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Preface

Urological cancer constitutes approximately 30% of all cancer occurring in the Third
and Second Worlds. In the main, these diseases are caused by environmental factors,
such as diet and smoking, and it is hoped that action to regulate the influence of
these environmental pathogens will lead to a decreased incidence over the next two
or three decades.

In the meantime, our understanding of the scientific basis for urothelial malig-
nancy has broadened significantly. For example, studies in prostate cancer, which
were few and far between 20 years ago, have increased, and the degree of govern-
ment intervention, both in Europe and the United States, to support work in this
field has grown significantly as a result of patient pressure. Interest too has increased
from the pharmaceutical industry, and this has led to the development of new treat-
ment options for all of the urological malignancies and real improvements in remis-
sion rates and durations.

This book summarizes developments in all areas of urological cancer, including
clinical and molecular advances.

Jonathan Waxman, BSc, MD, FRCP
London, UK
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Part I
Prostate Cancer



Prostate cancer is the most frequently diagnosed
malignancy among men in industrialized coun-
tries. In the United States, one in eight men will
develop prostate cancer during their lifetime [1],
and in 1999 approximately 37,000 died from the
disease [2]. In England and Wales, 17,000 cases
are diagnosed and there are nearly 9000 deaths
annually from prostate cancer [3].

Advances in our understanding of the molecu-
lar basis of cancer have led to the characterization
of critical pathways regulating tumor growth,
which should provide the potential for the devel-
opment of more effective and less toxic targeted
therapies. In 1941 Huggins and Hodges first
demonstrated that malignant tumors arising from
the prostate were responsive to androgen with-
drawal. Since then, hormonal therapy has been
established as the principal treatment modality for
advanced disease.Over time,however,resistance to
treatment occurs. As a result, there has been much
interest not only in the molecular changes associ-
ated with prostate cancer but also in the molecu-
lar mechanisms of tumor resistance. This chapter
describes the current status of research into the
molecular biology of prostate cancer, with empha-
sis on recent progress.

Epidemiology of 
Prostate Cancer
The epidemiology of prostate cancer has 
provided a number of clues to the etiology 
of the disease. The incidence of prostate cancer

increases with age. However, there is a dis-
crepancy between the clinical incidence of
prostate cancer and prevalence of the disease 
at autopsy [4]. The frequency of autopsy-
detected cancer has been reported to be 30% 
to 40% in men over the age of 50. The inci-
dence also varies markedly throughout the
world, with the United States, Canada, Sweden,
Australia, and France having the highest rates
and Asian populations the lowest [5]. These dif-
ferences may be due to genetic factors, but envi-
ronmental factors may also be at play. Japanese
male immigrants in the United States have a
higher mortality rate compared with those in
Japan [6]; dietary changes are thought to be a
significant environmental factor [4,7] (Table
1.1).

Prostate cancer risk, particularly that of
early-onset disease, is affected by family history.
The association, however, is not as marked as 
in breast and colon cancer. The relative risk 
of prostate cancer increases markedly when the
age of the index case decreases and when the
number of affected family members increases
[8]. The importance of an inherited predisposi-
tion is also supported by the finding that
monozygotic twins have a fourfold increased
concordance of prostate cancer compared with
dizygotic twins [8]. Epidemiological studies
suggest that dominantly inherited suscepti-
bility genes with high penetrance account for
only 5% to 10% of all prostate cases but as many
as 30% to 40% of cases with early-onset disease
[9].

1
The Molecular Biology of Prostate Cancer
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Inherited Genetic Changes

Unlike in breast and colon cancer, no major pre-
disposition genes for prostate cancer have been
detected. However, a number of susceptibility
loci have been identified. As yet the susceptibil-
ity genes for most of these regions remain
unknown [10]. This suggests that the predispo-
sition to prostate cancer is heterogeneous and
may involve multiple genes.

Seven prostate cancer susceptibility loci have
thus far been described and tested on independ-
ent data sets [5,11]: HPC1 (hereditary prostate
cancer) at 1q24, PCaP (predisposing for prostate
cancer) at 1q42, HPCX at Xq27, CAPB (cancer,
prostate, and brain) at 1q36, HPC20 at 20q13,
HPC2/ELAC2 at 17p11, and a new locus at 8p22-
23 and at 16q23.2 [10]. Candidate genes, which
have been identified from a small number of
families, include HPC2/ELAC2, RNASEL, and
MSR1 [9]. As well as being involved in the patho-
genesis of prostate cancer, MSR1 and RNASEL
are also involved in the host response to infec-
tious agents [9]. It therefore has been hypothe-
sized that mutations in these genes might reduce
the ability to eradicate certain infectious agents
within the prostate, resulting in a chronic
inflammatory response.

As well as breast and ovarian cancer, BRCA1
mutation carriers have been found to have an
increased risk of prostate cancer [12]. The rela-

tive risk of prostate cancer in BRCA1 carriers
was 2.95 compared with the general population.
A later study from the Breast Cancer Linkage
Consortium also found that in breast/ovarian
cancer families with a deleterious BRCA2 muta-
tion, the relative risk for prostate cancer was 4.65
[13]. Furthermore, this risk was even higher
before age 65. Subsequent analysis of 38 prostate
cancer familial clusters found no germline muta-
tions in BRCA1; however, two novel deletions
were found in BRAC2 [14]. The authors of this
report proposed that BRAC2 germline mutations
might account for up to 5% of prostate cancers
in familial clusters.

Other germline mutations and common
sequence variant alleles in the population, which
may play a part in modifying prostate cancer
risk, include those encoding key proteins
involved in androgen biosynthesis and action.
These are discussed later in this chapter.

Somatic Genetic Changes

Although the molecular genetic changes respon-
sible for prostate cancer development and pro-
gression is poorly understood, as with other
solid tumors the number of changes increases
with the stage of disease [9], suggesting that the
disease progresses as the result of an accumula-
tion of genetic changes (Fig. 1.1). This may
involve activation of dominant oncogenes–by
amplification, translocations or point mutations,
or inactivation of recessive tumor suppressor
genes–loss of an allele (known as loss of het-
erozygosity, LOH), allele inactivation by muta-
tion, promoter hypermethylation, and
haploinsufficiency.

Chromosomal Alterations
Up to 54% of primary cancers and 100% of
metastatic tumors have LOH occurring in 
at least one chromosome. The technique of
comparative genomic hybridization (CGH) has
helped to identify the most commonly altered
chromosomal regions in prostate cancer. Chro-
mosomal losses are far more common that gains
in primary tumors; however, they are found at
equal frequencies in hormone-refractory tumors
[10]. This suggests that tumor suppressor inacti-
vation may be an early event in prostate cancer

Table 1.1. Proposed risk factors for prostate cancer

Possible/likely risk factors
Age
Race
Premalignant lesions (prostatic intraepithelial

neoplasia)
Affected relatives
Carnivorous diet
Dietary fat
Vitamin D
Sexual habits

Controversial/disproved risk factors
Benign prostatic hypertrophy
Sexually transmitted diseases
Cigarette smoking
Alcohol intake
Cadmium exposure

From Morton [7].
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development with the activation of oncogenes
occurring later.

The commonly deleted regions are 8p, 10q,
13q, and 16p, and the regions that most com-
monly show gain are 7p, 7q, 8p, and Xq [15].
Unfortunately, target genes for these regions
have not yet been identified.

Tumor Suppressors
p53

The p53 gene encodes a 53-kd phosphoprotein,
which is crucial in regulating cell proliferation
and apoptosis. Mutations of p53 occur in up to
50% of most cancers, and LOH occurs in 80% 
of breast, lung, and colon cancers. In prostate
cancer, p53 mutations are rarely seen in benign
prostatic hypertrophy [16], and the incidence in
localized untreated specimens is approximately

20%. In metastatic or treatment-resistant
disease, however, the incidence reaches 50% to
75% [17]. This suggests that mutations of the p53
gene are a late development in prostate cancer
progression.

Rb

The retinoblastoma gene Rb is located at 13p and
encodes a protein involved in the cell-cycle
pathway. As with p53 and the other classic tumor
suppressor gene CDKN2A, genetic inactivation is
rarely seen in primary cancers but occurs at
higher frequencies in metastatic and hormone
refractory lesions [9].

The PTEN/PI3K/Akt Pathway

PTEN is located on 10q23 and is mutated in up
to a third of hormone refractory prostate cancer
[9]. Homozygous deletions and mutations have
also been identified in a subset of primary
prostate cancers [18]. The loss of PTEN expres-
sion in primary prostate cancer has been found
to correlate with a high Gleason score and an
advanced stage [19].

PTEN phosphatase functions as a tumor 
suppressor, via its ability to indirectly reverse
phosphatidylinositol-3 kinase (PI3K)-mediated
phosphorylation and activation of the serine-
threonine kinase and survival factor Akt. Akt
signaling leads to the inhibition of apoptosis and
to increased cell proliferation [9]. Therapeutic
strategies involving the inhibition of signaling
through PI3K and Akt are currently being
explored.

KLF6

Kruppel-like factor-6 (KLF6) has been mapped
to chromosome 10p, and LOH analysis has found
allele deletion in 17 (77%) of 22 primary tumors
[20]. However, confirmation of its role as a tumor
suppressor gene is awaited.

NKX3-1

Two separate sites on chromosome 8 (8p23 and
8p12-22) have shown chromosomal deletions or
allelic loss most frequently in prostate cancer
[9]. Nkx3-1 maps to 8p21 and has been 
proposed as a tumor suppressor. NFK3-1 is

Normal prostate gland

Intraepithelial neoplasia

Prostate carcinoma

Advanced carcinoma

Metastatic cancer

Androgen-resistant disease

Hereditary factors
Hormonal factors

Receptor polymorphisms

Early oncogene activation and loss of
tumors suppressor genes (e.g., Rb)

Late oncogene activation and loss of tumor
suppressor genes (e.g., p53, ras)

Stromal factors (e.g., E-cadherin, PTEN)

Amplification and mutation of androgen
receptor Bcl-2 mutation

Overexpression of growth factors and their
receptors

Fig. 1.1. A possible pathway for the pathogenesis and progres-
sion of prostate cancer.
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expressed in normal prostate epithelium and is
decrease in prostate tumor cells [21]. In addition,
Bhatia-Gaur et al. [21] have suggested that loss
of a single allele may be linked to a predisposi-
tion to prostate cancer.

