvement was also significant for paratesticular 
tumors (26%) and for genitourinary sites in general (24%), compared to 
only 14% for all RMS. Involvement of the lymph nodes was positively 
correlated with tumor size. 

Female genital tract rhabdomyosarcoma 

Primary vaginal rhabdomyosarcoma is the most common tumor of the female 
genital tract in children [31]. The mean age for vaginal RMS is younger than 
2 years, while patients with uterine sarcoma present during adolescence. 
Vulvar lesions occur in a wide age spectrum (1-19 years). Vaginal tumors 
usually occur on the anterior vaginal wall adjacent to the cervix, but may 
also arise from other regions of the vagina. Patients present with hemor
rhagic vaginal discharge or with vaginal extrusion of tumor fragments. Vaginal 
tumors may present with symptoms of urethral obstruction or a palpable 
abdominal mass. Local infiltration into the bladder wall is less common. The 
rectovaginal septum acts as a barrier, protecting the rectal wall from local 
infiltration. 

Uterine RMS presents as a mass with a single large polyp proturding from 
the cervix or with intramural involvement of the cervix and/or body of the 
uterus [31]. Vulvar tumors present with a palpable mass involving the labia 
and are commonly mistaken for Bartholin's gland infections. 

Radiographic evaluation 

Ultrasound is usually the initial imaging modality for the evaluation of an 
infant presenting with a palpable abdominal mass [32]. A lobulated soft 
tissue mass within, displacing, or deforming the bladder suggests the diag
nosis of pelvic RMS. The tumor may be totally or partially fixed to the 
pelvic floor. Usually RMS shows homogeneous echogenicity with an echo
texture similar to that of muscle. However, areas of reduced echogenicity 
may be identified. The appearance may simulate a pelvic abscess. The 
regional and retroperitoneal nodes may be enlarged. Due to the small size 
of the bony pelvis in infants and young children, some degree of urinary 
tract obstruction is usually present. 

In the past, intravenous pyelography (IVP) was the primary diagnostic 
imaging modality revealing various degrees of ureteropyelocaliectasis [28,32]. 
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The cystogram phase often demonstrated the characteristic negative filling 
defect within the bladder when the bladder neck and trigone were the 
regions of origin. In prostatic RMS, the IVP demonstrates elevation of the 
bladder base, and a voiding cystourethrogram may demonstrate distortion 
and elongation of the prostatic urethra. 

A suspected pelvic mass is currently evaluated with computed tomography 
(CT) using oral, rectal, and intravenous contrast [32]. The bladder must be 
filled to detect infiltration of the bladder wall. Pelvic RMS may be isodense 
with muscle or show lower attenuation. Focal areas of reduced density 
within the tumor are generally due to hemorrhage or necrosis. A bladder 
neck/trigone RMS may be difficult to differentiate on cr scan from tumors 
arising from the adjacent prostate gland. The CT findings in prostatic tumors 
include an enlarged homogeneous mass with invasion of the perirectal fat. 
Thickening of the levator ani muscle may be demonstrated, as well as tumor 
invasion into muscle and bone through the ischiorectal fossa and the sciatic 
and obturator foramen. 

Magnetic resonance imaging (MRI) has offered a new potential for staging 
of bladder tumors [33]. MRI has better contrast resolution and comparable 
spatial resolution than CT. The ability of MRI to obtain sagittal and coronal 
sections is of great advantage in visualizing tumors of the bladder neck and 
dome. Extension of the neoplasm to the prostate and seminal vesicles can 
also be seen on MRI. Local extension of tumor can also be better appreciated 
using this imaging modality. 

Diagnosis 

Bladder RMS is diagnosed with cystoscopy and biopsy [29]. When obtaining 
a biopsy with a pediatric resectoscope, the use of the resectoscope loop 
electrode may result in excessive coagulation, making histologic interpre
tation difficult. The cold-cup biopsy forceps is generally more satisfactory. 
These may be passed through a 13-French resectoscope. The lO-French 
resectoscope can be used with a Collings knife electrode to remove a 
polypoid specimen by cutting through its base. In patients with prostatic 
involvement, tissue diagnosis is made by a transurethral biopsy. Perineal or 
extraperitoneal suprapubic biopsy may be performed with a Vim-Silverman 
or Tru-Cut needle. A laparotomy is rarely required in order to obtain tumor 
to establish a diagnosis. In patients with vaginal RMS, an endoscopic biopsy 
is performed. Local, gross, or partial tumor excision may be performed at 
the time of biopsy. Cystoscopy at the time of biopsy will determine extrinsic 
distortion or tumor infiltration of the bladder wall. Diagnosis of uterine 
sarcomas is commonly made by transvaginal biopsy aided by cervical di
latation and curettage. Patients presenting with vulvar lesions undergo 
incisional or excisional biopsy, or wide local excision if a frozen-section 
diagnosis can be made [31]. 
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Table 1. Intergroup rhabdomyosarcoma study staging 

Group 1 Localized disease completely resected; regional nodes not involved 
A. Confined to muscle or organ of origin 
B. Contiguous involvement with infiltration outside the muscle or organ or origin, 

as through fascial planes 

Group II Regional disease 
A. Grossly resected tumor with microscopic residual disease; no evidence of gross 

residual tumor; no clinical or microscopic evidence of regional node 
involvement 

B. Regional disease, completely resected (regional nodes involved or extension of 
tumor into an adjacent organ; no microscopic residual disease) 

C. Regional disease with involved nodes, grossly resected, but with evidence of 
microscopic residual disease 

Group III Incomplete resection or biopsy with gross residual disease 

Group IV Distant metastatic disease present at onset 

Tumor staging 

Staging for RMS is dependent on the resectability of the primary tumor and 
nodal involvement. The IRS clinical grouping classification was proposed in 
1977 and is presented in Table 1 [23,24]. A metastatic evaluation, including 
lung and abdominal CT and bone marrow aspiration, will evaluate the most 
common regions for lymphatic and hematogenous spread. Also, a bone 
surveyor radionuclide bone scan is indicated. 

Treatment 

Historical 

Prior to the advent of chemotherapeutic agents, RMS of the bladder and 
prostate was treated with surgery, including anterior or total pelvic exen
teration. Rhabdomyosarcoma of the female genital tract was managed with 
radical hysterectomy and excision of the vaginal cuff. Local excision or 
segmental resection resulted in uniformly high pelvic recurrence rates and 
poor survival due to metastatic disease. When wide surgical excision was 
used as the single therapeutic modality, long-term survival for localized 
bladder and prostate RMS was 73%, while survival with vaginal tumors was 
only 40% [35]. 

Radiation therapy began to emerge when the 1950 report by Stobbe 
and Dargeon noted that some RMS were radiosensitive [36]. Single-agent 
chemotherapy, and subsequently a multiagent approach, were employed to 
first treat metastatic disease [35]. Synergy was soon recognized between 
actinomycin D (dactinomycin) and radiation therapy [37]. In 1961, Pinkel 
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and Pickren suggested combining radical surgery with postoperative radiation 
and "prophylactic" chemotherapy following "complete" tumor resection 
[38]. In a study in which all children received radical surgery and postoperative 
radiation, those patients randomized to receive chemotherapy had an 85% 
2-year relapse-free interval, while those not receiving chemotherapy had a 
47% 2-year relapse-free interval. 

Intergroup Rhabdomyosarcoma Study-I 

Following this important pioneering work, the IRS examined new therapeutic 
approaches that would improve survival rates and the quality of life. The 
objectives of IRS-I were 1) to assess the value of postoperative radiation in 
children whose tumor was completely resected and who would receive vin
cristine, actinomycin D, and cyclophosphamide (VAC) therapy; 2) to deter
mine the efficacy of VA compared to V AC therapy in the clinical group II 
patients who would each receive postoperative radiation; 3a) to assess the 
value of pulse-V AC therapy following local irradiation in clinical group III 
and IV patients; 3b) to evaluate the addition of adriamycin (Adr) to the 
chemotherapeutic regimen of clinical group III and IV patients. 

The results of the IRS-I for GU RMS were reported in 1981 and 1982 
[39,40]. Of 686 patients entered into the IRS-I, 62 patients presented with 
RMS arising in the bladder, prostate, or vagina. Thirty-four (55%) had all 
gross tumor removed at the primary operation (clinical group I). VAC 
therapy with or without Adr was given for 2 years in most cases. Of the 
54 patients with bladder or prostate RMS, 47 (87%) were also treated with 
radiation therapy in doses varying from 2000 to 5500 rad. Forty-one of these 
54 patients (76%) were alive and relapse free at a median of 4.5 years. 
Sixteen of 41 (39%) have retained their bladders. In the eight females with 
vaginal RMS, four were treated with radiation as well as chemotherapy. All 
but one patient was alive and relapse free for 4 or more years, and 6 of the 
7 patients (86%) have their bladders. The overall survival rate for GU RMS 
reported in 1982 for IRS-I was 50 of 62 patients (81%). Relapse, either 
locally or with distant metastases, usually occurred within the first 2 years of 
treatment. Long-term survival after relapse was extremely unlikely (2 of 
13 patients, 15%). The study also revealed that radiation provided no added 
benefit in clinical group I patients and that adriamycin did not improve the 
outcome of patients in clinical group III and IV. 

Intergroup Rhabdomyosarcoma Study-II 

The IRS-II trial of primary VAC therapy began in 1978. The objective of 
this study was to improve bladder salvage without altering the excellent 
patient survival rates previously achieved. Between 1979 and 1984, 109 
patients with bladder, prostate, vaginal, qterine, and cervical tumors ("special 
pelvic" sites) underwent a biopsy followed by primary chemotherapy with 
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VAC [41]. After two chemotherapeutic cycles, the tumor response was 
assessed at week 8. If a tumor had diminished by 50%, two additional 
courses of chemotherapy were given at weeks 8 and 12. At week 16, surgical 
exploration was performed to determine the extent of residual disease. If 
there was gross or microscopic residual disease after surgical resection, 
radiation therapy was added to the 2 years of pulse-V AC therapy. If no 
residual disease was found on biopsy, the patient completed the 2-year 
regimen of pulse-V AC therapy. If tumor regression was less than 50% at 
8 weeks, a partial cystectomy or vaginectomy was performed, providing the 
patient was rendered free of gross disease. If this could only be accomplished 
with radical cystectomy, the patient's bladder was preserved and radiation 
therapy was given (4000-4500 rads) for residual disease. When there was 
gross or microscopic residual disease after surgical resection, the patient 
underwent radiation therapy and continued on pulse-V AC therapy for a 
total of 2 years. If no residual tumor was present, the patient was main
tained on pulse-V AC therapy for 2 years. 

These studies showed that only about 10% of patients would be able to 
achieve relapse-free survival with VAC therapy alone. The majority of 
relapse-free survivors were patients treated with radiation when tumor 
regression was incomplete following chemotherapy [41]. The results of IRS
II achieved survival rates comparable to IRS-I, 70% vs. 78%, respectively. 
In IRS-II, only 52% of the patients had no evidence of disease at 3 years, 
compared to 70% of patients with disease-free status in IRS-I. Radiation 
therapy and/or surgery were employed to achieve these complete responses, 
but the primary surgical approach was the best means to achieve and 
maintain disease-free status. Although many patients retained their bladders 
initally in IRS-II as a result of the protocol design, no statistically significant 
difference in the percentage of patients retaining their bladder was found at 
3 years between the two IRS studies (IRS-II 22% vs. IRS-I 23%). The 
studies demonstrated the need for improved induction chemotherapy if 
long-term tumor control was to be achieved. It also highlighted the import
ance of long-term follow-up, since 48% of patients on IRS-II were alive with 
preserved bladders at 1 year, whereas this percentage decreased to 33% at 
two years and 22% at 3 years. 

Hayes et at. reported the outcome of 33/154 children with bladder RMS 
who underwent partial cystectomy, either as an initial procedure, a secon
dary procedure for localized disease following chemotherapy/irradiation, 
or as the initial operation when there was abdominal disease (5/33) [42]. 
Relapse occurred in seven of these patients (six had localized disease and an 
initial operation, and one had abdominal disease) who then progressed and 
died. The 3-year survival following partial cystectomy was similar (79%) to 
that for all patients with bladder RMS (78%). To date, partial cystectomy 
remains a surgical option but appears to be used only when gross tumor 
removal can be assured. Also, although the group undergoing initial partial 
cystectomy with known disseminated disease was small, 4/5 have remained 
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disease free for a mean of approximately 300 weeks. This emphasizes the 
rationale for the use of bladder augmentation and ureteral reimplantation 
when indicated in the face of metastatic disease. Since most patients can 
have satisfactory bladder function following partial cystectomy, the recent 
recommendation to decrease the dose of radiation will help to prevent the 
development of radiation cystitis and its sequelae. 

Patients on IRS-II underwent cystectomy when there was a poor response 
to primary chemotherapy or when local tumor progression occurred after a 
partial response. Also, nonresponse or progressive disease at the 8-week 
evaluation did not portend an unfavorable outcome with regard to survival, 
disease-free interval, or survival with an intact bladder when compared to 
patients who had complete or partial responses to chemotherapy [41]. 

Prognostic factors 

The IRS recently reported the favorable prognostic factors in all patients 
with RMS [43]. The clinical group was the most important patient charac
teristic related to survival in both IRS-I and -II. Survival decreased from 
clinical group I to group IV, and in clinical group IV patients with GU 
tumors had significantly improved survival. Raney et al. evaluated the prog
nostic factors in patients with special pelvic tumors [41]. They found that 
children age 1-5 years had a more favorable outcome when compared with 
infants younger than 1 year of age. Also, patients with bladder primaries 
had better survival outcomes than patients with prostatic tumors. Although 
alveolar tumors have been recognized as having a poor prognosis when 
compared to embryonal, botryoid histopathology carried a significantly 
higher survival rate than that of the solid embryonal tumors [44]. Females 
had improved survival when compared to males. The 3-year survival rate for 
males with bladder tumors in IRS-II was 75%, while the survival rate in 
females was 90% (IRS-I survival 70% for females and males). Patients with 
prostatic tumors had a significant decrease in survival in IRS-II (59%) when 
compared to IRS-I (82%). The patients with prostatic tumors were some
what older than the patients with bladder and vaginal tumors, and their 
tumors tended to be larger in size at the time of diagnosis. Finally, prostatic 
tumors were most commonly solid and not the botryoid variety. Considering 
all of these factors, a less favorable outcome will be predicted in this group 
with prostatic RMS. Therefore, primary surgery may be the best approach 
to ensure long-term survival in these patients [41]. 

Female genital tract tumors IRS-I and IRS-II 

In 1988, the IRS committee reported on 47 children and adolescents with 
primary female genital tract tumors who were placed on IRS-I and IRS-II 
protocols [31]. The treatment objectives of the IRS were achieved for 
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vaginal tumors, since pelvic exenteration is no longer performed as the initial 
procedure and is utilized only for complicated forms of relapse. Most of the 
patients were treated with initial chemotherapy followed by delayed hy
sterectomy and/or partial vaginectomy. Hysterectomy continues to be the 
standard approach in more than 50% of patients with tumors originating in 
the proximal portion of the vagina. At least one ovary is retained in most 
patients and repositioned to avoid irradiation effects. Six relapses occured in 
26 patients with localized vaginal tumors. Five patients who relapsed were 
free of disease for a mean of 4.4 years following salvage chemotherapy. The 
19 patients without disease recurrence have been followed for a mean of 
5.4 years. 

Ten patients who presented with uterine sarcomas underwent chemo
therapy [31]. Those with localized polypoid lesions had disease amenable to 
polypectomy with or without dilation and currettage. These patients have 
remained disease free (2.5-6.5 years), while four patients with more ex
tensive uterine infiltration or penetration into the abdominal cavity and/or 
metastatic disease died within the first year after the initiation of therapy. 
Also, it has been difficult, especially in the infant group, to determine the 
precise site of the primary tumor in patients where the origin appears to be 
the vagina or uterus. In this group of patients, primary uterine tumors 
occurred almost exclusively in the adolescent or postadolescent females, 
thereby making the vaginal origin in the infant or prepubertal female more 
common. 

Vulvar tumors have been managed with resection and chemotherapy with 
or without adjunctive radiation therapy [31]. Eight of nine patients were 
disease free, with a mean of 6.4 years, while one patient had recurrent 
disease at 2.5 years. 

Intergroup Rhabdomyosarcoma Study-III 

The objectives of the IRS-III study were to answer the following questions: 
1) Can chemotherapy be reduced to only 1 year of VA therapy in patients 
with clinical group I and II "favorable" histology? 2) What is the role of 
additional cisplatin and adriamycin in pulse-V AC therapy? 3) Will the addi
tion of cisplatin or cisplatin plus etoposide (VP-16) to VAC improve the 
complete response and relapse-free survival interval in patients in clinical 
groups III-IV? 4) Will second- and third-look surgery to pathologically con
firm the efficacy of therapy improve the ultimate local control in patients in 
clinical groups III and IV? 5) In patients achieving only a partial response by 
week 20, will more intense chemotherapy with adriamycin, dicarbazine 
(OTIC), or dactinomycin and VP-16 or dactinomycin plus OTIC improve 
the survival outcome [45]? 

To date, the IRS-III protocol results utilizing repetitive pulse-VAC 
therapy as the control, and repetitive pulse-V AdrC-V AC plus cisplatin vs. 
repetitive pulse-VAdrC-VAC plus cisplatin plus VP-16 are preliminary [46]. 
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Although survival and the complete response duration have increased sig
nificantly throughout the years of the three IRS protocols (overall updated 
survival rates were 73% in IRS-III, 67% in IRS-II, and 60% in IRS-I, and 
complete response rates were 76% vs. 69% vs. 64%, respectively), it does 
not appear to be due to the superiority of either experimental regimen over 
the control therapy. The data involving patients with only genitourinary 
tumors on IRS-III have not been published. 

Intergroup Rhabdomyosarcoma Study-IV 

Based upon the observations from IRS-I and IRS-III, new objectives have 
been proposed for IRS-IV [47]. The goals of IRS-IV are to compare the sur
vival rates of patients receiving V AC vs. vincristine-actinomycin D-ifosfamide 
(VAl) vs. vincristine-ifosfamide-etoposide (VIE). Also hyperfractionated 
radiation therapy (Hyperfx-RT) will be compared to conventional therapy. 
Conventional radiation is delivered as 180 rads in 28 fractions for a total of 
5040 rads over 5! weeks. Hyperfractionated radiation is given twice a day 
at 6- to 8-hour intervals for a total of 59408 rads in 54 fractions of 110 rads 
each. This is being investigated to evaluate the local control rate in clinical 
group III patients only, since group II patients have previously had an 
acceptable local control rate with conventional therapy. 

In patients on the IRS-IV protocols with genitourinary tumors, bladder 
salvage can be anticipated in 25-45% of patients based on the IRS-II data 
and preliminary data from IRS-III [47]. As long as a partial response is 
seen, radical extirpative surgery should be delayed. The patient follows the 
designated therapy of the appropriate protocol. If there is biopsy-proven 
residual tumor at 6 months after completing radiation therapy or progressive 
disease is noted after the initiating of chemotherapy and radiation therapy, a 
partial cystectomy, when possible, is performed or an anterior exenteration 
is indicated. Survival is not adversely affected if radical surgery is delayed 
until residual tumor is defined or progression is noted, but further delay is 
not recommended. In patients undergoing partial cystectomy, ureteral re
implantation may be indicated. Bladder augmentation has been employed 
even in patients with metastatic disease. The role of continent urinary 
diversion has not been defined in a large series of patients to date. In 
patients requiring only radical prostatectomy, the ability to preserve the 
urethra and bladder is unusual when there has been a poor response to 
chemotherapy. In males undergoing radical prostatectomy or radical cysto
prostatectomy, a urologic surgeon who is skilled in preserving the neuro
vascular bundles for potency should participate in the surgery if this would 
not leave gross residual tumor [48]. 

The IRS-IV also addresses the approach to female genital tract tumors 
[47]. Some polypoid tumors of the uterus can be excised without hysterec
tomy. When hysterectomy is performed for a uterine tumor, preservation of 
the distal vagina and ovaries is generally indicated. When the tumor occurs 
in the distal vagina, hysterectomy is not required. Proximal vaginal tumors 
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may necessitate hysterectomy with partial or complete vaginectomy. Anterior 
exenteration is usually not necessary for tumor removal, but when indicated 
is an effective means of local control. 

In clinical group IV patients with female genital tract tumors, primary 
chemotherapy and/or radiation therapy is administered and no interval 
radical surgery is performed [47]. When patients are free of metastatic 
disease for 3-6 months, surgical intervention should occur if there is biopsy
proven residual disease or progression of local disease occurs with the 
initiation of chemo and radiation therapy. 

The drugs used on the IRS-IV protocol have been associated with ad
verse hematologic effects, usually reversible myelosuppression. In addition, 
ifosfamide and cyclophosphamide should be withheld when there is sig
nificant microscopic hematuria (greater than 50 RBC/HPF). When the 
hematuria resolves, the doses are decreased to 50% for 1 week and then 
increased to the normal level. MESNA therapy, which binds the acrolein 
metabolite of those agents that led to severe hemorrhagic cystitis and late
occurring bladder carcinomas in the past, is utilized. In addition, the 
chemotherapy can also cause severe peripheral neuritis or paralytic ileus. 
The neurologic abnormalities, including seizures, are most commonly seen 
with ifosfamide and vincristine. Since RMS is generally a disease of early 
childhood, it is too early to know the long-term deleterious effects of 
therapy in this group of patients. It is important to perform surveillance in 
this group to assure that their growth and development, including gonadal 
function, is normal [49,50]. Long-term follow-up is imperative in view of the 
risk of a second malignancy following treatment for other childhood cancers 
[51]. 

Paratesticular rhabdomyosarcoma 

Paratesticular RMS comprises approximately 7% of all RMS [1]. These 
tumors arise from the distal spermatic cord and may invade the testis or 
surrounding tunics. The most common histopathology of these tumors is 
embryonal (97%) [52]. 

The initial operative procedure is a radical orchiectomy. This is per
formed through an inguinal incision with initial proximal vascular control. If 
a biopsy is indicated, the area should be draped off from the operative field 
to avoid spillage and contamination. Transcrotal procedures should be 
avoided to prevent the likelihood of contamination. A metastatic evaluation 
is performed that includes a CT of the chest and abdomen, since lymphatic 
spread is seen in approximately 28% [52]. A bone scan or skeletal survey is 
recommended, as well as a bone-marrow aspirate and/or biopsy. The IRS 
surgical pathologic staging and treatment is defined in Table 2 [53]. 

There continues to be controversy regarding the need for retroperitoneal 
lymph-node dissection (RPLND) following the diagnosis of paratesticular 
RMS and before the initiation of chemotherapy. Nodal involvement was 
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Table 2. IRS-IV staging and treatment of paratesticular rhabdomyosarcoma 

Clinical Group 

II 

III 

IV 

Tumor Status 

Tumor completely excised" (not 
alveolar subtype) 

Tumor excised with microscopic 
residual disease at margin and/or 
positive lymph nodes involving 
the ipsilateral hilar-paraaortic 
chain 

Gross residual local and/or 
regional disease (retroperitoneal 
nodes) that is not surgical 
removable 

Distant metastases 

Therapy 

Vincristine Actinomycin D (VA) 
for 1 yearb 

VAC vs. VAl for 1-2 years 
plus radiationC therapy to 
involved region 

3-7 drug regimen plus radiationd 

therapy to involved region 

Same as Group III 

"If there has been scrotal contamination, hemiscrotectomy and relocation of the testis into the 
thigh is advised to avoid the effects of local radiation on the remaining gonad. 
b No radiation for Group I patients. 
C Conventional radiation. 
dConventional or hyperfractionated radiation. 

found in 28% of 77 cases of localized paratesticular sarcoma from IRS-I and 
IRS-II. Since only radiation is given to clinical group II, the pathologic 
status of these nodes is important. With the additional radiation therapy, 
clinical group II patients have a 90% relapse-free survival for at least 2 years 
[52]. 

Olive et al. reporting on the European experience with the International 
Society of Pediatic Oncology (SlOP) protocol, suggest that RLND is not 
needed if the clinical examination, CT, and ultrasound, or bipedal lymph
angiography do not demonstrate retroperitoneal disease [54]. Chemotherapy 
alone, consisting of VIA, has more recently been used [55]. The current 
recommendation of the IRS is to perform an ipsilateral RLN sampling, 
which will preserve the lumbar sympathetic nerves involved in ejaculation, 
therefore preserving potential fertility [53,56]. 

Further attempts at ensuring potential fertility include the avoidance of 
alkylating agents (cylophosphamide) in clinical group I patients, since these 
agents have known adverse effects on sperm production. Since the cure rate 
is 93% in group I and 90% in Group II, fertility potential is an important 
concern of these patients and their families [52]. 

Results of therapy 

Overall survival in the 95 patients entered into IRS-I and IRS-II with 
paratesticular RMS was 89% at 3 years. Most of the patients were in clinical 
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group I (60%) and II (21%). Only one patient from group I and two 
patients from group II developed recurrent sarcoma. In groups III and IV, 
7/18 developed progressive disease, but despite this, 11118 are alive at 
3 years. Early results from IRS-III do not show any significant differences in 
relapse rates to date [52]. 

Although much progress has been made in the therapy of RMS, with 
survival rates of 65-89% reported, an 11-35% mortality still exists. La 
Quaglia et at. performed a retropective analysis of 28 males with parates
ticular embryonal RMS, examining factors that may have predicted a fatal 
outcome [57]. Univariate analysis revealed two significant factors: 1) resec
tability, that is, the presence of unresectable retroperitoneal disease in the 
absence of distant metastases and 2) the presence of distant metastases at 
the time of diagnosis. Unresectability appeared to be the most important 
predictor of mortality and may suggest that these patients represent a subset 
requiring more aggressive therapy, such as myeloablative regimens with 
bone marrow transplantation. 

The multimodal management of children with RMS of the GU tract 
continues to present challenges to all who are involved in the care of these 
young patients. We are grateful for the dedication of the IRS committee 
members and participating institutions who continue to devote their efforts 
toward improving the lives of children with RMS.· 
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Renal-sparing surgery for kidney tumors has received considerable attention 
over the past several years, with some authors suggesting that such pro
cedures may be carried out in patients with a normal contralateral kidney 
[1]. There are obvious indications for renal-sparing procedures in patients 
with a solitary kidney or bilateral renal tumors, but with a few minor 
exceptions such a treatment plan has not been proven safe in patients with a 
normal opposite kidney. In this chapter I will present the counterevidence to 
this ultraistic point of view, as well as a discussion of the procedures cur
rently used to to manage bilateral tumors or tumors in a solitary kidney. 

Renal cell carcinoma 

Renal cell carcinoma is the commonest indication for renal-sparing surgery 
in patients with a solitary kidney or bilateral tumors. The tumor-free survival 
is fair to good following these procedures, depending on the number, size, 
location, grade, and stage of the tumors [2-6]. Because of reasonable 
outcomes following these procedures, it is tempting to speculate that partial 
nephrectomy or enucleation of the tumor in patients with small renal-cell 
carcinomas would be a good alternative to radical nephrectomy. Three 
papers have been published that strongly mitigate against renal-sparing 
surgery unless absolutely necessary. The first is a paper by Mukamel and 
coworkers, who carefully examined 66 kidneys that had been removed for 
clinically evident renal-cell carcinoma to determine the incidence of occult 
tumors [7]. They found 58 tumors in 20 kidneys, ranging in size from 1 to 
15 mm. These authors used histologic criteria, previously published by 
Mostafi, to distinguish between benign adenomas and renal cell carcinomas. 
Using these criteria, they found that seven kidneys contained benign 
adenomas, nine kidneys contained renal cell carcinomas, and four contained 
both benign and malignant nodules. From the original group of 66 kidneys 
removed for overt carcinoma, 13 or 20% contained occult nodules of renal 
cell carcinoma. Five of the occult carcinomas had a histologic pattern iden
tical with the primary tumor. The authors were not able to determine 
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whether these lesions were de novo tumors that occurred in other areas of 
the kidney, similar to the field effect seen in some bladder cancers, or 
whether they represented metastases from the primary tumor. This study 
also does not provide information on the incidence of occult tumors in the 
contralateral kidney. Nevertheless, the high incidence of occult tumors in 
the ipisilateral kidney indicates that approximately one fifth of the patients 
who undergo a renal-sparing procedure are likely to have tumor remaining 
in the kidney. 

The other two papers bearing on this topic were published by Marshall 
and coworkers and Blackley et al., regarding the effectiveness of tumor 
enucleation in eliminating all renal cell carcinoma from the kidney [8, 
9]. The results of these two studies are similar. Blackley carried out a 
nephrectomy in 25 patients and a partial nephrectomy in one patient for 
renal cell carcinoma. The surgical specimens were then subjected to extra
corporeal resection of the primary tumor. Histopathological examination of 
the kidney following a careful attempt to remove all tumor by enucleation 
revealed that 42% of the kidneys had retained tumor. Failure to remove 
all tumor was due to the following factors: Residual tumor in the bed of 
the enucleation (7), microscopic capsular or venous invasion (3), tumor 
thrombus extending into retained vein (1), and multifocal tumors (3). 

Two recent series of patients treated conservatively for renal cell carci
noma have appeared in the literature. Novick and coworkers described a 
series of 100 patients who had renal-sparing surgery, and only four patients 
in this series had normal contralateral kidneys [6]. The authors cautioned 
that renal-sparing surgery in this setting has not been proven safe and 
that radical nephrectomy is the treatment of choice. The second paper by 
Morgan and Zincke describes the outcome of renal-sparing surgery in 104 
patients. [10]. Twenty patients in this series had normal contralateral kid
neys. The authors state that all 20 of the patients had small, low-stage and 
low-grade tumors. However, it has been previously shown that not all small 
tumors are low grade [11]. Furthermore, stage and grade can only be 
determined accurately from histopathological examination of the surgical 
specimen. This retrospective information is of little value in selecting the 
appropriate surgical procedure in a given case. These authors report a mean 
follow-up of 3.85 years in this subgroup of 20 patients, which is too short a 
time to provide meaningful data regarding the efficacy of renal-sparing 
surgery in patients with a normal contralateral kidney. One of the con
clusions from this paper states that renal-sparing surgery in patients with a 
normal contralateral kidney is not recommended for general use and should 
be considered investigational. 

The problems with the series of patients reported to date are the follow
ing: 1) Too few patients with normal contralateral kidneys treated with 
renal-sparing procedures; 2) too short a follow-up to determine the efficacy 
of the procedure; and 3) lack of information regarding the natural history of 
this disease. This last shortcoming is of major importance. There is no doubt 
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that renal-sparing surgery is safe and effective in some patients with a 
normal contralateral kidney. 

The paper referred to earlier by Mukamel demonstrated a high incidence 
of occult tumors in kidneys removed for clinically apparent renal cell car
cinoma. Theoretically, this finding means that a high number of patients 
treated for renal cell carcinoma with renal-sparing procedures will develop 
recurrence in the ipisilateral kidney. However, the recurrence rate is con
siderably lower than predicted. This discrepancy is most likely due to the 
variability in the growth rate of these tumor and/or a lack of understanding 
of why some renal cell carcinomas remain dormant and why some grow 
rapidly [12-14]. Until there is a better understanding of the natural history 
of this disease, radical nephrectomy remains the treatment of choice in 
patients with a normal opposite kidney. 

An opposite treatment plan is best for patients with Von Hippl Lindau 
disease, where the incidence of multiple asynchronous tumors in both kid
neys is high [15 -17]. Renal cell carcinomas in patients with this disease tend 
to be low grade. Consequently, as much renal tissue as possible should be 
spared, which generally can be achieved by enucleation of the tumor. 

Patients who have a solitary kidney, bilateral tumors, or a poorly func
tioning kidney with a contralateral renal tumor should be managed, if 
possible, by renal-sparing surgery. The surgical options include bilateral 
nephrectomy, unilateral nephrectomy with a contralateral renal-sparing pro
cedure, bilateral renal-sparing procedures, or a renal-sparing procedure in 
patients with a solitary kidney. The renal-sparing procedures are a partial 
nephrectomy, tumor enucleation, and extracorporeal surgery. 

The first report of extracorporeal renal surgery for renal cell carcinoma 
was by CaIne in 1971 [18]. A patient with a large renal-cell carcinoma in a 
solitary kidney underwent extracorporeal resection of the tumor followed by 
autotransplantation. In 1971, Gelin and associates described two patients 
treated for renal cell carcinoma by extracorporeal resection of the tumor 
and autotransplantation [19]. Following these early reports, a number of 
papers appeared describing the use of this technique for managing renal cell 
carcinoma in a solitary kidney [20-23]. The initial enthusiasm for this 
surgical approach was tempered by a high incidence of serious renal damage 
or renal failure associated with the procedure [6]. At the present time, there 
is a limited place for extracorporeal surgery and autotransplantation to treat 
renal cell carcinoma in a solitary kidney. 