CpG Island Promoter Methylation

The most common genomic change in prostate
cancer is silencing of the gene encoding the pi
class of glutathione-S transferase (GSTP1) by
hypermethylation of the promoter region. This
change has been found in 90% to 95% of prostate
cancers and 70% of high-grade prostatic
intraepithelial neoplasia lesions [9]. The GSTP1
enzyme has a cell-detoxifying function, and
therefore may protect cells from environmental
carcinogens and DNA damage. Detection of the
methylated GSTP1 promoter in urine and semen
is being investigated as a possible biomarker for
prostate cancer diagnosis [9].

Other genes that have been found to have
selective promoter methylation in prostate
cancer include CD44-, a cell adhesion molecule
that may have a role in metastasis; EDNRB,
which encodes the endothelin B receptor; and
ER-ab, which encodes the estrogen receptors a
and b.

Oncogenes
ras

Mutations in the ras oncogene family are
common in human solid tumors. The ras
oncogene family encodes for cell membrane pro-
teins that are involved in signal transduction 
via guanosine triphosphate (GTP)/guanosine
diphosphate (GDP) binding and thus promote
cell growth. Point mutations have been found at
codons 12, 13, and 61 of the Ha-, Ki-, and N-ras
genes, in prostate cancer specimens, but the
overall frequency of ras gene mutations is low
[22]. The expression of the mutated ras oncogene
protein, however, is correlated with grade [23].

myc

Amplification of regions on chromosome 8q cor-
relates with aggressiveness of prostate cancer

tumors [9]. A candidate gene located on 8p is 
the myc gene because amplification of myc in
prostate cancer correlates with a poor prognosis
[9]. The myc proto-oncogene family encodes for
nuclear phosphoproteins, which control DNA
replication, cell cycle regulation, and differentia-
tion. C-myc expression in the hormone sensitive
LNCaP cell line is inhibited by androgens [24].
The level of c-myc transcripts in prostate cancer
tissues was also found to be higher than in
normal tissues or benign hypertrophy [25]. In
situ hybridization, however, failed to demon-
strate a relationship between c-myc expression
and prostate cancer biology [26].

Other genes on chromosome 8q also have
been investigated as potential targets of am-
plification including the elongin c gene [10] and
EIF3S3 [9].

Inhibitors of Apoptosis
bcl-2

The BCL2 protein is an antiapoptotic factor.
Changes in the bcl-2 proto-oncogene were ini-
tially described in association with the t (14 : 18)
translocation found in follicular lymphoma. The
BCL2 protein is expressed mostly in basal cells
in healthy prostate tissue. It is overexpressed
within the luminal epithelium in a subset of
high-grade prostatic intraepithelial neoplasia
lesions and in many androgen-independent
prostate cancers; however, it is absent in most
low- to intermediate-grade carcinomas [9,27].
Androgen resistance might also involve the bcl-
2 oncogene induced through androgen depriva-
tion [27]. The use of BCL2 as a therapeutic target
is currently being investigated; the BCL2 anti-
sense oligonucleotide G3139 is being assessed in
clinical trails in patients with metastatic prostate
cancer [28].

Other antiapoptotic proteins that may be
important in the survival of resistant prostate
cancer cells include survivin and the caspase
group of proteins. Survivin messenger RNA
(mRNA) is virtually undetectable in normal
adult tissues but is highly expressed in most
human cancers and prostate cell lines [28]. Neu-
roendocrine cells in the normal and malignant
prostate have also been found to overexpress
survivin [29].
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Telomere Length
Telomeres are found at the ends of all eukaryotic
chromosomes and protect chromosome ends
from being recognized as double-strand breaks
and erroneous recombination. Because they
cannot be fully replicated during cell division,
they are subject to progressive shortening, which
limits the life span of the cell. The telomeres
from prostate cancer tissue and high-grade pro-
static intraepithelial neoplasia have been found
to be significantly shorter than those from
normal cells and benign prostatic tissue [30].
The relationship between telomerase length and
malignancy is paradoxical and the reason
unclear. However, it may prove useful as a prog-
nostic marker because reduced telomere DNA
content is associated with survival and disease
recurrence [30].

Other Amplified Genes 
with Clinical Potential
a-Methylacyl–coenzyme A (CoA) racemase
(AMACR) is an enzyme involved in the b oxida-
tion of dietary branched-chain fatty acids. It is
overexpressed in prostate cancer at both the
RNA and protein level [9]. Recent work has
identified AMACR as a new diagnostic marker
for prostate cancer needle biopsies [9]. It is also
an androgen-independent growth modifier and
so has the potential to be a complementary
target with androgen ablation in prostate cancer
treatment [31].

Another gene product that is overexpressed in
prostate cancer is fatty acid synthetase (FAS).
Inhibitors to FAS are therefore also being inves-
tigated as a therapeutic target in the disease [9].

The Androgen Receptor
The action of androgens in prostate cancer, as in
the normal prostate, is mediated through the
androgen receptor. Androgen deprivation is the
accepted treatment for advanced prostate cancer
and results in responses in 50% to 80% of
patients. Unfortunately, despite initial responses
to such treatment, prostate cancer inevitably
progresses to an androgen–independent state
within 13 months from starting treatment. As a

result, much research has focused on androgen
signaling in prostate cancers.

The Androgen Receptor 
and Androgen Synthesis

Testosterone is the main circulating androgen
and is primarily produced by the Leydig cells in
the testes. Its release is influenced by the pitu-
itary hormones, luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) (Fig. 1.2).
Once reaching the prostate, 90% of the testos-
terone is converted intracellularly by the enzyme
5a-reductase to dihydrotestosterone (DHT).
Both DHT and testosterone bind to the andro-
gen receptor (AR) and DHT has 100 times more
relative androgenicity than testosterone.

The AR is a member of the steroid receptor
hormone superfamily, and its gene is located on
chromosome Xq11–12 [32]. The entry of ligand
into the cell results in receptor binding, causing a
conformational change that releases heat shock
proteins and allows receptor dimerization. The
ARs then bind to specific DNA binding
sequences, known as AR response elements,
which are located in the promoter regions of
target genes. This is the first step in the assembly
of a protein complex on the DNA, which under
the influence of coactivators initiate RNA poly-
merase activity and thus transcription. In this
way the AR acts as a transcription factor (Fig.1.2).

There are a number of target genes that are
regulated in this way including those encod-
ing prostate-specific antigen (PSA), insulin-like
growth factor-1 (IGF-1), vascular endothelial
growth factor (VEGF), and keratinocyte growth
factor (KGF). These have been found to have an
important role in prostate cancer angiogenesis,
metastases, and differentiation.

In addition to coactivators and co-repressors,
a number of hormones and cytokines have been
shown to interact with the AR and influence
transcription. These include peptide growth
factors such as KGF, IGF-1, and epidermal
growth factor (EGF), which may play a part in
activating the AR in an androgen-deprived envi-
ronment [33].

Treatment Resistance

Androgen deprivation using luteinizing
hormone–releasing hormone (LHRH) agonists is
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used now not only in the treatment of metastatic
prostate cancer, but also in patients with locally
advanced disease as an adjunct to irradiation
[34]. Luteinizing hormone-releasing hormone
agonists exert their effect by inhibiting LH and
FSH secretion from the pituitary, thereby inhibit-
ing testicular androgen production. They may
also have a direct local affect in the prostate [35].

Androgen-independent progression of metas-
tatic disease occurs at a median of 13 months
from the initiation of treatment.A number of pos-
sible mechanisms that lead to hormone inde-
pendence have been proposed, including clonal
selection of preexisting androgen-independent
cells, and adaptive processes, particularly
changes in the AR itself.

In vitro studies using the AR-positive human
prostate cancer cell line LNCaP provided the first
evidence of structural alterations of the AR in
prostate cancer [36]. This cell line, which 
was isolated from a lymph node deposit of a
hormone-refractory prostate cancer, was found
to be growth stimulated by androgens, estrogen,
progesterone, and the antiandrogen flutamide,
despite expression of AR but not estrogen or
progesterone receptors. Sequencing of AR com-
plementary DNA (cDNA) revealed a single point
mutation in the ligand-binding domain of the
receptor. This mutation has subsequently been
found in human cancer specimens [37].

A number of other point mutations have now
been elucidated, which have been found to have
effects on AR function [32]. For example, a point
mutation in codon 730 was found to result in the
induction of AR transcriptional activity by the
antiandrogen hydroxyflutamide [38], and a point
mutation in codon 715 led to AR activation by
lower concentrations of adrenal androgens 
and progesterone compared with the wild-type
receptor [38]. These mutations are rare in
patients with primary prostate cancer and are
found in higher frequency in patients with
advanced disease, suggesting that mutations
occur before hormonal treatments and play a
role in prostate tumor progression [39,40].

Further evidence of abnormal AR function
has been provided by reports of clinical im-
provement of patients with hormone-refractory
disease following withdrawal of antiandrogen
treatment [41,42]. It has been postulated that
this may be due to receptor mutation, leading to
activation or stabilization of the receptor by the
antiandrogen itself as an adaptation to long-
term androgen ablation [43,44].

Amplification of the androgen receptor gene,
leading to overexpression of the receptor, is
another postulated mechanism for the deve-
lopment of androgen-independent disease, by
increasing the sensitivity of prostate cancer cells
to low circulating levels of androgen. A number of
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A
R

HSP

A
R

A
R

DHT

Prostate Cell

Target gene products
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DNA
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Fig. 1.2. The hypothalamic-pituitary gonadal axis and the intracellular action of the androgen receptor (AR). ACTH, adreno-
corticotropic hormone; AR, androgen receptor; DHT, dihydrotestosterone; HSP, heat shock protein; LH, luteinizing hormone; LHRH,
luteinizing hormone–releasing hormone.
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studies have reported no AR gene amplification in
pretreatment tissue specimens from which AR
gene amplification developed [45–47]. This sug-
gests that gene amplification may be an adaptive
response. This is consistent with the finding that
patients with AR amplification at the time of
recurrence on hormone ablative treatment have a
higher chance of responding to second-line hor-
monal treatment than those without amplification
[48,49]. In addition, these patients with receptor
amplification have a better prognosis than those
with receptor mutation [49].

Other mechanisms at the molecular level,
for the development of androgen insensitivity,
include the expression of AR coactivators 
and co-repressors and activation of ligand-
independent androgen receptor signaling 
pathways such as the overexpression and loss 
of control of growth factors.

Interleukin-6

Interleukin-6 (IL-6) is a multifunctional
cytokine, and there has been much interest in its
role in the regulation of growth in a number of
malignant tumors. It has also been found to be
one of the most important nonsteroidal regula-
tors of AR activity. Serum levels of IL-6 are ele-
vated in patients with hormone-resistant disease
[50]. In prostate cancer cells, IL-6 can induce
divergent proliferative responses. In DU-145
cells, IL-6 causes ligand-independent and syner-
gistic activation of the AR [50]. In LNCaP cell
lines, however, cell growth is initially inhibited
IL-6, but long-term treatment renders the cells
resistant to such inhibition and confers a growth
advantage [50]. This cytokine therefore may have
an important role in progression of prostate
cancer toward resistance to endocrine treatment.

Trinucleotide Repeats

The first exon of the AR gene contains several
regions of repetitive DNA sequences. Of interest
is a CAG triplet repeat, the length of which is
highly polymorphic, ranging from 14 to 35
repeats, and its length may affect AR activity and
prostate cancer risk. The number of X- chromo-
some–associated CAG and GGC trinucleotide
repeats has been shown to correlate with the
severity of a number of neuromuscular degen-
erative disorders, such as Kennedy’s disease. Of
interest, this condition is also accompanied by

androgen insensitivity caused by attenuated
activity of the AR [51]. A shorter glutamide
repeat coded by the CAG sequence has also been
shown to increase AR activity. This has subse-
quently been found to predict for a higher grade
and more advanced disease at diagnosis [52].
Racial differences have also been noted, with a
significantly reduced number of CAG repeats in
African-American men and elevated number in
Asian-American men compared with Caucasian
men [53]. This may be associated with the
observed frequency of prostate cancer in differ-
ent population groups.

Erb-B2/HER-2/neu

This oncogene codes for a transmembrane tyro-
sine kinase growth factor, similar to the EGF
receptor. HER-2 is overexpressed in up to 50% of
prostate cancers [54] and is more commonly
seen in patients treated with androgen-ablation
and in androgen-dependent disease [55]. HER-
2/neu has been implicated in the activation of the
androgen receptor and in inducing hormone-
independent cell growth [56].

Androgen Receptor and Prostate
Cancer Etiology

The reason for the varying incidence of prostate
cancer between racial groups is undoubtedly
multifactorial, with the contribution of both
genetic and environmental factors. African-
American men have the highest risk of prostate
cancer and Asian populations have the lowest
[38].

5a-Reductase, which converts testosterone
into the more active androgen DHT activity, cor-
relates with race, with low levels of activity in
Japanese men and higher levels in African Amer-
icans and Caucasian [57]. Racial variations have
also been found in the gene encoding 3b-hydrox-
ysteroid dehydrogenase 2, which is involved in
the breakdown of DHT, suggesting it may play a
role in prostate cancer predisposition [58]. There
has been much interest in possible racial dif-
ferences in male testosterone levels; however,
studies have shown conflicting results [59,60].

Interestingly, although the incidence of clini-
cal prostate cancer is high in the United States
and low in Asian countries, the frequency of sub-
clinical prostate cancer identified at autopsy is
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similar in the two populations [38]. In one study,
AR mutations were found in 22% of Japanese
men, with no AR gene mutations in latent or
clinical prostate cancers of American men or
clinical prostate cancers of Japanese men [61]. A
number of mutations were identified, which,
based on studies of AR in inherited androgen
insensitivity syndromes, would result in reduced
receptor activity. Such findings suggest that
these inactivating AR gene mutations may
prevent malignant progression.

Tumor–Environment
Interactions
The prostate gland is composed of epithelial
cells, which form two cell layers, and stromal
cells. The basal epithelial cells are androgen
independent, lack AR, and are thought to be stem
cells for secretory epithelial cells. The stroma of
the prostate is composed of fibroblasts, smooth
muscle cells, lymphocytes, and neuromuscular
tissue embedded in an extracellular matrix.

During early prostate cancer development, the
AR is initially expressed in mesenchymal tissue
[62]. Later it is found in both mesenchymal and
epithelial cells. This epithelial–stromal interac-
tion plays an important role in normal prostatic
morphogenesis and remains significant in the
adult prostate. Growth factors are thought to
maintain homeostasis between these cell types in
a paracrine fashion. It may be that imbalances of
these factors lead to benign prostatic hypertrophy
and prostate cancer development, and in andro-
gen-independent prostate tumors replace andro-
gen as the primary-stimulatory growth signal.

The role of growth factors may also explain
the pattern of tumor spread, which is unique to
prostate cancer. Tumor dissemination to bone
causes sclerotic lesions, suggesting that the bone
stroma is fertile ground for prostate cancer cell
growth, which may be due to a similar pattern of
growth factor production as in the prostate itself.

Growth Factors
A number of growth factor families have now
been found to be involved in normal and can-
cerous growth of the prostate and are summa-
rized in Table 1.2.

Epidermal growth factor and transforming
growth factor-a (TGF-a) are two related peptide
growth factors that signal through the same 
EGF receptor (EGFR), a transmembrane tyrosine
kinase. They are found in normal and cancerous
prostate cells. In the nondiseased prostate, EGF
appears to be an important regulator of growth
[63]. Its expression is regulated by androgen;
castrated mice and rats have reduced EGF
expression that can be restored by the adminis-
tration of testosterone [64,65] The EGFR,
however, is negatively regulated by androgen
[66]. In prostate cancer cell lines, EGFR expres-
sion is upregulated with progression; however,
results from immunohistochemistry of human
tumors have been inconclusive. Upregulation of
EGF and TGF-a has been observed in prostate
cancer specimens [65], which correlates with
tissue testosterone levels, suggesting they may 
be significant in pathogenesis. Increased EGF
expression may also be associated with the inva-
sive ability of prostate cancer cells [67].

The TGFs are a family of peptides that are
expressed during prostate development, and in
both normal and cancerous prostate cells. The
role of TGF-b is complex. In the nondiseased
prostate, TGF-b is believed to play a role in reg-
ulating growth by counterbalancing the mito-
genic effects of other growth factors such as
EGF/TGF-a on epithelial cells [68] and basic
fibroblast growth factors (bFGFs) on stromal
cells [69]. Its expression is negatively regulated
by androgens in the prostate [70] and is as-
sociated with castration-induced cell apoptosis.
Increasing levels of TGF-b appear to be impor-
tant in prostate cancer expression, but its precise
role is yet to be elucidated [33]. Transforming
growth factor-b has also been found to modulate
extracellular matrix proteins and stimulate cell
adhesion to bone matrix proteins, suggesting a
role in prostate cancer cell metastasis [71,72].

The fibroblast growth factors (FGP) are
another family of structurally related peptides, a
number of which have been implicated in
prostate cancer. FGF-2 (bFGF) is synthesized by
prostatic stromal and epithelial cells [73]. In the
normal prostate, only the stromal cells express
the bFGF receptor and respond to the growth
factor; in cancerous cells the opposite is
observed [74]. With cancer progression the pro-
duction of bFGF becomes independent of andro-
gen [33]. Because its biological functions include
a role in angiogenesis and tissue differentiation
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[33], there is much interest in further investiga-
tions into the role of the bFGF pathway in
prostate cancer.

Keratinocyte growth factor is another
member of the FGF family. It is thought to act as
a paracrine mediator of androgen action [75,76];
KGF and its receptor BEK/FGFR-2 are expressed
in the stromal and epithelial cells of the prostate.
In vitro it acts as a potent mitogen for nondis-
eased human prostatic epithelial cells [77]. In
situ hybridization studies have shown increased
expression of the KGF gene and receptor in
epithelial cells of high-grade carcinomas but not
in benign prostatic hyperplasia. This implies a
change from paracrine to autocrine activity [78].

Fibroblast growth factor-7 is synthesized by
fibroblasts in normal prostate tissue, and acts as
a mitogen for epithelial cells via its receptor
FGFR2/IIIb. This suggests FGF-7 has a paracrine
role in normal prostate tissue [79]. It is thought
to be a mediator of androgen function, inducing
growth and differentiation. In advanced prostate
cancers, there is a loss of FGRF2/IIIb expression
[74]. This suggests that the loss of this pathway
may contribute to the development of hormone-
resistance.

Fibroblast growth factor-8 acts as a potent
mitogenic and transforming protein in prostate
cancer cells. Interestingly its expression appears
to be induced by androgen. A negative correla-

Table 1.2. The possible role of growth factors in normal prostate development and in prostate cancer

Growth Expression in normal/
factor Activities reported benign tissues Expression in prostate cancer

EGF Stimulates replication of Present in prostatic fluid/ Increased by epithelial cells
epithelial/fibroblast cell epithelial cells Increased further in androgen-
lines Stimulated by androgens dependent cell lines

Stimulates invasion of cells EGFR on epithelial cells EGFR expression increased
TGF-a Binds to EGFR? Produced usually in stroma Produced by epithelial cells

Similar function Stimulated by androgens Increased in androgen-
Receptor, EGFr on epithelial independent cell lines

cells c-erb-b2, EGFR expression 
increased

TGF-b Inhibits epithelial growth Expression by epithelium Increased with tumor 
in vitro and stroma progression

Stimulates angiogenesis, Downregulated by Change in receptor 
stromal growth, cell androgens responsiveness with loss of
adhesion inhibitory effect

aFGF Not defined Produced by stroma in Produced by rat epithelial 
developing rat prostate, tumor cells in aggressive 
not in humans lines

Receptor present in stroma/
epithelium

bFGF Strongly angiogenic Produced by epithelium/ Production independent of
stroma androgens

Regulates matrix enzymes Increased by androgens Receptor produced by 
bFGF receptor only epithelial cells
in stroma

KGF (FGF-7) Mitogen for normal and Produced by stroma, Produced by epithelial cells in
tumor stimulated cells by a androgen-independent 

androgens tumors
Receptor, bFGFR2 in Increased receptor levels, lost 

epithelial cells in androgen-independent 
IGF-1/2 Mitogenic for epithelial cells Produced by stroma IGFBP expression altered in 

IGFRs and IGFBP present cell lines
in epithelial cells May affect release of stored

IGF from epithelial cells

aFGF, fibroblast growth factor; IGFBP, insulin-like growth factor binding protein; for explanation of abbreviations, see text.
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tion between tumor grade and FGF-8 expression
has been found in human prostate specimens,
indicating that a loss of FGF-8 may be a factor
involved in the development of prostate cancer
[80].