When the tumor is large and central in the kidney, and particularly 
if resection of the tumor requires extensive vascular reconstruction, then 
extracorporeal surgery may be the best procedure for the patient. The 
advantages of extracorporeal surgery over in situ resection of the tumor are 
the safe extension of isch~ptic operating time by cold preservation, the use 
of high magnification to carry out vessel repair, complete renal mobility for 
improved vessel and collecting system repair, and decreased blood loss. The 
major disadvantages are an increased risk of renal injury, particularly in 
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older patients with some degree of nephrosclerosis, and the added risk of 
complications from the additional procedure of autotransplantation. 

An appropriately selected case of extracorporeal surgery for a large 
central renal cell carcinoma is illustrated in Figure 1. This patient presented 
with gross hematuria and was found to have a large renal cell carcinoma in a 
solitary kidney. Nephrectomy was carried out, and the kidney was perfused 
and cooled with chilled preservation solution. Extracorporeal excision of 
the tumor was carried with the kidney maintained at 7° Centigrade in an 
ice bath. Multiple biopsies were taken from the resected tumor bed and 
examined by frozen section. A tongue of tumor measuring 3 x 5 mm was 
discovered and resected. The kidney was then autotransplanted into the 
right groin. The patient is currently free of tumor 8! years following 
surgery, with a serum creatinine of 3.0mg/dl. 

When a renal cell carcinoma is enucleated, whether in situ or as an 
extracorporeal procedure, an attempt should be made to remove a rim of 

A 

B 
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c 
Figure 1. Extracorporeal surgery for renal cell carcinoma in a solitary kidney. A: Kidney in ice 
bath. The line of incision between the tumor mass and the kidney is shown. B: Separation of 
tumor from normal renal tissue. The tumor pseudocapsule can be seen. C: Tumor completely 
resected and remaining normal kidney. 

normal tissue along with the pseudocapsule. The work by Blackley and 
coworkers has shown that the pseudocapsule surrounding a tumor may vary 
in thickness and that in about one fourth of the cases tumor will be left 
behind, even when an attempt is made to remove a substantial margin 
of surrounding normal kidney tissue [9]. Careful inspection of the tumor 
bed under moderate magnification with biopsy and frozen section of any 
suspicious areas is required. Some authors advocate frozen-section exam
ination of the surface of the resected tumor to assist in locating breaches of 
the pseudocapsule. 

The enucleation procedure can be carried out with a flexible, blunt probe. 
When small-and medium-size arteries are encountered, they resist tearing 
with the probe and can often be identified, ligated, and transected as the 
dissection progresses. I have found that microvessel clips work well for this 
purpose, as long as care is taken not to place them immediately adjacent to 
an opening in the collecting system where they might become a nidus for 
stone formation. Openings in the collecting system and venous system can 
be located by gently perfusing the renal vein and ureter under low pressure 
with chilled perfusate. If the procedure is being carried out in situ, both 
the vein and ureter can be cannulated with a small needle to deliver the 
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perfusate. The veins and open arteries should be closed with 7-0 non
absorbable vascular suture and the collecting system with fine absorbable 
suture material. 

Operating time can be substantially increased with a decreased risk of 
ischemic renal injury during in situ procedures by cooling the kidney with 
saline slush after isolation and clamping of the renal artery and vein. I prefer 
to heparinize the patient several minutes before clamping the renal vessels. 
The effect of systemic heparin on wound bleeding is usually not a prob
lem, but if troublesome oozing occurs, the systemic heparinization can be 
reversed with protamine after clamping the renal artery. Those patients who 
remain systemically heparinized during the procedure are reversed with 
protamine prior to closure of the incision. Occasionally, there is a sub
stantial retrograde arterial flow through the ureteral artery that necessitates 
the placement of a soft clamp across the ureter during the procedure. 
Following enucleation of the tumor, the remaining renal parenchyma can be 
folded into apposition, and the capsule covering the upper and lower poles 
can be sutured together to provide better hemostasis. 

Whenever possible, a partial nephrectomy should be carried out, instead 
of tumor enucleation. Partial nephrectomy is particularly applicable for 
polar lesions. An arteriogram is helpful in planning the renal incision to 
ensure the best possible arterial blood supply to the remaining normal 
segment of kidney tissue. Microvascular repair, including interposition of 
autologous arterial grafts, may be necessary to preserve good blood supply. 
A margin of at least 1 cm of normal parenchyma should be removed with the 
specimen to reduce the risk of tumor infiltration of the surgical margin. The 
larger open arteries and veins on the surface of the kidney should be ligated, 
clipped, or sutured. The Beacon Laboratories Argon Coagulator is helpful 
for controlling any residual bleeding on the cut surface of the kidney. 
Frozen section of the margin of the specimen should be carried out to 
ensure adequate tumor resection. 

Partial nephrectomy can either be carried out with in situ cooling follow
ing clamping of the renal vessels or without interrupting renal circulation. If 
the latter course is selected, then tapes should be placed around the renal 
artery and vein to ensure vascular control if excessive bleeding occurs. 
Partial nephrectomy without clamping the renal vessels is least likely to 
result in ischemic injury to the remaining normal renal tissue but does 
substantially increase blood loss over the alternative method. The raw sur
face of the kidney may be covered with Gelfoam, Surgicel, or perinephric 
fat, which is held in place by suturing the material to the remaining renal 
capsule. 

Transitional cell carcinoma 

Transitional cell carcinoma of the kidney is less common than renal cell 
carcinoma and accounts for only 6-7% of all renal tumors. However, 
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because of a relatively high incidence of recurrent tumors on the ipsilateral 
side in patients treated by renal-sparing surgery and poor tumor-free sur
vival in patients with high-grade tumors, the surgical management of this 
problem is controversial. In 1933, Kimball and Ferris reviewed the problem 
of ipsilateral ureteral recurrence following nephrectomy for transitional 
cell carcinoma of the renal pelvis and recommended nephroureterectomy 
with excision of a cuff of bladder for this disease. [24]. Since that time, 
nephroureterectomy with a cuff of bladder has become the standard proce
dure for transitional cell carcinoma of the upper urinary tract. Renal-sparing 
surgery for this tumor is generally accepted only if there is contralateral 
renal disease, synchronous bilateral tumors, or a solitary kidney. Several 
papers have appeared in recent years advocating a more thoughtful approach 
to this problem [25-27]. A number of factors have resulted in a reassess
ment of the need to remove the kidney in all patients with transitional cell 
carcinoma of the renal pelvis who have a normal contralateral kidney. The 
most important of these factors is diagnostic retrograde ureteroscopy. Small 
flexible, steerable ureteroscopes are now available that allow inspection of 
the entire upper urinary tract in over 90% of patients. [26,28]. Biopsy of 
suspicious areas of mucosa can be accomplished with these instruments. The 
addition of CT scanning and urine cytology to the IVP and retrograde 
pyelogram in the workup of these patients has also reduced the risk of 
missing a high-grade infiltrating tumor of the renal pelvis. Some authors are 
now advocating renal-sparing procedures in patients who have low-grade, 
low-stage, upper urinary tract transitional cell carcinoma and a normal 
opposite kidney [25-27,29]. Lesions that appear to be high grade or in
filtrating by ureteropyeloscopy in patients who do not have a normal con
tralateral kidney should be treated by renal-sparing surgery only if it appears 
that the tumor can be completely resected. High-grade invasive tumors 
in patients with renal disease or a solitary kidney are best treated by 
nephroureterectomy and chronic dialysis. Although there is relatively little 
information regarding the efficacy of M-V AC in the management of stage 
2-4 transitional cell carcinoma of the renal pelvis, it seems likely that tumor 
response rates should correspond closely with those attained with bladder 
tumors [30). Adjuvent chemotherapy may well influence the treatment plan 
for these tumors in the future. 

The two major reasons why renal-sparing surgery for transitional cell 
carcinoma of the renal pelvis is not generally accepted are the high incidence 
of ipsilateral recurrence and the concern that opening the collecting system 
will seed tumor cells into the perinephric space [26,27,31,32). Preoperative 
ureteropyeloscopy with a small, flexible ureteroscope greatly reduces the 
risk of inadvertently opening the collecting system in the presence of high
grade tumor. The second concern of local seeding of tumor cells remains 
problematic. In the case of bladder tumors, partial cystectomy does not 
appear to result in a high incidence of wound seeding [33). If this same 
phenomenon applies to upper tract tumors, then the risk of local spread 
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appears to be low if endoscopically low-grade tumors are treated by per
cutaneous nephroscopy and electroresection and/or laser fulgeration. Laser 
fulgeration through a flexible ureteroscope has also been used to successfully 
treat low-grade ureteral and renal pelvis tumors [27,34]. 

These procedures have not been established as efficacious and the risk of 
tumor seeding from percutaneous procedures is not known. There is also the 
theoretical risk of local tumor spread from pyelointersitial backflow if intra
operative pelvic pressure exceeds 10-15 cm of water during endoscopy. 
At the present time, the most accepted procedure for management of 
these tumors in patients without a normal contralateral kidney is partial 
nephrectomy. If the lesion is located in a calyx, the infudibulum to the calyx 
can be isolated and ligated, followed by a partial nephrectomy of that 
segment [25]. Pyeloscopy with a rigid or flexible instrument can then be 
carried out to ensure that the remainder of the collecting system is free of 
tumor. Lesions of the renal pelvis are more of a problem, because resection 
of more than a small piece of pelvic wall leaves a defect that must be 
covered. I have found that modest-sized defects can be covered with a piece 
of renal capsule. Large defects can be closed by interposition of an isolated 
ileal segment. Surgical margins should be checked by frozen section before 
closing the collecting system. Careful packing and isolation of the renal 
pelvis from the perinephric space with lap sponges is thought to minimize 
the risk of seeding of the wound during resection of the tumor. 

Renal-sparing procedures for transitional cell carcinoma of the renal 
pelvis are gaining favor in carefully selected cases because of improved 
ability to clinically grade and stage the lesion by ureteropyeloscopy. Small 
low-grade lesions can safely be treated by partial nephrectomy in patients 
with a normal contralateral kidney. Patients who do not have a normal 
contralateral kidney are the best candidates for renal-sparing surgery. At 
the present time, open resection of the affected area of the kidney is 
the procedure of choice. As ureteroscopes and ureteroscopic instruments 
improve, the use of retrograde ureteropyeloscopy for the management of 
these tumors is likely to increase. Topical chemotherapy with thiotepa, 
mitomycin C, or BCG in the upper urinary tract may be of benefit for con
trolling recurrences following local resection [27]. The addition of adjuvent 
M-VAC chemotherapy also holds promise for improving survival in patients 
with this tumor. 
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In 1941 Huggins and Hodges discovered that prostatic cancer was androgen 
dependent [1,2]. They reasoned that if the normal prostate were androgen 
dependent, then prostatic cancer also should be similarly dependent, and 
that androgen deprivation should inhibit the growth of the tumor. This 
hypothesis was tested by many investigators in the hope that the gloomy 
prognosis associated with advanced prostatic cancer could be altered. 
Indeed, the dramatic responses initiated by castration or the administration 
of large doses of estrogens suggested to early investigators that this form of 
therapy might cure the disease. However, subsequent larger trials inevit
ably recorded that, while this therapy played a major palliative role, most 
patients with advanced prostatic cancer treated with hormonal ablation soon 
died of their disease [3,4]. This observation suggested that either the theory 
that the tumor was androgen dependent was not entirely true or that the 
method of achieving androgen deprivation was imperfect. 

Brendler and others believed that the latter might be true. They init
iated trials to eliminate the residual amount of adrenal androgen remaining 
after castration by surgical adrenalectomy or hypophysectomy in patients 
who had failed primary hormonal therapy. These early trials were fraught 
with severe complications, as the source and mechanisms of action of 
glucocorticoids were not well understood. The results of these trials using 
sequential forms of androgen deprivation failed to convince the investigators 
that this was an advantageous form of therapy [5]. Later large studies by 
the Veterans Administration Genito-Urinary Study Group suggested that 
hormonal therapy might have no survival benefit and its only use was 
palliative [6]. 

·Members of the study group include Dr. G. Beland, University of Montreal, Montreal, 
Quebec; Dr. M. Elhilali, McGill University, Montreal, Quebec; Dr. Y. Fradet and Dr. B. 
Laroche, Laval University, Quebec, Quebec; Dr. E. Ramsey, University of Manitoba, 
Winnipeg, Manitoba; Dr. J. Trachtenberg, University of Toronto, Toronto, Ontario; Dr. H. 
Tewari, St. John Regional Hospital, St. John, New Brunswick, and Dr. P. Venner, University 
of Alberta, Edmonton, Alberta. 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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With the discovery of several pharmaceuticals that were potent com
petitive blockers of the intracellular androgen receptor, it became clinically 
possible to test the hypothesis of whether "total androgen blockade" (TAB), 
i.e., simultaneous elimination of testicular and adrenal androgen, might be 
that form of androgen deprivation that would finally prove the initial theory 
that failures of hormonal therapy were due to inadequate treatment. Several 
trials combined antiandrogens (either steroidal or nonsteroidal) and medical 
or surgical castration, and compared the duration of response and survival 
of this treatment in patients with metastatic prostatic cancer with similar 
patients treated by castration alone. The results, in general, suggested that 
there was little or no advantage to TAB [7,8]. In 1977 Bracci reported that 
orchiectomy combined with cyproterone acetate was superior to orchiectomy 
alone [9]. Labrie published that TAB effected by a nonsteroidal anti
androgen and a medical means of testicular ablation [luteinizing hormone 
releasing hormone (LHRH) agonist analogues] would cause a spectacular 
improvement in the duration of response and survival. Indeed, several 
claims suggested that this treatment was tantamount to "cure" [10,11]. No 
comparative trials were conducted by this group to prove their impressions. 

Because of the enormous clinical implications of this finding, several large 
clinical trials were mounted to try to decide the exact benefit that TAB 
might effect. These trials have mirrored the questions that each group felt 
was pertinent at the moment that the trial was initiated. They also reftect the 
clinical feelings of the national origins of the groups and the availability of 
novel pharmaceuticals at the time of initiation of the trials. 

The largest individual trial conducted to date attempted to determine the 
validity of the Labrie observations, namely, can the combination of an 
LHRH analogue and an antiandrogen improve the survival of patients with 
metastatic prostate cancer as compared to those patients treated by an 
LHRH analogue alone - a conventional form of testicular ablation [12]. 
This was a multicenter, placebo-controlled, double-blind randomized trial 
that began in 1985 and was sponsored by the National Cancer Institute of 
the National Institutes of Health. Six hundred and three men with stage 
D2 prostate cancer were randomized to treatment with either daily sub
cutaneous injections of leuprolide (an LHRH agonist analogue, Lupron), 
and a placebo or leuprolide, and the nonsteroidal antiandrogen ftutamide 
(Eulexin). The 303 men receiving androgen blockade with leuprolide and 
ftutamide demonstrated a longer progression-free survival (16.9vs. 13.9 
months, p = 0.039) and an increased median length of survival (35.0vs. 27.9 
months, p = 0.035). In the subgroup of men with minimal disease and good 
performance status, the advantages of maximal androgen blockade appeared 
pronounced. These investigators concluded that combined androgen block
ade with leuprolide and ftutamide was superior to treatment with leuprolide 
alone. 

Two European trials have also attempted to answer this question. They 
have been reported individually and with their data pooled. The Urologic 
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Group of the European Organization on Research and Treatment of Cancer 
(EORTC) compared the outcome of therapy of 327 men with metastatic 
prostate cancer treated with either Zoladex (a long-acting depot form of 
an LHRH agonist analogue) and the antiandrogen flutamide or bilateral 
orchiectomy [13]. The trial that began in 1986 (study 30853) noted a statis
tically significant increase in the time to subjective and objective progression 
in favor of the combination treatment. No differences were noted in the 
time to death by cancer or death by any cause. 

A second similar trial was conducted independently by the Danish Prostate 
Cancer Group (DAPROCA) [14]. They randomized 264 patients with ad
vanced prostate cancer to Zoladex and flutamide, or bilateral orchiectomy. 
After a median follow-up of 30 months, a difference in objective response 
was noted in favor of the combination, but no differences were noted in the 
time to progression and overall survival. 

These two groups have pooled their data because of the similar nature 
and conduct of their studies. In doing so they have increased the power of 
the study to detect smaller but still significant treatment differences. In 
addition, they noted a small but significant difference in the time to objec
tive progression or death from prostate cancer in favor of the combination 
therapy. However, the time from objective progression to death was longer 
in the group allocated to orchiectomy, and the overall survival was similar in 
the two groups. These authors thus concluded that combined androgen 
blockade was not superior to orchiectomy in the treatment of advanced 
prostate cancer [15]. 

The results of these trials are paradoxical and conflicting. While they all 
suggest that there may be some effect of TAB, the degree of this outcome 
varies from minimal (with little clinical benefit) to the possibility of many 
years of increased survival in appropriately chosen patients. 

In 1984 we began a trial with a similar goal. In order to determine if 
combined androgen therapy might yield a significant improvement in the 
treatment of advanced prostatic cancer, we conducted a double-blind, pro
spective randomized trial of the form of TAB, castration, and a nonsteroidal 
pure antiandrogen (C-A) with castration. The preliminary results have been 
previously reported [16]. The final analysis of the 6 years of follow-up of 
these patients is presented in this report. 

Methods 

Two hundred and fifty-four patients with histologically documented meta
static prostatic cancer and without prior hormone or chemo therapy were 
screened at seven university teaching hospitals in Canada for entry to this 
trial. Informed consent was obtained from 208 patients before treatment, 
and they were then randomly assigned to either castration and placebo 
(group 1), or castration and the nonsteroidal pure antiandrogen, anandron 
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(Nilutimide, Roussel Pharmaceutical Inc., Montreal, Canada) at 100mg po 
three times per day (C-A, group 2). This phase of the trial was double 
blinded. An open parallel trial was also conducted in the manner suggested 
by Labrie with the remaining 46 patients who refused orchiectomy [to]. 
These patients were treated with the luteinizing hormone releasing hormone 
(LHRH) agonist analogue Buserelin (Hoechst Pharmaceuticals, Montreal, 
Canada; O.SOmgsc per day for 30 days then 0.2Smgsc per day) and also 
the antiandrogen Anandron in the dose described above (group 3). These 
patients were independently followed on the same follow-up protocol as 
those patients in the randomized trial described above. No statistical com
parisons were performed between the first two groups and group 3. 

Follow-up visits were on inclusion and after 1, 3, 6, and 12 months of 
treatment and every 3 months after that. At these encounters patients 
were subjected to extensive evaluations that included performance measure
ments (ECOG performance scale), pain rating (0-4), analgesic intake, 
voiding symptoms, and side effects. In addition, physical examinations with 
specific attention to the primary tumor were done. This was confirmed 
by transabdominal or transrectal ultrasonography. Routine biochemical 
and hematologic parameters were also obtained. Serum prostatic acid 
phosphatase, alkaline phosphatase, and testosterone were obtained at 
each visit. At 6-month intervals bone scans were repeated. The patients' 
responses were graded by the criteria of the National Prostatic Cancer 
Project. If a patient demonstrated objective evidence of progression, the 
code was broken and the patient was administered the antiandrogen if he 
was receiving the placebo. All patients were followed to death. 

Two hundred and fifty-four patients were initially included in this study 
(103, lOS, and 46 patients for groups 1, 2, and 3, respectively). The patients 
in groups 1 and 2 were subjected to a balanced randomization at each 
center. Nineteen patients were excluded from the study; seven because of 
incorrect staging, nine due to previous hormone therapy, and three due to a 
delay of >3 months in the administration of the antiandrogen. The per
centage and type of exclusions were similar in each group, i.e., group 1, 7 
patients (7%); group 2, 7 patients (7%); and group 3, S patients (11%). 
Ninety-six patients were thus in group 1, 98 in group 2, and 41 in group 3. 
These patients have now been followed for 36-72 months. 

Statistical considerations 

End points of the study were quality of life parameters (pain, analgesic 
consumption, performance status), "best response to treatment," time to 
progression, and survival. All statistical considerations were based only on 
groups 1 and 2. Statistical significance was judged at the p < O.OS level. 
Changes in the severity of symptoms were analyzed by the Wilcoxon test. 
The best response to treatment was analyzed by a chi-squared analysis. The 
time to progression and death were estimated by the Kaplan Meier tech-
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nique and compared by a log-rank evaluation. These assessments were 
performed on the statistical software package SAS run on an IBM 3083 
computer. 

Results 

Entry characteristics 

The median age of the patients on entry in groups 1, 2, and 3 were 69 
(range, 42-90), 70 (range 47-93), and 65 (range 46-83), respectively. One 
hundred and thirty-three (59%) had moderate or severe bone pain on entry: 
49 (53%), 58 (62%), and 26 (63%) in groups 1, 2, and 3, respectively. One 
hundred and thirty-six patients (60%) had an impaired performance status 
on entry: 55 (59%), 57 (62%), and 24 (56%) in groups 1, 2, and 3, 
respectively. One hundred and eighty-three patients (82%) had an elevated 
PAP on entry: 72 (82%) in group 1, 72 (80%) in group 2, and 23 (60%) in 
group 3. There were no statistically significant differences between groups 1 
and 2 in any of the above parameters. 

Endpoints 

Pain. In patients with bone pain on entry to the trial, no differences in 
"improvement" were noted between groups 1 and 2 at months 1 and 3. At 6 
months, however, a significant difference was noted in favor of group 2 (p = 
0.003). This should be contrasted with the results of the tracking of analgesic 
use in the groups at the same intervals. No differences in analgesic use was 
discernible between the two groups at any time. 

Performance status. When all patients in groups 1 and 2 were considered, 
no significant differences in performance status at any point between the two 
groups was noted. In patients with impaired performance status on entry, 
the difference in the degree of improvement of performance during treat
ment between groups 1 and 2 was never significant. 

Biochemical parameters 

Serum prostatic acid phosphatase did not demonstrate a significant dif
ference in group 2 as compared to group 1 at any time point. In contrast, 
measurements of serum alkaline phosphatase did demonstrate significant 
changes between groups 1 and 2 at month 3 (p = 0.002) and month 6 (p < 
0.001), but not at month 1 (p = 0.18). None of the other biochemical 
parameters measured demonstrated any significant difference between the 
two evaluated groups at any time point. 
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Best response to treatment 

Whether "stable" disease was considered as a response to treatment or not, 
the percentage of responses was significantly higher in group 2 than in group 
1. In the first case (response = complete regression + partial regression + 
stable), the percentage of responders was 61 % in group 1 and 78% in group 
2 (p = 0.013); in the second case (response = complete regression + partial 
regression), the percentage of responders was 20% in group 1 and 45% in 
group 2 (p < 0.001). Patients in group 3 responded similarly to those of 
group 2. 

Time to progression 

There was no significant difference in the time to progression in the two 
comparison groups (Figure 1; p = 0.462). The progression-free actuarial 
rate at 6, 12, 18, and 24 months for groups 1 and 2 were 65%, 47%, 27%, 
and 21 % vs. 80%,53%,39%, and 22%, respectively. These values were not 
significantly different. The median time to progression was 11.7 and 12.4 
months in groups 1 and 2, respectively. These values are not significantly 
different. 

Time to death 

The time to death from cancer (Figure 2) or the time to death from all 
causes (Figure 3) was not significantly longer in group 2 than in group 1. The 
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Figure 1. The actuarial rate of progression of patients treated with castration and Anandron 
(+ + + +) or castration and placebo (----); log rank evaluation, p = 0.462. 
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Figure 2. The actuarial rate of survival (death due to cancer) of patients treated with castration 
and Anandron (++++) or castration and placebo (----); log rank evaluation, p = 0.181. 
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Figure 3. The actuarial rate of survival (death due to all causes) of patients treated with 
castration and Anandron (++++) or castration and placebo (----); log rank evaluation, 
p = 0.137. 

median survival of group 1 was 21.2 months vs. 26.5 months in group 2 
when death due to cancer was considered and 18.9 vs. 24.3 months when 
death due to any cause was calculated. The log-rank analysis yielded a p 
value of 0.181 in the former case and a p value of 0.137 in the latter case. 
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Table 1. Adverse effects of treatment 

Adverse Effects 

Minor 
Hot flashes 
Impaired adaption to darkness 
Alcohol intolerance 
Nausea 

Castration + Placebo 
(n = 978 ) 

65 (67%) 
14 (14%) 
6 (6%) 
6(6%) 

Major (necessitating discontinuation of therapy) 
Dizziness and headaches 0 
Nausea 1 
Interstitial pneumonitis 0 
Visual problems 0 
Pruritus 0 
Increased liver enzymes 0 
Hot flushes 0 
Total 1 (1%) 

Castration + Nilutamide 
(n = 998 ) 

76 (77%) 
40 (40%) 
17 (17%) 
13 (13%)b 

1 
o 
2 
1 
1 

3C 

9 (9%) 

8 Tolerance was not evaluable for 5 patients in the placebo group and for 2 patients in the 
nilutamide group because they either never took the medication or received it for less than one 
month. 
b Nilutamide tolerated with decreased dose in 4 patients. 
C Two patients with hot flushes had concomitant progression of their disease when they were 
discontinued. 

Adverse effects 

Loss of libido and impotence were commonly found in both groups. Hot 
flashes was the most frequent adverse effect encountered during this study, 
and the frequency was not significantly different for the two groups. There 
were significantly more adverse effects in group 2 than in group 1 (p = 
0.040). Although these were largely minor in nature and were related to 
visual (impaired dark adaptability) and gastrointestinal (alcohol intolerance 
and nausea) causes, several patients had severe side effects that necessitated 
a change in the study protocol (Table 1). Nausea and vomiting forced a 
decrease in Anandron dosage in four patients. Anandron was stopped in 
three patients for hot flashes, in two patients for interstitial lung disease, and 
in one patient each for a visual problem, pruritus, dizziness/headaches, and 
increased liver enzymes. No patient had a fatal complication of therapy, and 
all ill effects were reversible on altering the dose of the antiandrogen or on 
stopping treatment. One patient had his treatment permanently stoped due 
to adverse effects in group 1, while nine patients had their treatment dis
continued due to adverse effects in group 2. The rate of clinically important 
side effects necessitating a temporary or permanent change of therapy was 
significantly higher in group 2. Thus, thirteen percent of patients had their 
treatment altered in group 2 as opposed to only 1 % in group 1. 
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Discussion 

Since the initiation of the treatment of advanced prostate cancer by andro
gen ablation in 1941, no significant increase in survival has been noted with 
this therapy. Labrie's studies noting a marked increase in the time to 
progression and survival by combined hormonal therapy suggested that 
the failure of hormonal therapy might have been the result of inadequate 
androgen blockade and not a failure of the concept of substantial androgen 
dependence of prostate cancer [10,11]. The present study compared the 
outcome of patients with metastatic prostatic cancer treated with either 
castration or castration and an anti androgen - a form of "total androgen 
ablation." In essence, it attempted to demonstrate whether the addition of 
an anti androgen to castration would yield improved results. The choice of 
surgical castration as the standard arm of therapy was crucial in the design 
of this trial. Although the studies reported by Labrie used an LHRH 
analogue agonist for medical castration that was then combined with anti
androgen therapy, we believe that LHRH analogue therapy alone does not 
lend itself well for use as the control arm of a study of total androgen 
blockade. This conclusion is based on the well-documented occurrence of 
an increase of serum testosterone in the first weeks of administration of 
this drug. This is often accompanied by a temporary deterioration in the 
patient's symptoms, which then improve when the paradoxical suppression 
of testosterone production comes into play [17]. Thus a comparison of an 
LHRH analogue agonist alone and an LHRH analogue agonist plus an 
anti androgen might be expected to yield improved early results in the 
combination group merely because of suppression of the iatrogenic-induced 
temporary deterioration caused by use of the LHRH analogue alone. No 
antitumor effect of therapy thus would necessarily be demonstrated. Results 
of the Intergroup trial sponsored by the National Cancer Institute showing 
benefit to combination therapy have been justly criticized on such a basis 
[12]. The results of the European trials cited above failed to demonstrate as 
great an advantage to TAB compared an LHRH analogue agonist and an 
antiandrogen against castration [13-15]. One could speculate from com
paring the results of these trial that perhaps the effectiveness of the two 
control arms are not exactly equivalent. Indeed, the investigators of the 
Intergroup trial have now embarked on a large trial of castration vs. castra
tion and an anti androgen to see if they can achieve a similar outcome with 
this protocol as their initial study. 

The results of the study described in this paper represent the final analysis 
of our trial. They illustrate the difficulties in the conduct of any trial dealing 
with the treatment of metastatic prostatic cancer. These problems have been 
amply elaborated on by many authors, but include the lack of truly objec
tive measuring instruments, the fluctuating nature of many so-called tumor 
markers, the propensity to use subjective measuring instruments, the in
adequate schemes of measuring response, and of most importance, the 
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variable natural history of the disease. Nonetheless, we believe that the 
questions posed by total androgen ablation in the treatment of metastatic 
prostatic cancer justified the execution of the above trial, in spite of its 
inherent difficulties. 

The results of this trial suggest that total androgen ablation may offer an 
advantage in the treatment of advanced prostatic cancer. The exact nature 
of this advantage must be carefully analyzed to derive reasonable clinical 
guidelines for the treatment of metastatic prostatic cancer. This study was 
initiated in response to the spectacular results claimed by Labrie. He and his 
colleagues claimed that the combination of an LHRH analogue agonist and 
the antiandrogen Anandron resulted in >80% 2-year survival and >60% 2-
year disease-free survival in a study of 119 patients with metastatic prostatic 
cancer [10]. Clearly these results were not duplicated in this trial or any of 
the above-mentioned trials. Also, the extent of improvement over conven
tional treatment realized in this trial, although important and statistically 
significant, is not spectacular. In addition, these gains were obtained only 
with an increased incidence of adverse effects that, although mild in most 
cases, were life threatening in a few patients (those patients with interstitial 
pneumonitis) . 

The clearest outcome of the present trial was that the group of patients 
treated with combined therapy showed a greater number of responders than 
did the conventionally treated group. This finding held true whether the 
category of "stable" was included or excluded as a response. The import
ance of this observation must be tempered with the fact that the response, 
no matter how great, did not seem to last dramatically long. In addition, 
classical measures of improvement of quality of life, such as pain, analgesic 
use, or performance status, did not show consistent improvement through
out the treatment period. 

The result of the actuarial analysis of the time to progression did not 
show any difference between the two treatment arms and demonstrated a 
similar median time to progression. Since most patients eventually died 
while on treatment, any benefit derived from C-A would be expected to 
arise early in the course of therapy. We have reanalyzed the time to pro
gression using the Wilcoxon test. As opposed to the log-rank analysis, which 
equally weighs all aspects of the actuarial curve, the Wilcoxon analysis 
stresses the initial phases of the curve. Even using this method, a significant 
difference in the time to progression curves was not found in favor of the C
A group (p = 0.152). The progression-free actuarial rates were similar in the 
two groups at 12 or more months (47% vs. 53% at month 12, 27% vs. 39% 
at month 18, and 21% vs. 22% at month 24 for the placebo group and the 
C-A group, respectively). 

There was not a statistically significant advantage in favor of the com
bined treatment group in terms of overall survival, although a 5- to 6-month 
trend toward increased survival was noted. These data suggest that if there 
is a difference in the time to death, the power of this study to demonstrate it 
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may be limited by the small patient population. Further calculations have 
suggested that similar results with a patient population approximately 30% 
larger would yield statistical significance. Although the difference of 6 
months was not spectacular, it nonetheless does represent a 33% increase in 
survival over the control group. 

The difference in the median survival between the two groups was 
approximately 6 months. Since the conduct of this trial was of a crossover 
variety, all patients received the antiandrogen from the time of progression 
until death. Thus the only difference in the treatment of these patients was 
in the period from the initiation of therapy to progression. It thus would 
appear that the maximal benefit of C-A occurs only with the concomitant 
administration of the two modalities of androgen ablation at the initiation of 
therapy. Conversely, one might speculate that delayed (at progression) 
administration of the antiandrogen did not confer a significant benefit to the 
patients who were initially treated with the placebo. 

There was a significantly increased incidence of side effects in the C-A 
group. However, most of these side effects were mild, tolerable, or revers
ible. Liver and pulmonary function should be monitored and treatment 
should be altered if signs of dysfunction appear. Since the advantages of C
A in terms of quality of response and possibly duration of survival may be 
real, the drug-related difficulties encountered appear to be a price most 
patients would be willing to pay. 

The results of this trial suggest that certain patients derive significant 
benefit from total androgen ablation in the treatment of advanced prostatic 
cancer. Other studies have suggested that patients with minimal tumor 
burden are maximally helped by TAB [12]. Unfortunately, the patient 
population in this study is too small to allow for adequate substratification, 
and therefore, confirmation of the above observation. 