The role of the IGF-1 and IGF-2 in prostate
cancer development and progression has also
been investigated. In the normal prostate IGFs
are produced by stromal cells, with epithelial
cells expressing IGF-1 receptors and also IGF-
binding proteins [81]. These binding proteins
are important because they are in part regulated
by androgen, and differing concentrations have
been note in normal versus cancerous cells [33].
Insulin-like growth factors are mitogenic for
prostate epithelial cells [82]. In some prostate
cancer cell lines an autocrine production of IGF-
1 has been observed [83].

Figure 1.3 summarizes the interaction among
various growth factors, prostate cancer cells, and
their surrounding stroma.

Nuclear Factor kB

Nuclear factor kB (NF-kB) is a proinflammatory
transcription factor and is an important survival
factor in many cancer cell types [9]. Hormone-
resistant prostate cancer cell lines produce 
multiple cytokines including IL-6, IL-1a, and
granulocyte colony-stimulating factor, which are
thought to be critical in tumor growth and pro-
gression [84]. These cytokines are also thought
to enhance the malignant potential of hormone-
refractory tumors. Nuclear factor kB is one 
of the most critical regulators of cytokine-
inducible gene expression [84]. Constitutive
activation of NF-kB is seen in androgen-
insensitive prostate cancer cell lines PC-3 and
DU145 but not in the androgen-sensitive LNCaP
cell line [84]. This constitutive activation 
may increase the expression of antiapoptosis 
proteins, thus reducing the effectiveness of anti-
cancer treatment and promoting the develop-
ment of chemotherapy resistance [84]. There is
also evidence suggesting that NF-kB itself has a
central role in prostate cancer metastasis to
bone [85].

A number of strategies are being developed to
inhibit NF-kB, which may have therapeutic
potential. A novel inhibitor, dehydroxymethyle-
poxyquinomicin (DHMEQ) has been found to
inhibit growth and induce apoptosis in three
hormone refractory cell lines. Furthermore,
administration of DHMEQ inhibited pre-
established JCA-1 tumor growth in nude mice
[85]. Pharmacological inhibition of NF-kB can
also be achieved by overexpression of IkBa.
Glucocorticoids and the proteasome inhibitor
PS341 have been found to increase the concen-
tration of IkB and tumor necrosis factor-a
(TNF-a) in cellular models [9]. Glucocorticoids
have been found to show palliative benefit in
patients with advanced prostate cancer.

Other Cellular–Matrix
Interactions
The cadherins are a class of cell-adhesion mole-
cules that are involved with cell-to-cell recogni-
tion, and thus help maintain epithelial tissue
differentiation and structural integrity. Reduced
expression of E-cadherin is associated with
advanced stage and grade [54] of prostate

TGF-brFGFr FGFr2IGFBP

TGFa/EGFIGF-1/2 bFGF KGF TGF-b (-)

FGFr

Stromal
Cell 

EpithelialC ell

Normal prostate tissue 

Prostate cancer tissue 

TGF-a/EGF bFGF KGF TGF-b (-)

IGFBP FGFr bFGFr FGFr2 TGF-br

IGF-1/2 

StromalC ell

Fig. 1.3. Possible epithelial–stromal interactions in the normal
prostate gland and in prostate cancer. For explanation of abbre-
viations, see text.
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cancers and also poor clinical outcome [9]. In a
cellular model, inhibition of E-cadherin leads 
to disruption of normal contact inhibition of
growth and an invasive phenotype [86]. a-
Catenin associates with E-cadherin and can also
be altered in prostate cancer [9].

CD44 is part of the CD family of transmem-
brane glycoproteins principally involved in
cell–extracellular matrix interactions and is
encoded on chromosome 11. In a rat model of
prostate cancer CD44 behaves as a metastases
suppressor gene [87]. Downregulation of CD44
expression also occurs in high-grade prostate
cancer [9]. A proposed mechanism for CD44
downregulation is hypermethylation of the CpG
island promoter [88]. Another gene located on
chromosome 11, which is thought to affect cell-
matrix interactions is KA11. It is thought to code
for a transmembrane protein of uncertain func-
tion. Transfection of the KA11 gene in a prostate
cancer rat model inhibits metastases, and its
underexpression has been noted in a significant
proportion of primary and metastatic cancer
specimens [89].

The matrix metalloproteinases (MMPs) are a
group of enzymes that are also thought to be
involved in tumor invasion and metastasis. As
prostate tumor cells grow and divide they secrete
MMPs, which break down the basement mem-
brane and stroma. Concurrently, tissue
inhibitors of MMPs are downregulated, which
amplify the process [90]. Serum levels of both
metalloproteinases and tissue inhibitors of met-
alloproteinases distinguish those patients who
have metastases from those who do not and are
predictive of relapse.

A number of other peptide growth and sur-
vival factors have been identified that may
promote survival of prostate epithelial cells in
bone. These include osteocalcin, osteopontin
and endothelin-1 (ET-1) [9]. Clinical trials are
currently underway to evaluate a selective ET-1
inhibitor in patients with advanced prostate
cancer. The initial results suggest that the drug
may palliate pain and delay progression of
disease [91].

Conclusion
Over the last two decades, research into prostate
cancer has accelerated at a great pace. Prostate
cancer development and progression is an evolv-

ing process, involving complex interactions
among cancer cells, their microenvironment,
and genes affecting growth and metastasis.

Much research has been based on the andro-
gen receptor and cell survival pathways associ-
ated with hormone resistance. Several molecular
abnormalities have been identified, leading the
way for the development of new combination
targeted treatments. The development of micro-
array expression analysis should hasten the
identification of further diagnostic and prog-
nostic markers and therapeutic targets. A better
understanding of the biology of prostate cancer
will also enable us to improve hormonal and
chemotherapy options.
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Prostate cancer (PCa) is the most common
cancer diagnosed in North American men,
excluding skin cancers. It is estimated that, in
2004, approximately 230,110 new cases and
29,900 prostate cancer-related deaths will occur
in the United States [1]. In Australia, one in 11
men will develop the disease during their life-
time [2]. The annual number of new cases regis-
tered in England and Wales increased by over
threefold between 1971 and 2004, from 6174 
to over 21,000 [3] (www.icr.ac.uk/Everyman).
Prostate cancer remains a major public health
problem.

Several risk factors for the disease have been
suggested, including diet, sexually transmitted
agents, and endocrine factors [4]. However, none
of these environmental factors has been
confirmed to have a significant causative effect
on PCa. Current known risk factors include race
[5,6] and a positive family history of the disease.
The degree to which the differences in these
cohorts can be attributable to environmental
factors is unclear.

Over the last 45 years, prostate cancer has
been observed to run in families. Familial aggre-
gation (at least two cases in the family) has been
observed in around 20% of cases and a heredi-
tary form of PCa in approximately 5% [7]. Epi-
demiological evidence shows familial clustering
of PCa, and it is currently established that a pos-
itive family history is a strong risk factor.

One of the major issues surrounding familial
prostate cancer (FPC) includes identifying
gene(s) predisposing to PCa in families at high

risk. If a predisposition gene(s) could be charac-
terized, then those at increased risk of PCa can
be potentially identified and offered modes of
prevention and targeted screening. The other
major issue is the clinical management of pati-
ents who are known to have a family history of
prostate cancer.

Evidence for the Genetic
Etiology of Prostate Cancer
Evidence for familial aggregation of prostate
cancer dates as far back as 1956 [8]. Significant
linkage in familial prostate cancer was first pub-
lished in 1996 by a group from Johns Hopkins
University, Baltimore, Maryland [9]. This group
reported linkage at a locus on chromosome
1q24-25, which was named hereditary prostate
cancer 1 (HPC1). Several large linkage studies
have since been conducted, and the results
revealed new loci and challenged others [sum-
marized in refs. 10–13].

So far, genotyping data have been reported 
in over 1600 families. There are numerous
conflicting reports supporting or refuting
linkage within many areas in the genome. This
challenges our understanding of the genetic
basis of this disease. This search is distinct from
the search for a familial breast cancer predispo-
sition gene, in which analysis of linkage in select
regions revealed a site where the BRCA1 gene
was situated [14]. This work shows that the
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genetic predisposition to PCa is highly complex,
probably involving numerous predisposition
genes, and that a high proportion of high-risk
families may not be due to a single high-risk
gene.

Epidemiological Evidence
It was observed in the 1950s and 1960s that the
risk of PCa in relatives of sufferers was higher
[15,16]. Early observations were made in large
families in Utah [17,18] in which PCa seemed to
cluster. To appreciate the evidence of a familial
component, case control, cohort and twin
studies, must be explored.

Case-Control Studies

Case-control studies can be grouped into two
main types. The first type compares PCa inci-
dence in first-degree relatives of affected

patients (cases) with the incidence in the rela-
tives of cancer free men (controls). The second
type compares the fraction of PCa cases vs. con-
trols with a positive family history of the disease
[15–17,19–34]. These studies are summarized in
Table 2.1.