The ultimate goal of this and other trials is to uncover the degree of 
benefit afforded by TAB and which patients gain the most from this form of 
treatment. An attempt to conduct a meta-analysis to answer these questions 
has been proposed by Dr. L. Denis of the EORTC and is being pursued 
with the support of this agency and the American Cancer Society [18]. 
When this study is accomplished, the above questions should be answered. 

Nonetheless, this and other studies of TAB have still demonstrated a 
median survival of less than 3.5 years for all patients with metastatic pros
tate cancer. Thus the overall outlook for patients with this form of advanced 
cancer remains gloomy, no matter what type of hormonal manipulation is 
performed. The cure of this disease lies in other avenues of treatment. 
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Adenocarcinoma of the prostate is currently the number one malignancy in 
men in the United States and the second most common cause of cancer
related deaths [1]. In part because of these sobering statistics, there has 
been increasing interest in curative therapy. Radical prostatectomy is emerg
ing as the preferred therapeutic approach for a number of reasons. If 
neoplasm is organ confined, surgical extirpation offers the best chance 
of cure. Moreover, increasing evidence suggests that definitive radiation 
therapy is rarely able to sterilize the prostate [2]. Finally, technical advances 
have made radical retropubic prostatectomy more acceptable because of 
decreased morbidity. 

Unfortunately, a high percentage of patients, despite clinical assessment 
indicating organ-confined disease, have extension beyond the confines of 
the prostate (pathologic upstaging). Radiation therapy following radical 
prostatectomy has been advocated as a means of providing adjuvant treat
ment to those patients who have an increased likelihood of local or distant 
failure. In this chapter we will discuss the role of radiation therapy following 
radical prostatectomy. The high incidence of surgical upstaging will be 
reviewed, along with the current limitations of imaging modalities to pre
dict cancer extension preoperatively. Methods of assessment of persistent 
disease will be reviewed, and the results of adjuvant radiation therapy trials 
will be discussed. 

Virtually every series on radical prostatectomy demonstrates significant 
pathologic upstaging of what was felt to be clinically localized disease. Table 
1 reviews several series [3-8]. This upstaging occurs in 11-50% of men with 
clinical stage A carcinoma, 17-25% of those with B t , and 39-68% of those 
with clinical B2 prostate cancer. 

The digital rectal examination is woefully inadequate in the assessment of 
tumor extent. For example, Spigelman and associates demonstrated 7 of 
17 patients had a tumor volume at the time of radical prostatectomy of 
more than twice that estimated preoperatively based on digital rectal 
examination [9]. 

Unfortunately, modern imaging modalities offer little advantage over the 
digital rectal examination preoperative assessment of the pathologic stage. 

Lepor. H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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Table 1. Incidence of extracapsular disease after radical prostatectomy 

Clinical Author Reference Stage Number Upstaged (%) 

Lange 3 A2 6 3 (50) 
Catalona 4 A2 9 1 (11) 
Veenema 5 A,8 159 66 (42) 
Jewett 6 81 103 26 (25) 
Catalona 4 81 48 8 (17) 
Gibbons 7 8 143 46 (31) 
Lange 3 82 25 15 (60) 
Catalona 4 82 23 9 (39) 
Elder 8 82 53 35 (66) 

Computer-assisted tomography has been well studied in this regard, and 
most authors conclude that it is inadequate in providing useful information 
for local staging. Recently there has been increased interest in magnetic 
resonance imaging with regard to local staging. While some authorities have 
suggested this modality provides a significant improvement over cr, more 
information will be necessary before meaningful conclusions can be drawn 
as to the role of this technique in staging. 

Transrectal ultrasound is felt by many authorities to represent the current 
best imaging modality for the prostate. Despite its usefulness in guiding 
transrectal biopsies, the application of this technology for staging remains 
largely unproven (10). 

Several authors have attempted to correlate the sonographic findings with 
pathologic reconstructions of the surgical prostatectomy specimen [11-14]. 
While various criteria have been developed for the ultrasound characteristics 
of capsular penetration, positive margins, and seminal vesicle invasion, 
the accuracy seems to be largely operator dependent, and a significant 
incidence of false-positive and -negative scans occur. Lee has recommended 
ultrasound-guided biopsy for staging [15]. He has called particular attention 
to two sites of anatomic weakness: the so-called trapezoid space at the 
prostatic apex and the invaginated extra-prostatic space accompanying the 
ejaculatory ducts. While the sonographic appearance of tumor broaching the 
prostatic capsule may be nebulous, despite careful scrutiny with ultrasound 
of these areas, it is possible to guide the biopsy needle into these sites or 
into the seminal vesicles and to prove histologically extracapsular disease. 

Prostate-specific antigen represents a major advance in our tumor-marker 
armamentarium. The complete organ specificity of this analyte makes it 
particularly useful in monitoring patients following radical prostatectomy. 
PSA has been examined with regard to its ability to predict the pathologic 
stage. Figure 1 illustrates the preoperative PSA in a personal radical pros
tatectomy series in which step-sectioning perpendicular to the rectal surface 
was performed on the surgical specimens. Note that while there is a correla
tion between PSA value and pathologic stage among the population as a 
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Figure 1. Preoperative prostate-specific antigen (PSA) (Tandem-R, Hybritech, San Diego, CAl 
and pathologic stage. OC = indicates organ-confined neoplasm; C1 = capsular penetration; 
C2 = capsular perforation; C3 = seminal vesicle invasion; D1 = pelvic lymph node metastases. 

whole, significant overlap within any pathological stage obviates the dis
criminatory value for this assay in an individual patient. While a high 
preoperative PSA is generally a poor prognostic sign, no upper limit cut
off can be determined with which one could reliably exclude a significant 
number of people from radical surgery because of the possibility of false
positive values. 

A final note with regard to preoperative staging is perhaps in order. 
Staging is meaningful only in as much as it alters the course of therapy. 
Little patient benefit is derived from such technical advances as magnetic 
resonance imaging, staging transrectal ultrasound biopsy, or laparoscopic 
assessment of the pelvic lymph nodes if these do not modify the planned 
therapeutic approach. Until data are available that definitively assess the 
role of these modalities, a carefully performed digitally rectal examination 
and bone scan remain the most important preoperative staging tests. 

The thoroughness of the pathologic assessment of the surgical specimen 
is obviously of extreme importance. Clearly, if only one or two random 
specimens are taken through the prostate and seminal vesicles, the like
lihood of detecting advanced local disease is lessened. The Stanford group 
has emphasized the importance of careful histologic reconstruction of the 
prostate with detailed scrutiny of the surgical margins [16]. Only with such 
attention to detail can the true pathologic stage be assessed. Several authors 
have subdivided stage C disease based on the level of capsular penetration 
and the presence of seminal vesicle extension, and have correlated this with 
prognostic importance [3,17-20). 
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Another factor of importance when comparing series is whether or not 
pelvic lymph node dissection was performed and whether frozen sections 
were included. This is the result of the stage migration phenomena that may 
occur if series where pelvic lymph node dissection is performed are com
pared to ones where either no pelvic lymph node dissection is performed or 
the thoroughness of the lymphadenectomy is not equivalent. Stage migra
tion assumes that the local stage is lower in patients who have extensive 
examination of the pelvic lymph node, because patients with metastatic 
disease may not have been included in the radical prostatectomy series. 
Moreover, if frozen sections are included, microscopic metastatic disease 
may be appreciated and thus the pathologic differences between series with 
and without node dissection may be heightened. 

Evidence of persistent disease 

Perhaps the most accurate evidence indicating persistent carcinoma is that 
derived from the pathologic examination of the surgical specimen. If the 
margins are positive, one can generally conclude that cancer has been left 
behind. Again, the compulsiveness of the surgical pathologist's study of the 
specimen is obviously of great importance. More recently however, this 
concept has been called into some question. While most authorities consider 
tumor cells on the ink margin as evidence of disease left behind, others have 
cast doubt on the significance of this [21]. Clearly a long-term follow-up of 
patients who have had careful analysis of surgical specimens is necessary 
before we can know what the real impact of microscopic capsular penetra
tion or perforation is. 

Classically local occurrence has been diagnosed by an abnormal digital 
rectal examination. The accuracy of digital rectal examination in predicting 
carcinoma has only recently been addressed. Lange and associates have 
performed digitally guided needle biopsies of the region of the vesicle 
urethral anastomosis in 89 men following radical prostatectomy [22]. Among 
57 men who had an elevated PSA, an average of 36 months following radical 
prostatectomy, they noted carcinoma in 42%. None of the 32 men who had 
nondetectable PSA was shown to be positive. These authors showed little 
relationship between the degree of palpable abnormality and the presence of 
carcinoma. 

Recently we have utilized transrectal ultrasound in a number of men 
following radical prostatectomy to evaluate local disease persistence. Our 
most common observations in men with persistent disease are hypoechoic 
lesions adjacent to the vesical urethral anastamosis. Whether this modality 
will improve our ability to detect local recurrence remains to be proven. 

Utilizing metastatic prostatic carcinoma, as evidenced by radionucleotide 
bone scan or other imaging modalities, to assess the utility of adjuvant 
therapy following radical prostatectomy is problematic. While obviously 
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metastatic disease signifies disease persistence, it is not possible to resolve 
whether the metastases occurred prior to surgery but were present in such 
a low volume as to be undetectable by preoperative staging studies, or 
whether metastases resulted from neoplasm remaining at the surgical site. 

Following radical prostatectomy, any PSA value higher than the lowest 
level of detectability is significant. This lower level of detectability must be 
ascertained in each laboratory. Lange and associates have demonstrated that 
a PSA >0.4 utilizing the Hybritech Tandem-R test is significant [23]. For 
example, these authors reported that disease occurred in all men who had a 
PSA >0.4 mg/ml, but in only 8% of those who had a PSA 3 or more months 
following radical prostatectomy of <0.2 nm/ml. 

Despite the reliability of detectable PSA follow radical prostatectomy, 
the site of the neoplasm remains unknown. While local disease persistence 
may well be the cause of the abnormal test, equally likely is subclinical 
metastatic deposits [24]. 

One problem with PSA is that the current assays may not be sensitive 
enough to detect small-volume persistent disease. It is not uncommon to 
have a PSA level following radical prostatectomy that falls to the nondetect
able level and remains there for several months to years, only then to begin 
to rise. Such observations clearly suggest a lack of a sensitivity of the assay. 
In an effort to obviate this problem, several laboratories are trying to 
develop a more sensitive PSA assay. 

Results of radical prostatectomy alone 

Before an analysis of the effect of adjuvant radiation therapy can be per
formed, one must be aware of the results of radical prostatectomy alone in 
the treatment of prostatic carcinoma. Table 2 demonstrates data from three 
studies of patients followed> 15 years [6-8]. It is important to note that in 
these reports endocrine manipulation was not given until documentation 
of disease progression, with the exception of a few patients receiving a short 
course of perioperative hormonal manipulation. Jewett reported that 33% 
of these patients had no evidence of disease recurrence 15 years or more 

Table 2. Radical prostatectomy IS-year NED" survival 

Author Reference Clinical Stage Pathologic Stage No. IS-Year NED Survival ('Yo) 

Jewett 6 Bl B-C2 86 28 (33) 
C3 17 0 

Gibbons 7 Bl B,C 43 26 (61) 
B2 B,C 9 3 (33) 

Elder 8 B2 B 14 7 (50) 
C2-3 32 4 (13) 

a NED = no evidence of disease. 
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Table 3. Pelvic disease persistence after radical prostatectomy 

Pathologic Stage 

B 
C 
D. 

References 

7,25,26 
7,19,27-29 
19,31 

Number of Pts. 

222 
77 
76 

Recurrence ('Yo) 

10-26 
8-31 

11-25 

following radical prostatectomy [6]. Of note, none of his patients with 
seminal vesicle disease were without evidence of disease in 15 years. Elder 
and colleagues, reporting a subsequent series from the Johns Hopkins 
Hospital, reported 50% 15-year disease-free survival in patients with patho
logically organ-confined disease, contrasting with a 13% disease-free status 
in those with capsular penetration and seminal vesicle invasion [8]. Gibbons 
and associates at the Mason Clinic described 43 patients with clinical Bl 
disease followed for at least 15 years [7]. In 61 % of their patients there was 
no evidence of disease at the latest follow-up. Only 3 of 9 patients with 
clinical B2 disease were without evidence of persistence. It must be empha
sized that these investigators utilized perineal prostatectomy, and pelvic 
lymph-node dissection was rarely performed. Nevertheless, these represent 
the series with the longest follow-up and must be utilized to compare 
adjuvant radiation therapy series. 

Because of the impossibility of determining whether metastatic lesions 
were present at the time of radical prostatectomy, carcinoma persistence fol
lowing radical prostatectomy is best discussed with regard to local disease. 
Several authors have assessed persistent pelvic malignancy following radical 
prostatectomy, and these are depicted in Table 3 [7,19,25-31]. In these 
series, adjuvant endocrine manipulation was withheld until disease persist
ence was documented. Local recurrence correlates strongly with pathologic 
stage and may be expected in 10-20% of organ-confined cancer, 8-31 % of 
stage C disease, and 11-28% of those with pelvic lymph-node metastases. 

Most authors report data indicating improved local recurrence rates in 
men receiving adjuvant radiation therapy for advanced local disease. For 
instance, whereas local recurrence was identified in a compilation of series 
in 32 of 291 (17%) men with pathologic stage C disease receiving radical 
prostatectomy alone (Table 3), only 6% (10 of 174) of patients had recur
rence following radical prostatectomy and radiation therapy in Stage C and 
Dl disease (Table 4) [32-39]. 

Two authors have reported intra-institutional series in which patients 
receiving no adjuvant after radical prostatectomy were compared with an 
adjuvant radiation population [33,36]. It must be emphasized that these 
were not randomized studies, and the indications for administration of 
adjuvant therapy were not standardized. These authors described local 
recurrence rates in 0-5% of patients receiving adjuvant radiation therapy, 
as compared to 17-30% of those who did not. 
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Table 4. Pelvic disease persistence after radical prostatectomy and adjuvant radiation therapy 

Pathologic Stage References 

32 
7,32,34-37 
32,34,37 

Number of Pts. 

34 
135 
54 

Recurrence ('Yo) 

3 
0-23 
3-17 

Table 5. Disease free survival following radical prostatectomy with adjuvant radiation therapy 

Pathologic Stage Reference 

32 
7,32,34-37 
32,34,37 

Number of Pts. 

34 
135 
54 

5-Year Disease Free ('Yo) 

88 
57-80 
41-92 

One difficulty in evaluating the effectiveness of external beam radiation 
therapy in an adjuvant mode is that the length of follow-up in these reports 
is short. Despite these limitations, it is generally accepted that adjuvant 
external-beam radiation therapy is associated with decreased local disease 
persistence, at least as evidenced by digital rectal examination. 

The ability of adjuvant radiation therapy to improve survival is even 
less well demonstrated. Table 5 depicts the disease-free survival in several 
reports. As shown in these series, the 5-year disease-free survival for stage C 
disease treated with adjuvant radiation therapy was between 65% and 80%, 
and in D-l disease it was 41-92% [32-38]. A comparison with Table 1 
shows that these figures are similar to the long-term follow-up of patients 
with organ-confined disease treated with radical prostatectomy alone. 
However, it is important to note that the length of follow-up in the adjuvant 
radiation therapy group 'is shorter, and thus meaningful comparison between 
these two treatment groups is not possible. The disease-free 5-year survival 
after radical prostatectomy alone in pathologic stage-C disease is 50-60% 
[11,30,33]. These are slightly worse than that of those receiving adjuvant 
therapy. 

In the three intra-institutional studies comparing patients who did or did 
not receive adjuvant radiation therapy with respect to disease-free survival, 
no significant difference was appreciated [33,36,40]. The influence of stage 
migration may have been particularly apparent in the Jacobson series in 
which the majority of patients who had a lymphadenectomy (precluding 
radical prostatectomy if positive), and thus probably had a less extensive 
degree of organ extension, did not receive radiation therapy [36]. 

The influence of survival of adjuvant radiation therapy in D-l disease is 
controversial. While Lange and associates described a 69% 5-year disease
free survival in patients so treated [37], Zincke et al. noted only an 18% 
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disease-free survival in the group as a whole and 26% of those with only one 
node. [41]. 

Smith et al. likewise described disease-free 5-year survival in patients with 
D-l disease who had lymphadenectomy without radical prostatectomy and 
either no adjuvant therapy (29%) or local radiation therapy (17%) at 5 
years, thus questioning the importance of the prostatectomy [42]. 

Recently, Catalona and associates and Steinberg et al. suggested that the 
5-year survival of patients with minimal D-l disease may be greater than 
previously suggested [29,31]. Again, significant differences between these 
series with respect to pathological examination and the thoroughness of 
node dissection, etc. makes a comparison amongst series impossible. Large 
multicenter prospective randomized studies are currently underway to assess 
the efficacy of adjuvant external-beam radiation therapy in advanced local 
prostatic carcinoma. 

Prostate specific antigen (PSA) will serve as a meaningful early indicator 
of the effectiveness of adjuvant therapy. Lange and associates have reported 
that PSA falls oftentimes to the female serum level following adjuvant 
external-beam radiation therapy in patients with locally advanced prostate 
cancer. For example, of 15 men who had persistently detectable PSA follow
up radical prostatectomy, the PSA fell to the female level in 53% following 
completion of radiation therapy [22]. 

The durability of the serologic effectiveness of external-beam radiation 
has, however, recently been questioned by the Stanford group. Link and 
associates [43] administered external-beam radiation therapy to 26 patients 
with advanced local disease following radical prostatectomy. Eight were 
staged D-l and 18 were Stage C. All had detectable PSA following surgery. 
Despite the fact that 62% had a decline of PSA to the nondetectable level 
following radiation therapy, only 2 of 16 patients followed greater than 1 
year continued to have nondetectable PSA. 

It seems unlikely that subclinical metastatic disease was the source of the 
persistent PSA in all cases. More likely, it would seem that, despite an effect 
on persistent carcinoma within the radiation field with a resulting initial 
decline in PSA, eradication of tumor was not achieved. Obviously, addit
ional studies and longer follow-up in these patients is necessary before 
definitive conclusions can be made. 

Radiation therapy can be given safely in men following radical pros
tatectomy. Minor complications are common. Diarrhea, skin desquamation, 
anal pain, and dysuria frequently occur. Usually these are self-limited or can 
be treated witb oral medications. Chronic complications, though rare, may 
be serious. Ray and associates reported a 31% complication rate in 32 
men, including urinary and fecal incontinence [35]. Gibbons and associates 
reported serious complications occurring in 14% of 22 men, including one 
requiring colostomy and one requiring a urinary diversion [33]. 

Lange and associates have described the best results with respect to com
plications with adjuvant radiation therapy [37]. These authors reported only 
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a 6% complication rating among 71 patients, including only two significant 
complications. They feel that several factors resulted in their low complica
tion rate, including the performance of a modified pelvic lymphadenectomy 
with preservation of the lymphatic tissue lateral to the external iliac vessels, 
limiting the radiation dose to 60 Gy and not starting radiation therapy until 
the patient is fully recovered from surgery, including the restoration of 
complete continence. 

In conclusion, it would appear that because of the substantial upstaging of 
men with an apparently clinically localized prostatic carcinoma, there is a 
need for adjuvant therapy. Improvement in imaging modalities have not 
offered significant improvement in our ability to properly assess the local 
stage. Evidence of local disease persistence is likely to improve with the 
use of more frequent needle biopsy of the region of the vesical urethral 
anastomosis, perhaps under ultrasound guidance. Clearly, prostate-specific 
antigen will be pivotal in deciding which patients should be scrutinized for 
persistent neoplasm. 

Despite a considerable body of data on the use of adjuvant radiation 
therapy, it is difficult to make meaningful comparisons between the studies 
for a myriad of reasons. Clearly, one must await the results of the ongoing 
multicenter randomized prospective trials comparing adjuvant radiation 
therapy and observation following radical prostatectomy in patients with 
advanced local disease before the true utility of this modality is known. 
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5. Nuclear DNA ploidy and prostate cancer 

Leslie M. Rainwater and Horst Zincke 

Prostate cancer is now the most common cancer in men in the United States 
[1]. Although 103,000 new cases were expected in 1989, less than one third 
were projected to die of their disease. The vast majority of prostate cancer 
remains clinically undetectable for the patient's entire life. This discrepancy 
in the biologic behavior of prostate cancer remains a mystery. However, 
attempting to determine which tumors will remain indolent and which will 
follow an aggressive course is the work of much investigation. 

Prior to recent developments, clinicians relied on histologic grading to 
determine the biologic behavior of tumors [2-6]. Grading appears to be a 
good indicator of biologic behavior in both extremes, i.e., well-differentiated 
tumors and poorly differentiated tumors. However, the majority of tumors 
remain in the moderately differentiated category, and histologic grading 
remains a subjective classification and can vary because of day-to-day dif
ferences in interpretation. 

Clinical and pathologic staging appears to play a role in determining 
biologic behavior, but clinical staging may correlate with pathologic staging 
in only 50% of cases [7,8]. Within a given pathologic stage, there is varia
bility in the biologic behavior of a given tumor. Therefore, investigations 
have begun focusing on the quantitative analysis of tumor nuclear DNA 
ploidy patterns as an objective way to determine the biologic behavior of 
prostate adenocarcinoma. 

In 1966, Tavares et al. [9] first reported on the correlation between tumor 
DNA ploidy and prostate cancer by using static cytomorphometry. These 
investigators found 7 of 26 patients (27%) with DNA diploid or DNA 
tetraploid (2C/4C) tumors died, with a mean survival of 7.4 years, compared 
to 7 of 9 patients (78%) having DNA aneuploid (3C/6C) tumors who died 
with a mean survival of 4.1 years. Furthermore, 92% of tumors with a 
DNA diploid or DNA tetraploid pattern responded to estrogen therapy, as 
opposed to 89% of tumors with a DNA aneuploid pattern that were resist
ant to estrogen therapy. In a follow-up article in 1973 with 76 patients, these 
same findings were reiterated [10]. However, static cytomorphometry is a 
time-consuming process that is based on the analysis of a limited number of 
cells, i.e., 30-300 cells. Thus, flow cytometric analysis of tumor nuclear 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. 1SBN 0-7923-1412-3. All rights reserved. 
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DNA was developed; it allows for rapid quantification of 10,000-100,000 
cells in a matter of minutes but does require a single-cell suspension of the 
tumor specimen. 

In 1977, Bichel et al. [11] described the use of flow cytometric analysis of 
transrectal fine-needle prostate aspirates to characterize prostate adeno
carcinoma. Their investigations, confirmed by others [12-14], demonstrated 
the presence of abnormal DNA ploidy patterns, DNA tetraploid and DNA 
aneuploid, and correlated these patterns with increasing histologic anaplasia 
of the prostate tumors studied. Poorly differentiated tumors had almost 
exclusively abnormal DNA ploidy patterns. Moderately differentiated 
tumors had an admixture of patterns: Sorne were DNA diploid, whereas 
others were DNA aneuploid or DNA tetraploid. Pontes et al. [8] performed 
flow cytometric analysis on 33 radical prostatectomy specimens. Nuclear 
DNA ploidy analysis combined with Gleason's score improved the predic
tive value of the histologic grading in high-stage lesions. Although these 
aforementioned studies correlated increasing histologic grading with an 
increasing incidence of DNA aneuploidy, little correlation could be made 
between DNA ploidy and patient prognosis or the time to progression 
because of the short-term follow-up. Indeed, follow-up of 10-15 years 
seems to be required for determining the positive predictive value of nuclear 
DNA ploidy analysis. 

In 1983 Hedley and associates [15] first described a method for extract
ing a single~cell nucleus from formalin-fixed, paraffin-embedded archival 
pathologic material for analysis by flow cytometry. The modified Hedley 
method used at our institution has been described [16]: one to two 50-~m 
sections are cut on a standard microtome from the paraffin-embedded tissue 
block. These sections are placed in a lO-ml glass culture tube and then 
dewaxed in two changes of Histoclear (National Diagnostic, Somerville, 
NJ), 3 ml for 10 minutes at room temp.erature. The tissue specimens are 
rehydrated in a sequence of ethanol/water solutions (3 ml) of 100%, 90%, 
and 70% ethanol for 5 minutes at room temperature. The dewaxed tissue 
specimens are washed twice in distilled water and resuspended in OSYo 
pepsin (1 ml) in normal saline adjusted to pH 1.5. These specimens are 
incubated at 37°C for 90 minutes in a water bath with intermittent mixing 
(vortex). This is followed by low-speed centrifugation to pellet the nuclei, 
and the pepsin-containing supernatant is removed. Thereby, the nuclei are 
freed from the paraffin blocks and are ready to be stained for analysis in the 
flow cytometer system. Our institution uses the fluorescent dye propidium 
iodide, which binds the DNA and gives a quantitative fluorescent measure
ment of nuclear DNA content, as described by Vindel0v et al. [17]. Other 
staining techniques have been described that use propidium iodide [18], 
DAPI [19] (4' ,6-diamidino-2-phenylindole dihydrochloride), ethridium 
bromide [20], and mithramycin [21]. The methodology described by Hedley 
and associates [15] allowed the analysis of various genitourinary tumors to 
determine the correlation between nuclear DNA ploidy with tumor pro-
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gression, tumor response to chemotherapeutic agents, and patient prognosis 
[22-26). 

Since 1986 several investigators have reported on the use of paraffin
embedded archival material to perform flow cytometry. Fordham et aI. [27] 
reported on 72 patients who had undergone prostatectomy for adeno
carcinoma and had up to a 12-year follow-up. The majority (73%) had some 
form of hormonal manipulation as the primary treatment and 22% had 
radiotherapy. Both the Gleason score and DNA ploidy predicted patient 
survival. However, combining the Gleason score with DNA ploidy was 
highly predictive of patient prognosis. One hundred percent of patients died 
with a DNA aneuploid pattern and a Gleason score of 7-10 at 3 years 
(mean survival 22.4 months), whereas only 17% of patients died with a 
DNA diploid pattern and a Gleason score of 2-6 at 3 years (mean survival 
104.5 months). Patients with a high Gleason score of 7-10 and a DNA 
diploid pattern, or a low Gleason score of 2-6 and a DNA aneuploid pat
tern, had intermediate survival of 55.2 months and 68.0 months, respectively. 

McIntire et al. [28] reported on the prognostic value of DNA ploidy for 
incidental carcinoma (stage Al and A2) of the prostate. Of the patients with 
stage A2 and a DNA aneuploid pattern, 67% progressed, compared to 0% 
of patients with stage Al and a DNA diploid pattern. The one patient with a 
stage Al tumor and DNA aneuploid progressed, whereas only 15% of 
patients with a stage A2 and a DNA diploid pattern progressed. DNA 
ploidy pattern correlated significantly with progression in stage Al and stage 
A2 tumors (Table 1). 

B1ute and associates [29] performed DNA flow cytometric analysis on 
tumors of 38 patients who had undergone a radical retropubic prostatectomy 
with organ-confined disease (pathologic stage A and stage B) who suffered 
progression and 38 age-matched controls. Various prognostic variables were 
examined, and only DNA tumor ploidy predicted progression significantly 
(Table 2). Ninety-two percent of tumors in the control group were DNA 

Table 1. Tumor progression shown by DNA ploidy pattern 

Progression" 

Tetraploid 
+ Aneuploid 

Diploid Tetraploid Aneuploid (Abnormal) 

Pathologic Stage No. Patients No. % No. % No. % No. % 

Al [28] 11 10 0 1 100 
A2 [28] 22 13 15 9 67 
B [29] 261 177 15 74 22 10 100 84 31 
C [30] 146 67 19 68 50 11 64 79 52 
Dl [31] 91 38 15 41 74 12 80 53 75 

• Local or systemic progression. 
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Table 2. Pathologic variables and DNA tumor ploidy determined by How cytometry for 76 
patients who underwent bilateral pelvic lymph-node dissection and radical retropubic 
prostatectomy without adjuvant treatment for clinically and pathologically confined 
adenocarcinoma of the prostate 

Group 1 Group 2 

No. % No. % p Value 

Mayo grade 
1-2 23 61 28 74 0.30 
3-4 15 39 10 26 

Gleason score 
3-5 13 34 15 39 0.36 
6-9 25 66 23 61 

Tumor volume, cm3 

<3 30 79 28 74 0.99 
3-10 7 18 9 24 
>10 1 3 1 3 

MuItifocal 
No 28 74 27 71 0.99 
Yes 10 26 11 29 

Capsular invasion 
Yes 25 66 17 45 0.48 
No 13 34 21 55 

DNA tumor ploidy 
Diploid 14 37 35 92 0.0004 
Tetraploid 13 } 

:} 3" 24 63 8 
Aneuploid 11 

Group 1, 38 patients who experienced progression (local/systemic). 
Group 2, 38 age-matched controls who did not experience progression. 
aFollow-up for these patients is 14, 12, and 7 years. (From Blute et al. [29]. By permission of 
Williams and Wilkins.) 

diploid, and no tumors exhibited a DNA aneuploid pattern. Of the 38 
patients who progressed, 24 tumors had abnormal DNA ploidy patterns 
(DNA tetraploid and DNA aneuploid), 63% of which failed systemically 
and 37% failed locally. In the eight patients who progressed with DNA 
diploid tumors, 57% failed locally and 43% failed systemically. In a follow
up study, Montgomery and associates [32] reported on 261 patients who had 
undergone radical retropubic prostatectomy for pathologic stage B prostate 
adenocarcinoma. The ploidy distribution was as follows: 177 (68%) were 
DNA diploid; 74 (28%) were DNA tetraploid; and 10 (4%) were DNA 
aneuploid. Within the study group, 53 patients' tumors had progressed: 22 
locally, 23 systemically, and 8 both, with a mean follow-up of 9.4 years. 
Overall, 31% of nondiploid tumors progressed (22% DNA tetraploid and 
100% DNA aneuploid), compared to 15% of DNA diploid tumors. DNA 
ploidy analysis had marked prognostic significance for patients with path
ologic stage B tumors (Table 1). 
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Lee et al. [30] reported on 80 deparaffinized radical prostatectomy 
specimens, comparing DNA ploidy as a predictor of disease progression to 
Gleason score and seminal vesicle involvement. Their study showed DNA 
ploidy correlated with the stage of the tumor and predicted tumor pro
gression. Patients with tumors with a DNA diploid pattern had an 85% 
disease-free survival at 5 years compared to only 9% disease-free survival 
for patients with tumors with a DNA aneuploid pattern at 5 years. Patients 
with seminal vesicle involvement and DNA diploid tumors had a 73% 
nonprogression compared to only an 8% nonprogression rate with DNA 
aneuploid tumors. Further, all 18 patients without seminal vesicle involve
ment and a DNA diploid pattern are free of disease at 5-year follow-up. 
There was a 29% recurrence rate in intermediate-grade tumors (Gleason 
5-7), but only a 5% recurrence rate in intermediate-grade DNA diploid 
tumors. In conclusion, these authors found a DNA aneuploid stem line to 
correlate statistically with a greater likelihood of seminal vesicle invasion 
and subsequent development of recurrent disease. 

Nativ and associates [33] examined 146 patients' tumors with pathologic 
stage C (pTI, NO, MO) who underwent radical prostatectomy for adeno
carcinoma. The DNA ploidy distribution was as follows: 67 (46%) had a 
DNA diploid pattern; 68 (47%) had a DNA tetraploid pattern; and 11 (7%) 
had a DNA aneuploid pattern. An abnormal ploidy pattern (DNA tetraploid 
and DNA aneuploid) was associated more frequently with histologic high
grade tumors. The median interval to progression for DNA tetraploid and 
DNA aneuploid tumors was 7.8 and 3.5 years, respectively. At to-year 
follow-up, only 10% of patients with DNA diploid tumors died of disease, 
compared to 28% and 36% of DNA tetraploid and DNA aneuploid tumors, 
respectively, which was significant. The combination of histologic tumor 
grade and nuclear DNA ploidy demonstrated an even stronger prognostic 
association. For low-grade DNA diploid tumors, progression-free survival 
was 92% at to years, compared to only 57% progression-free survival 
for low-grade DNA nondiploid tumors. For this group of patients with 
pathologic stage C disease, nuclear DNA ploidy pattern proved to be an 
independent prognostic indicator of disease progression (Table 1). 

Stephenson et al. [31] performed flow cytometric analysis on paraffin
embedded tumor specimens from 82 patients with pathologic stage Dl who 
had been treated with pelvic lymph-node dissection and iodine-125 seed 
implants. Thirty-three tumors were DNA diploid and 49 tumors were DNA 
aneuploid. The median survival was significantly longer for patients with 
DNA diploid vs. DNA aneuploid tumors: 8.8 vs. 5.0 years, respectively. 
Grade, as a predictor of survival, did not reach statistical significance. 
Among the moderately differentiated tumors, the median survival for 
patients with DNA diploid vs. DNA aneuploid tumors was 9.1 vs. 5.8 years, 
respectively. These authors found DNA ploidy patterns to be a strong 
predictor of survival for stage Dl prostate adenocarcinoma. 