These studies indicate that the relative risks
(RR) in first-degree relatives of PCa patients
range from 0.64 to 11.00-fold [summarized in
refs. 35–37]. With the single exception of the RR
of 0.64 [19], in a study that was done on a small
sample set of 39 families, 15 of these 16 studies
reported an RR of 1.76 or higher. Furthermore,
the RR has been observed to increase when more
than one relative is affected. Steinberg et al. [23]
in 1990 showed that the RR with an affected first-
degree relative was 2.0 and with a second-degree
relative was 1.7, but with both first- and second-
degree relatives combined the RR rose consider-
ably, to 8.8. It was also observed that the RR
increased as the number of family members
increased, with RRs of 2.2, 4.9, and 10.9 for one,

Table 2.1. A comparison of case-control studies

No. of cases in first-
degree relatives of:

Reference No. of cases Cases Controls Relative risk

Morganti et al., 1959* [8] 183 11 1 11.0
Woolf, 1960† [16] 228 15 5 3.0
Krain, 1974* [20] 221 12 2 6.0
Fincham et al., 1990* [24] 382 58 31 3.2
Cannon et al., 1982† [17] 2824 ‡ ‡ 2.4
Meikle et al., 1985† [22] 150 11 1 4.0

(at age 80)
Brothers only 16.6

(at age <49)
Isaacs et al., 1995* [29] 690 119 55 1.76
Keetch et al., 1995† [30] 1084 273§ 85 3.40

% with positive family history % %

Steele et al., 1971* [19] 39 12.8 20.0 0.64
Schuman et al., 1977* [21] 40 16.7 7.3 2.30
Steinberg et al., 1990* [23] 691 15.0 8.0 1.90
Spitz et al., 1991* [25] 378 13.0 5.7 2.30
Ghadirian et al., 1991* [26] 140 15.0 2.0 7.50
Ghadirian et al., 1997† [32] 640 15.0 5.0 3.32

* Information from patient/control questionnaire only.
† Diagnosis verified by hospital records, cancer registration or death certificate.
‡ Measured genealogical index; see Neuhausen, et al. (Br J Urol 1997;79).
§ First- and second-degree relatives.
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two, and three additional affected relatives
besides the proband, respectively. This is strong
evidence for at least a genetic component in pre-
disposition to familial disease. The observed
increases in RR are too large to be explained by
an environmental effect alone.

Another interesting observation is that the 
RR to family members increases as the age of
the proband decreases [17,38], rendering 
further support to a genetic role. This pattern,
in which the relative risk markedly increases as
the age of the proband decreases, offers some 
of the best evidence that there is a genetic 
role (Table 2.2). This table is helpful in risk
assessment for genetic counseling. A brother of
a proband with prostate cancer at age 50 has a
1.9-fold higher risk of developing prostate
cancer compared with a brother of a man 
diagnosed with the disease at age 70 [38]. As 
the closeness and number of affected members
in the family increases (Tables 2.3 and 2.4),
and when both factors are taken together, there
is a marked increase in the level of RR (Table
2.5).

Cohort Studies

One of the potential pitfalls in the studies con-
ducted is the potential bias introduced by focus-
ing on an unselected population. Cohort studies
attempt to avoid this bias. Goldgar et al. [39]
showed a familial PCa RR of 2.21 in first-degree
relatives of 6350 probands from an unselected
PCa population from the Utah Population Data-
base. In another study involving 5496 sons 
of Swedish men from Cancer Registry data,
Gronberg et al. [40] found a RR of 1.70.

Twin Studies

Several twin studies show an increased RR in
mono- compared with dizygotic twins of just
over three- to sixfold [41]. In a study by Page et
al. [42] on 15,924 male twin pairs, they found
that pair-wise concordance (twins where both
men had PCa) rates among monozygotic twins
was 15.7%, while that of dizygotic twins was
3.7% (p = < .001). Proband-wise concordance
(number of concordant affected twins divided
by total number of affected twins) was 27.1% 

Table 2.2. Relative odds for prostate cancer in brothers of
prostate cancer cases by age

Age of affected Age of brother (years) 80+
case

<65 65–79

<65 5.97** 2.77* 2.29
65–79 2.77* 2.04** 2.52*
80+ 2.29 2.52* 1.14

* p < .01; **p < .001.
Reprinted from Cannon L, Bishop DT, Skolnick M,
Hunt S, Lyon JL, Smart CR. Genetic epidemiology of prostate
cancer in the Utah Mormon Geneology. Cancer Survey.
1982;1:47–69.

Table 2.3. Relative risks for prostate cancer in relatives of
prostate cancer cases by degree of relationship

Affected relatives Relative risk (95% 
confidence interval [CI])

First-degree 2.0 (1.2–3.3)
Second-degree 1.7 (1.0–2.9)
Both first- and 8.8 (2.8–28.1)

second-degree

Steinberg GD, Carter BS, Beaty TH, et al. Family history and
the risk of prostate cancer. Prostate 1990;17(4):337–3347.
Copyright © 1990 John Wiley & Sons, Inc. Reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley &
Sons, Inc.

Table 2.4. Age-adjusted relative risk estimates for prostate
cancer by number of additional affected family members

Affected relatives Odds ratio 
(besides proband) (95% CI)

1 2.2 (1.4–3.5)
2 4.9 (2.0–12.3)
3 10.9 (2.7–43.1)

Steinberg GD, Carter BS, Beaty TH, et al. Family history and
the risk of prostate cancer. Prostate 1990;17(4):337–47.
Copyright © 1990 John Wiley & Sons, Inc. Reprinted with
permission of Wiley-Liss, Inc., a subsidiary of John Wiley &
Sons, Inc.

Table 2.5. Estimated risk ratios for prostate cancer in first-
degree relatives of probands, by age at onset in proband and
additional family members

Age at No. of additional One or more 
onset of relatives affected additional first-degree 
proband relatives affected

50 1.9 (1.2–2.8) 7.1 (3.7–13.6)
60 1.4 (1.1–1.7) 5.2 (3.1–8.7)
70 1.0* 3.8 (2.4–6.0)

* Reference group.
Carter BS, Beaty TH, Steinberg GD, Childs B, Walsh PC.
Mendelian inheritance of familial prostate cancer. Proc Natl
Acad Sci USA. 1992 Apr 15;89(8):3367–3371.
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for monozygotic twins and 7.1% for dizygotic
twins, which gives a risk ratio of 3.8. These
results were supported by another study in
Finland [43]. Lichtenstein et al. [44] showed in
another study that up to 42% of PCa risk could
be attributable to heritable factors. The absolute
risk of PCa for twins diagnosed up to age 75 was
sixfold higher for mono- versus dizygotic twins
(18% vs. 3%). The time interval between age at
diagnosis for monozygotic twins compared with
that for dizygotic twins (5.7 years vs. 8.8 years;
p = 0.04) was shorter, and this was statistically
significant. These data all support a genetic
component for PCa, possibly from multiple
interacting genes.

Segregation Analyses

Despite the fact that the case-control studies
described support the significance of genetic
factors in the development of PCa, the genetic
mode of transmission is still debated. Segrega-
tion analyses study the structure of familial clus-
ters and describe the mode of inheritance,
age-specific cumulative risk (penetrance), and
allele frequency of genetic predisposition to a
disease. Carter et al. [38], using such analyses,
observed that PCa diagnosed at < 55 years might
be caused by a rare autosomal-dominant, highly
penetrant allele, which could account for up to
43% of disease in this age group and up to 9% of
PCa in men aged up to 85 years. Alleles were pre-
dicted to exist at a frequency of 0.003 and to
cause a cumulative risk of PCa of 88% by age 85
years versus 5% for noncarriers. Similar conclu-
sions have been reached by other reports, but
with a higher allele frequency and lower pene-
trance of about 67% (Gronberg et al. [40], allele
frequency 0.0167; Schaid et al. [45], allele fre-
quency 0.006). Some studies noted higher risks
to brothers of prostate cancer cases compared
with fathers [46,47], suggesting a recessive or X-
linked model. Ewis et al. [48] reported an odds
ratio of 2.04 (p = .02) for allele C of dYs19 in
Japanese PCa patients, whereas other alleles of
this region were protective [allele D, odds ratio
(OR) 0.26, p = .002]. Thus the Y chromosome
(father to son transmission) also seems to be
implicated. It is possible that several models
coexist, giving rise to the observed age-linked
risks [49]. Dominantly inherited risk allele(s)
could partially explain early-onset PCa, and a

recessive or X-linked model could account for its
later onset [50].

Molecular Analysis Evidence:
Linkage Studies
In contrast to other common cancers such 
as breast and colon cancer, in which a small
number of high-risk genes account for a per-
centage of the high-risk multiple case families,
familial PCa is likely to be caused by numerous
different genes. Linkage analysis is performed 
by using a gene-hunting technique that iden-
tifies co-segregation of the disease in large, high-
risk families, with disease-causing genetic 
mutations. Linkage analysis has been used to
map many familial cancer loci, for example,
colorectal cancer, breast/ovarian cancer, and
melanoma [reviewed in ref. 51]. By analyzing 
co-inheritance of polymorphic stretches of
DNA, linkage analysis focuses on the region
within which a disease-causing locus may lie.
Having identified a region of linkage, candidate
gene mutation analysis within the region is
undertaken to identify the disease-causing
mutation.

Candidate Gene Analysis
Evidence: BRCA2, NBS, and
CHEK2 Genes
The candidate gene approach is used to search
for genetic markers of disease susceptibility,
where a gene is targeted based on the character-
istics of its protein product. PCa cases were
noted, in the early 1990s, to be clustered within
breast cancer families [52,53]. The RR of PCa in
male carriers of mutations in the breast cancer
predisposition genes BRCA1 and BRCA2 is
increased. The RR with respect to BRCA1 was
found to be 3.33 [54] and 1.82 in a further study
by the Breast Cancer Linkage Consortium
(BCLC) [55].