Winkler and associates [34) examined paraffin-embedded tumor speci-
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mens from 91 patients who had undergone radical retropubic prostatectomy 
for pathologic stage 01 adenocarcinoma. The DNA ploidy patterns were as 
follows: 38 (42%) had a DNA diploid pattern, 41 (45%) had a DNA 
tetraploid pattern, and 12 (13%) had a DNA aneuploid pattern. Only 15% 
of DNA diploid tumors progressed locally or systemically, compared to 75% 
of tumors with an abnormal DNA ploidy pattern. None of the patients with 
a DNA diploid pattern died of prostate cancer, whereas 43% of patients 
with DNA tetraploid tumors and 44% of patients with DNA aneuploid 
tumors died of prostate cancer. Only 12% of patients with low-grade tumors 
(Gleason score 2-5) and a DNA diploid pattern progressed, whereas 67% 
with a DNA tetraploid pattern and 100% with a DNA aneuploid pattern 
progressed. Only 18% of patients with high-grade tumors (Gleason score 
6-10) and a DNA diploid pattern progressed, whereas 77% with a DNA 
tetraploid pattern and 75% with a DNA aneuploid pattern progressed. 
Therefore, nuclear DNA ploidy analysis represents an objective prognostic 
indicator for patients with stage 01 prostate cancer, which proved to be 
highly significant (Table 1). 

Several investigators have found DNA ploidy analysis to be a means 
of monitoring the effects of treatment responses to luteinizing hormone
releasing factor (LHRH) analogues and hormonal manipulation [12,35-39]. 
A change of DNA ploidy from DNA aneuploid to DNA diploid correlated 
with a favorable response [12,35]. Furthermore, DNA diploid tumors 
appear to respond more favorably to LHRH analogues or hormonal mani
pulation than do tumors with an abnormal DNA ploidy pattern [36,37]. 
These findings were confirmed in a group of 176 patients with pathologic 
stage Dl disease who had undergone radical prostatectomy with or without 
hormonal treatment and were followed for up to 21 years (median 5.4 years) 
[38,39]. Sixty-nine patients' tumors (39%) had a DNA diploid pattern, 
whereas the remaining 107 patients' tumors (61%) had a nondiploid DNA 
ploidy pattern. None of the 50 patients with a DNA diploid tumor and 
immediate adjuvant hormonal treatment progressed; however, 10 of 19 
patients with no adjuvant treatment progressed (p < 0.00001) (Figure 1). 
Furthermore, 3 of 10 patients who progressed with DNA diploid tumors 
died of their disease at an average of 19 months (range, 2-56 months), 
despite prompt hormonal therapy initiated at the first signs of clinical pro
gression (p < 0.019) (Figure 2). DNA nondiploid tumors were also asso
ciated with better disease outcome with regard to progression when treated 
with immedia~eadjuvant hormonal therapy (Figure 1), but this was not of 
statistical significance when cause-specific survival was analyzed (Figure 2) 
[39]. 

Correlations between DNA ploidy pattern and increased prostate-specific 
antigen (PSA) levels were suggested previously [40]; however, when a large 
number of patients was analyzed (n = 146), no significant difference could 
be found between the various DNA ploidy patterns and an increased PSA 
level (>4.0ml). Eighty-one percent of patients with a DNA diploid pattern, 
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Figure 1. Kaplan-Meier curves of overall survival without recurrence in 176 patients with stage 
D1 prostate cancer who underwent radical prostatectomy according to adjuvant treatment and 
the tumor nuclear-DNA ploidy pattern. The numbers in parentheses represent patients under 
observation at that time. 
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Figure 2. Kaplan-Meier curves of cause-specific survival in 176 patients with stage 01 prostate 
cancer who underwent radical prostatectomy according to adjuvant treatment and the tumor 
nuclear-DNA ploidy pattern. The numbers in parentheses represent patients under observation 
at that time. (From Zincke [39]. By permission of W.B. Saunders Company.) 
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84% with a DNA tetraploid pattern, and 86% with a DNA aneuploid 
pattern had an increased PSA level preoperatively (L.M. Rainwater, H. 
Zincke, unpublished data). Not only is there a correlation between tumor 
size and an increased PSA level, but there is also a conspicuous relationship 
between increasing tumor size or age, or both, and DNA ploidy. 

In study after study from various institutions around the world, nuclear 
DNA ploidy analysis has proved to be an independent prognostic variable. 
Although nuclear DNA ploidy cannot be used to diagnose cancer [13,41,42], 
knowledge that a tumor has a DNA diploid stem line of cells does correlate 
with a more indolent nature of the primary tumor and decreased potential 
for future local or systemic recurrences. In contrast, an abnormal DNA 
ploidy pattern, in particular a DNA aneuploid stem line of cells, portends a 
more virulent tumor, for which one would anticipate a local or systemic re
currence that will respond poorly to LHRH analogues or hormonal therapy. 

Tumor heterogeneity of prostate cancer has been noted previously in 
histologic tumor specimens. However, histologically similar tumor speci
mens have now been found with the use of flow cytometry to have nuclear 
DNA ploidy heterogeneity, further substantiating the variability in biologic 
behavior [13,19]. In prostate cancer, which has a diverse biologic behavior, 
the addition of an objective independent prognostic variable, nuclear DNA 
ploidy analysis, opens the possibilities for future studies comparing various 
treatment modalities. In the future, additional parameters may also be 
obtained for evaluating prostatic cancer cells, including relative cell size, 
protein content, Sa-reductase activity, or various cytoplasmic constituents 
by using multiple-laser, flow cytometric systems, which will allow for further 
classification of the heterogeneous biologic behavior of prostate tumor 
specimens [43-46). 

Now more than ever it is imperative for studies relating to radiotherapy, 
radical surgery, use of LHRH analogues, hormonal therapy, and chemo
therapy alone or as an adjuvant to definitive local therapy to include nuclear 
DNA ploidy for future comparative analyses. For instance, some of the 
recently reported data, in particular those with the surgical treatment of 
stage D1 and adjuvant hormonal treatment [39], can only be intelligently 
interpreted with the help of tumor nuclear DNA ploidy analysis. Hence, 
any prospective study concerning the treatment of prostate cancer should 
include DNA ploidy analysis as a most important disease variable. 

With the use of PSA in combination with ultrasonographically guided 
biopsies of the prostate and blind random-sampling biopsies, previously 
undetectable tumors are now being found routinely. However, are we now 
overtreating these clinically undetectable tumors that would have remained 
silent and indolent had not sophisticated diagnostic techniques been devel
oped? Future studies that include nuclear DNA ploidy analysis of the tumor 
specimens may indicate which tumor requires aggressive radical surgery, 
which will respond to hormonal or chemotherapeutic agents, and which can 
be followed by expectant observation alone. 
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6. Brachytherapy of localized penile carcinoma 

R.W. Byhardt and J.F. Wilson 

Radiation therapy, administered either by external beam or interstitial 
implantation (brachytherapy), plays an important role in the management of 
penile squamous carcinoma. Selection of appropriate cases for radiation 
treatment using brachytherapy techniques depends on an understanding of 
the epidemiology, pathobiology, and staging of the disease. 

Epidemiology and pathobiology of penile cancer 

Squamous cell carcinoma of the penis accounts for only 1 % of all malig
nancies in males in the United States [3], although its incidence may approach 
20% in other cultures where retained foreskin and resultant poor penile 
hygiene play an etiologic role [10,27]. Age at presentation may range from 
the fourth to ninth decades, with most appearing in the mid-60s [28]. The 
majority of lesions occur in the glans, but are often present as advanced 
local disease, often with accompanying nodal involvement, precluding func
tion preserving local therapy of the primary lesion. This is partly due 
to delay in seeking medical advice because of ignorance, embarassment, 
neglect, or fear of loss of the organ [12,15,25,34]. Less well-differentiated, 
more aggressive lesions tend to occur in younger men [9]. Primary treatment 
is often surgical, but smaller, limited lesions offer a possibility of organ 
preservation with brachytherapy. 

Staging 

Two clinical staging systems are in use (Table 1), namely, that of Jackson, 
based on depth of infiltration [16], and the TNM classification, based on size 
[11 ]. The TNM system is preferred for identifying cases suitable for brachy
therapy, since it takes better account of primary tumor size, which has 
demonstrated prognostic value [7] and bears on the selection of brachy
therapy as a feasible form of therapy for the primary lesion [2]. If nodal 
disease is at high risk or present, in association with a Tl, TI, or limited 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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Table 1. The Jackson [15] and TNM/UICC (10) staging systems 

Stage I 
Stage II 
Stage III 
Stage IV 

TNM(UlCC) 

Tl-2, NO, MO 
Tl-2, NO, MO 
Tl-3, NI-2, MO 
Tl-4, NO-4, MO-l 

Jackson 

Limited to glans/prepuce; no nodes or metastases 
Extends to shaft/corpora; no nodes or metastases 
Confined to glans/shaft; operable nodes; no mets 
Beyond glans/shaft; inoperable nodes and/or distant 
metastases 

Tl = 2cm or less; 1'2 = 2 to Scm, minimal infiltration; T3 = >Scm or deep infiltration to 
urethra; T4 = infiltration of neighboring structures. 

T3 primary lesion suitable for implantation, brachytherapy may still be 
provided, along with surgical or external beam irradiation of the nodal 
disease if organ preservation is a treatment goal. 

Factors influencing choice of therapy 

The patient's age and medical fitness also influence the choice of treatment. 
Although some authors advocate partial penectomy even for small, localized 
lesions [27,36], most would favor organ-sparing therapy where possible. 
Functional disability and psychological trauma associated with penile ampu
tation (even partial) probably exceeds that associated with mastectomy, 
approaching that of abdomino-perineal resection. There are reports of suicide 
after penectomy [10]. Thus, it is advantageous to attempt local control with 
preservation of function, both urinary and sexual. 

Radiation therapy is felt by many to be the treatment of choice for early 
disease [4,5,8,9,13,14,19,22,23,26,29-33,35], with occasional success in 
advanced lesions, although some others remain more circumspect in ad
vocating radiation therapy [7,17,38). In the event of local failure following 
irradiation, salvage surgery, usually partial penectomy, often achieves tumor 
control. 

Radiation therapy for penile cancer 

Radium molds and external beam 

Radiotherapeutic approaches to penile cancer have evolved considerably 
over the past several decades, with studies in the 1960s and 1970s employing 
external superficial x-ray therapy or radium molds, with these modalities 
providing local control rates ranging from 32% to 65% [18,21,24). More 
recent data describe local control rates of 67-92%, with external radiation 
therapy using various types of treatment aids and positioning devices [9, 
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20,32,33]. These treatment aids, fabricated of tissue-equivalent material 
(plastic or wax), ensure dose uniformity and overcome skin-sparing effects 
of high-energy x-rays, which would otherwise result in an underdosage of 
the superficial component of penile cancers. These all have the relative 
disadvantages of skin and mucosal (urethral) reactions over a generally 
greater area of the penis and a more prolonged treatment course (50-60 Gy 
in 5-6 weeks) than with brachytherapy. The acute effects do clear within 
several weeks of completion, but there is a risk of late skin telangiectasia or 
fibrosis of the corpora. 

Brachytherapy 

Brachytherapy implies the technique of irradiating tumors from a short 
distance to minimize exposure of the normal tissues surrounding the tumor. 
This is accomplished by the placement, usually temporary, of radioactive 
sources directly into and/or around the tumor. Implantation of radioactive 
sources directly into the lesion has the advantage of limiting the irradiated 
volume to that of the tumor volume, plus a limited "margin" of uninvolved 
tissue, as well as a shorter total treatment time (usually 3-4 days) compared 
to fractionated external beam irradiation, which extends over several weeks. 
There is also a potential radiobiologic advantage, in terms of a favorable 
differential in tumor cell killing vs. normal tissue effects, to the delivery of 
the radiation at a continuous low dose rate, in contrast to the fractionated 
high doses used with external beam therapy (teletherapy or irradiation from 
a long distance). Acute skin and mucosal reactions to brachytherapy are also 
more confined in area, and the risk of extensive late radiation changes is 
decreased compared to teletherapy, although there is still a risk of localized 
late effects. 

Brachytherapy with radium-226 needles [9] has been supplanted by the 
use of iridium-l92 made into wires or seed trains [4,23,31]. Much of this 
development has been pioneered by several French brachytherapy centers, 
with excellent results [2,23,31]. The iridium-l92 type sources have the 
advantages of greater miniaturization and flexibility than radium-226. This 
allows use of an "afterloading" technique, in which inert guide needles or 
catheters are first implanted into the tumor area until the correct geometry 
is achieved; only then are the radioactive sources "afterloaded" into the 
guides, limiting radiation exposure to personnel. Various computerized 
systems are used to precisely calculate the distribution of radiation dose 
(dosimetry) from such implantations. 

Brachytherapy clinical series 

Both Mazeron [23] and Daly [4], in recent series, have advocated iridium-
192 interstitial implant over external techniques based on improved local 
control, especially for invasive T3 lesions (Table 2). Mazeron noted that 



68 

Table 2. Summary of clinical results with iridium 192 wire brachytherapy in early penile 
carcinoma 

Local Control Surgical Surgery Ultimate 
with Retained Salvage for Tumor Urethral 

Author Penis Tumor Necrosis Control Stenosis 

Mazeron [22] 34/45 10111" 313 44/45 81]41' 
Daly [3] 19/22 111 212 22/22 9/21b 

Adams [1] 4/8 111 111 6/8 0/4 

a One patient refused surgery. 
b Usually treated with dilatation. 

improvement in local control was limited to distal lesions less than 4 cm in 
diameter, with either no or moderate infiltration of the corpora. Overall, 
Daly achieved local control with organ preservation in 85% of T1, T2, and 
T3 lesions. Mazeron observed local control with organ preservation in 74% 
(80% if the lesion was less than 4cm and superficially invasive). In both 
series, ultimate local control after salvage surgery for recurrences was 100%. 

The influence of tumor size on local control and overall survival has been 
noted in other studies as well, most recently by Fraley [7]. This underscores 
a pitfall of using the Jackson staging system [16], which can include three T 
stages under Stage I (Tl, T2, and T3 lesions less than 5 cm with infiltration 
to the urethra), thus, somewhat obscuring the effect of tumor size on 
prognosis (Table 1). As tumor size increases, in addition to an increasing 
risk of local recurrence, the implanted volume must also increase, with a 
consequent increase in the risk of radionecrosis or stricture. Brachytherapy 
is not usually advised for lesions over 4 cm in diameter. 

Overall, Mazeron noted urethral stenosis in 8/34 (23%) of patients; 3/8 
required surgical correction. Daly observed stenosis in 9/21 (43%) at 10-18 
months postimplant, most of which were successfully treated with dilatation. 
In 5 -10% of patients, localized necrosis at the tumor site may simulate 
tumor recurrence and may require penile amputation (Table 2). Both studies 
demonstrated that sexual function was usually normal following iridium-192 
implant. The potential risk of radiation-induced secondary penile cancers 
following implant is negligible according to Grabstaldt [8]. 

In a series of 26 patients with penile cancer seen at the Medical College of 
Wisconsin since 1974 by the authors, eight (1 Tl' 5 T2, and 2 T3) were 
suitable for brachytherapy with iridium-l92 wire sources [1]. All were NO at 
diagnosis and were limited to the glans and/or corona in six, with limited 
involvement of the shaft in two. Our implants were accomplished using a 
system similar to that described by Mazeron [23] and detailed below. In our 
series, 4/8 patients achieved local control with penile preservation. Two 
experienced local failure and were salvaged by penectomy (one histologically 
negative). Thus, ultimate local control was achieved in 6 of 8 (75%). 
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Two patients, the only ones with poorly differentiated lesions, of eight in 
our series, demonstrated simultaneous local, regional, and distant failure 
and died with disease. Only 3/45 in Mazeron's series were poorly differ
entiated, and all but 2/22 in Daly's series were not well differentiated. In 
Wajman's series [37], however, 20% had high-grade lesions. This relation
ship of high-grade lesions with poor prognosis has been noted by others 
[6,7], and more aggressive local regional therapy, even in low-stage disease, 
should be considered in these cases. 

Technique of brachytherapy 

Case selection 

In general, Tl, TI, and limited T3 lesions less than 4cm in diameter can 
be considered for implantation, especially in young patients motivated to 
maintain normal micturition and sexual function. Both local control and 
preserved function can be achieved in 80% of such cases. 

Treatment planning 

A single plane of sources is sufficient to encompass small lesions less than 
5 mm thick (Figure 1). With more extensive infiltration, at least two planes 
of implanted sources are required to surround the target volume by the 85% 
isodose line (Figure 2). Lesions up to 4cm in diameter can be treated in this 

Figure 1. Dorsal view of typical single-plane interstitial implant with the "reference" isodose 
superimposed (hourglass-shaped heavy black line), which is intended to encompass the tumor 
target volume. 
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Figure 2. Lateral view of a two-plane implant suitable for a larger tumor than in Figure 1. The 
outline of the "reference" isodose is indicated by the heavy black line; the plane of the isodose 
line is stippled. 

manner, using up to six sources (Figure 3), which can include tumors 
originating in the glans with some extension to the cavernous body. 

The target tumor dose is 60-65 Gy, delivered at 35-80cGy/hour in one 
session, usually requiring 3-4 days. Doses are usually prescribed to the 85% 
isodose line, the "reference isodose" in the Paris system of dosimetry [2], as 
described initially by Pierquin and associates. The actual implantation pro
cedure is done under general anesthesia. 

After determining the number of iridium-192 sources needed, two lucite 
templates are prepared with holes predrilled at appropriate locations. Fol
lowing the templates as a guide, 20- to 22-gauge needles are placed through 
the penis to surround the lesion (Figure 4), then held in parallel position by 
the templates. These are secured with lead shot crimped onto the needle 
points, once everything is properly positioned, and the actual iridium-192 
wires have been threaded inside the needles (Figure 5). This partial "after
loading" technique reduces radiation exposure to medical personnel. Fol
lowing source placement the patient must remain hospitalized in a single 
bedroom using full radiation protection precautions until the iridium is 
removed. 

Anticipated reactions to treatment 

A Foley catheter is kept in place at least for the duration of the implant. 
Acute mucosal reaction, which peaks by 10-14 days, usually does not 
require the catheter to remain indwelling and consists of mild to moderate 
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Figure 3. Lateral view of a larger two-plane implant suitable for a tumor with deep infiltration 
toward the corpora. Note the contraction of the " reference" isodose in the intervals between 
sources. 

Figure 4. Twenty-gauge needles placed in penis in first plane of planned two-plane implant; 
both planes will be held in parallel position by templates. 
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Figure 5. Completed two-plane, six-line implant with templates in place. 

Figure 6. Clinical result at 8 weeks in patient implanted in Figures 4 and 5. Only persistent 
change is depigmentation. Functional result excellent. 
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urethral mucosal irritation, which heals over 4-8 weeks, depending on 
the number or iridium wires implanted. Moderately intense skin reactions 
appear and heal with about the same time course (Figure 6). 

With single plane implants, normal tissue late effects consist mainly of 
occasional scarring, whereas late reactions are moderate with up to four 
lines but produce no functional impairment. The risk of necrosis increases 
with the use of six or more lines. For lesions greater than 4 cm, this risk, as 
well as the risk of local failure, would favor partial penectomy. 

Conclusion 

It is apparent that interstitial brachytherapy with iridium-192 wire, using a 
safe and well-tolerated afterloading technique, can provide effective con
servation therapy for selected, early penile carcinomas, with rates of local 
tumor control comparable to surgical resection. Acute and late sequelae are 
quite acceptable. Brachytherapy, however, does not impose the major func
tional or psychological disability associated with partial or total amputation 
of the penis. It can be anticipated that using iridium-192, 80-90% of suit
able patients, namely, those with distal lesions less than 4 cm in diameter, 
can enjoy local control of tumor with a retained and functional penis. 
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In the last two decades a number of reports of carcinogenesis within 
enterocystoplasties and conduit urinary diversions have appeared in the 
literature. Although the numbers are small, characteristics of these tumors 
are reminiscent of those previously identified in ureterosigmoidostomy 
patients with anastomotic malignancies. While clinical and experimental 
data support a role for chemical carcinogens as mediators of tumor forma
tion associated with ureterosigmoidostomy, exposure to a combination of 
both urinary and fecal streams has traditionally been considered a require
ment for the initiation of malignant change. The observation that tumors 
can occur at or near uroenteric anastomoses in the absence of feces is 
disturbing and has encouraged a reassessment of the possible pathogenesis 
of these tumors. Bowel has proven to be a versatile and effective tool in 
urinary tract reconstruction and has enjoyed a surge in popularity in recent 
years. Therefore, further clinical and experimental observations are impera
tive to improve our understanding of why and how often uroenteric tumors 
occur. 

Clinical data 

The first clinical use of bowel in reconstruction of the urinary tract, 
ureterosigmoidostomy, was reported in 1852 [1]. Although initially un
successful, the procedure enjoyed increasing popularity after 1920 [2]. The 
first report of carcinoma at the ureterosigmoidostomy site was published in 
1929 [3], but only two more cases were recorded prior to 1960 [4]. Sub
sequently, however, there was a significant increase in the number of case 
reports, and a growing concern regarding the risk of this complication is 
evident in the literature. [2,4,5-8]~ The most recent review [2] catalogues 64 
reported cases of primary carcinoma (94% adenocarcinoma or "colonic" 
carcinoma) and 26 cases of adenoma associated with ureterosigmoidostomy; 
the overall incidence is estimated to be 5-13% [2,4,6,8,9]. The majority 
occurred at the urocolonic anastomosis, but others arose in the nearby colon 
or at multiple sites. The latency period varied with the type of tumor and 
the age of the patient. Carcinoma was diagnosed an average of 25 years 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
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after diversion [3], while adenomas were diagnosed slightly earlier [10-12]. 
Younger patients diverted for benign disease presented with tumors on 
average 25 years postoperatively, while older patients diverted for malig
nancy exhibited a much shorter mean latency of 10 years [2]. The actual 
incidence of tumor after ureterosigmoidostomy is difficult to quantitate from 
these retrospective studies, but there is evidence that it may be higher than 
initally estimated. Many patients were lost to follow-up, died of other 
causes, or were undiverted. It would take at least 20 years or more after 
diversion, and perhaps much longer, to accurately assess risk. Furthermore, 
colonoscopy screening has detected polyps or dysplasia in as many as 50% 
of subsets of patients successfully contacted for late follow-up examination 
[10,13,14]. Although the morphology of these polyps varies, they frequently 
contain carcinoma in situ and are generally considered premalignant. Biopsies 
of grossly normal colonic mucosa in patients with ureterosigmoidostomy 
have revealed abnormal sialomucins, a finding associated with predisposition 
to colonic carcinoma [9,14-16]. 

The clinical data show that a finite number of individuals are susceptible 
to tumorigenesis initiated by one or more carcinogen(s) activated by or 
present as a result of ureterosigmoidostomy. The long latent interval, 
appearance of tumors in young patients, cases of multicentricity, and tumors 
appearing at the anastomotic site long after undiversion [17] all support this 
assumption. Experimental animal data (vide infra) have suggested that 
an admixture of urine and feces is necessary for malignant change, and 
urocolonic anastomoses not in contact with the fecal stream were once 
considered immune to carcinogenesis. 

However, in the past 20 years, a number of reports of tumors arising in 
other forms of uroenteric reconstructions have appeared [18,19]. Malig
nancies in bladder augmentations have comprised the majority of these 
cases, and a number of similarities to ureterosigmoidostomy tumors are 
apparent. 

First performed in humans in 1899, enterocystoplasty was popular
ized after 1950 [20-22). Ileum was preferred initially, but colo- and 
cecocystoplasty soon came into general use [23,24]. The first report of an 
enterocystoplasty tumor appeared in 1971, and a total of 15 cases were 
reported by 1990 [25-37). By contrast, 37 years passed before 16 cases 
of benign and malignant tumors complicating ureterosigmoidostomy were 
published. The clinical characteristics of enterocystoplasty tumors are listed 
in Table 1. The majority of procedures were performed for benign disease, 
primarily tuberculosis. However, vesical tuberculosis without cystoplasty is 
rarely associated with malignant degeneration [38]. In patients with prior 
pelvic malignancy, none had evidence of recurrence of that tumor in the 
augmented bladder. The mean patient age at augmentation was 34 (range 
13-49) years, while the mean age at diagnosis of the tumor was 49 (range 
42-69) years. The latency interval between augmentation and tumor diag
nosis ranged from 5 to 29 years (mean 18 years). 



Table 1. Characteristics of patients with neoplasms in 
enterocystoplasties [25-37] and conduit urinary diversions [43] 

Original disease 
Tuberculosis 
Exstrophy 
Chronic cystitis 
Neurogenic bladder 
Gynecological cancer 
Unknown 

Enteric segment 
Ileum 
Colon 

Age at tumor (mean, range) 
Latency period (mean, range) 
Tumor position 

At or near uroenteric jcn. 
Enteric segment only 
Bladder only 
Not specified 

Histology 
Adenocarcinoma 
Transitional cell carcinoma 
Adenoma 
Sarcoma 
Oat cell carcinoma 
Anaplastic tumor 

Bacteriuria 
Recurrent 
Documented once 
Not specified 

Cystoplasty 
(n = 15) 

10 

3 

10 
5 

34 (40-69) 
18 (5-29) 

11 
1 
1 
2 

10 
3 

7 
2 
6 

Conduit 
(n = 6) 

3 

2 

3 
3 

40 (23-68) 
13 (1-26) 

3 
3 

3 

2 

4 
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Of note, 10 of the 15 tumors occurred in ileocystoplasties. This is of 
concern in view of the rarity of neoplasia in intact ileum [39]. This finding 
Il].ay, however, reflect the earlier preference for ileum in bladder reconstruc
tive surgery. Tumor location was at or near the uroenteric anastomosis in 11 
patients, within the enteric segment in one patient, and primarily within the 
bladder segment in one patient. Data concerning tumor location in the other 
two patients were not available. Four patients had multifocallesions. 

Adenocarcinoma was the most frequent histologic diagnosis, found 
in 6 of 9 patients with ileocystoplasty and 4 of 6 patients with colo- or 
cecocystoplasty. However, a variety of other tumor types occurred. In 
patients augmented with ileum, two had transitional cell carcinoma with 
squamous elements and one had undifferentiated sarcoma, while in the 
colo/cecocystoplasty group, one case each of transitional cell and oat cell 
carcinoma were described. 
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Bacteriuria was known to be present in nine patients on at least one 
occasion; seven had known recurrent urinary tract infection. The remainder 
of the reports do not include information regarding infection or colonization 
of the urinary tract. However, bacteriuria is a common finding in patients 
with enterocystoplasty [20,22,40]. 

Despite partial or radical cystectomy in 14 patients, four died of disease, 
seven were alive after a short follow-up (6 months to 3 years) and data were 
not available for three. One patient died prior to any surgical procedure. 
Therefore, with only short-term follow-up available, 5 of 15 (33%) patients 
had already died of their malignancy. 

As with enterocystoplasty, ileal conduit urinary diversion was popularized 
in the 1950s after Bricker's description of the technique [41]. The colon 
conduit came into general use after 1965 [42]. Six cases of tumor in urinary 
conduit diversions are listed in the table [43-48]' Other tumors reported in 
ileal conduits include secondary malignancies and two rare and unusual 
primary tumors (nephrogenic adenoma [49] and adenocarcinoid tumor [50]) 
not included in this review. 

Of three patients with neoplasms in an ileal conduit, one developed an 
anaplastic carcinoma with transitional, squamous, and mucin elements 20 
years after diversion for exstrophy, at age 28. The tumor was located in the 
proximal conduit near the uroenteric anastomosis. This patient succumbed 
to the malignancy. Two other young patients had an adenomatous polyp 15 
months and 22 years, respectively, after diversion. One lesion was found in 
the proximal portion of the conduit and the other was located distally. 

All three patients who developed tumors in colon conduits had 
adenocarcinoma. One occurred in a young patient (age 29) 26 years after 
diversion and was located near the uroenteric junction. Two other patients 
in their 60s developed a conduit malignancy 1 and 8 years after diversion 
required for management of gynecological malignancy. Although the num
bers of patients are small, these findings are reminiscent of those seen 
in ureterosigmoidostomy tumor patients in whom the latency period was 
shorter in older patients originally diverted because of cancer. 

Recurrent bacteriuria was documented in only one patient with a conduit 
tumor, but bacterial colonization of conduits is known to be quite common, 
In one study of bacteriuria in urinary diversions, ileal loop urine contained 
multiple organisms in 73% of cases, while colonic conduit cultures were 
positive in 37.5% of patients studied, with only a single organism found. 
[51]. 

At present, the actual long-term risk of maligriant degeneration within 
urinary conduits and enterocystoplasties is not known. However, while the 
use of ileum both for conduit diversion and enterocystoplasty has increased 
since 1950, the data suggest that malignancies are more common in the 
latter. Possible explanations for this difference include the-more extensive 
uroenteric anastomosis in enterocystoplasty and the lont ~T period of urine 
storage within the bladder, allowing prolonged exposure of mucosa to puta
tive carcinogens. 
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Tumor pathogenesis 

From the clinical data presented above, we may speculate that uroenteric 
tumors are the result of one or more carcinogenic stimuli leading to epi
thelial cell transformation and, after many years, progression to clinically 
recognized cancer. There is evidence that the process of carcinogenesis 
occurs in stages, and that different substances and endogenous factors have 
different roles in the chain of events [52]. Certain substances act as initiators 
by altering deoxyribonucleic acid structure irreversibly; promoters then 
reversibly stimulate the growth of the initated cell population, and finally, 
progression to benign and/or malignant neoplasia occurs via irreversible 
changes in the cell genome. Some agents are complete carcinogens, able to 
induce all three phases of malignant transformation. How these principles 
apply to uroenteric carcinogenesis is completely unknown at present. How
ever, a number of animal studies and observations in humans have provided 
clues to the possible mechanisms involved. 

The majority of animal data pertaining to ureterosigmoidostomy malig
nancy have been provided by a rat model first described by Crissey and 
associates [53,54]. Vesicosigmoidostomy with or without proximal diverting 
colostomy, vesical patch interposition into sigmoid, or sutured colostomy 
was performed in Wistar Furth rats. Subgroups of rats received bowel and/ 
or bladder carcinogens. Four of six surviving rats with vesicosigmoidostomy 
that did not receive carcinogen developed polypoid tumors at the anas
tomosis that appeared to arise from the colon. When urine or feces was 
diverted away from the uroenteric junction, tumors did not develop. The 
importance of urine flow past the anastomosis was reiterated by Daher and 
associates in similar experiments, but only one third of animals developed 
"adenocarcinoma-like" lesions after vesicosigmoidostomy without proximal 
fecal diversion [55]. In other studies, animals with interposition of ileum [53] 
or sigmoid [56] between the uroenteric anastomosis and fecal stream were 
largely protected from malignancy. Interestingly, in the sigmoid interposition 
experiments, the tumors that developed did so at the uroenteric anasto
mosis, not at the junction of urinary and fecal streams (the colo-colonic 
anastomosis). This observation, and the fact that tumors found in this study 
were transitional cell type, raises the question of urothelial rather than 
colonic cell origin. Vesical patches transposed into bowel in other experi
ments underwent malignant change in 2 of 17 cases (yielding squamous cell 
carcinoma and adenocarcinoma) [57]. 

The consensus of data from rat models suggest that direct exposure of 
a uroenteric anastomosis to both urinary and fecal streams provides the 
highest risk for carcinogenesis. The most popular theory [58], espoused by 
many in the last decade, is that formation of N-nitroso compounds by fecal 
bacterial catalysis of urinary nitrate and secondary amine initiates car
cinogenesis in thi&.l!etting. However, the absence of tumors in Lewis rats 
subjected to vesicosigmoidostomy, coupled with diminished reactivity to 
inflammatory stimuli in this strain of rats, suggests that the inflammatory 
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response at the suture line is also important [59], possibly in tumor promo
tion. Data from animal and human studies in support of these theories are 
discussed below. 

N-nitroso compounds are potent carcinogens that induce tumors in many 
animal species and that may act as initiators, promoters, or complete car
cinogens [60]. However, their activity varies from compound to compound, 
and the site of experimental tumor formation varies according to species 
studied, dose, and mode of administration. Some N-nitroso compounds 
require enzymatic transformation in specific organs in order to form active 
intermediates, while others do not. The complexities of these compounds 
with regard to their metabolism, organotropism, and species specificity has 
made it difficult to determine their role in human cancer or to extrapolate 
animal data to humans. 

However, there is ample evidence that endogenous formation of N-nitroso 
compounds may occur in humans. Many strains of enterobacteriacae can 
reduce nitrate to nitrite and catalyze the formation of nitrosamines from 
nitrite and secondary amine at neutral pH [61-63]. Not present in significant 
amounts in normal (sterile) urine or in feces, nitrosamines were detected 
in infected urine from normal [64-67] and augmented [40] bladders and 
urinary conduits [68] and in rectal slurry specimens after rat or human 
uroenteric diversion [58,69,70]. Chronic urinary tract infection in rats was 
associated with early bladder neoplasia [71], and in humans has been linked 
to bladder cancer in epidemiological studies [72]. Furthermore, urinary 
infection complicating bladder bilharziasis is theorized to induce carcino
genesis via nitrosamine formation [66,73]. 

While bacteriuria due to organisms able to catalyze nitrosamine forma
tion is common, the rarity of tumors in this setting suggests that endogenous 
nitrosation is probably not the sole mediator of uroenteric carcinogenesis. 
Furthermore, direct evidence linking nitrosamines or other N-nitroso com
pounds to uroenteric tumors in humans (or in rats) is lacking, and some of 
the data are conflicting. For example, in the rat ureterosigmoidostomy 
model, ascorbic acid (known to block nitrosamine formation) [74] did not 
reduce the incidence of urocolonic tumors in rats, despite a significant 
reduction in measured nitrosamine [75). A recent study, in which strict 
analytical methodology was used, reported significantly higher levels of N
nitroso compounds in humans, but not in rats, after ureterosigmoidostomy 
compared to controls [70). These authors suggested that factors other than 
N-nitrosation are important in the pathogenesis of urocolonic tumors. 

The inflammatory response itself may be important in the pathogenesis 
of uroenteric tumors, occurring in response to sutures, infection, and/or 
chronic irritation. For example, inflammation and hyperplasia may play a 
role in cancers occurring in catheterized, chronically infected spinal cord 
injury patients [76) or in suture-line recurrences of colon carcinoma [77). 
Histological studies of urinary conduits and cystoplasties have demonstrated 
frequent, often severe, chronic inflammatory changes, especially in long-
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standing diversions [15,40,78,79). Although not premalignant per se, the 
inflammatory process may, in concert with other factors, contribute to 
malignant change in some individuals. In animals, chemical carcinogenesis 
is enhanced by surgical incisions or suture in colon or bladder [80,81). 
Persistant increased cell proliferation near colonic anastomoses, despite 
complete healing, was associated with an increased susceptibility to car
cinogens, even 3 months after surgery [81]. 

Activated macrophages may play a role in carcinogenesis, either by pro
duction of reactive oxygen species [82] or by synthesis of nitrate, nitrite, 
and nitrosamine [83). Inflammatory cells also produce growth factors, which 
may act as promoters in the process of malignant transformation [84]. 
Epidermal growth factor (EGF) is a constituent of the urinary fraction 
that enhances carcinogen-induced bladder carcinoma in rats [85]. Therefore, 
EGF produced by-inflammatory cells or present in urine may contribute to 
carcinogenesis. 

Variation in the degree of inflammatory response may explain individ
ual differences in tumor susceptibility. Studies of Lewis rats, resistant to 
vesicosigmoidostomy tumors, have shown that superoxide production by 
activated macrophages and urinary nitrate excretion in response to inflam
mation is significantly lower in this strain of rats than in those prone to 
urocolonic tumors [59]. 

One measure of proliferative activity that may be a specific predictor of 
cancer promotion is ornithine decarboxylase, an intracellular enzyme that 
catalyzes polyamine biosynthesis. Induction of the enzyme is correlated 
with tumor-promoting activity and is observed in experimental bladder 
carcinogenesis [86], as well as in association with ureterosigmoidostomy [87] 
and colonic neoplasia [88). Also, a-difluoromethylornithine, an inhibitor of 
ornithine decarboxylase, can inhibit the formation of nitrosamine-induced 
rat bladder tumors [89]. 

It is likely that more than one factor is responsible for uroenteric malig
nancy, and it is possible that more than one mechanism was operative in 
the cases presented herein. One or more carcinogen(s), perhaps not yet 
identified, may initiate the process within transitional or enteric epithelium; 
tumor promotion may be mediated by endogenous bacterial nitrosation, 
inflammation, growth factors, or other urinary constituents; and, in some 
patients, progression to invasive cancer may occur. 

Patient surveillance 

Although the actual long-term risk of tumor degeneration in uroenteric 
reconstructions is unknown and the etiology remains speculative, it appears 
that a small but finite number of patients are at risk. Therefore, long
term follow-up of all patients with enteric segments in the urinary tract is 
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mandatory to better assess the incidence of malignancy and to allow earlier 
intervention. 

Standard imaging studies (intravenous urography, ultrasound, 
cystography) are probably not sufficiently sensitive to allow the early diag
nosis of cystoplasty tumors. Urinary cytological examination, particularly 
when specimen collection is aided by bladder barbottage, is probably use
ful, although not yet tested in this setting. However, the interpretation of 
cytology specimens may be impeded in some cases by the presence of 
chronic infection and/or inflammation [90]. Certainly, these patients should 
undergo periodic urinary cytologic examination, but it is unclear at this time 
if cytology alone is adequate for long-term follow-up. 

Endoscopy with biopsy, as warranted, may be the most sensitive method 
of surveillance in cystoplasty patients. For example, areas of dysplasia or 
benign polypoid lesions may be diagnosed in patients with negative urinary 
cytology results. Periodic examinations should begin by 10 years after sur
gery (perhaps earlier in older patients, especially those with colon aug
mentations), and the frequency of follow-up should be dictated by findings. 
Cases in which preexisting enteric conduits were incorporated into the 
augmentation or with preexisting bladder exstrophy should be examined 
earlier and more frequently. 

Patients with enteric conduits probably do not require such close sur
veillance. However, in older patients, preoperative barium enema or 
(preferably) colonoscopy is advisable if colonic conduit diversion is planned. 
The elderly also merit closer postoperative follow-up in view of their higher 
risk for spontaneous colon carcinoma. 

Possible preventive measures in uroenteric malignancy are only theor
etical at this time. Correlation of the type and incidence of bacteriuria with 
long-term risk for neoplasia would be useful, but effective eradication of 
organisms, particularly in cystoplasty patients undergoing clean intermittent 
catheterization, is unlikely. Future comprehensive experiments should be 
undertaken to evaluate the usefulness of other chemopreventive agents in 
animal models. Finally, a trend toward alternative techniques for urinary 
tract reconstruction, particularly in children, should be encouraged. 

Conclusions 

Based on data available to date, certain uroenteric reconstructions appear to 
carry a small but definite risk of malignant degeneration. Carcinogenesis in 
ureterosigmoidostomy and cystoplasty is much more common than in ileal 
conduit diversion, despite widespread use of the latter. It is too early to 
assess the risk for malignancy in colonic conduits, continent diversions, and 
bladder substitutions using bowel, since these procedures have been popular 
for less than 20 years. Tumor etiology is unknown but probably multi
factorial. Despite speculation that urinary N-nitroso compound formation is 
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responsible for tumorigenesis, there are no firm data to support this im
pression. Tumor histology so far has been variable, and it is not known 
whether tumors arise from transitional or enteric epithelium. Despite the 
lack of data regarding the incidence and pathogenesis, the increasing num
ber of cases and the observation that these tumors are quite capable of 
aggressive behavior is worrisome. Therefore, a high index of suspicion and 
close, long-term follow-up of all patients with uroenteric reconstructions is 
warranted. 
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Nonseminomatous germ cell tumor is an extraordinary tumor in terms of 
demonstrating the impact of regional lymphadenectomy on survival. Over 
the years many series have shown that node-positive (pathologic stage II) 
patients can still be cured with local measures in excess of 50% of the 
time. There are a variety of anatomical considerations that make testicular 
lymphatic drainage predictable. These relate to features of anatomic descent 
of the gonad and its associated lymphatics. A number of topographic studies 
have supported the regional deposition of metastatic disease, and we have a 
good understanding of this. More importantly, there are biologic considera
tions that probably lend to the opportunity for cure with testis cancer 
patients with surgery alone. Many patients will have teratomatous elements 
that have somewhat lower metastatic potential. What is fascinating, how
ever, is that even undifferentiated germ cell tumors, such as embryonal 
cancer, still are often cured with lymphadenectomy alone. Data recently 
presented in the New England Journal of Medicine in the cooperative multi
institutional study show that a control group treated with node dissection 
alone had more than half of the patients as long-term survivors without 
relapse [1]. 

Fortunately, the relapsers were rescued at the time of relapse, with only a 
few exceptions. The overall survival in Stage II disease, including all levels 
of involvement (both Stage II-A and II-B) is 97.5%. Naturally, this has been 
achieved with the use of either adjuvant chemotherapy immediately follow
ing RPLND or full-course chemotherapy, given only at the time of relapse, 
in the other half of patients, who relapsed after earlier RPLND and were 
observed only for Stage II disease. 

A general treatment philosophy when considering retroperitoneal node 
dissections should be as follows: The surgery should be appropriate (let the 
punishment fit the crime). Although presently our position in low-stage low
volume disease is divergent from those committed to surveillance only, I see 
our paths converging. Clearly, no one wants to do staging RPLND for its 
own sake. If we can get the sensitivity of clinical staging at levels of 
confidence exceeding the 90% percentile, there will be no need to do stag
ing RPLNDs. In the meantime, however, a good interim position is the 
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modified RPLND, particularly that employing nerve-sparing techniques. 
Virtually all patients who have a nerve-sparing modified RPLND will 
ejaculate. Hence, the patient has not been harmed, and he has also been 
adequately staged. In fact, those who do have microscopic disease have also 
been given a therapeutic procedure. At this point the relapse rate locally in 
patients with nervesparing RPLND is entirely satisfactory in our current 
small and selected series [2]. 

Regarding high-stage disease, our reviews are generally concordant with 
other groups throughout the world. Disseminated disease requires dis
seminated treatment first. This implies pretreatment with systemic chemo
therapy that is platinum based. Currently programs employing platinum 
VP-16, with or without bleomycin, are quite popular and effective. Surgery 
is reserved for those who have residual clinical disease as noted on the CT 
scan. One of our current challenges is to see if we can develop predictive 
criteria for those who might have scar tissue and necrosis only in the 
specimen. There is some analogy with the seminoma data for advanced 
disease, where it has been found that most patients with a partical remission 
can be followed because they will have necrosis only in their tissue spec
imen. However, there are always exceptions to the rule, and they must be 
followed carefully, and relapse must be treated aggressively when and if it 
occurs. 

Another philosophical point that will impact the future management of 
node dissection in testis cancer is that health care providers will want to 
eliminate qualitative variables in treatment programs as much as possible. 
Surgery is always a variable in this regard. In order to simplify and codify 
quantitative aspects of treatment, there will be a move to eliminate initial 
hospital costs in such things as staging and/or treatment for low-stage dis
ease. Systemic chemotherapy is more easily standardized and quantified. 
Surgery for low-volume disease, therefore, may be dismantled, except in a 
salvage setting. Unfortunately, this will require many patients with low
volume disease limited to the retroperitoneum to undergo a highly toxic 
program that may well have negative long-term consequences on their 
fertility. Primary germ cell damage is well known in our treatment for 
advanced disease, and only about half of our patients regenerate a satisfac
tory sperm count after 2 or 3 years. Hopefully this will not become a 
treatment excess for low-volume disease patients in the future. It seems a 
good deal simpler and more direct to treat low-volume disease surgically and 
to eliminate the potential of local relapse in an area (retroperitoneum) 
difficult to monitor and follow. 

My own view is that surgery should be more proactive than reactive in the 
treatment of low-stage disease. Surgery can cure the malignant process 
literally in hours. When it does not, a cure is then available, should the 
patient relapse, almost always in a pulmonary mode, which is easily detect
able and treatable. Again, this is the only solid tumor that is curable by 
surgery alone more than 50% of the time when the regional nodes are 
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positive. So, the approach to the retroperitoneum is even more feasible and 
less toxic longterm with the development of anatomical nerve-sparing dis
sections, which will preserve ejaculation. At least this gives us an option to 
surveillance, which seems to be quite effective and reasonable. 

Finally, concerning high-stage disease, there is general agreement that all 
persistent tumors, after initial chemotherapy, should be removed. We have 
noted that certain patients with very favorable response criteria can be 
followed with the expectation of further resolution of their radiographic 
changes [3]. Our hope is that we can be more selective in choosing patients 
for postchemotherapy surgery. In the meantime, however, if there is any 
significant concern about the presence of persistent tumor, as a general 
principle such patients are more safely managed with exploration and 
RPLND. Currently with this approach in over 300 postchemotherapy 
RPLNDs, we have 44% with necrosis/fibrosis only, 44% with teratoma, and 
12% with cancer. The former two groups are carefully observed postopera
tively, and the last group with persistent cancer receives two courses of 
salvage chemotherapy. The overall survival of this group is good (80-90%), 
but factors predicting for relapse are bulk of tumor, histology, and site 
(primary mediastinum) [4, 5]. 

Surgery for massive metastatic disease in testis cancer has become reason
able and appropriate in view of the great advances in chemotherapy for 
advanced disease [6]. The majority of patients will have their bulky disease 
reduced in volume and also downgraded histologically into a more mature 
teratomatous or even necrotic form. Of course, some persist with malignant 
elements as well [4-12]. 

From a medical oncologic viewpoint, this is critical information because it 
will guide subsequent medical management. Those with persistent malignant 
tumor require further salvage chemotherapy. Those with only teratoma or 
necrosis in the specimen will be managed expectantly. 

Often these retroperitoneal tumors are massive. It is of vital importance 
to resect them completely, because local or regional recurrence is quite 
possible, particularly in the more extensive bulky tumors. Hence, this area 
represents one of the ultimate surgical challenges. Total tumor extirpation is 
required with exceptional demands on vascular isolation and preservation. 
Aggressive ablative purpose must be combined with thoughtful and delicate 
dissection. 

Rationale and results of nerve-sparing retroperitoneal lymphadenectomy in 
clinical stage I testis cancer 

The rationale for the use of retroperitoneal lymphadenectomy in low-stage 
testis cancer is well grounded. Retroperitoneal lymphadenectomy in this 
situation is useful in terms of staging because approximately 30% of patients 
with clinical stage A testis cancer, indeed, are pathologic stage B. In addit-
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ion, testis cancer is unusual in that removal of metastatic disease from the 
retroperitoneum is curative in 50-80% of cases [1]. Hence, the usefulness of 
retroperitoneal lymphadenectomy in low-stage nonseminomatous testicular 
carcinoma is twofold: staging and therapeutic. 

The major objection to retroperitoneal lymphadenectomy in low-stage 
nonseminomatous carcinoma of the testis has been the fertility consequences 
of lymphadenectomy. Patients who undergo full bilateral lymphadenectomy 
universally lose emission and the ability to ejaculate [13]. This major source 
of morbidity has been the impetus for the development of surveillance 
protocols. 

With the development of more effective treatment for nonseminomatous 
testis cancer, the issue of morbidity of treatment has become more import
ant. These young men now are likely to be cured of their disease and 
demand the same quality of life as their peers. Therefore, the concept of 
preserving ejaculatory ability without compromising the efficacy of the pro
cedure became an important one. 

Nodal distribution studies in nonseminomatous testis cancer afforded an 
understanding of the likely sites of retroperitoneal metastasis in low-volume 
disease [11]. So-called modified retroperitoneal lymph node dissections were 
developed with these mapping studies in mind. Only the lymphatic tissue 
possessing a high probability-' of retroperitoneal metastasis was removed, 
with other lymphatic tissue being left intact. These modified techniques 
yielded a preservation of emission/ejaculation at approximately the 70% 
level. This was a definite advancement in the reducing the morbidity of 
therapy of this disease. However, with increasing knowledge of the anatomy 
of the sympathetic nervous system in the retroperitoneum, investigators 
questioned whether or not ejaculatory ability could be preserved 100% of 
the time without compromising the efficacy of the operation. We describe 
the results from Indiana University of the first 75 patients to undergo 
prospective nerve-sparing retroperitoneal lymphadenectomy in low-stage 
nonseminomatous carcinoma of the testis. 

Patients presenting with a diagnosis of nonseminomatous carcinoma of the 
testis post radical orchiectomy were subjected to clinical staging consisting 
of abdominal and chest computed tomography and determination of serum 
alpha-fetoprotein and beta-HCG. Patients who had normal CT scans of 
the abdomen and chest, an either normal markers or markers falling on 
the normal decay curve, were considered candidates for nerve-sparing 
lymphadenectomy. 

A midline transperitoneal approach is utilized. After opening the 
abdomen initially, the retroperitoneum and nodal tissue along the internal 
spermatic vessels are palpated. If indeed clinical staging was accurate and 
no adenopathy is palpated, nerve-sparing retroperitoneal lymphadenectomy 
is performed. The posterior peritoneal incisions for nerve-sparing 
lymphadenectomy are somewhat limited compared to the incision utilized 
for full bilateral lymphadenectomy. 
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Figure 1. Anterior view of relationships of postganglionic fibers of L-l through L-4 to the great 
vessels. The right sympathetic chain is dorsal to the vena cava, with its post ganglionic branches 
emerging posteromedially to decussate with the hypogastric plexus of nerves anterior to the 
aorta. Several trunks then course anterior to the iliac vessels into the true pelvis. 

For a right-sided dissection, an incision is made in the posterior peritoneum 
from approximately the cecum cephalad to the area of the ligament of Treitz 
(Figure 1). Blunt and sharp dissection are then utilized to elevate the root of 
the small bowel off the lymphatic tissue and great vessels, exposing the 
interaortacaval, precaval, and right pericaval zones. Self-retaining retractors 
are useful in order to provide adequate exposure. The split and roll tech
nique is used to divide the lymphatic tissue overlying the vena cava after 
careful palpation has disclosed no precaval renal arteries. This lymphatic 
tissue is then rolled off the vena cava both medially and laterally. Medially 
in the interaortacaval zone, close inspection will reveal sympathetic fibers 
coursing from the sympathetic chain around lumbar veins into the intera
ortacaval zone and caudally to the bifurcation of the aorta (Figure 2). These 
fibers are identified and dissected free of lymphatic tissue prior to the 
lymphadenectomy. After the prospective dissection of these fibers, lymphatic 
tissue is removed according to the standard templates dictated by mapping 
studies (Figure 3). 
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Figure 2. Left anterolateral view showing the relationships of the dorsal left sympathetic chain 
to the aorta. The postganglionic branches of L-l through L-4 course anterior to the para-aortic 
nodes in the sulcus between the aorta and anterior spinous ligaments. A complete dissection 
requires removal of these nodes (stippled-shaded) as well as the more apparent set of nodes 
anterior to the aorta (not shaded) . 

Hypogastric plexus 

Figure 3. A left-sided view of the left para-aortic sympathetic chain and postganglionic fibers 
arising from ganglia of L-2 and L-3, which are often close to each other and sometimes 
seemingly fused . One can better appreciate the spatial relationships of the dorsal set of 
para-aortic nodes (stippled in Figures 2 and 3) to the nerve trunks after completion of 
NS-RPLND, as suggested by this figure . 
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Figure 4. A view of the right sympathetic chain and its relationship to the vena cava, lumbar 
veins, and postganglionic nerve trunks that course medially across the interaortocaval space to 
join the pre-aortic hypogastric plexus. Division of the lumbar veins facilitates the exposure of 
the right sympathetic chain. 

For a left-sided dissection, one of two approaches can be utilized. The 
root of the small bowel may be incised in the area of the duodenum with 
reflection of the duodenum cephalad and to the right, along with retraction 
of the mesentery of the left colon to the left and inferiorly (Figure 4). This 
exposes the upper interaortacaval zone and the upper left periaortic zone. 
The inferior mesenteric artery is left intact. Postganglionic sympathetic 
fibers are identified in the left periaortic zone distally, near the area of 
the inferior mesenteric artery. They are then dissected proximally in a 
prospective fashion, followed by retroperitoneal lymphadenectomy using the 
templates for left-sided dissection determined by previous mapping studies. 
The lower portion of the left periaortic zone is subsequently dissected after 
the sigmoid colon is flipped medially. This maneuver is also necessary to 
remove the remaining left internal spermatic vein. 

An alternate approach is to mobilize the entire left colon medially as is 
done for radical nephrectomy, to identify the left-sided sympathetic fibers 
distally in the area of the bifurcation of the aorta, and to trace these fibers 
proximally to the sympathetic chain. After dissection of these fibers prospec
tively, standard lymphadenectomy is carried out as dictated by the template 
for left-sided dissection. 

It should be emphasized that a complete en-bloc lymphadenectomy is 
performed as in full bilateral dissection. The only caveat is that the en bloc 
dissection is carried out after the prospective dissection of sympathetic 
fibers. Additionally, lumbar arteries and veins are divided only as needed 
and are not divided on a routine basis, as is done for full bilateral post
chemotherapy lymphadenectomy. 
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Our initial experience at Indiana University has been presented [2]. 
Currently we have a 2-year follow-up on 75 patients subjected to nerve
sparing retroperitoneal lymph node dissection [2]. All patients were clin
ical stage I; 14 cases were pathologic stage II. All 75 patients ejaculated 
postoperatively. Of the 14 pathologic stage II cases, four have relapsed. 
One patient had a documented retroperitoneal recurrence, was given 
full-dose chemotherapy, and subsequently underwent postchemotherapy 
retroperitoneal lymph node dissection. The pathology from this procedure 
showed only necrosis. 

All patients are currently without evidence of disease. Details concerning 
the fertility status of these patients will be the subject of a future report. 

The above mentioned experience documents the advance nerve-sparing 
retroperitoneal lymphadenectomy has yielded in the reduction of morbidity 
in the treatment of nonseminomatous testis cancer. Because of the sus
pected 60% incidence of abnormal spermatogenesis in patients presenting 
with this disease prior to any other therapy, it is unclear whether or not 
these patients will have normal fertility [14]. Therefore, we are following 
closely the fertility status in these patients postoperatively. In distinction to 
postchemotherapy retroperitoneal lymph-node dissection, the perioperative 
morbidity of staging lymphadenectomy in low-stage testicular cancer is 
exceedingly low. The average hospital stay is less than 1 week, and peri
operative complications are exceedingly rare [15]. With the development of 
a technique that seems to retain the efficacy of lymphadenectomy but spares 
the patient the major source of morbidity, the argument against lymph
adenectomy and for surveillance must be re-examined. This reduction of the 
major source of morbidity, coupled with the data of Hoskins and others 
showing a relapse rate of greater than 30% at 4 years, argues strongly 
against surveillance. Additionally, it is now known that 4-8% of this greater 
than 30% of patients who relapse on surveillance protocols relapse beyond 2 
years after orchiectomy [16]. This is in contrast to the unlikely event of a 
recurrence greater than 2 years after lymphadenectomy. 

Nerve-sparing lymphadenectomy must now be considered the standard 
surgical treatment for low-stage nonseminomatous carcinoma of the testis. 
Additionally, greater facility with these nerve-sparing techniques is likely to 
allow the preservation of ejaculatory ability in selected patients undergoing 
postchemotherapy dissection. These nerve-sparing techniques, therefore, 
enable the modern urologic oncologist to preserve the efficacy of a time
tested operation, at the same time eliminating its major source of morbidity. 
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Cure of invasive bladder cancer is possible only if all disease is eradicated. 
For the primary tumor this usually requires total cystectomy. In selected 
cases, complete excision can be accomplished by TUR [1] or partial 
cystectomy [2]. These methods have the advantage of bladder preservation. 

At first presentation, only 5-10% of invasive tumors are amenable to 
partial cystectomy [2]. In appropriately selected patients, survival is not 
compromised. A review of 128 patients undergoing partial cystectomy be
tween 1946 and 1983 at MSKCC showed survival comparable to radical 
cystectomy [3]. For Ta-Tl lesions survivals were 75% vs. 61%, for TZ-T3a 
68% vs. 31%, and for T3b tumors 30% vs. 15%. 

Definitive local control by any method does not assure a cure since 
relapses are common. The 5-year survival ranges from 30% to an optimistic 
70%. Most patients succumb to metastatic disease. To improve the prog
nosis for patients with invasive bladder cancer, effective systemic therapy is 
required. 

M-V AC chemotherapy can induce significant responses in primary and 
metastatic bladder cancer and in some cases can effect cures [4]. For the 
primary bladder cancer, M-V AC alone is not adequate therapy, since we 
observed significant clinical (T) errors in evaluating the true pathologic (P) 
response to chemotherapy [5]. Patients require definitive surgery, usually 
total cystectomy. At the same time, patients (and physicians) are reluctant 
to categorically accept cystectomy when the post M-VAC evaluation shows 
no tumor or noninvasive tumor. 

In our evolving experience with neoadjuvant M-VAC chemotherapy 
for invasive bladder cancers, patients achieving an endoscopic complete 
response (TO) were increasingly managed by partial cystectomy. Of the first 
53 definitive surgical procedures reported after M-VAC, 18 (34%) had 
partial cystectomy vs. 35 who underwent total cystectomy [6]. The aim 
was to preserve the bladder where possible, to document the pathologic 
response to M-V AC, and to surgically salvage patients who had microscopic 
infiltrating cancer undetected clinically. Further, we noted many tumors that 
initially would have required total cystectomy were downstaged to such an 
extent that partial cystectomy became technically feasible. 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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How well do such patients fare? This is a preliminary report of our 
ongoing experience with neoadjuvant M-VAC and partial cystectomy for 
primary operable invasive bladder cancer. 

Patients 

Between July 1984 and July 1989, 32 patients with TI-T4a bladder cancers 
underwent a partial cystectomy after receiving a median of four (range 2-5) 
cycles of M-VAC. The follow-up after surgery was 19.5 months (range 
6-60 months). During the same time period, 65 other patients had total 
cystectomy. 

The selection of patients for segmental resection included clinically com
plete and significant partial responders to M-V AC. Such a response was 
documented by bimanual palpation and a repeat TUR after M-V AC. The 
area of the bladder involved with scar or residual neoplasm was judged 
feasible for a partial cystectomy with at least a 2-cm full-thickness bladder 
margin. Such patients had mobile bladders of adequate capacity and no 
palpable mass. CT scans were used to evaluate the response, but CT results 
did not deter a partial cystectomy if the endoscopic findings were favorable. 

Prior multifocal disease and/or base locations were not considered con
traindications if complete responses were documented in all or enough sites. 
In fact, partial cystectomy was done in all patients who showed sufficient 
tumor response to permit total excision of all areas of known invasive 
disease, consistent with restoration of a functional bladder. We realize the 
indications for partial cystectomy clearly have been extended in this group 
of patients. 

Results 

Of the 32 patients, only four were considered ideal candidates for partial 
cystectomy before M-V AC. The other 28 became amenable for segmental 
excision as a result of M-V AC. Most patients had solitary muscle-invasive 
cancers (average size, 4 x 4cm) involving the base, lateral, or posterior 
walls of the bladder, and 10 (31 %) had associated carcinoma in situ (Tis). In 
order to obtain the necessary margin, resection of the intramural ureter and 
ureteral reimplantation was required in seven patients, and liberal resection 
of the bladder neck and prostatic tissue in another six. 

A typical case is shown in Figure 1. In January 1988 the patient presented 
with a T3a tumor involving the left ureteral orifice and diffuse basilar Tis. 
After two cycles of M-V AC, only atypical mucosa remained in the area of 
the invasive tumor. After two additional cycles, there was no endoscopic 
evidence of disease. In June 1988 a partial cystectomy, including the left 
ureteral orifice, was performed. No tumor (PO) was found in the specimen. 
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Figure 1. Clinical (+) and pathologic (p) response of an invasive (T3) bladder cancer to 
chemotherapy and partial cystectomy. 

In January 1989, a patch of Tis was resected at the dome. There was no 
tumor involving the base. The patient received a 6-week course of intra
vesical BCG and remains tumor free with normal bladder function in 
January 1990, 2 years after his original diagnosis. 

Table 1 shows the relation of the post M-VAC clinical (T) and pathologic 
(P) stages to the initial T stage. Seventy-two percent of the patients had 
either PO (50%) or <P2 (22%) surgically. The overall accuracy of a TUR in 
predicting a complete pathologic response to M-VAC was 84% (16119). The 
clinical accuracy in defining residual muscle-infiltrating disease was 97%. 
Only one patient with a T3a tumor believed TO after M-VAC had P2+ 
disease at surgery. 
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Table 1. Relation of post M-V AC clinical (T) stage and pathologic (P) stage to initial T stage 

Post M-VAC T Stage Post M-VAC P Stage 

Initial T Stage No. Pts TO <1'2 >1'2 PO <P2 >P2 

1'2 (7) 4 (57%) 3 (43%) 3 (43%) 1 (14%) 3 (43%) 
T3a (20) 12 (60%) 4 (20%) 4 (20%) 11 (55%) 4 (20%) 5 (25%) 
T3b (4) 3 (75%) 1 (25%) 2 (50%) 1 (25%) 1 (25%) 
T4 (1) 1 1 
Totals 32 19 (59%) 5 (16%) 8 (25%) 16 (50%) 7 (22%) 9 (28%) 

Table 2. Rcilition of reilipse pllttern to pllthologic response 

Relapse Pattern No. 

PR No. Pts 

PO 16 
<P2 7 
>P2 9 
Totals 32 

8 ALL Tis. 
b1Tl,31'2+ 

Bladder" Systemic± 

4 2 
2 2 

4 
6 (19%) 8 (25%) 

Bladderb Relapse 

10 
3 
5 

18 (56%) 

Table 3. Treatment outcome relative to pathologic response to M-V AC 

Outcome 

Post M-VAC P Stage No. Pts. Patient NED AWD DOD DOC 

PO 16 14 (88%) 1 
<P2 7 5 (71%) 1 1 
>P2 9 5 (56%) 2 2 
Totals 32 24 (75%) 3 4 

Table 2 shows relapses relative to the pathologic response to M-V AC. 
Most relapses (56%) are systemic, probably present at the time of diagnosis 
and resistant to chemotherapy. All relapses in the bladder alone (19%), to 
date, have been in situ carcinoma and all responded, at least in the short 
term, to BCG. 

Table 3 shows the treatment outcome relative to the pathologic response 
to M-VAC. Of the 32 patients, 24 (75%) are disease free with functioning 
bladders over a median of 19 months. Disease-free survival is clearly better 
in patients achieving a complete (88%) or partial (71 %) pathologic response. 
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Discussion 

The present results are encouraging. M-V AC chemotherapy and extended 
partial cystectomy has achieved local control of the primary invasive bladder 
cancer and has preserved the bladder in some patients. Such patients 
are highly selected and follow-up is short. Treatment outcome results 
from a combination of multiple TURs, M-VAC chemotherapy, and partial 
cystectomy. There is no doubt that M-VAC has downstaged some tumors to 
permit partial excision and that such surgery has favorably consolidated the 
response to chemotherapy. 

As long as the bladder remains, such patients are at risk to develop new 
invasive tumors. Will these occur at the same site as the original tumor or in 
other areas? Are patients with carcinoma in situ at higher risk for new 
invasive disease? Will M-V AC and surgery jeopardize the construction of a 
neobladder in the event that cystectomy becomes necessary for relapse? 
Much longer follow-up and more experience are needed before neoadjuvant 
chemotherapy and partial cystectomy can be considered a rational and safe 
option for selected patients with invasive bladder cancers. 
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10. Tumor necrosis factor and chemotherapeutic drugs 
targeted at DNA topoisomerase n for the 
treatment of genitourinary malignancies 

Richard B. Alexander 

Tumor necrosis factor (TNF) was first described in 1975 [1] as a soluble 
factor appearing in the serum of mice treated with BeG and endotoxin. This 
factor received its name because it caused the hemorrhagic necrosis of a 
transplantable sarcoma in mice. Subsequently, TNF was found to be a 
protein secreted by activated macrophages and was described in virtually all 
vertebrate animals, including humans. TNF was purified and the gene for 
human TNF was cloned and expressed in bacteria, making available large 
quantities of purified recombinant human TNF (rTNF) [2-4]. 

The mechanism of TNF's tumor necrosing activity remains unknown, 
although a tremendous amount of information regarding TNF's many activ
ities has been learned. When rTNF became available, clinical trials of this 
material in patients with cancer were begun. While the final assessment of 
rTNF's antitumor efficacy in patients must await the conclusion of phase II 
trials, preliminary observations in phase I clinical trials of systemically 
administered rTNF as a single agent in the treatment of advanced human 
cancers have been disappointing (reviewed in [5]). TNF has substantial 
toxicity in these human trials, which has limited the dose that can be safely 
administered to patients. 