For BRCA2, the RR was found to be 4.65 in the
BCLC series. The RR is higher in men with PCa
diagnosed before 65 years (RR 7.33), with an
estimated cumulative incidence by age 70 of
7.5% to 33.0%.
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A founder mutation in BRCA2 mutation is
reported to confer a cumulative PCa risk to car-
riers of 7.6% by age 70 [56]; 67% of men who had
the mutation developed advanced PCa with a
high mortality [57]. This raised the possibility
that BRCA2 predisposes to more aggressive
disease. A report in a Swedish family carrying a
deleterious BRCA2 mutation [58] supports the
evidence that such mutations could be patho-
genic. Gayther et al. [59], in a set of 38 United
Kingdom families, conducted a mutation screen
of BRCA1 and BRCA2 genes. Two germline dele-
terious BRCA2 mutations were observed. A
further study was conducted by Edwards et al.
[60] on 263 men aged £55 at diagnosis, and they
found six pathogenic mutations. Interestingly,
these were downstream of the ovarian cancer
cluster region, which is central in the gene,
implying a genotype/phenotype correlation. The
mutations accounted for 2% of PCa diagnosed at
this young age. This equated to a RR of 23-fold
by 60 years of age and an absolute risk of PCa of
1.3% by age 55 and 10% by age 65. This seems 
to support claims that BRCA2 is a high-risk 
PCa gene. More recently, studies reported an
increased risk of PCa in conjunction with the
Ashkenazi founder mutations in the BRCA1 and
BRCA2 genes [61,62].

Following these initial observations, germline
mutations have been found in the NBS gene at a
higher frequency in PCa cases than controls [63],
albeit only in a founder Slavic population to
date, and in the CHEK2 gene [64]. This raises the
possibility that PCa predisposition in a propor-
tion of cases might be caused by mutations in the
DNA repair pathway genes. It is thought that
these gene mutations in the homozygous form
may give rise to a severe phenotype (in the case
of NBS this would be the Nijmegen breakage
syndrome and in the case of BRCA2 this would
be Fanconi anemia D2). However, in the het-
erozygous form, there would be a risk of getting
PCa.

Genome Searches in 
Prostate Cancer
A genome-wide search (GWS) involves the
process of running a large (typically in the
region of 400) number of microsatellite markers
throughout the genome to locate disease-

predisposing genes by looking for co-
segregation of markers with the disease in 
families. The attempt to identify prostate cancer
susceptibility loci has been undertaken across
the genome by numerous groups. The Anglo-
Canadian-Texan-Australian-Norwegian–
European Union Biomed (ACTANE) group has
defined age at onset and number of cases and
focused on the collection of clinically significant
PCa, because the disease manifests 10 years later
on average than prostate-specific antigen (PSA)-
detected disease, and hence men with clinically
detected early-onset PCa could have had a raised
PSA level at an earlier age [36].

Thus far, several GWSs have been reported for
prostate cancer [9,11,13,65–80]. The significant
results are summarized as follows:

1q23-24: HPC1 and the RNASEL Data

A group from Johns Hopkins University,
Baltimore, Maryland, conducted a study in 91
North American and Swedish families, and its
report suggested that 34% of families might 
be linked to this locus [9]. This GWS identified 
a locus named HPC1 (hereditary prostate 
cancer 1) at 1q24-25. Various groups have since
either confirmed [81–84], or challenged [65,66,
68,72,85,86] the Hopkins’ observation. Goode 
et al. [72], and Goddard et al. [87] identified evi-
dence of linkage in families with more aggres-
sive PCa.

Xu [88], in a meta-analysis, found that approx-
imately 6% of all PCa families were linked to
1q24–25.A further analysis concluded that HPC1
might play a role in a subset of families with
several young-onset cases especially in African-
American men. Carpten et al. [89] subsequently
found mutations in the cell proliferation and
apoptosis regulating gene RNASEL. Some
reports have shown RNASEL mutations to be
associated with PCa, but with a much lower RR
than would be extrapolated by the linkage evi-
dence. Rokman et al. [90] showed that the
Glu265X in RNASEL was present 4.5-fold more
often in affected family members compared with
controls. RNASEL was found by other groups to
confer much smaller PCa risks or have found no
mutations in this gene in PCa families. RNASEL
seems not to be a highly penetrant prostate
cancer gene, which seems to conflict with
current linkage evidence [91,92].
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Other Loci and Candidates from GWS

Other loci have been identified that have
significant logarithm of odds (LOD) scores or
whose risks fall on further detailed scrutiny
[93,94].

Other Significant Loci

PCaP (1q42.2–43 [65]) was a locus identified 
in the German/French population, but not
confirmed by other groups. CAPB (1p36 [67]) is
a locus associated with primary brain tumor and
PCa, which on further analysis was probably
more associated with young-onset PCa rather
than brain tumor [95]. Suarez et al. [66]
described a locus on chromosome 16q in sibling
pairs. Berry et al. [71] described another one on
20q (HPC20). These are still to be confirmed. It
is likely that the HPC20 locus is not real, as recent
analyses from multiple groups in the Interna-
tional Consortium for Prostate Cancer Genetics
(ICPCG) have failed to confirm linkage to this
locus in a meta-analysis (Schaid and the ICPCG,
in press, 2004). A further locus has been
described on the long arm of chromosome X
(HPCX; Xq27–28) by Xu et al. [96]. Some loci, for
example, 7q, 19q [97–99], have been found to be
associated with more aggressive PCa. Eight
GWSs have been published recently in one 
issue of The Prostate (ACTANE Consortium 
[80]; Lange et al. [73]; Schleutker et al. [74];
Cunningham et al [75]. Xu et al. [76]; Wiklund 
et al. [77]; Janer et al. [78]; Witte et al. [79]). This
work was summarized in an accompanying
review by Easton et al. [13]. The conclusion of
these GWSs to date is that there is considerable
genetic heterogeneity.

Low-Penetrance Genes

Some of the genetically acquired risks of inher-
itance of PCa could be due to common low-
penetrance genes. A significant association
between a susceptibility to PCa and common
genetic variants, for example, the androgen
receptor (AR) genes, has been observed.
Although the AR has been excluded as a site for
a highly penetrant dominant PCa susceptibility
locus, it is a candidate for a lower penetrance
PCa susceptibility gene. The most consistent
polymorphisms to date that confer a moderately

increased risk are in the SRD5A2, GSTP1 and AR
genes [100–110].

Clinical Management
About 10% of PCa cases are thought to be due
primarily to high-risk inherited genetic factors
or PCa susceptibility genes. Men with a father or
brother with PCa are twice as likely to develop
PCa as men with no affected relatives. The risk
increases with increasing number of relatives
that are affected, for example, men with two 
or three first-degree relatives affected have a
fivefold and 11-fold increased risk of PCa,
respectively (see Tables 2.1 to 2.5).

With the increase in PCa awareness among
patients and health care professionals, an in-
creasing number of people are querying the
optimal management of individuals with a
family history of PCa. The clinical management
of FPC remains a challenge. Due to the sig-
nificant number of men with a family history of
PCa, the appreciation and understanding of key
management issues is critical.

The current clinical management issues 
surrounding FPC involves several components:
(1) biological aggressiveness, (2) outcomes 
following definitive treatment, (3) survival 
curve differences between FPC and sporadic
cases, (4) treatment vs. observation in screen-
detected patients, (5) role of chemoprevention,
(6) role of targeted screening, and (7) genetic
counseling.

Biological Aggressiveness

The biologic aggressiveness of FPC has been the
focus of interest of several investigators. Walsh
[111] first noted that there was no significant 
difference between phenotypes of hereditary,
familial, and sporadic prostate cancer among
those who underwent radical prostatectomy 
with respect to preoperative PSA, PSA density,
Gleason score, tumor histology, pathological
stage, or clinical stage. Kupelian et al. [112] later
observed that men with localized PCa with a pos-
itive family history may have a worse outcome at
3 and 5 years following either radiation therapy
or surgery than those with sporadic cases. Three
further studies found no difference in the aggres-
siveness of the disease in familial compared with
sporadic cases [113–115].
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These seemingly equivocal results can par-
tially be explained by the heterogeneous nature
of the various target groups studied, bias in the
self-reporting of family history, and the different
subgroups of family history, for example, single
first-degree versus multiple relatives with PCa.
Recently, E2F3 expression was found to be a
potential independent factor in predicting
overall survival of patients with PCa [116]. Such
prognostic markers, if replicated in FPC, would
be useful in identifying a subset of FPC that has
a poorer prognosis.

Outcomes Following Definitive
Treatment in Familial 
Prostate Cancer

Kupelian et al. [117] conducted a study to deter-
mine if FPC patients have a less favorable prog-
nosis than patients with sporadic PCa after
treatment for localized disease with definitive
treatment, that is, either radical prostatectomy or
radiotherapy. The 5-year biochemical relapse-
free survival rates for patients with negative and
positive family histories were 52% and 29%,
respectively (p < .001). This is the first study that
demonstrated that the presence of a family
history of PCa correlates with treatment
outcome and suggests that FPC may have a more
aggressive course than nonfamilial PCa. Further
studies are currently underway to validate this
finding.

In patients not stratified as having FPC, bio-
chemical failure rates were shown to be similar
irrespective of whether radical prostatectomy or
radiotherapy was the monotherapy undertaken
for clinically localized PCa [118]. Eight-year bio-
chemical failure rates were found to be identical
in men treated with either radical prostatectomy
or radiotherapy [119]. With respect to FPC, the
key question is whether the outcomes are differ-
ent between those offered different modes of
monotherapy. Hanlon and Hanks [120], in an
attempt to evaluate biochemical outcome after
definitive radiotherapy as a function of family
history groupings, found no significant differ-
ence in biochemical failure rates between care-
fully matched men with and without FPC. The
findings of this study support others that failed
to show an increased risk of failure after
definitive therapy for clinically localized PCa in
men with familial disease.

Azzouzi et al. [121] compared the biological
and clinical features of sporadic and familial
clinically localized PCa treated with radical
prostatectomy, and found that the outcome is
similar in those with and without a family
history.

Large-scale prospective family history data
collection and outcome analyses, therefore, need
to be done to see whether a genetic change
influencing PCa etiology correlates with factors
altering treatment response.

At present the comparative roles of radiother-
apy versus radical prostatectomy in the manage-
ment of men with FPC are not ratified by robust
studies; however, preliminary studies seem to
suggest that outcome in FPC is not influenced by
the mode of definitive therapy.