However, while rTNF as a single agent appears likely to be of limited 
clinical usefulness in human cancers, this factor has many interesting and 
potentially useful anticancer interactions with other cytokines and chemo
therapeutic agents. For example, rTNF has demonstrated synergistic anti
tumor effects with the interferons and with interleukin-2 (IL-2) [6-10]. TNF 
also has interactions with chemotherapeutic drugs. TNF and dactinomycin 
have synergistic antitumor effects in murine models, and this association 
is exploited in the TNF bioassay [11). Recently, it was recognized that 
synergistic antitumor effects similar to that seen with rTNF and dactinomycin 
are also observed when rTNF is combined with a class of chemotherapeutic 
drugs, of which dactinomycin is a member. These agents are those targeted 
at the enzyme DNA topoisomerase II [12,13] and include some of the most 
frequently used drugs in human cancers. 

This chapter will review the combination of rTNF and topoisomerase 11-
targeted drugs, particularly with regard to urologic malignancies. The com-

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
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bination of these two diverse agents has interesting biologic effects, which 
may provide insight into how both TNF and topoisomerase II-targeted drugs 
are lethal to cells, and may suggest new strategies for the therapy of human 
cancers. 

TNF brief review 

TNF was first described in 1975 as a soluble factor appearing in the serum of 
mice treated with BeG and bacterial endotoxin [1]. The serum from such 
mice contained a factor that, when injected intravenously (Lv.), caused the 
hemorrhagic necrosis of a transplantable murine sarcoma called Meth A. 
TNF was subsequently found to have a large number of functions, in addit
ion to this tumor necrosing activity. TNF is a protein of molecular 
weight 17,000 that is secreted by activated macrophages and is best classified 
as a cytokine, one of a large group of soluble factors secreted by cells of the 
immune system. TNF's function as a regulator of the immune system is also 
suggested by the finding that the gene for TNF is closely linked to the major 
histocompatibility complex (MHC), which codes for the expression of cell
surface recognition molecules of critical importance to the immune system. 
As with other cytokines, TNF's many effects are mediated by high-affinity 
receptors [8], and such receptors have been found on virtually all nucleated 
cells. TNF has effects on vascular endothelium [14,15], lymphocytes, 
neutrophils [16], and other reticuloendothelial cells and appears to be 
involved in the pathophysiology of septic shock [17,18], cachexia [19], and 
chronic granulomatous diseases, such as tuberculosis [20]. The physiology of 
TNF is quite complex and the subject of intense study. Thus TNF, like 
other biological response modifiers, has numerous activities that might be 
beneficial or harmful when used as a therapeutic agent. 

TNF and anticancer effects 

The initial impetus for the study of TNF was the observation of hemorrhagic 
necrosis in some experimental murine tumors caused by a single Lv. injec
tion of TNF. While hemorrhagic necrosis was not observed in all tumors in 
the murine models, TNF alone was not only capable of causing hemor
rhagic necrosis and regression of established tumor, but could also cure a 
substantial proportion of the animals [21]. Studies of the mechanism of 
TNF's tumor-necrosing activity can be summarized as follows: 1) hemor
rhagic necrosis occurs over a few hours after a single Lv. bolus of TNF; 
2) hemorrhagic necrosis occurs only in larger tumors (>5 mm diameter), 
both in subcutaneous and organ-based sites [22]; 3) no effects on small 
experimental metastatic tumors have been observed [22]; 4) hemorrhagic 
necrosis is not just a consequence of the tumors being transplanted, because 
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Figure 1. Comparison of L929 cytotoxicity from recombinant human TNF (rHTNF, Cetus, 
specific activity 2 x 107 U/mg protein) in the presence (panel A) or absence (panel B) of 
dactinomycin (actinomycin D). Note different scale of x axes and relative lack of cytotoxic 
effect of rTNF alone in the absence of dactinomycin. 

autochthonous newly induced tumors in mice undergo hemorrhagic necrosis 
following TNF injection [23]; and 5) cure of tumors following hemorrhagic 
necrosis from TNF requires an intact host cellular immune system [24,25]. 

In addition to TNF's activity against tumors in vivo, it was recognized 
quite early that TNF had direct cytotoxic effects on some tumor cells in 
vitro. The anticancer specificity of TNF in vitro appeared to be preserved, as 
TNF did not have cytotoxic effects on normal cells and, in fact, could act as 
a growth factor for some normal cells in culture [26]. The cytotoxic activity 
of TNF in vitro against the murine fibrosarcoma L929 is the basis of the 
TNF bioassay. The assay is performed by exposing monolayers of L929 cells 
in 96-well plates to various concentrations of TNF, generally for 18-24 
hours. At the end of the incubation period, the cells are stained and treated 
monolayers are compared to control mono layers photometrically (the inten
sity of staining is proportional to the number of cells). The percent cyto
toxicity is the fraction of cells in treated mono layers compared to control 
monolayers. Another early observation about TNF's antitumor activity in 
this assay was that the cytotoxic effect of TNF on the cells was greatly 
increased in the presence of dactinomycin, as shown in Figure 1. The 
addition of this drug to the TNF bioassay is now standard. 

While TNF has direct cytotoxic activity on tumor cells in vitro, it appears 
that hemorrhagic necrosis seen in vivo is not related to the direct cytotoxic 
effect on tumor cells seen in vitro. The best evidence for this conclusion 
is that Meth A and a variety of other chemically induced murine sarcomas 
that readily demonstrate hemorrhagic necrosis in vivo from i. v. TNF are 
completely resistant to TNF in vitro (R.B. Alexander, unpublished obser
vations). Thus mechanisms other than direct cytotoxicity are believed 
responsible for the hemorrhagic necrosis of tumors observed in vivo. TNF's 
effects on vasculature [14,15] and TNF's immunomodulating properties are 
possible mechanisms of hemorrhagic necrosis. 
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TNF and dactinomycin 

The combination of TNF and dactinomycin greatly increases the cytotoxicity 
observed against L929 cells in vitro compared to TNF alone (see Figure 1). 
The addition of dactinomycin decreases the time of incubation needed for 
maximum cytotoxicity to be observed. In the absence of dactinomycin, 
TNF's direct antiproliferative effect on L929 cells requires prolonged in
cubation (3-5 days), but in the presence of lJ.1g/ml dactinomycin, this time 
is shortened to less than 24 hours [11]. Dactinomycin has numerous effects 
on cells but is a potent inhibitor of protein synthesis and mRNA transcrip
tion. It was thus postulated that protein synthesis inhibition prevented some 
type of repair process induced by TNF, and this was responsible for the 
synergistic cytotoxicity of the combination [27]. 

Several subtleties of the interaction of TNF and dactinomycin deserve 
further scrutiny. The cytotoxic effect of TNF is calculated by comparing 
TNF-treated cells with control cells not exposed to TNF. When dactinomycin 
is added to the medium, both control cells and TNF-treated cells are ex
posed to dactinomycin, and thus the antiproliferative effect of dactinomycin 
alone is cancelled out. What fraction of cytotoxicity observed in L929 cells 
in vitro from TNF plus dactinomycin might be due to dactinomycin alone? 
In fact, we were surprised to observe that in an 18-hour assay in the absence 
of dactinomycin, rTNF had no cytotoxicity to L929 cells at concentrations of 
rTNF that caused maximum cytotoxicity in the presence of dactinomycin. 
By examining the effect of each agent alone and in combination with the 
control cells exposed to medium alone, as shown in Figure 2, it was clear 
that dactinomycin had dose-dependent cytotoxicity to L929 cells and that 
this cytotoxicity was enhanced in the presence of rTNF at concentrations of 
rTNF that alone had no detectable effect on the cells at 18 hours [12]. Thus, 
when compared to medium alone, dactinomycin had significant cytotoxicity 
to L929 cells, and this cytotoxicity was enhanced by the addition of rTNF. 

Topoisomerase II 

In addition to inhibiting protein synthesis, dactinomycin has numerous other 
effects on cells. Recently, dactinomycin has been shown to interact with the 
nuclear enzyme DNA topoisomerase II and to inhibit part of the function of 
this enzyme [28]. Topoisomerases are enzymes that catalyze the winding and 
unwinding of DNA [reviewed in references 29 and 30]. There are two 
topoisomerases in mammalian cells - topoisomerase I and II - which have 
enzymatic activity for single- and double-stranded DNA, respectively. These 
enzymes are of critical importance to the cell and are involved in the 
regulation of DNA transcription and translation. Topoisomerases are a 
major component of the nuclear matrix, a scaffold-like structure to which 
DNA is attached in the nucleus, and topoisomerases also form the central 
core of chromosomes [31]. 
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Figure 2. Effect of recombinant human TNF (rHTNF, Cetus, specific activity 2 x 107 Ulmg 
protein) and dactinomycin (actinomycin D) on L929 cells. Note in panel A that cytotoxicity is 
shown as a function of rHTNF concentration, which in the absence of dactinomycin rHTNF had 
no cytotoxic effect. In panel B, similar data from a different experiment are shown with 
cytotoxicity as a function of the dactinomycin concentration. Note that dactinomycin clearly has 
a dose-dependent cytotoxic effect on the cells that is increased in the presence of rHTNF at 
various fixed concentrations, as shown. From R.B. Alexander et al. (12), reproduced with 
permission. 

The function of topoisomerase II is depicted schematically in Figure 3. 
The enzyme functions by covalently binding to double-stranded DNA, 
breaking the strand, passing a different strand through the break, and then 
religating the strand and detaching. This strand-passing activity is crucial to 
the cell during transcription of mRNA, and also during DNA synthesis and 
mitosis, when daughter strands of DNA must be packaged into separate 
chromosomes. Drugs targeted at topoisomerase II, such as dactinomycin, 
interfere with the strand-passing activity of the enzyme. The enzyme 
attaches to DNA and nicks the strand but cannot progress past this point. 
This results in DNA breaks with the enzyme covalently attached, and this 
form of DNA damage is felt to be the lesion that is lethal to the cell. 
A variety of agents have been found to have topoisomerase II-targeted 
activity, and this includes some of the most widely used chemotherapeutic 
agents in human cancers. A partial listing of these drugs is shown in Table l. 
These drugs have different physical properties; some, such as dactinomycin 
and doxorubicin, intercalate DNA, while others, such as etoposide (VP-16), 
do not bind to DNA. 
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~Olsomerase II 

DNA~ 

Figure 3. Schematic representation of the function of DNA topoisomerase II. Concatenated 
rings of double-stranded DNA are shown. The enzyme covalently attaches to one strand of 
DNA, breaks the strand, passes the other strand through, religates the DNA strand, and 
detaches. Drugs such as etoposide and doxorubicin block the function of the enzyme at the 
point shown. This results in the accumulation of DNA breaks covalently attached to 
topoisomerase. Figure (with modifications) courtesy of Kurt W. Kohn. 

Table 1. Chemotherapeutic agents targeted at 
DNA topoisomerase II 

Dactinomycin (actinomycin D) 
Doxorubicin (adriamycin) 
Etoposide (VP-16) 
Teniposide (VM-26) 
mAMSA (Amsacrine) 

TNF and topoisomerase II-targeted drugs in vitro 

We asked if the enhancement of L929 cytotoxicity that occurs when TNF 
and dactinomycin are combined could be related to dactinomycin's effect 
on topoisomerase II. One way to examine this question was to combine 
TNF with other topoisomerase II-targeted drugs in the L929 assay. In fact, 
TNF demonstrated cytotoxic synergy in the L929 assay with all of the 
topoisomerase II-targeted drugs, but not with other DNA-damaging drugs 
not targeted at topoisomerase II [12J, as shown in Figure 4. This suggests 
that TNF's enhancement of cytotoxicity is in some way related to the 
topoisomerase II-inhibiting activity of these drugs. 
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Figure 4. Effect of rTNF and various drugs on L929 cells. L929 cells were exposed to various 
drugs in the absence (-0-) or presence (-x-) of recombinant human TNF (rHTNF, Cetus, 
specific activity 2 x 107 U/mg protein), l()()U/ml. Note that rHTNF increases the cytotoxic 
effect of doxorubicin (adriamycin), teniposide (VM-26), and etoposide (VP-16), all of which 
are targeted at DNA topoisomerase II, but not cisplatin, mitomycin C, or hydroxyurea, none of 
which interact with topoisomerase II. Modified from R.B. Alexander et al. [12]. Reproduced 
with permission. 

Similar findings have been reported in other in vitro tumor models. 
Freuhauf et al. demonstrated synergistic cytotoxicity against the human 
prostatic cancer cell line LNCaP when TNF and doxorubicin were combined 
[32]. The murine bladder tumor line MBT-2 demonstrated enhanced cyto
toxicity in the presence of TNF and topoisomerase II-targeted agents [13,33]. 
TNF has also been shown to enhance the cytotoxic effect of dactinomycin 
and doxorubicin in human squamous carcinoma cell lines, whereas TNF did 
not enhance the cytotoxicity of cisplatin, methotrexate, or fluorouracil 
against the same cell lines [34]. 

Clearly, not all tumor cell lines are sensitive to TNF in vitro, even 
those that express high-affinity receptors for TNF. It does not appear that 
topoisomerase-targeted agents can convert a resistant cell to become sen
sitive. For example, Giaconne et al. found that several human lung-cancer 
cell lines were resistant to TNF, although several expressed TNF receptors; 
neither doxorubicin nor etoposide could convert any of these resistant lines 
to TNF sensitivity [35]. 
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Figure 5. Growth curve of subcutaneous MBT-2 bladder tumor in C3H/He mice. Animals 
received 25-mg trocar pieces of MBT-2 tumor on day 0 followed by rTNF or doxorubicin 
(adriamycin) intraperitoneally for 3 doses (vertical lines). Only the combination of rTNF plus 
doxorubicin had an antitumor effect; rTNF or doxorubicin alone were indistinguishable from 
controls. 

TNF and topoisomerase II-targeted drugs in vivo 

While synergistic cytotoxicity in vitro is interesting, findings derived from 
cells in culture may bear little resemblance to those from animal studies. 
Nevertheless, numerous studies have shown that the antitumor relationship 
of the combination of TNF and the topoisomerase II-targeted drugs also 
occurs in vivo. The MBT-2 murine bladder tumor line growing in the 
subcutaneous space in C3H/He mice demonstrated sensitivity to the com
bination of TNF and etoposide, and TNF and dactinomycin, when each 
agent alone had no effect [13]. A similar finding for doxorubicin (adriamycin) 
and rTNF is shown in Figure 5. In these studies, rTNF and chemotherapy 
were administered intraperitoneally; similar findings have been reported for 
intratumoral rTNF and systemic etoposide in MBT-2 [36]. In other mouse 
tumor models, rTNF and doxorubicin had a better antitumor effect than 
either agent alone in the murine sarcoma MCA 106 [37], and also in a model 
of solitary liver sarcoma in the rat [38]. 

Human tumor cell lines grown in athymic nu/nu (nude) mice provide the 
opportunity to examine these relationships using human tumors in an in vivo 
setting, although the relevance to human cancer is limited. Das et al. [39] 
demonstrated synergism between rTNF and etoposide in human transitional 
cell carcinoma grown beneath the renal capsule in nude mice. Similar find-
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ings for human renal cell carcinoma in nude mice have been reported 
[40,41]. The toxicity of TNF and topoisomerase-targeted drugs in the limited 
animal trials available has been, for the most part, acceptable, although 
significant toxicity from the combination therapy has been described [37]. 
Thus, the cytotoxic synergy between TNF and topoisomerase-targeted drugs 
occurs both in vitro and in vivo. 

Mechanism of synergistic antitumor effects 

The mechanism of TNF and topoisomerase-targeted drug synergy is un
known. However, several recent observations about the interaction are 
germane to this discussion. First, the combination of TNF and topoisomerase 
II-targeted drugs causes an increase in cell death and not just an arrest of 
proliferation. L929 cells growing exponentially double every 24 hours. The 
incubation period of L929 cells in the TNF assay with dactinomycin is 18 
hours, less than one doubling time. Note in Figures 1 and 4 that exposure to 
topoisomerase-targeted drugs and rTNF can cause greater than 90% cell 
destruction in less than one doubling time. A simple arrest of proliferation 
would yield 50% cytotoxicity compared to untreated cells in one doubling 
time. In fact, a careful examination of Figures 2 and 4 shows that continuous 
exposure of L929 cells to chemotherapeutic drugs for 18 hours yields a 
maximum cytotoxicity of 40-60%, as would be expected for cells unable to 
divide for one doubling time. It is only with the addition of rTNF that an 
increase in cell death occurs with cytotoxicity of 80-90% at 18 hours. This 
point is further illustrated by the appearance of the cells after the IS-hour 
incubation, as shown in Figure 6. Note that cells exposed to etoposide only 
remain intact (although spread out and with large uncondensed nuclei), but 
that the addition of rTNF to etoposide causes the destruction of most of the 
cells in the monolayer. 

This argument is further supported by our recent observation using cell
cycle analysis that L929 cells exposed to topoisomerase II-targeted drugs 
accumulate in G2M, the phase of the cell cycle where DNA has duplicated 
but the cell has not yet divided (unpublished observations). The cells are 
still viable in this state after the IS-hour incubation. This is consistent 
with the inhibition of topoisomerase II, leading to an inability of the cells 
to divide. Exposure to rTNF alone is indistinguishable from control cells 
exposed to medium only. However, exposure to TNF and topoisomerase 11-
targeted drugs leads to rapid cell death, such that virtually no viable cells 
remain at 18 hours. Thus, the combination of rTNF and topoisomerase 11-
targeted drugs results in an increase in cell death. 

Second, it is well known that TNF causes fragmentation of target cell 
DNA into 200 base-pair multimers [42], typically seen in cells undergoing 
programmed cell death or apoptosis [43]. This internucleosomal DNA 
fragmentation is by no means specific for TNF-mediated cell death and 
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is probably a manifestation of cell death from a variety of causes [44] . 
However, as shown by Kyprianou et at. [45], this DNA fragmentation is 
accelerated by the addition of topoisomerase II-targeted drugs to TNF in 
vitro. This further supports the conclusion that TNF and these drugs cause 
an increase in cell death. 

Third, Utsugi et at. [46] have recently shown that L929 cells manifest a 
rapid but brief increase in extractable topoisomerase activity following TNF 
exposure. They also confirmed our previous observation that synergy in 
vitro is observed only if topoisomerase-targeted drug exposure precedes 
or is coincident with exposure to TNF. Synergy is not observed if TNF 
exposure precedes topoisomerase-targeted drug exposure [12,46]. These 
findings are consistent with a model whereby the amount of lethal DNA 
damage caused by the topoisomerase-targeted drugs is increased by a transi
ent rise in topoisomerase activity caused by TNF. The increase in cell death 
would then follow from this increased DNA damage. Alternately TNF may 
in some way increase programmed cell death, a metabolically active process 
undoubtedly requiring controlling factors and signals. 

TNF and topoisomerase-targeted drugs in human cancer 

The combination of rTNF and topoisomerase-targeted drugs has entered 
clinical trials in patients with advanced cancer. Preliminary reports of some 
of these trials using rTNF in combination with doxorubicin or etoposide are 
available [47-50]. These are phase I trials designed only to measure toxicity; 
no antitumor responses have been reported in a variety of advanced cancers. 
Recombinant TNF plus etoposide or rTNF plus doxorubicin have been 
administered by various schedules of continuous infusion or intravenous 
bolus. Toxicity in these preliminary trials has been acceptable and similar 
to that seen with rTNF alone, mainly fever, rigors, and hypotension. 
Thrombocytopenia and other hematologic toxicities have also been observed. 
It appears that the maximum tolerated dose of rTNF may be substantially 
lower when combined with chemotherapy. However, these preliminary data 
involve different dose schedules, and in some trials the maximum toler
ated dose has not been reached. The assessment of efficacy of rTNF and 
topoisomerase-targeted drugs in human cancer will require the completion 
of trials to define toxicity and maximum tolerated dose, as well as phase II 
trials in a variety of cancers. 

Future prospects 

The major limitation to the use of rTNF in patients appears to be toxicity. 
The dose of rTNF that humans can tolerate is less than that which is needed 
to cause hemorrhagic necrosis in murine tumors [5]. Thus rTNF, as a single 
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agent administered systemically, appears to have little chance of making a 
major impact upon human cancer. Strategies such as the combination of 
rTNF with chemotherapeutic drugs, which may exploit the antitumor effects 
of TNF at doses that can be administered to patients, should continue to be 
explored. In addition to systemic therapy, however, other routes of admin
istration may be useful. Significant antitumor activity has been clearly shown 
when rTNF is injected directly into human cancers [5,51]. The regression of 
human tumors seen with intralesional rTNF suggests that rTNF can be 
effective in human cancer, but only when present in a high concentration; 
the failure of systemic rTNF administration to cause tumor regressions in 
patients may be because such high concentrations cannot be achieved with 
systemic administration at tolerable doses. 

In this regard, another method of administration causing high local con
centrations of drugs is intravesical therapy. Intravesical chemotherapy with a 
variety of agents for superficial bladder cancer is well established. There is 
also some experience with intravesical rTNF. A preliminary trial of rTNF in 
cynomolgus monkeys showed no evidence of toxicity [52], and a trial in 
humans with superficial bladder cancer is in progress (M. Ernstoff, personal 
communication). Doxorubicin has well-known activity against superficial 
bladder cancer, and intravesical TNF plus doxorubicin is a logical combina
tion that might be explored in that disease. Toxicity would likely be less 
with intravesical therapy compared to intravenous administration. Another 
route of administration that might be used is intraperitoneal injection for 
advanced intraperitoneal cancer, such as ovarian carcinoma [53]. 

Another potential area of interest is the use of tumor-infiltrating 
lymphocytes (TIL) transduced with the gene for human TNF, studies cur
rently underway at the Surgery Branch of the National Cancer Institute. TIL 
are lymphocytes obtained from solid tumors that are expanded in vitro 
in IL-2 and reinfused into patients with advanced cancer. TIL can be 
transduced using retroviral vectors, and such transduced cells have been 
used to trace TIL in patients after injection [54,55]. TIL from human 
cancers have also been transduced with the gene for TNF, and such cells 
secrete large amounts of TNF (A. Kasid, manuscript in preparation). Since 
TIL traffic to and accumulate in tumor deposits in patients, it is hoped that 
high concentrations of TNF will be secreted into the substance of tumors, 
resulting in an antitumor effect. The addition of topoisomerase-targeted 
drugs to this regimen is another potential area for further study. 

Summary 

Recombinant TNF as a single agent for human cancer appears to be of 
limited value. However, rTNF has synergistic anticancer effects when com
bined with chemotherapeutic drugs targeted at DNA topoisomerase II. This 
effect of rTNF has been observed in several in vitro and in vivo tumor 
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models, both in animal and human studies. The mechanism of this inter
action appears to involve lesions to the DNA of tumor cells mediated 
by inhibition of DNA topoisomerase II. The combinations of rTNF plus 
doxorubicin and rTNF plus etoposide administered systemically are currently 
under evaluation by clinical trials in patients with advanced cancers. Deter
mination of the efficacy of such combination therapy must await the com
pletion of phase I and II trails. Other routes of administration that might 
increase the local concentration of rTNF and could be combined with 
topoisomerase II-targeted drugs include intravesical administration and the 
use of tumor-infiltrating lymphocytes. 
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Many grading systems, both architectural and cytologic, have been devel
oped to assess the metastatic potential of prostate cancers. These quantita
tive techniques have been applied to the prediction of prognosis based on 
the study of fixed dead cancer cells. Until recently, methods did not exist to 
enable the study of the dynamic biological properties of live cancer cells. 
Time-lapse videomicroscopy of living cancer cells has revealed that some 
cancer cells demonstrate dynamic motility processes. Cancer, often called a 
disease of cell structure, has been recognized histologically by pathologists 
for over 100 years by its altered morphology. The diversity of cell shape and 
size among cancer cells, first noted by Virchow in 1863 [1], is still described 
by pathologists through the static analysis of fixed, dead cells and only 
represents a "freeze-frame" of the more dynamic motility events occurring 
within the live cancer cells. 

Preliminary time-lapse studies of cancer cells taken from the Dunning 
R3327 rat model of prostatic adenocarcinoma demonstrated various distinct 
types of cell motility, including cell membrane ruffing, pseudopodal exten
sion, undulation, and cell translation. The development and testing of a 
visual motility grading system of these types of cancer cell motility [2-4] 
proved an accurate method for predicting prognosis among the Dunning 
model and established the feasibility for the development of a more quan
titative approach. This technique based on a combined temporal-spatial 
Fourier analysis of cell motility [5] allowed accurate simultaneous measure
ment of these types of cell motility that correlated well with metastatic 
potential in this animal model of prostate cancer. 

We studied the motility of live cancer cells aspirated directly from 55 
human radical prostatectomy specimens [6] with clinically localized prostate 
cancer. Preliminary investigation of the motility of these live human cancer 
cells has demonstrated the feasibility and limitations of the use of these 
methods for grading human urologic cancers. 

Lepor, H. and Lawson R. K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN ()'7923·1412·3. All rights r~erved. 
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Figure 1. Cell motility grading system. Each parameter of cell motility was graded from 0, none 
observed, to 5, excessive amounts of motility. 

Development and testing of a visual grading system of cell motility 

The Dunning R3327 rat prostatic adenocarcinoma tumor model was used 
to investigate the correlation between cell motility and metastatic potential. 
The Dunning model, developed from a spontaneous prostatic adeno
carcinoma [7], has given rise to several distinct and well-characterized [8] 
cell-culture variants with differing metastatic potential. Previous biochemical 
and morphometric attempts at distinguishing among these variants based on 
metastatic potential have failed [8]. 

We developed a time-lapse videomicroscopy system [2] with which we 
studied the motility of live cells from five of the Dunning variants and 
visually graded six parameters of cell motility, of which three - cell
membrane ruffling, pseudopodal extension, and translation (Figure 1) -
contained the information necessary for optimal identification of cells from 
the various cell lines. Membrane ruffling represents the rapid rhythmic 
movement of short segments of the cell membrane. Pseudopodal extension 
represents the extension and retraction of short segments of the cell contour 
over long distances. Translation represents movement of the cell centroid. 
This method of grading cell motility proved both accurate and reproducible 
with intra-assay, intra-observer, and inter-observer reproducilibility of 75%, 
80%, and 75%, respectively. 

We then tested whether this visual grading system of cell motility could 
be used to predict the metastatic potential among the various Dunning 
sublines [3]. Time-lapse films of isolated cells taken from seven (four low 
metastatic and three highly metastatic) of the Dunning variants were made 
and visually graded independently under similar conditions by two observers 
who had no knowledge of the identity of the specimens. The three pre
viously identified parameters - cell membrane ruffling, pseudopodal exten
sion, and translation - were graded subjectively from 0 (no motility) to 5 



123 

(excessive motility). The scores from both observers were summed to yield a 
score from 0 to 10, and the sum of the three were averaged to yield a 
motility index. 

Figure 2 demonstrates the marked differences found between cells taken 
from the highly metastatic cell lines and those from the low metastatic lines. 
Table 1 demonstrates the classification accuracy for the individual and com
binations of the visual grading parameters for the various Dunning cells on 
the basis of metastatic potential. Translation allowed the correct classifica
tion of 26 of 28 specimens, whereas the combination of translation and 
pseudopodal extension allowed the correct classification of 27 of the 28 cells 
studied. 

Development of a quantitative method of studying cell motility 

Our time-lapse video microscopy studies and subjective visual motility grad
ing system demonstrated the ability of the human to recognize, classify, and 
categorize various types of cell motility that correlate well with metastatic 
potential in cells from the Dunning model of prostate cancer. Noble [9J 
pointed out that to merely say that a cell has moved, as the visual motility 
grading system has done, is to only describe a small portion of the infor
mation inherent in the dynamic process of cell motility. An accurate quan
titative analysis of cell motility must describe absolute distances, angles, 
frequencies, speeds, randomness, persistence, and temporal shape change. 
Cell motility measurements from 0 to 5 were too subjective and lack descrip
tive labels, such as microns, degrees, and seconds. With this in mind, we 

Table 1. Subtypes of motility as predictors of metastatic potential 

Motility Grade 
Significance % Correct 

Motility Parameter High Met. a Low Met. b (p)C (n = 28) 

Ruffling (RUF) 7.92 ± 0.66 3.75 ± 0.66 <0.01 86% 
Pseudopodal extension 

(PSE) 7.42 ± 0.81 1.81 ± 0.53 <0.001 86% 
Translation (TRA) 5.92 ± 0.89 0.38 ± 0.18 <0.0001 93% 
RUF + PSE 7.79 ± 0.61 2.78 ± 0.54 <0.0001 89% 
RUF+TRA 7.00 ± 0.61 1.06 ± 0.04 <0.0001 89% 
TRA + PSE 6.67 ± 0.75 1.09 ± 0.34 <0.0001 96% 
Motility index 

(RUF + PSE + TRA/3) 6.92 ± 0.67 1.96 ± 0.41 <0.0001 93% 

aMean ± SEM for cell from each of the high-metastatic Dunning sublines (AT3, MAT-Lu, 
MAT-LyLu). 
bMean ± SEM for cell from each of the low-metastatic Dunning sublines (G, HIF, ATl, 
ATZ). 
C Probability of separation by Mann-Whitney-Wilcoxon analysis. 
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Figure 2. Motility grades of the Dunning sublines. The motility grades for the three motility 
parameters - ruffling, pseudopodal extension, and translation - as well as the motility index 
are depicted for seven of the Dunning sub lines. Solid figures represent cell lines with ~90% of 
sc inoculated animals developing metastases, and open figures represent sublines in which 
~20% of animals develop metastases. 

combined the use of timelapse videomicroscopy, image analysis techniques, 
and a new spatial-temporal two-dimensional Fourier analysis of cell motility 
to correlate metastatic potential with measurements of cell motility within 
the Dunning model [5]. 

The complex shape of a cell contour can be decomposed into spatial 
harmonics that represent the sinusoidal frequencies that produce that con
tour. This type of analysis of cell contours utilizes a Fourier transform to 
provide a mathematical representation of a cell shape by reducing it into its 
component sine and cosine Fourier coefficients. 

Figure 3 demonstrates DynaCELL@ (JAW Assoc. Inc., Annapolis, MD), 
a cell motility, cell morphometry workstation developed based upon this two
dimensional Fourier analysis of cell motility. The prototype of this system 
was used in the development of this quantitative cell motility technology. 
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Figure 3. Equipment used for Fourier analysis of cell motility. DynaCELL® (JAW Assoc. Inc., 
Annapolis, MD). This photograph depicts the equipment used for this new Fourier method of 
analyzing cell motility . The equipment consists of a computer, frame grabber, VGA monitor, 
multisync color video monitor, digitizer tablet, Nomarski optics, heated stage, time-date 
generator, and time controller box. 

Figure 4 is a flow diagram depicting the quantitative measurement of cell 
motility of single cells with a spatial-temporal Fourier analysis of cell motil
ity by this method. Computer-generated models of cell ruffling, pseudopodal 
extension, undulation, and translation were made. These models were then 
analyzed with the Fourier technique to determine locations within the 
Fourier coefficient matrix in which ruffling, undulation, pseudopodal exten
sion, and translation were found. Figure 5 represents a schematic of the two
dimensional diagram of the matrix of Fourier motility coefficients demon
strating the location of the information depicting the various types of cell 
motility. 

We then measured the motility with this method for 26 cells from each iof 
six of the Dunning tumor cell lines with varying metastatic potential. Figure 
6 demonstrates the mean and distribution of the various Dunning cell lines, 
as well as their metastatic potential. The motility coefficients for translation 
and pseudopodal extension were higher for cells from tumor sublines with 
higher metastatic potential. Fourier motility coefficients yielded correlation 
coefficients with a metastatic potential of 0.63 for pseudopodal extension (p 
< 0.001), 0.59 for undulation (p < 0.001), 0.50 for translation (p < 0.001), 
and 0.50 for ruffling (p < 0.001) . This new spatial-temporal Fourier analysis 
accurately quantifies the different types of cell motility and should aid in the 
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Figure 4. Left: Quantitative measurement of the motility of single cells with a spatial-temporal 
Fourier analysis of time-lapse images. Cells were inoculated at low density on glass. Single cells 
were viewed at 400x with an inverted Nomarski optics microscope. Images were collected at 
6O-second intervals for 64 minutes. Cell contours were manually traced with a digitizer tablet in 
succession. The X-Y coordinates of each successive cell contour were then subject to a spatial 
complex fast Fourier transform (FFT) to determine the spatial Fourier motility coefficients 
describing the cell shape. The spatial Fourier coefficients for each of the 64 cell contours were 
then combined into a matrix and subjected to a second FFT to determine the temporal changes 
in the spatial Fourier coefficients. The root sum of the square of the coefficient produces the 
Fourier motility coefficients. This is graphically depicted in a three-dimensional plot. The 
results of a highly motile cell are compared with that of a low-motile cell. 

study of the motility of individual cells in many different areas of cell and 
tumor biology. 

Preliminary studies of visual motility grading with human cells 

We investigated the motility of cancer cells taken from 55 radical pros
tatectomy specimens from patients with clinically localized prostatic car
cinoma [6]. Forty-five of the 55 radical prostatectomy specimens yielded 
adequate attachment to culture plates to allow analysis by time-lapse video-
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Figure 5. Schematic two-dimensional diagram of the matrix of Fourier motility coefficients. The 
areas within the matrix contain the Fourier motility coefficients representing ruffling, undula
tion, pseudopodal extension, and translation. 

microscopy for visual grading of the various types of cell motility. This 
patient group consisted of BIN (6), Bl (28), B2 (10), and Cl (1). 

Immediately after removal of the prostatectomy specimen, under sterile 
conditions, an excisional biopsy of the gross tumor was made and minced 
into collagenase/trypsin solution for digestion. All cells were plated in 
identical cell culture media (RPMI 1640) and incubated under standard 
conditions for 72 hours. One hundred and eighty-six time-lapse video seg
ments were made of the isolated cancer cells (average 3.7 cells per patient 
studied). The average motility index (sum of the three visual motility para
meters) varied markedly within the patients, not only between pathologic 
grades, but also within a single pathologic grade as well. This separation of 
patients within and between pathologic grade and stage provides the hope 
that a motility grading system similar to this may add to the limited ability of 
stage and grade to predict the prognosis of individual patients with prostatic 
carcinoma. These early results with human prostatic carcinomas, although 
too preliminary to ascertain the usefulness as a predictor of progression due 
to the natural history of this disease, and the fact that only 1 of 45 patients 
to date has progressed, have in fact demonstrated an increased heterogeneity 
(coefficient of variation average of 68%) not seen among the cells studied in 
the Dunning model (coefficient of variations averaging 33 % ). In summary, 



128 

zoo A. Tra.llallon 

cln Lillo G ATI AT2 ML MLL AT! 
..... tolle.....- 4'" 410"~ • .,.. • .,..~ 

METASTATIC POTENTIAL 

Figure 6. Comparison of the Fourier motility coefficients for translation, pseudopodal 
extension, and ruffling, for six Dunning cell sublines with varying metastatic potential. Twenty
six cells from each of six Dunning cell lines were analyed with the spatial-temporal Fourier 
method described in Figures 3 and 4. The metastatic potential of each cell line is expressed as 
the percent of animals that develop distant metastases following sc injection of 105 cells found 
at the time of death or at autopsy 42 days post-injection. Metastatic potential is arbitrarily 
defined as low metastatic when <20% of tats develop distant metastases and high when >90% 
develop distant metastases. Bars represent the mean ± SEM for 26 cells from each cell line. 
ML and MLL represent MAT-Lu and MAT-LyLu, respectively. 

we feel that it is too early to determine the usefulness of cell motility in 
human prostate cancer, yet we are optimistic that with further research and 
the use of the quantitative methods previously described, this valuable 
method of studying the live dynamic nature of cancer cells will undoubtedly 
aid in the study of prostate and other forms of cancer. 

Conclusion 

Prior to these studies, an accurate method for distinguishing the metastatic 
potential of the Dunning R3327 rat prostatic adenocarcinoma tumor model 
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did not exist. We developed and tested a visual grading method of cell 
motility that for the first time was able to distinguish between these cell 
lines based on their metastatic potential. When tested in a blinded and 
prospective fashion, this method proved far more accurate than those tested 
previously. 

We feel that examination of live cancer cells from human prostatic 
cancers will undoubtedly provide more information about the biological 
behavior of these malignancies than the present routine pathologic analysis 
of dead cells. This method, which proved accurate for the Dunning animal 
model, was tested on human prostate cancer cells in a large group of 45 
patients with clinically localized prostate cancer. These preliminary results 
demonstrated the feasibility and limitations of this methodology for the 
investigation of human cancers. These methods and others that involve the 
study of the dynamic properties of live cancer cells with prove valuable in 
the development of more accurate methods for the prediction of metastatic 
potential in prostate cancer. 
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Suramin is one of the first synthetic chemotherapeutic agents to be dis
covered that was clinically effective against a human parasite. The road to 
its discovery began in 1899 when Paul Ehrlich was appointed director of 
the Institute for Experimental Therapy in Frankfurt, a time in which the 
German chemical industry was synthesizing many compounds, including a 
large number of synthetic dyes. One such dye, trypan red, was shown to 
cure trypanosomiasis in mice in 1904, the first time a parasitic infection was 
cured with a chemotherapeutic agent. Trypanosomes that excluded the dye 
were resistant [1]. 

Although clinical trials failed to show efficacy in human trypanosomal 
disease, trypan red did serve as the precursor for the structurally related 
compound, suramin, which entered trial in 1920 [2]. Suramin is effective in 
early- but not late-stage (central nervous system) trypanosomisis and the 
filarial infection onchocerciasis. Poor central nervous system penetration 
probably explains the absence of an effect in the later stages of the disease, 
which is very selective for this structure [2]. Even minor deviations result in 
a loss of activity [3]. In 1930, the compound was shown to be active in treat
ing the autoimmune disorder pemphigus [4], and it was during these trials that 
the toxic effects on the adrenal cortex were first recognized [4,5]. In addition 
to being an adrenal toxin, suramin inhibits steroid hormone production [6]. 

Interest in the compound was renewed in 1979 when the inhibitory effects 
on nucleic acid polymerases and the reverse transcriptase of RNA tumor 
viruses were recognized [7]. This, coupled with observation that suramin 
could reduce viremia in patients with AIDS, led to clinical trials in this 
disease. Although the trials were negative [8], regression of a Kaposi's 
sarcoma, a tumor known to be associated with autocrine production of 
fibroblast growth factor (FGF) , was observed [9]. The putative effects of 
suramin on growth factor activity have generated the greatest interest in the 
compound. 

Lepor, H. and Lawson R.K., (eds.), Therapy for Genitourinary Cancer. © 1992 
Kluwer Academic Publishers. ISBN 0-7923-1412-3. All rights reserved. 
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Figure 1. The structure of sodium suramin. 

Mechanisms of action 

Suramin, a polysulfonated napthylurea (M.W. 1429 daltons), is the hexa
sodium salt of 8,8' -( carbonylbis(imino-3, 1-phenylenecarbonylimino( 4-
methyl-3, 1phenylene )carbonylimino )bis-1,3 ,5-napthylenetrisulfonic acid 
(Figure 1). Based on its polyanionic structure, a high degree of nonspecific 
protein binding, primarily to basic compounds, is anticipated. In plasma, 
over 99% is protein bound [10]. It does exhibit a degree of specificity, as 
does the related compound, heparin. It is also related structurally to trypan 
blue, a compound that is actively excluded by living cells and is used in tests 
of cell viability. At present it is unclear whether the principal actions of 
suramin are extracellular, inhibiting the action of polypeptide growth factors 
to their receptors [3], or intracellular (vide infra). 

One of the mechanisms of tumorigenic transformation is the inappropriate 
secretion of growth factors. In some instances, these growth factors bind to 
and activate their own growth factor receptors, thereby inducing cellular 
division. This is termed autocrine growth factor production. One of the first 
oncogenes to be identified and cloned was the v-sis oncogene, later shown 
to be similar to the normal cellular growth factor platelet-derived growth 
factor, PDGF. Because of suramin's polyanionic character, it was examined 
as a potential inhibitor of the action ofPDGF, a protein with a pre
ponderance of basic amino acids and an isoelectric point of nearly 10. 
Suramin was subsequently shown to bind directly to PDGF, to displace 
receptor-bound PDGF, and to prevent PDGF-induced mitogenesis of 
PDGF-responsive cells [11,12]. Cells that are chronically stimulated by 
autocrine growth factor production often exhibit a lower number of cell
surface receptors for that growth factor than their normal counterparts. This 
is believed to be the result of internalization of the growth-factor receptor, 
with subsequent down-regulation of the surface receptor. In simian sarcoma 
virus-transformed cells (v-sis), the number of PDGF receptors are decreased 
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relative to their nontransformed counterparts. Treatment with suramin 
results in an increase in the number of cell-surface receptors [13]. The 
transformed appearance of the cells also reverts to normal [14]. 

Huang and Huang reported that sis-transformed cell PDGF receptors 
are activated intracellularly and thus never reach the surface before being 
activated and down-regulated, providing one reason for the decreased num
ber of receptors in these transformed cells. They determined that suramin 
would block this intracellular autocrine loop and postulated that suramin 
could also act intracellularly [15]. 

The ability of suramin to inhibit growth factor binding in vitro correlates 
well with its ability to inhibit cell growth as measured by the inhibition of 
DNA synthesis, as well as by assays of cell number and colony forming 
ability. This has been shown for a number of cell lines in vitro. The reported 
results must be interpreted carefully however, as ID50s can vary with 1) the 
concentration of suramin, 2) the serum concentration in the medium, 3) the 
number and type of cells plated, and 4) the duration of exposure. The latter 
may be critical to optimal clinical use of the compound. For example, a 
suramin concentration that had minimal effect on EGF-induced mitogenesis 
of AKR-2B cells, blocked EGF mitogenesis on LNCaP cells by over 90% 
[17]. Coffey and coworkers examined the effect of suramin on the binding 
of basic fibroblast growth factor (b-FGF), transforming growth factor-beta 
(TGF-~), and epidermal growth factor (EGF) to specific receptors in AKR-
2B fibroblasts [16]. An inhibition of both growth factor binding and growth 
factor-induced mitogenic activity on transformed and non transformed cells 
was reported. However, a significant variation in the ID50 for each growth 
factor was observed. For example, b-FGF was 33 and 40 times more 
sensitive to inhibition than EGF for the binding and mitogenic activities 
respectively. A compilation of these effects is denoted in Table 1. Increasing 

Table 1. Effect of suramin on growth factor binding and mitogenic 
activity: IDso concentration of suramin 

Mitogen Growth-Factor Binding 3H_TIP Thymidine 

b-FGF (16) 0.01SmM .01mM 
TGF-~ 0.03mM .01mM 
PDGF(12) O.06mM .08mM 
EGF O.SOmM .40mM 
Insulin (14) >O.13mM >.13mM 
Ca2+ >0.13mM >.13mM 

Data interpolated from figures in refs. 16 (bFGF, TGF-~), 12 (EGF, 
PDGF, insulin), and 14 (calcium) as the concentration in millimoles 
required to reduce by SO% the binding of the growth factor to its 
receptor or to inhibit 3H-thymidine incorporation into DNA 
(IDso = inhibitory dose SO). 
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concentrations of albumin may abrogate suramin action [18]. In general, 
inhibitory effects in the range of 200-300 J.lg/ml (133-200 J.lM), the 
therapeutic window for clinical use [19], are considered desirable for further 
investigation. In most cell lines studied, inhibition of b-FGF-, TGF-~-, and 
PDGF-related functions occur in this concentration range. 
TGF-~ represents a family of multifaceted homologous proteins in which 

the nine cysteine residues are conserved. It also includes other more dis
tantly related peptides that share significant sequence homology [20]. In 
general, the TFG-~ family - TGF-~h~2'~3 - bind to the same three 
receptors that are differentially distributed in different tissues. Stimulation 
by TGF-~ tends to increase extracellular matrix components; increases cell 
adhesion molecules, such as the fibronectin receptor; decreases the synthesis 
of proteinases, such as cathepsin and collagenase; and increases the syn
thesis of tissue proteinase inhibitors. It is believed to play a major role 
in wound and tissue repair, bone formation and remodeling, and embryo
genesis. Many of its functions are associated with growth inhibition, and 
TGF-~ is the most potent known growth inhibitor for a wide variety of 
cell types of mesenchymal, myeloid, epithelial, lymphoid, and endothelial 
origin. Some tumors are thought to have become growth deregulated because 
they have lost their ability to respond to TGF-~. In instances where TGF-~ 
is associated with mitogenic activity, it may be due to the stimulation of 
PDGF production by TGF-~ [21]. For some systems, blocking TGF-~ action 
in vivo may result in the release of a negative growth control and result 
in increased, as opposed to decreased, tumor growth. TGF-p has been 
isolated from conditioned media of prostate cancer cell lines [22], and 
functional receptors have been described [23]. Both positive and negative 
effects have been observed [23]. Because of the many cellular interactions 
involved in the growth of solid tumors and the many functions of TGF-~, it 
may be that blocking of TGF-~ paracrine, rather than autocrine, inter
actions are responsible for its activity. 

Basic fibroblast growth factor (bFGF) has also been shown to be inhibited 
by suramin in concentrations that are achievable clinically. Like TGF-~, 
FGF has a wide range of actions on many cell types [24,25]. These include 
an increase in cell growth, induction of plasminogen activator, an increase in 
type IV collagenase activity, and increased cell migration. In vivo, bFGF 
causes neovascularization, induces fibroplasia of the dermis, and induces 
differentiation of the mesenchyme in embryonic tissue [24]. The induction of 
differentiation of embryonic mesenchyme can be inhibited by heparin. FGF 
lacks a classical signal sequence, and it is unclear how it is secreted from the 
cell. It may only be released during cell death. Cells transformed by FGF 
demonstrate no extracellular FGF, and it is hypothesized that the FGF acts 
via an intracellular autocrine mechanism [25]. In a series of experiments, it 
was shown that transfection of bFGF fused to an immunoglobulin signal
peptide sequence resulted in increased proliferation, increased cell density, 
and anchorage-independent growth. Cell-surface receptors were decreased, 
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and growth was not inhibited by antibodies to the FGF receptor. Treat
ment with suramin up-regulates the receptors and reverts the transformed 
phenotype [26]. Some members of the FGF-like family of proteins, such as 
int-2, Hst/K-fgf, and FGF-5, do have regions associated with secretion. 
Transfectants of these other FGFs secrete the protein and exhibit trans
formation at much lower levels of production of the FGF-like protein [24]. 
Moscatelli and colleagues found that the number of fgf receptors were 
decreased by transfection with the hstlK-fgf oncogene for transformation. 
Treatment with suramin reversed the transformation and restored the 
receptor number [27]. Two receptors for FGF have been described using 
photo affinity labelling experiments. Acidic FGF preferentially binds to one 
and b-FGF to the other. Each is able to displace the other. 

Members of the FGF family have a strong affinity for heparin, which was 
exploited for isolation and purification. Extracellular FGF binds to the 
extracellular matrix, especially heparan sulfate proteoglycans [24]. This may 
act as a storage form of FGF, and studies suggest that binding to the matrix 
may prolong the action of FGF, a so-called stormone. For example, stimula
tion of plasminogen activator was more prolonged and intense in cells 
stimulated by FGF and washed with HBSS than in cells in which the FGF 
was not only washed but was stripped from the extracellular matrix [20]. 
The action of heparan sulfact proteoglycans in the stroma of the bone mar
row is similar. These compounds help to localize heparin-binding colony
stimulating factors, such as granulocyte macrophage colony stimulating 
factor (GM-CSF), to the stromal matrix where the interaction with stem 
cells occurs [28]. 

Platelet-derived growth factor (PDGF) is also inhibited by suramin, but 
usually requires higher concentrations than those needed to inhibit TGF-p 
and FGF [11]. PDGF is associated with the growth of mesenchymal tissues 
and probably is not involved in autocrine growth of urologic adeno
carcinomas. It may be involved in paracrine, rather than autocrine, actions 
in these tumors. As noted previously, TGF-p will induce PDGF, and one 
aspect of suramin's action is that it will block both of these actions. 

Growth factors and the prostate 

Prostate cancer cell growth is mediated by a number of factors in addit
ion to androgen. While the mechanisms involved in the development of 
androgen escape are not completely understood, it has been postulated that 
autocrine production of growth factors that previously required the presence 
of steroid for their production may contribute. In the prostate, a number of 
growth factors have been identified, including basic and acidic FGF, EGF, 
and transforming growth factors alpha and beta [29-31]. While the actions 
and interactions of these factors are complex, and the relative contribution 
of each factor is unknown, fibroblast growth factors seem to be present in 
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Table 2. Content of growth-factor activity and percentage of 
heparin-binding growth factor in extracts of normal, BPH, and cancerous 
human prostates (CAP), both untreated and following DES treatment for 
cancer [26, 27] 

Hierowski [26] Nishi [27] 

Prostatic 
Cytosola Units/mg prot. %HiAb Units/mg prot. %HiA 

Normal 44 ± 14 8% 158 ± 52 84% 
BPH 195 ± 34c 90%C 660 ± 389c 95% 
CAP 208 ± 39c 95%C 317 ± 76c 88% 
CAP & DES 164 ± 94d 91% 

a Normals were obtained following autopsy of young men, (n = 4) 
(Hierowski), or cystoprostatectomy for bladder cancer or autopsy (n = 2 & 
2) of older men (Nishi). Nishi obtained BPH (n = 6) and CAP (n = 3) 
specimens following open prostatectomy procedures, and the DES patients 
(n = 9) received diethylstilbestrol phosphate (0.3-0.5 g/day) for 2-4 weeks 
before prostatectomy. Values represent mean ± SD. 
b HiA represents the percentage of growth-factor activity that exhibited 
high affinity for heparin as defined by binding to heparin in the presence of 
0.5M NaCl. 
c p < .05 vs. normal control. 
d p < .05 vs. CAP control. 

the highest relative proportion. FGF-like growth factor activity from rat and 
human prostates has been assessed in biological assays using 3T3 fibroblasts, 
MC3T3-El osteoblasts, endothelial cells, and prostate epithelial cells as 
targets. All of these data suggest a role for FGF in the angiogenesis, stromal 
growth, osteoblastic growth, and malignant prostatic epithelial cell growth in 
vivo (Table 2) [32-38]. 

Nishi et al. and Hierowski and coworkers have used heparin binding 
to determine the relationship between the percentage of heparin-binding 
growth-factor activity and the presence of benign prostatic hypertrophy 
or prostatic cancer relative to the normal prostate. The effect of 
diethylstilbesterol (DES) pretreatment on the amount of growth factor 
activity was also examined [37,38]. An increased amount of growth factor 
activity was observed in BPH relative to malignant specimens. The 
absolute levels of activity are different and may be the result of differences 
in the bioassay used. Differences were also observed with age. In 
young men, 92% of the activity isolated was not heparin binding [37]. 
The opposite was observed in an older population [38], suggesting that 
increased levels of FGF may correlate with aging. Treatment with DES 
resulted in a decrease in both the units of activity per milligram of protein 
and the total activity in the prostate. The total units per gram of prostate 
decreased from 11,100 ± 2500 to 6300 ± 3800 for the DES-treated group, 
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close to the 4300 ± 1900 for the normal prostates studied. The amount of 
activity decreased to normal levels in 8 of 10 (80%) cases [38]. It was not 
stated whether the two cases that did not return to normal were in fact 
unresponsive to DES therapy. The decreased levels with hormone therapy 
are consistent with the possibility that FGF is one of the autocrine/paracrine 
growth regulators of the human prostate. 

The LNCaP human prostatic carcinoma cell line was originally isolated 
by Horoszewicz [39]. It produces prostatic acid phosphatase and prostatic
specific antigen, and was used to produce the new prostatic marker CYT 356, 
that has shown immunoreactivity with virtually all of the prostatic tumors 
examined [40]. It has receptors for androgens and sublines have been isolated 
that are growth stimulated by dihydrotestosterone. Using a LNCaP cell line 
obtained from Steve Harris of the Alton Jones Cell Science Center in Lake 
Placid, New York, we examined the effect of suramin in inhibiting the growth 
of the LNCaP line in the presence and absence of dihydrotestosterone. 
The interaction of tumor necrosis factor (TNF), noted to cause cell death 
of carcinoma cells, and of dexamethasone were also evaluated. TNF was 
examined because of its growth-suppressing effects on the LNCaP line, 
while dexamethasone was evaluated because patients treated with suramin 
require steroid replacement because of the adrenocortical toxicities of the 
compound. 

Binding studies with radiolabeled TNF showed that suramin (100 ~M) 
had no effect on the binding of TNF to the high-affinity receptor on LNCaP 
cells. To reduce the endogenous steroid content, the experiments were 
performed in charcoal-stripped serum. In this study, 3 x 104 LNCaP cells in 
5% charcoal-stripped serum in DME: HAMSF-12 1: 1 were supplemented 
with insulin, transferrin, and selenium (ITS). Twenty-four hours later, 
suramin (100 ~M), TNF (1 nM), dihydrotestosterone (20 nM), and/or 
dexamethasone were added. The results are shown in Table 3. 

Treatment with suramin was very effective in blocking the growth 
induced by DHT, consistent with its growth-factor antagonistic action. 
During this 7-day exposure, cell growth was antagonized, but the over-

Table 3. The effect of suramin (100 IlM) and TNF (lIlM) in the presence 
or absence of 20 IlM of dihydrotestosterone (DHf) or dexamethasone 
(DEX) on the growth of LNCaP cells 

Treatment 
Control 
Suramin 
TNF 
SUR + TNF 

Cell # (x 1Q4) 

27.6 ± 1.4" 
11.7 ± 0.9 
16.0 ± 0.4 
4.6 ± 0.4 

+DHT 
46.5 ± 2.5 
15.5 ± 3.2 
31.5 ± 1.7 
5.8 ± 2.0 

+DEX 
29.6 ± 2.6 
14.0 ± 1.4 
18.2 ± 2.1 
4.9 ± 1.3 

·Values represent the mean ± SD. All values of the individual treatments 
differed significantly from the controls, as well as the combined treatment. 
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Figure 2. Thirty thousand PC-3 cells were plated and the following day different concentrations 
of suramin were added to the cells. The exposure to the suramin was for the time periods 
shown, after which the cells were removed from the plate and counted. 

all cell number was not reduced, consistent with a cytostatic effect. TNF 
was less effective in inhibiting the growth of DHT-stimulated cells rela
tive to cells grown in the charcoal-stripped serum. Combining TNF and 
suramin produced additive effects that were not reversed by the addition of 
dihydrotestosterone or dexamethasone. Other have also observed TNF to 
be growth suppressive to LNCaP lines [41]. The results, however, must be 
interpreted cautiously because of deficiencies in the LNCaP model. LNCaP 
lacks receptors for TGFp, an inhibitor of cell growth, so the effect of 
suramin on TGFp in this system cannot be determined [29,42]. The LNCaP 
cells also have a mutated androgen receptor that permits the binding of 
other steroids, in particular, progestins. Some prostatic epithelial cells have 
been shown to be inhibited by glucocorticoids. Unrecognized differences in 
the androgen receptor may result in differential glucocorticoid responses in 
some LNCaP variants. 



Table 4. Effect of prolonged exposure to suramin on PC-3 cells 

Treatment 

Plated day 0 
Control day 6 
Suramin day 6 
Rinsed day 12 
Suramin day 12 

1.0 
16.6 ± 1.0 
9.4 ± 1.0 

56.2 ± 2.3 
1.2 ± 0.1 

Ten thousand PC-3 cells were plated. The following day, 
100 ~M suramin was added, and 5 days later (6 days following 
plating), the cells were counted or the cells were rinsed, fresh 
media was added, and the incubation continued with or with
out the presence of 100 ~M suramin. 
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We also examined the effect of suramin on the growth of the PC-3 human 
prostatic cancer cell line. The concentration times time (c x t) dose response 
of these cells to the growth-suppressive effects of suramin are noted in 
Figure 2. As expected with an increase in either concentration or time of 
exposure, an increased growth-suppressive effect is observed. The import
ance of the time of exposure to suramin is also shown in Table 4. If cells 
are rinsed free of suramin after 5 days of exposure, cytostatic effects are 
reversed and cell growth resumes. In contrast, if the exposure is continued, 
cytotoxicity is observed. As illustrated, cell number decreased an additional 
82% (9.4 to 1.2 x 104) with continued exposure. Histologic examination of 
the cells at day 12 was consistent was a cytotoxic effect. The effects of 
suramin on PC-3 cells have also been shown to be dependent on the 
concentration of serum in the medium. In one report, the IC50 increased 
tenfold (from 30 to 300 JlM) as the concentration of serum was increased 
from 2 to 10% [43]. A similar cytostatic effect of increasing serum concen
trations was shown using DU-145 cells exposed for 4 hours. Cell growth was 
inhibited after 3 days. Histologic examination showed irreversible mito
chondrial damage, which may be a measure of the toxic effects of the drug 
[44]. These data also support the complexity of growth-factor interactions in 
these systems. 

Mitchen et al. studied primary human prostate epithelial cultures. 
Mitogenic effects were reversible up to 6 days, beyond which cytotoxicity 
was observed. Growth inhibition was seen at suramin concentrations> 10-4 M. 
Concentrations in the range of 5 x 10-7 to 10-5 M stimulated growth in 9 
out of 14 cultures [45]. Mixed responses have also been noted in the 
Dunning tumor model. Morton et al. studied the effects of suramin on the 
R3327-AT-2 variant of the Dunning prostatic carcinoma cell line. Growth 
inhibition was observed [46]. In contrast, we have observed growth stimula
tion of the Dunning R3327-AT-3 and MAT-LYLU variants (Table 5). These 
data suggest that removal of inhibitory influences may have adverse effects 
on cell growth and may possibly accelerate the disease. This may have 
therapeutic implications. 
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Table 5. The effect of different doses of suramin on the growth of 
the R3327MAT-L YLU prostate-derived tumor cell line 

Treatment 

Control 
50 11M suramin 
100 11M suramin 
200 11M suramin 
400 11M suramin 

41.8 ± 0.8 
41.2 ± 2.3 
45.3 ± 1.1 
58.9 ± 2.7 
70.3 ± 1.9 

Three hundred thousand MAT-L YLU cells were plated. The next 
day suramin at the different concentrations was added, and 5 days 
after plating the number of cells were determined by Coulter 
counting. Two hundred and 400 11M levels of suramin significantly 
increased the number of cells recovered. 

Other non-growth factor activities 

The observation that increased durations of exposure to suramin are 
cytotoxic raises the question of whether prolonged growth factor deprivation 
is responsible. Often the presence of growth factor antagonists will pre
vent cells from growing yet will not be cytotoxic. Is the reason that long 
exposures are required because of the delayed uptake of the highly charged 
molecule, or are other actions of suramin responsible? Suramin has been 
shown to inhibit a number of enzymes, including nucleic acid polymerases 
[47]. It disrupts the activity of a number of membrane-associated ion pumps, 
such as NaK, Ca, and H+ -ATPases [48,49]. Suramin was also observed to 
block signal-transducing mechanisms, such as specific G binding proteins 
and protein kinase C [50,51]. The effects on signal-transduction signaling are 
not due to an effect on receptor binding. Both opioid and fetal calf serum 
stimulated high-affinity GTPase activity in a pertussis toxin-sensitive manner 
that is due to different G proteins. Suramin completely inhibited the opioid
stimulated GTPase activity without affecting the serum-stimulated activity in 
signal transduction, suggesting a suramin selective effect on these G proteins 
[50]. Hensey and coworkers examined the inhibitory activity of suramin 
towards purified protein kinase C. Suramin was a competitive inhibitor with 
a Kj of 10 11M relative to A TP. They postulated that suramin could be 
causing inhibition of the growth and inducing differentiation of the NB-2 
cells via an effect on PKC. This mechanism, however, would require an 
intracellular localization of the compound. In the HT29 colon cell line, 
suramin inhibits cell growth and induces differentiation, an effect felt to be 
due to its inhibition of an autocrine growth factor [52-54]. In both cases, 
however, the effect is not immediate but takes several days to occur. It is 
possible that some uptake has occurred by this time and that some of 
suramin's activity is due in part to the inhibition of these intracellular 
processes. 
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While the focus of suramin's action has been at the cell surface, another 
aspect of suramin's action takes place in the lysosomal environment. 
Suramin inhibits lysosomal function, resulting at least in part from its bind
ing and inhibition of various enzymes, such as hyaluronidase, iduronate 
sulfatase, ~-glucuronidase, and sphingoid hydrolases [55,56]. Iduronate 
synthetase is the most sensitive. Suramin accumulates in the lysosomes of 
the reticuloendothelial system and in the proximal tubules of the kidney [3]. 
The inhibition of lysosomal enzyme synthesis results in a systemic accumu
lation of glycosoaminoglycans (GAGs) and sphingolipids, mimicking the 
pathology associated with mucopolysaccharidosis [57]. GAGs, primarily 
heparan and dermatan sulfate, accumulate in the serum, urine, kidney, 
liver, lung, and spleen [3,55,57]. It also inhibits H+ -ATPase, thus altering 
the pH gradient of the endosomes, lysosomes, and the processes associated 
with endocytosis [49,50]. 

The alterations in GAGs may prove to be of major importance for the 
activity of suramin. In one report, a temporal relationship between the 
development of anticoagulation (serum circulating heparans and dermatans) 
and tumor shrinkage was suggested [19]. The same group reported a fivefold 
increase in urinary glycosaminoglycans following suramin and have observed 
that these glycosoaminoglycans were toxic to human adrenal (SW-13) and 
prostatic (LNCaP) cells, whereas heparan isolated from normal kidney was 
not toxic [58]. 

Clinical trials 

Pharmacology 

As expected for a highly charged molecule, orally administered suramin is 
poorly absorbed from the intestine. Most clinical investigations have used 
intravenous dosing schedules. Following intravenous injection, suramin 
binds to a variety of plasma proteins, such as albumin, globulins, and 
fibrinogen, with little evidence of diffusion into red blood cells [3]. Over 
99.7% is protein bound and no reproducible assay for "free" vs. "bound" 
suramin is generally available [11]. There is no evidence for a metabolic 
transformation of suramin [2]; renal excretion accounts for most of its 
elimination [3]. Suramin appears to be filtered through the renal glomeruli 
and then reabsorbed by the cells of the proximal tubule. Because the 
therapeutic window is narrow, 200-300IJ.g/ml [19], vide infra, plasma 
concentration monitoring is essential [59]. Several assay methods have been 
published, including one based on an extraction procedure [60] and a second 
based on direct injection on a high-pressure liquid chromatography column 
followed by isocratic elution [61]. The latter has the advantage of rapid 
turnaround times. 

Initial clinical trials used a weekly intravenous dose schedule. This proved 
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to be too toxic, and subsequently continuous infusion schedules were studied. 
At the NCI, patients received a 200-mg test dose followed by a continuous 
infusion of 350mg/m2/day. Treatments were continued until plasma con
centrations reached 280-300 I!g/ml [19]. Due to the toxic effects on the 
adrenal glands [5,8], all patients received hydrocortisone replacement 
therapy from the start of treatment. A nomogram was derived for weekly 
dose adjustments based on measured plasma concentrations. The median 
time to achieve therapeutic levels varied from 1 to 4 weeks, and the planned 
interval between treatment cycles, 2-3 months, was based on the published 
literature half-life of 55 days [11]. 

Our initial investigations in patients with bidimensionally measurable 
prostatic cancer with the same dose schedule showed a similar variation in 
the time to achieve therapeutic concentrations. Of concern, however, was 
the observation of a much shorter half-life than previously reported, ranging 
from 15-39 days. Subsequently, a data-sparse adaptive feedback control 
algorithm to optimize individual patient treatments was developed. Using 
published literature values and derived pharmacokinetic parameters in our 
patient population, a maximum a posteriori Bayesian (MAP-B) PK para
meter value estimator was implemented [62]. Using this technique, samples 
drawn on day 1 and 2 are used to predict concentrations on day 3, etc. 
Dosing recommendations for both continuous IV (one sample on days 1,2, 
3, and 5, then q3D until day 14) and for an intermittent bolus regimen were 
derived [63]. An example of the measured and predicted plasma concentra
tions for a patient treated with continuous infusion is illustrated in Figure 3. 
As shown, the patient was retreated when trough levels reached 100 I!g/ml. 
Other groups have used a fixed dose until therapeutic levels are achieved 
[64,65]. 

The combined literature and derived data showed that the plasma dis
position of the total drug can be characterized by a two-compartment model. 
However, as shown in Table 6, considerable variation is evident. The model 
shows that for the first 2 weeks of therapy, net clearance from the plasma 
is dominated by the distributional clearance, CLo [63,66]. As a pseudo
equilibrium between peripheral tissues and plasma is approached, the net 
clearance from the plasma decreases and approaches the steady-state min
imum or total plasma clearance CLy. Thus, if the therapeutic goal is to 
rapidly achieve and then to maintain a target plasma suramin concentration, 

Table 6. Pharmacokinetic parameters based on literature values and derived 
MAP-Bayesian estimator (10, 63] 

Volume of the central compartment 
Total steady-state volume 
Distributional clearance 
Distributional half-life 
Total plasma clearance 
Terminal elimination half-life 

Vc = 3.71/m2 

Vss = 1O-2511m2 

CLo = 0.5-2.5I1day/m2 

t'/2a = 0.5-3 days 
CL,- = 0.3-0.71/day/m2 
t ll2b = 15-55 days 
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Figure 3. Predicted (*) and measured (+) plasma suramin concentrations using the MAP
Bayesian estimator [63] in a patient with measurable prostatic cancer treated with a continuous
infusion dose schedule. 

an "ideal" regimen would require an initial loading dose to load the central 
compartment, followed by a rapid dose rate that tapers over time to a final 
steady state. The method of acheiving the target concentration may not be 
as critical as the use of intermittent doses to maintain concentrations for 
longer durations. 