Sporadic and Familial Prostate
Cancer: Biochemical Failure and
Differences in Survival

Gronberg et al. [122] tried to estimate the 
survival of men with FPC and compare them
with prostate cancer cases unselected for family
history. No significant differences in either
overall or prostate cancer-specific survival
between familial and sporadic cases were found.

Tumor grade at diagnosis in familial cases did
not differ from that in a population with prostate
cancer unselected for family history. The conclu-
sion, based on the result from this study, was that
no differences in treatment between men with
and without a positive family history of prostate
cancer are justified.

However, Kupelian et al. [123], in an analysis of
the outcome after radical prostatectomy of
patients with familial versus sporadic prostate
cancer, observed that the former group has a
higher likelihood of biochemical failure after
radical prostatectomy. They concluded that this
effect was independent of pretreatment or patho-
logical factors. Currently, it may be reasonable to
recommend that treatment plans should not be
altered based on presence or absence of FPC, but
further large-scale studies are needed.

Treatment Versus Observation in
Screen-Detected Patients

If highly penetrant genes responsible for PCa,
such as the results of risk due to germline muta-
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tions in BRCA2, were replicated, there would be
a rationale for offering genetic counseling and
testing for this disease. At present, these results
should be replicated on a further sample set of
blood samples from PCa cases diagnosed at
young age prior to offering clinical diagnostic
BRCA2 genetic counseling and testing, and this
is in progress in the U.K. Familial Prostate
Cancer Study [10].

The American Urological Association cur-
rently recommends that men at high risk of
developing PCa, that is, those with a family
history of the disease or men of African-
American descent, begin receiving routine
prostate cancer screening at age 40 [124]. Its rec-
ommendation is that such men receive PSA
testing and digital rectal examination (DRE)
annually starting at age 50. This is recommended
earlier if there is a family history of the disease
or if one is of African-American descent, as
above [125].

However, the exact age for initiation of
screening has yet to be clearly defined. A tar-
geted screening study using PSA alone in first-
degree relatives of men diagnosed at <65 years
or relative pairs with an average age of onset of
70 years or three or more relatives diagnosed at
any age is underway in South Thames (the
Cancer Research U.K. TAPS study, principal
investigator Dr. Melia). The age of screening in
different ethnic groups is currently under debate
and further adds to the complexity of defining
an optimal age for screening. Those men,
however, found to be positive for PCa following
the screen should be treated as documented in
current clinical guidelines irrespective of family
history.

The main recent area of controversy is the
utility of the PSA value, particularly at low levels
(see below) [126]. In the finasteride chemopre-
vention study, all men were offered biopsy, and
15% of those with a PSA of <1.5 had histological
prostate cancer. The dilemma is that these diag-
noses may not be clinically significant, and
better progression markers are needed both in
sporadic and familial disease.

Role of Chemoprevention

The chemoprevention of PCa involves the deliv-
ery of agents that could potentially inhibit the
crucial carcinogenic steps in its development.

The characterization of genetic susceptibility
loci could enable men at high risk of developing
PCa to be identified and to serve as subjects for
chemoprevention trials. Provided these trials
yield positive results, they could potentially lead
to a recommendation for preventative therapy in
genetic carriers.

The key components of chemoprevention
include specific agents and their biochemical
targets, intermediate end-point biomarkers, with
their critical pathways and cohorts identified by
both genetic and acquired risk factors [127].
Several putative chemopreventive agents are
currently under investigation. Results of a pop-
ulation-based, randomized phase III trial
demonstrate that finasteride may prevent PCa.
However, the study was slightly disappointing in
that only low-grade tumors seem to have been
prevented, and in fact the number of high-grade
tumors was greater in the finasteride group
[126].

Clarke et al. [128], in their study of the role of
selenium, found that although selenium shows
no protective effect against the primary end
point of squamous and basal cell carcinomas of
the skin, the selenium-treated group in their
series had substantial reductions in the inci-
dence of PCa as a secondary end point. Prelimi-
nary data seem to indicate that there may be
some benefit with the use of other agents as
potential preventatives in addition to selenium.
These include vitamin E, vitamin D, other 
5a-reductase inhibitors, cyclooxygenase-2 inhi-
bitors, lycopene, and green tea. Some of these
agents are being tested in new large-scale phase
III clinical trials [129].

The Selenium and Vitamin E Cancer Preven-
tion Trial (SELECT) is a phase III clinical trial
designed to test the efficacy of selenium and
vitamin E alone and in combination in the pre-
vention of prostate cancer [130]. Refinements in
new powerful tools such as proteomic analysis 
of tissue-based and secreted proteins [131] 
and gene chip complementary DNA (cDNA)
microarrays for multiplex gene expression
profiling could help optimize the identification
of new molecular targets, cohorts at risk, and the
design of suitable combination trials.

The patient with FPC may benefit from the 
use of chemopreventive agents, and the results 
of further large-scale trials will define its puta-
tive role in the future. The prospect of re-
commending surgical prophylactic therapy in
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genetic mutation carriers would be extremely
controversial.

Targeted Screening

Targeted screening studies have shown a greater
proportion of raised PSA levels in relatives 
of patients as compared to sporadic cases of
prostate cancer. In a screening study of prostate
cancer in high-risk families performed by
McWhorter et al. [132], it was shown that pre-
viously unsuspected and clinically relevant
cancers were found in 24% of a total of 34 first-
degree relatives, compared to the approximately
one expected (p < .01). This emphasizes the
importance of PSA screening in first-degree 
relatives of prostate cancer patients. Targeted
screening can be done by checking serum PSA
levels in relatives of young- or early-onset PCa
patients or families with multiple cases. It is rea-
sonable to start screening either at age 40 or 5
years younger than the youngest age at diagno-
sis of a relative (whichever is the higher).

The first targeted screening study based on
BRCA1/2 genotype will start later this year (the
Identification of Men with Genetic Predisposi-
tion to Prostate Cancer and Its Clinical Treat-
ment [IMPACT] study [133]). Several large units
have already started targeted screening pro-
grams with the objective of identifying markers
of disease aggression. The programs have been
initiated despite the established general setbacks
of PSA screening, including lack of clearly
defined optimal intervals between individual
screens, increased false-negative biopsy rates,
and diagnosis and subsequent management 
of incidentally found prostatic intraepithelial
neoplasia.

Genetic Counseling and
Testing/Research

Currently, genetic analysis (e.g., BRCA2 muta-
tion analysis) should be performed only within
the context of a research study that will deter-
mine penetrance and genotype-phenotype 
correlation of specific mutations. The criteria 
for the Cancer Research U.K./British Prostate
Group/British Association of Urological Sur-
geons’ Section of Oncology Familial Prostate
Cancer Study (principal investigator Dr. Eeles)
are as follows:

• Men with PCa diagnosed at <60 years
• Affected relative pairs with PCa where one is

<65 years at diagnosis
• PCa families with three or more members

diagnosed at any age

Even in the absence of genetic testing,
African-American men and men with a strong
family history of prostate cancer (as defined in
the TAPS study, see above), may opt to initiate
screening by PSA and DRE from as early as 40
years.

Conclusion
Prostate cancer is one of the common cancers
where there is good evidence for a larger genetic
component to its etiology, but the genetic
models are complex. It is highly likely that the
PCa predisposition genes will be polygenic and
may be interacting within families. Some PCa
predisposition genes are likely to be DNA repair
genes (e.g., BRCA2) but these may account 
for only a small proportion of young cases.
However, the discovery of high-risk BRCA2
mutations has led to the first clinical targeted
screening trial based on genotype in this disease
(the IMPACT study, discussed above), and this
trial will serve as a basis for further targeted
screening and chemoprevention trials based on
genotype as further genes are identified. The
lessons learned in IMPACT will be screening
uptake in a high-risk male population, the psy-
chological issues of screening men at higher risk
of PCa, the utility of PSA in a higher risk popu-
lation, the identification of new and better bio-
markers and the clinical parameters of PCa so
identified.
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Prostate cancer screening is one of the most con-
troversial public health issues in urology. The
natural aging of the population and the contin-
ued and widespread use of improved diagnostic
tests, such as serum prostate-specific antigen
(PSA), are resulting in an increase in the
numbers of men diagnosed with localized
prostate cancer. The issue of screening to iden-
tify organ-confined prostate cancer has pro-
voked much public and scientific attention,
and there is intense debate about its role in
improving men’s health. Despite constant pres-
sure from strong advocates of screening, includ-
ing the general public, special-interest groups,
and certain aspects of the media, the findings
from most reviews of the scientific evidence 
conclude that it is insufficient, at present,
to recommend routine population screening
because of the lack of evidence that this would
improve either survival or the quality of men’s
lives. Particular concerns in these reviews relate
to the lack of knowledge about the natural
history of screen-detected prostate cancer, and
the lack of evidence about the effectiveness of
treatments.

Evidence from many studies shows that with
the use of PSA testing, prostate cancer can be
diagnosed in a clinically locally confined state in
70% to 80% of cases. This fact, together with the
widely accepted evidence that prostate cancer
can be cured only as long as it is locally
confined, provides simple and convincing logic
that drives opportunistic screening. To date,
however, no survival advantage has been shown

in screen-detected cases for any of the major
treatments (radical prostatectomy, radical radio-
therapy including brachytherapy, and “watchful
waiting,” otherwise known as active monitoring
or surveillance) and each can result in damag-
ing iatrogenic complications and outcomes,
including various levels of incontinence and
impotence for radical interventions and anxiety
relating to the presence of cancer in “watchful
waiting.” The problem is compounded because
many of the published studies contain flawed
analyses and unsubstantiated conclusions. The
same evidence has resulted in different
approaches to screening on either side of the
Atlantic, and even among states in the United
States.