Toxicity profile 

Administration of suramin is different than traditional chemotherapy, as 
several unique toxicities are observed. Most are mediated by the effects of 
suramin on glycosaminoglycan synthesis or growth factor inhibition. The 
most worrisome toxicity is a progressive polyradiculopathy, which can pro
gress to a Guillain-Barre syndrome. The risk is related to peak levels of the 
compound, increasing rapidly as levels exceed 300 ~g/ml, and exceeds 40% 
at levels above 350 ~g/ml [67]. A clear effect of the duration of exposure 
has not been established. Electromyography and nerve-conduction studies 
showed evidence of conduction block, suggestive of a demyelinating poly
neuropathy. The inhibitory effect of suramin on FGF, a growth factor for 
Schwann cells, has been postulated. 

Suramin is taken up and accumulates in the lysosomes, especially Kupffer 
cells of the liver and the cortex of the kidney [3]. These two tissues also 
exhibit toxicity following suramin therapy. Liver-function test abnormalities 
are observed, especially in individuals with an underlying hepatic insult, 
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such as chronic alcohol abuse, or extensive hepatic involvement by tumor 
[3]. Proteinuria and decreases in renal clearance have been observed. This 
may be related to the selective accumulation of suramin in the kidney [68]. 

A coagulopathy, due to circulating glycosaminoglycans such as heparan 
and chondroitan sulfate, has been reported. These compounds function as 
circulating anticogulants. Although serious bleeding has been observed, 
discontinuation of the drug leads to normalization of the coagulation para
meters in several days. Most clinical protocols include provisions to dis
continue suramin infusions if the prothrombin time exceeds 17 seconds 
[69,70]. 

A vortex keratopathy has been observed in up to 25% of cases [3]. 
Symptoms include blurring of vision, tearing, and photophobia. They are 
believed to be the result of intra-epithelial apical deposits in the cornea, 
conjunctiva, and lens epithelia [71]. Electron microscopy reveals these 
deposits to be lipid inclusion lamellar membranous bodies, similar to that 
observed in patients with Fabry's disease. The symptoms can usually be 
managed with artificial tears and generally resolve when the drug is 
discontinued. 

A higher than expected incidence of severe and/or life-threatening infec
tion has also been noted. This cannot be attributed to instrumentation with 
central venous catheters or internal urinary stents. Many of these infections 
have been documented in patients with normal granulocyte counts [66,72, 
73,74]. Hypocalcemia, pericardial effusion, anaphylaxis, nausea, vomiting, 
urticaria, fever, proteinuria, rash, lymphopenia, and thrombocytopenia have 
also been reported [66,73]. 

Results of clinical investigations 

The concept of the therapeutic window is based on phase I investigations at 
the National Cancer Institute. In studies of patients with primarily renal cell 
and adrenocortical carcinomas, no responses were observed below plasma 
concentrations of 200 ).lg/ml (140 ).lM), while toxicities were prohibitive 
above 300 ).lg/ml (208 ).lM). It is unclear, however, if the lower limit, 
200 ).lg/ml, should be the same target concentration for different tumor 
types. Phase II trials are ongoing in several diseases [66]. This discussion, 
however, will focus on genitourinary malignancies. 

Prostatic cancer 

The rationale for investigating suramin in prostatic cancer includes 1) the 
observed growth-inhibitory effects of prostatic cancer cell lines in vitro and 
in vivo, 2) the known effects of suramin on growth-factor action, and 3) the 
adrenal inhibitory effects of the drug. 

The initial trials at the NCI used the continuous infusion schedule 
described previously. Regression of soft-tissue masses was noted in 4 of 8 
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patients with measurable disease, and a decrease of 50% or greater in PSA 
in 7 of 11 (63%) patients with bone-only evaluable disease [75]. A con
firmatory trial in patients with measurable disease at M.D. Anderson, the 
Mayo Clinic, and Memorial Sloan-Kettering Cancer Center was subsequently 
initiated. Of the first 17 evaluable patients, PR was noted in 1 (6%, 95% 
confidence limits 0-14%), and decreases in PSA (>50%) in 4 of 14 evalu
able cases; accrual is continuing [73]. 

Subsequently, t.he NCI reported on 35 patients, 15 with measurable 
lesions, 21 with painful bony lesions, and 29 with baseline PSA >5x normal. 
Six of 15 (40%) had PR in measurable disease (three with no change in 
PSA), and 15 (70%) had an improvement in bone pain. Considering only 
PSA, 6 of 29 (21 %) had a normalization, and 16 (55%) had a greater than 
50% decrease from baseline. Median survivals were 9 months for those with 
soft tissue and 15 months for those with bone-only disease [76]. This is 
similar to a series of 146 patients treated with chemotherapy at MSKCC 
[77]. In order to eliminate a possible effect of the hydrocortisone, which has 
shown activity in patients with relapsed disease [78], a randomized trial of 
suramin plus hydrocortisone vs. hydrocortisone alone was organized. The 
trial was closed for lack of accrual. 

The results in other centers have confirmed antitumor activity in hormone
refractory prostatic cancer. Ahmann et al. noted PR in 6 of 14 evaluable cases 
[74]. Three other studies focused primarily on PSA as the clinical trial 
endpoint. Regressions >50% were considered significant. A response was 
observed in 10 of 20 [79], 3 of 5 [80], and 4 of 9 [65] cases, respectively. In 
general, the duration of the response is generally short. It is unclear, how
ever, if this reflects decreases in plasma concentrations or true progression. 
To confirm that suramin did not interfere with the Tandem-R PSA assay, we 
determined PSA in matched plasms samples with and without 250 ~g/ml of 
suramin, and no differences were observed [81]. 

Adrenocortical carcinoma 

Using a target concentration of 300 ~g/ml, two partial and two minor 
responses were observed in 16 evaluable cases [19]. Five patients had stable 
disease for 3-10 months. The remainder progressed. Only one of the seven 
patients with abnormal secretion of steroid hormones had a documented 
decline in levels following suramin treatment. Median survivals were only 7 
months [3]. 

Renal cell carcinoma 

The rationale for an evaluation of suramin in renal cell carcinomas include 
the observation of increased expression of both EGF-r and TGF-alpha in 
the kidney, and that these factors are expressed at higher levels in renal cell 
cancer [82-85]. A heparin-binding growth factor similar to FGF has also 
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been isolated [86]. This suggests a possible autocrine mechanism. Inhibition 
of renal cell carcinoma cell lines has been observed in vitro [87]. In addition, 
suramin is selectively concentrated in the kidney [68]. At the NCI, 1 of 3 
patients treated in a phase I study showed PR radiographically with nor
malization of hypercalcemia, and one died from pneumonia with extensive 
tumor necrosis and no viable tumor at autopsy [19]. Clinical trials at the 
NCI and MSKCC have shown little activity [88,89]. 

Testicular cancer 

Studies on the differentiation of the teratocarinoma cell line NTera-2 cl. Dl 
(NT21D1) has shown that TGF-a and HST-lIkgf are downregulated after 
treatment with retinoic acid [90]. bFGF also declines. Subsequently it was 
shown that bFGF and HST-1/KFGF are coexpressed in ~ nonseminoma 
and TGF-a in ~ of the same cells [91]. These growth factors were found to 
stimulate cell growth in fetal calf serum but not in serum-free medium, 
suggesting that a combination of factors is important for cell growth and 
proliferation. This provides the rationale for phase II investigations in 
relapsed testicular tumors. A clinical trial is ongoing at MSKCC. 

Bladder cancer 

Although activity has been reported against bladder cancer cell lines in 
vitro, no clinical trials have been performed [92]. 

Future directions 

Suramin represents the first of a class of putative growth factor inhibitors. 
The observed response proportions in patients with relapsed prostatic can
cer, a disease for which no standard therapy exists, are encouraging. The 
short duration of response suggests the need to investigate schedules that 
maintain therapeutic concentrations for longer durations. It is not surprising 
considering that suramin is tumoristatic and not tumoricidal in many in vitro 
systems. In our studies with a continuous infusion schedule, a positive 
therapeutic effect correlated directly with total area under the concentration 
time curve, a measured time >100 Jlg/ml, and inversely, with the rate of 
elimination [87]. Using an intermittent parenteral dose schedule during the 
loading and maintenance phase, investigators at the University of Maryland 
maintained plasma concentrations in the range of 200-300 Jlg/ml until 
disease progression was documented. Dosing recommendations were ad
justed using an adaptive control algorithm [73]. Preliminary data in nine 
patients showed decreases in prostate-specific antigen levels in eight (89%), 
with regression in soft-tissue disease in 3 of 3 cases [91]. The data suggest that 
flexible dosing can be used to target a given plasma concentration and that 
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maintenance of plasma concentrations may maximize the chance of benefit 
[81,82]. 

While responses have been observed in renal cell carcinoma, where 
prolif~ration is also partially growth factor mediated, data are too pre
liminary to draw definitive conclusions. Studies in testicular cancer are 
continuing. The use of suramin is complex and the optimal dosing regimen 
has not been derived. Pharmacologic monitoring is essential, as there is a 
narrow therapeutic window. A key problem with suramin remains its lack of 
specificity, for, in addition to its growth-factor effects, it binds to a number 
of serum proteins, and inhibits lysosomal enzymes, protein kinase C, and 
glycolysis. A better understanding of the mechanism of action may allow 
more specific analogs to be developed. 

The observed responses also suggest the need to investigating suramin in 
combination with chemotherapeutic and biologic agents. Preliminary data 
using prostate cancer cell lines suggest that synergistic effects, particularly 
with adriamycin and TNF, can be observed at relatively low «50 Ilg/ml) 
levels of suramin [41]. This may not only improve therapeutic outcome, but 
may also reduce toxicity. The minimal concertration to achieve antitumor 
efficacy is not known. Combinations with angiostatic steroids also warrant 
further study [93), as do studies on the inhibition of motility, a prerequisite 
for the development of metastatic disease [94]. Ultimately a better under
standing of the biology of these tumors will improve the outcome. Isolating 
the active components of the GAGs generated by suramin may also permit 
the development of more specific inhibitors. 
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Biopsies 

of GU RMS, 6, 13 
of prostatic cancer, 42, 44 
uroenteric reconstructions and, 82 

Bladder augmentation 
GU RMS and, 10, 12 
malignancies associated with, 76 

Bladder barbottage, uroenteric 
reconstructions and, 82 

Bladder bilharziasis, uroenteric 
reconstructions and, 80 

Bladder cancer 
neoadjuvant chemotherapy and 

cystectomy for, 99-103 
suramin for, 146 
TNF for, 116 
uroenteric reconstructions and, 80, 81 

Bladder rhabdomyosarcoma, 1,3,4,6,7,8, 
9-10 

Bladder salvage, in GU RMS, 8, 9, 12 
Bleomycin, 90 
Bone marrow aspiration, in GU RMS, 7, 13 
Bone marrow metastases, in GU RMS, 2, 3 
Bone marrow transplantation, in GU RMS, 

15 
Bone scans 

in GU RMS, 7,13 
in prostatic cancer, 44 

Bone surveys, in GU RMS, 7, 13 
Botryoid rhabdomyosarcoma, 10 
Brachytherapy, 65-73 

case selection in, 69 
clinical series in, 67-68 
description of, 67 
treatment planning in, 69-70 
treatment reactions in, 70-73 
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Brain tumors, 1, 2 
Breast cancer, 2 
Buserelin, for prostatic cancer, 32-39 

Calcium, suramin and, 140 
Carcinogens, uroenteric reconstructions 

and, 78, 79-80 
Cathepsin, suramin and, 134 
Cecocytoplasty, malignancies associated 

with, 76, 77 
Cell motility, 121-129 

development of visual grading system for, 
122-123 

preliminary studies of visual grading of, 
126-128 

quantitative method of studying, 123-126 
Central nervous system tumors, 2 
Cervical rhabdomyosarcoma, 1, 8 
Chemotherapy, see also specific agents 

for bladder cancer, 99-103 
for GU RMS, 3, 7, 8-9,10,11-12,13,14 
intravesical, 116 
for prostatic cancer, 60 
for testicular cancer, 89, 90, 91, 96 
for transitional cell carcinoma, 25, 26 

Chondroitan sulfate, suramin and, 144 
Cisplatin 

for GU RMS, 11 
TNF and, 111 

C-myc oncogene, GU RMS and, 3 
Collagenase IV activity, suramin and, 134 
Colocytoplasty, malignancies associated 

with, 76, 77 
Colon carcinoma, 75, 80, 81, 82 
Colon conduits, malignancies associated 

with, 78 
Colonoscopy, in uroenteric reconstructions, 

76 
Colostomy, radiation therapy and, 48 
Computed tomography (CT) 

in bladder cancer, 100 
in GU RMS, 6, 7, 13, 14 
in prostatic cancer, 42 
in testicular cancer, 92 
in transitional cell carcinoma, 25 

Cyclophosphamide, 8-9, 13, 14, see also 
VAC therapy 

Cyproterone acetate, for prostatic cancer, 
30 

Cystectomy 
for bladder cancer, 99-103 
for GU RMS, 9-10,12 
for transitional cell carcinoma, 25 

Cystography, in uroenteric reconstructions, 
82 

Cystoplasty, malignancies associated with, 
82 

Cystoprostatectomy, for GU RMS, 12 
Cytogenetics, of GU RMS, 2 

Cytologic examinations 
of transitional cell carcinoma, 25 
of uroenteric reconstructions, 82 

Cytomorphometry, static, 53 
Cytoscopy, in GU RMS, 6 
Cytotoxicity 

of suramin, 140 
ofTNF, 107, 108, 111 

Dactinomycin (Actinomycin D), see also 
V AC therapy; V AI therapy 

for GU RMS, 7, 8-9, 11, 12 
TNF and, 105, 107, 108, 111, 112, 113 

Dermatan sulfate, suramin and, 141 
Desquamation, radiation therapy and, 48 
Dexamethasone, 138 
Dialysis, transitional cell carcinoma and, 25 
Diarrhea, radiation therapy and, 48 
Dicarbazine (DTlC), 11 
Diethylstilbesterol (DES), 136-137 
a-Difiuormethylornithine, 81 
Digital rectal examination, 41, 44 
Dihydrotestosterone (DHT), 137-138 
Dizziness, TAB and, 36 
DNA 

carcinogens and, 79 
GU RMS and, 2, 3 
suramin and, 133 
TNF and, 113-115 

DNA aneuploid tumors 
in GU RMS, 3 
in prostatic cancer, 53, 54, 55, 56, 57, 58, 

60 
DNA diploid tumors, in prostatic cancer, 

53,54,55,56,57,58-60 
DNA ploidy 

in GU RMS, 3 
in prostatic cancer, 53-60 

DNA tetraploid tumors, in prostatic cancer, 
53,54,56,57,58,60 

DNA topoisomerase II-targeted drugs, see 
Topoisomerase II-targeted drugs 

Doxorubicin (Adriamycin) 
for GU RMS, 8, 11 
suramin and, 147 
TNF and, 111, 112, 115, 117 
topoisomerase II and, 109 

DynaCELL, 124 
Dysplasia, uroenteric reconstructions and, 

82 
Dysuria, radiation therapy and, 48 

EGF, see Epidermal growth factor 
EGFR oncogene, GU RMS and, 3 
Ejaculation, RPLND and, 91,92,96 
Electroresection, for transitional cell 

carcinoma, 26 
Embryonal rhabdomyosarcoma, 3-4, 10, 

13, 14 



Endoscopy, in uroenteric reconstructions, 
82 

Endosomes, suramin and, 141 
Endothelial cells, suramin and, 134, 136 
Enterocytoplasty, malignancies associated 

with, 75, 76-78 
Epidermal growth factor (EGF) 

suramin and, 133-134, 145 
uroenteric reconstructions and, 81 

Epithelial cells, suramin and, 134, 138, 139 
Estrogen therapy, for prostatic cancer, 29, 

53 
Etoposide (VP-16), see also VIE therapy 

for GU RMS, 11, 12 
for testicular cancer, 90 
TNF and, 111, 112, 113, 115, 117 
topoisomerase II and, 109 

Eulexin (Flutamide), 30 
Extracorporeal surgery, for renal cell 

carcinoma, 21-22 

Fabry's disease, 144 
Fecal incontinence, radiation therapy and, 

48 
Fertility 

GU RMS and, 14 
RPLND and, 90, 92 

Fetal alcohol syndrome, 2 
a-Fetoprotein, 92 
Fever, suramin and, 144 
FGF, see Fibroblast growth factor 
Fibrinogen, suramin and, 141 
Fibroblast growth factor (FGF), 131, 133, 

134-136, 143, 145, 146 
acidic, 135 
basic, 133, 134, 135, 146 

Fibroblasts, growth factors and, 136 
Fibronectin receptors, suramin and, 134 
Fibroplasia, b-FGF and, 134 
Fibrosarcomas, 107 
Fibrosis 

radiation therapy and, 67 
RPLND and, 91 

Flow cytometry 
in GURMS,3 
in prostatic cancer, 53-54, 55-56, 57, 60 

Fluorouracil, 111 
Flutamide (Eulexin), 30 
Fourier analysis, of cell motility, 124-126 

Genitourinary rhabdomyosarcoma (GU 
RMS),1-15 

clinical presentation of, 4-5 
cytogenetics of, 2 
diagnosis of, 6 
epidemiology of, 1-2 
molecular studies of, 2-3 
pathology of, 3-4 
prognosis in, 10-13 

radiographic evaluation of, 5-6 
treatment of, 7-10 

gli oncogene, GU RMS and, 2 
Globulins, suramin and, 141 
Glucocorticoids, 138 
p-Glucuronidase, suramin and, 141 
Glycolysis, suramin and, 147 
Glycosoaminoglycans (GAGs), suramin 

and, 141, 143, 144, 147 
Gorlin's basal-cell nevus syndrome, 2 
G proteins, suramin and, 140 
Grading 

of prostatic cancer, 53, 54, 121-129 
of renal cell carcinoma, 20 
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of transitional cell carcinoma, 25, 26 
Granulocyte macrophage colony stimulating 

factor (GM-CSF), 135 
Growth factor antagonists, suramin in 

development of, 131-147, see also 
Suramin 

Guanosine triphosphatase (GTPase), 
suramin and, 140 

Guillain-Barre syndrome, suramin and, 143 
GU RMS, see Genitourinary 

rhabdomyosarcoma 

Headaches, TAB and, 36 
Heparan, suramin and, 141, 144 
Heparan sulfate proteoglycans, suramin 

and, 135 
Heparin, 24 

FGF and, 134 
Heparin-binding growth factors, 135, 136, 

145-146 
Hot flashes, TAB/testicular ablation and, 36 
hst/K-fgf oncogene, suramin and, 135, 146 
hst-lIkgf oncogene, suramin and, 146 
p-Human chorionic gonadotrophin (HCG), 

92 
Hyaluronidase, suramin and, 141 
Hydrocortisone, suramin and, 142, 145 
Hypercalcemia, suramin and, 146 
Hyperfractionated radiation therapy, for 

GU RMS, 12 
Hypocalcemia, suramin and, 144 
Hypophysectomy, for prostatic cancer, 29 
Hysterectomy, for GU RMS, 7,11,12-13 

Iduronate sulfatase, suramin and, 141 
Iduronate synthetase, suramin and, 141 
Ifosfamidc, 12, 13 
Ileal conduit urinary diversion, malignancies 

associated with, 78 
I1eocytoplasty, malignancies associated 

with, 76, 77 
Impotence, TAB/testicular ablation and, 36 
Insulin, 137 
Interferons, 105 
Interleukin-2 (lL-2), 105, 116 
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Interstitial pneumonitis, TAB and, 36, 38 
Intravenous pyelography (IVP) 

in GU RMS, 5-6 
in transitional cell carcinoma, 25 

Intravenous urography, in uroenteric 
reconstructions, 82 

Intravesical chemotherapy, 116 
Intravesical tumor necrosis factor (TNF), 

116 
Iodine-l25 implants, 57 
Iridium-192 implants, 67, 68, 70, 73 

Jackson staging system, 65, 68 

Kaposi's sarcoma, suramin and, 131 
Keratopathy, suramin and, 144 
Kidneys, suramin concentration in, 146 
Kupffer cells, suramin and, 143 

Laparoscopy, in prostatic cancer, 43 
Laparotomy, for GU RMS, 6 
Laser fulgeration, for transitional cell 

carcinoma, 26 
Leuprolide, 30 
LHRH, see Luteinizing hormone releasing 

hormone 
Libido loss, TAB/testicular ablation and, 36 
Liver toxicity, of suramin, 143-144 
L-myc oncogene, GU RMS and, 3 
Lung cancer, 111 
Lung metastases, in GU RMS, 3 
Lupron, 30 
Luteinizing hormone-releasing hormone 

(LHRH) 
DNA ploidy and, 58, 60 
in testicular ablation, 30, 31, 32-39 

Lymphadenectomy, 44, 48, 49, 57, see also 
Retroperitoneal lymph-node dissections 

Lymphangiography, in GU RMS, 14 
Lymphatic metastases, in GU RMS, 3, 4, 5 
Lymphocytes, TNF and, 116 
Lymphoid cells, suramin and, 134 
Lymphopenia, suramin and, 144 
Lysosomes, suramin and, 141, 143, 147 

Macrophages, carcinogens and, 81 
Magnetic resonance imaging (MRI) 

in GU RMS, 6 
in prostatic cancer, 42, 43 

Major histocompatibility complex (MHC), 
106 

Mastectomy, 66 
Mesenchymal cells 

GURMSand,3 
suramin and, 134, 135 

MESNA therapy, 13 
Metastases 

in bladder cancer, 99 
bone marrow, 2, 3 

in GU RMS, 2, 3, 4, 5, 7, 8, to, 12, 13, 15 
lung, 3 
lymphatic, 3, 4, 5 
in prostatic cancer, 44-45,121-129 
in testicular cancer, 89 

Methotrexate, 111, see also M-VAC therapy 
Mitomycin C, 26 
Molecular studies, of GU RMS, 2-3 
Monoclonal antibodies, GU RMS and, 3 
Monomorphous round-cell 

rhabdomyosarcoma, 4 
mRNA 

dactinomycin and, 108 
gli,2 
topoisomerase II and, 109 

Mucopolysaccharidosis, suramin and, 141 
M-V AC therapy 

for bladder cancer, 99-t03 
for transitional cell carcinoma, 26 

Myeloid cells, suramin and, 134 

Nausea 
suramin and, 144 
TAB and, 36 

Necrosis 
brachytherapy and, 73 
testicular cancer and, 90, 91 

Neoadjuvant chemotherapy, cystectomy 
and,99-103 

Neovascularization, b-FGF and, 134 
Nephrectomy 

for renal cell carcinoma, 20, 21, 22, 24 
for transitional cell carcinoma, 25 

Nephrogenic adenomas, 78 
Nephroscopy, in transitional cell carcinoma, 

26 
Nephroureterectomy, for transitional cell 

carcinoma, 25 
NEU oncogene, GU RMS and, 3 
Neuroblastomas, 1 
Neurofibromatosis, 2 
Nitrates, SO, 81 
Nitrites, SO, 81 
Nitrosamines, SO, 81 
N-Nitroso compounds, 79-80, 82-83 
Nitrosourea methyl-CCNU, 2 
N-myc oncogene, GU RMS and, 3 
Nonseminomatous germ cell tumor, 

testicular, 89-96 
N-ras oncogene, GU RMS and, 2 
Nuclear DNA ploidy, see DNA ploidy 
Nulutimide, see Anandron 

Oat cell carcinomas; 77 
Orchiectomy, see also Testicular ablation 

for GU RMS, 13 
for testicular cancer, 92, 96 

Ornithine decarboxylase, 81 



Osteoblasts, growth factors and, 136 
Ovarian carcinoma, 116 

Pain 
in prostatic cancer, 33, 38 
radiation therapy and, 48 

Paracrine growth factor production, 134, 
137 

Paratesticular rhabdomyosarcoma, 1,3, 
13-15 

Paris system of dosimetry, 70 
PDGF, see Platelet-derived growth factor 
Pelvic extenteration, for GU RMS, 7,11 
Pemphigus, 131 
Penectomy, 66, 68, 73 
Penile carcinoma, 65-73 

epidemilogy and pathobiology of, 65 
staging of, 65-66, 68 

Pericardial effusion, suramin and, 144 
Photophobia, suramin and, 144 
Plasminogen activators, FGF as, 135 
Platelet-derived growth factor (PDGF), 

132-133, 134, 135 
Pleomorphic rhabdomyosarcoma, 3, 4 
Polymerases, suramin and, 131, 140 
Polypectomy, for GU RMS, 11 
Polypoid tumors 

inGU RMS, 12 
uroenteric reconstructions and, 79, 82 

Polyps, uroenteric reconstructions and, 76 
Po!yradiculopathy, suramin and, 143 
Prostatectomy, 12 

DNA ploidy and, 55, 56, 57, 58 
radiation therapy following, 41-49 

Prostate-specific antigen (PSA) 
DNA ploidy and, 58-60 
prostatectomy and, 42-43, 44, 45 
radiation therapy and, 48, 49 
suramin and, 137, 145 

Prostatic acid phosphatase, 33, 137 
Prostatic cancer 

cell motility in, 121-129 
DNA ploidy and, 53-60 
mortality from, 34-35, 38-39 
pain in, 33, 38 
radiation therapy following prostatectomy 

for, 41-49 
suramin for, 135-139, 142, 144-145, 147 
TAB vs. testicular ablation for, 29-39 

Prostatic rhabdomyosarcoma, 1, 3, 4-5, 7, 
8,10 

Proteinases, suramin and, 134 
Protein kinase C, suramin and, 147 
Proteinuria, suramin and, 144 
Prothrombin, suramin and, 144 
Pruritus, TAB and, 36 
PSA, see Prostate-specific antigen 
Pyeloscopy, in transitional cell carcinoma, 

26 

Radiation therapy, 60, see also 
Brachytherapy 

for GU RMS, 7, 8, 9, 12, 13, 14 
hyperfractionated, 12 

157 

as prostatectomy adjuvant, 41-49 
Radiographic evaluation, of GU RMS, 5-6 
Radionuclide bone scans, see Bone scans 
Radium-226 implants, 67 
Radium molds, 66-67 
Rashes, suramin and, 144 
5 a-Reductase, in prostatic cancer, 60 
Renal cell carcinoma 

renal-sparing surgery for, 19-24 
suramin for, 144, 145-146, 147 
TNFfor, 113 

Renal-sparing surgery, 19-26 
for renal cell carcinoma, 19-24 
for transitional cell carcinoma, 24-26 

Retinoic acid, suramin and, 146 
Retrograde pyelography, in transitional cell 

carcinoma, 25 
Retroperitoneal lymph-node dissection 

(RPLND),89-96 
ejaculation and, 91, 92, 96 
fertility and, 90, 92 
in GU RMS, 13-14 
nerve-sparing techniques in, 90, 91-96 

RNA reverse transcriptase, suramin and, 
131 

RPLND, see Retroperitoneal lymph-node 
dissection 

Sarcoma botryoides, 4 
Schwann cells, suramin and, 143 
Seizures, chemotherapy and, 13 
Selenium, suramin and, 137 
Side effects, see also specific side effects 

of radiation therapy, 48-49 
ofTAB/testicular ablation, 36, 39 

Simian sarcoma virus, suramin and, 132 
sis cells, suramin and, 132, 133 
Sphingoid hydrolases, suramin and, 141 
Squamous cell carcinoma, 111 
Staging 

cell motility in, 127 
ofGURMS,7 
of penile carcinoma, 65-66, 68 
of prostatic cancer, 42-43, 44, 53, 127 
of renal cell carcinoma, 20 
of testicular cancer, 90, 92 
of transitional cell carcinoma, 25 

Static cytomorphometry, for prostatic 
cancer, 53 

Steroid hormones, 30, see also specific types 
suramin and, 131, 145 

Suicide, penectomy and, 66 
Superoxides, 81 
Suramin, 131-147 

action mechanisms of, 132-135 
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non-growth factor activities of, 140-141 
pharmacology of, 141-143 
for prostatic cancer, 135-139, 142, 

144-145,147 
toxicity of, see under Toxicity 

Surgery, 3, 7, 8, 9, see also specific types 

TAB, see Total androgen blockade 
Telangiectasia, radiation therapy and, 67 
Teratoma, in testicular cancer, 89, 91 
Testicular ablation, for prostatic cancer, 

29-39 
mortality rates and, 34-35, 38-39 
response to, 34 
side effects of, 36, 39 

Testicular cancer 
RPLND for, 89-96 
suramin for, 146, 147 

TGF, see Transforming growth factor 
Thiotepa, 26 
Thrombocytopenia 

suramin and, 144 
. TNF and, 115 

Time-lapse videomicroscopy, of cell 
motility, 121, 122, 124, 127 

TNF, see Tumor necrosis factor 
TNM classification system, 65-66 
Topoisomerase II-targeted drugs, 105-117, 

see also specific agents 
in vitro effects of, 110-111 
in vivo effects of, 112-113 

Total androgen blockade (TAB), for 
prostatic cancer, 29-39 

mortality rates and, 34-35, 38-39 
response to, 34 
side effects of, 36, 39 

Toxicity 
adrenal cortex, 131, 137, 141, 142 
cellular, see Cytotoxicity 
liver, 143-144 
ofsuramin, 131, 137, 141, 142, 143-144, 

147 
ofTNF, 105, 115, 116 

Transferrin, suramin and, 137 
Transforming growth factor (TGF) 

GU RMSand, 2 
suramin and, 133, 134, 135, 138, 145, 146 

Transforming growth factor-alpha (TGF-a), 
135, 145, 146 

Transforming growth factor-beta (TGF-P), 
133, 134, 135, 138 

Transitional cell carcinoma 
renal-sparing surgery for, 24-26 
uroenteric reconstructions and, 77 

Trypanosomiasis, 131 
Trypan red dye, 131 
Tuberculosis, uroenteric reconstructions 

and, 76 
Tubulin, GU RMS and, 2 

Tumor cell inhibitory factors, GU RMS 
and, 2 

Tumor enucleation, for renal cell 
carcinoma, 20, 21,22-23 

Tumor grading, see Grading 
Tumor-infiltrating lymphocytes (TIL), TNF 

and, 116 
Tumor necrosis factor (TNF), 105-117 

anticancer effects of, 106-107 
intravesical, 116 
suramin and, 137, 138, 147 
synergistic effects of, 113-115 
in vitro effects of, 110-111 
in vivo effects of, 112-113 

Tumor staging, see Staging 

Ultrasound 
in GU RMS, 5, 14 
in prostatic cancer, 42, 43, 44 
in uroenteric reconstructions, 82 

Undifferentiated sarcomas, 77 
Ureteral reimplantation, in GU RMS, 12 
Ureterosigmoidostomy, malignancies 

associated with, 75, 76, 78, 79, SO, 81, 
82 

Urethral salvage, in GU RMS, 12 
Urethral stenosis, brachytherapy and, 68 
Urinary diversion 

malignancies associated with, 75, 78 
radiation therapy and, 48 

Urinary incontinence, radiation therapy 
and, 48 

Urinary tract infections, uroenteric 
reconstructions and, 78, 80 

Urinary tract reconstructions, see 
Uroenteric reconstructions 

Uroenteric reconstructions, 75-83 
clinical data on, 75-78 
patient surveillance and, 81-82 
tumor pathogenesis and, 79-81 

Urticaria, suramin and, 144 
Uteral reimplantation, GU RMS and, 10 
Uterine rhabdomyosarcoma, 1,5,6,8,11 
Uteropyeloscopy, in transitional cell 

carcinoma, 25 
Uteroscopy, in transitional cell carcinoma, 

25 

VAC therapy, 8-9, 11, 12, see also M-VAC 
therapy 

Vaginal rhabdomyosarcoma, 1, 5, 6, 7, 8, 
11,12-13 

Vaginectomy, for GU RMS, 9,11,13 
VAl therapy, 12 
VA therapy, 8, 11 
Vesicosigmoidostomy, malignancies 

associated with, 79, 81 
VIA therapy, 14 
Videomicroscopy, see Time-lapse 



videomicroscopy 
VIE therapy, 12 
Vincristine, 2, 8-9, 12, 13, see also V AC 

therapy 
Viremia, suramin and, 131 
Vision problems 

suramin and, 144 
TABand,36 

Vomiting 
suramin and, 144 

TABand,36 
VP-16, see Etoposide 
Vulvar rhabdomyosarcoma, 1, 5 

Wilm's tumor, 1 

X-ray therapy, 66, 67 

Zoladex, for prostatic cancer, 30 
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