General Criteria for
Establishing a Screening
Program
In 1968 Wilson and Jungner [1] established key
principles that a disease should satisfy before
introducing screening as a public health policy.
Despite further refinements, more recent guide-
lines for screening programs continue to adhere
to the merits of Wilson and Jungner’s original
criteria, the most important of which will be
used below as the framework for discussing 
the issues involved in screening for prostate
cancer.
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The Disease Should Be an Important
Health Problem

As the most common male cancer in Europe and
the United States, and second only to lung cancer
in terms of male cancer deaths, there is little
doubt that prostate cancer represents a
significant public health burden in Western
countries [2]. In the U.S. alone, an estimated
220,900 new prostate cancer cases were diag-
nosed in 2003, with 28,900 deaths attributable to
the disease [3].Although a dramatic increase has
been observed in the number of men diagnosed
with localized disease as a consequence of PSA
testing, those with advanced prostate cancer
continue to present a significant burden to the
community, developing metastatic disease at a
rate of 8% per year, and reaching 40% at 5 years.
These metastases predominately affect the 
skeleton, causing high levels of morbidity and
hospitalization, and necessitating expensive 
palliation. In addition, the use of hormone
manipulation in the form of androgen suppres-
sion to treat advanced disease causes iatrogenic
morbidity by reducing bone density and induc-
ing osteoporosis, again leading to skeletal-
related events requiring possible prophylaxis by
using agents such as bisphosphonates, or treat-
ment to correct the complications [4,5].

There Should Be a Preclinical State
More Amenable to Successful
Treatment than Clinical Disease

This criterion remains unclear in prostate
cancer, largely because of the rather loose
definition of “clinically significant” disease.
Despite the fact that with increasing age most
men will develop microscopic foci of prostate
cancer, only a small percentage of these slow-
growing tumors will develop into invasive
prostate cancer, and an even smaller proportion
will cause premature death. It is hoped that the
epidemiological investigation of prostate cancer
will identify factors—ideally amenable to inter-
vention—that cause the common microscopic
form of the disease to progress to invasive
disease. However, to date, the etiology of prostate
cancer remains virtually unknown and contin-
ues to pose a major challenge to epidemiologists.
Although both genetics and environment are

likely to play a role in the evolution of the
disease, the role of genetic factors in prostate
cancer susceptibility has stimulated significant
interest following a number of genetic linkage
analyses based on families in which several men
have prostate cancer, most of whom have early-
onset disease. Genetic factors will undoubtedly
prove important in prostate cancer, although
major susceptibility genes account for only 5%
to 10% of prostate cancer cases. Whether high-
risk genetic mutations or common low-risk
genetic polymorphisms (variants) produce
familial aggregation remains unclear, although
several common polymorphisms are associated
with a modest increase in disease risk. Many
published studies lack sufficient sample size and
statistical power to be conclusive, and even if
confirmed, the magnitude of effect would not
justify the inclusion of genotyping for these
polymorphisms in a screening program. The
findings for other potential factors such as diet
and sexual lifestyle fall short of the evidence
required for public health recommendations 
[6].

Prostatic Intraepithelial Neoplasia

Prostatic intraepithelial neoplasia (PIN) is
believed to be the preinvasive end of a morpho-
logical continuum of cellular proliferation
affecting prostatic ducts, ductules, and acini. It
tends to be multifocal and occurs in the periph-
eral zone, as does prostate cancer. It is divided
into two grades: low and high. The continuum
from normal prostatic epithelium through low-
and high-grade PIN to invasive cancer is 
characterized by increased epithelial dysplasia
within the luminal secretory cell layer. The 
dysplastic changes with increasing grade of
PIN include nuclear enlargement, hyperchro-
matism, prominent nucleoli, cellular crowding
with overlapping nuclei, and epithelial hyper-
plasia. The basal cell layer remains intact,
although there may be some disruption in high-
grade PIN. There is strong clinical, histological,
and molecular evidence linking high-grade 
PIN with prostate cancer. High-grade PIN is
seen in up to 16% of needle biopsies in men over
50 years of age. In malignant prostates, PIN is
more frequent and of higher grade than in
glands without cancer. The incidence of PIN
increases with age, with low-grade PIN occur-
ring in men in their third and fourth decade and
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high-grade PIN occurring in their fifth decade
[7,8].

Chemoprevention

Chemoprevention is an area that shows poten-
tial promise as an adjunct or alternative to
screening. Potential agents include vitamin E,
selenium, zinc, and lycopene as dietary supple-
ments. Other epidemiological associations 
may also prove appropriate for pharma-
ceutical development, including inhibitors of
cyclooxygenase-2 (COX-2) and insulin-like
growth factor-1 (IGF-1) activity. More recently,
chemoprevention using the 5a-reductase
inhibitor finasteride was tested in the context of
a large randomized controlled trial (Prostate
Cancer Prevention Trial, PCPT) in the U.S. [9].
In this trial, 18,882 men with serum PSA of
3 ng/mL or lower from the age of 55 years were
randomized to finasteride or placebo treatment
for 7 years. End-of-study biopsies were per-
formed on the majority of men. There was a
reduction in the incidence of prostate cancer 
by 24.8% in the finasteride compared with the
placebo group, although high-grade prostate
cancer (Gleason score 7 to 10) was more
common in the treatment group. From the
screening point of view, one of the important
observations in the study was the overall high
rate of prostate cancer detection in this cohort
of men in comparison with previously pub-
lished studies of screening. This raises questions
as to the real incidence of clinically significant
prostate cancer in the general population of men
in this age group, the true value of serum PSA
measurements, the various thresholds used in
detection of the disease, and the possible effect
of 5a-reductase inhibition on the biology of
prostate cancer. Further analyses of data from
this study are awaited.

The Natural History of the Disease
Should Be Known

The natural history of prostate cancer in the PSA
era is uncertain, because men are far more likely
to die with, rather than from, the disease. The
lifetime risk of having microscopic prostate
cancer for a man aged 50 years is 42%, although
his risk of dying from the disease is about 3%
[10]. There is little published long-term outcome
data for prostate cancer in the PSA era, which

makes any previous data difficult to translate in
contemporary terms. In clinical practice, it has
become customary to state that unless a man has
a minimum of 10-year life expectancy, conserva-
tive therapy is indicated. This appears to stem
from the work by Barnes [11] in the late 1960s,
who investigated the long-term survival of
patients with clinically localized prostate cancer
who were treated conservatively. Barnes noted
that over two thirds of these patients died from
competing medical hazards rather than from
their prostate cancer.

Between 1989 and 1997, Johansson et al. [12]
carried out a prospective study of the natural
history of prostate cancer among 648 men with
newly diagnosed prostate cancer from a large
county in Sweden. Diagnosis was made by
several methods (aspiration cytology of palpable
nodules, prostate chips from transurethral resec-
tion of the prostate [TURP] or prostate speci-
mens from open surgery for benign prostatic
hypertrophy [BPH]), for which the study
received criticism. The patients were followed
for an average of 14 years, at the end of which
the data demonstrated that the higher the stage
and grade of the disease, the more likely were the
patients to die of prostate cancer, with many men
who had well- and moderately differentiated
low-volume disease showing a favorable
outcome. Johansson et al. concluded that men
with early-stage disease were unlikely to benefit
from aggressive intervention in the majority of
cases. A further multicenter and international
analysis by Chodak et al. [13] looked at outcomes
in patients receiving no active treatment, and
showed similar findings, with poorly differenti-
ated cancers being particularly fatal.

In 1997 Lu-Yao and Yao [14] published 
data from the Surveillance, Epidemiology, and
End Results (SEER) database, evaluating the 
outcomes of 59,876 patients diagnosed with
prostate cancer over a 10-year period. Their
results demonstrated that men with poorly dif-
ferentiated prostate cancer had a 10-fold greater
risk of dying from their disease compared to
men with well-differentiated tumors, again
confirming previous findings.

Albertsen et al. [15,16], using the Connecticut
Tumor Registry to identify men diagnosed 
with localized prostate cancer who had been
managed conservatively, explored the impact
that coexisting medical problems had on the
patients’ risk of dying from their cancer. The
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authors’ analysis concluded that men with well-
differentiated disease experienced little if any
loss of life, whereas patients with moderately to
poorly differentiated disease lost between 4 and
8 years of life compared to age-matched controls.
Retrospective analysis to look at the impact 
of comorbidity in this same cohort of patients
showed that those men whose competing
medical problems placed them in the highest
risk categories rarely died of prostate cancer.
Among all the men diagnosed with clinically
localized disease and treated conservatively, 40%
died of competing medical hazards rather than
from their prostate cancer within 10 years of
diagnosis. Interpreting these studies in the
present-day context is difficult, because they do
not provide information on PSA-detected
tumors.

The PSA testing era is likely to revolutionize
these previous observations. Since its introduc-
tion in the late 1980s, there has been a dramatic
increase in the incidence of prostate cancer.
Most men detected through PSA testing having
T1c disease, and contemporary lead times are
long (6 to 8 years). In 1995 Gann et al. [17] pub-
lished an analysis of the potential lead time
introduced by PSA testing. From among 14,916
male participants in the Physicians’ Health
Study of trial beta-carotene, they identified 366
men who were diagnosed with prostate cancer
within 10 years of follow-up. From the analysis
of patient records and histology reports, and
using a PSA cutoff value of 4 ng/mL, the authors
calculated the diagnostic lead time for all
prostate cancer diagnoses to be 5.4 years, and
the diagnostic lead time for fatal prostate cancer
cases to be 3.6 years. Whereby traditionally, 5-
year and 10-year survival statistics (i.e., the pro-
portion of individuals with cancer who are alive
5 or 10 years after diagnosis, respectively) are
quoted to demonstrate improvements in cancer
management, the introduction of PSA testing
has accelerated the date of diagnosis of prostate
cancer for many patients. Consequently, this
lead-time bias has influenced the perception
that contemporary men, with prostate cancer
detected through screening, are surviving
longer. Welch et al. [18] analyzed 5-year survival
outcomes between 1950 and 1995 for 20
common tumors using data from the National
Cancer Institute’s SEER program. When the
results were correlated with the incidence rates

for each cancer, they showed an absolute
increase in 5-year survival for each of the tumor
types studied, ranging from 3% for pancreatic
cancer to 50% for prostate cancer. Over the same
period, however, mortality rates declined for 
12 tumor types, but increased for the remain-
ing eight. The data showed a positive correla-
tion between increase in 5-year survival for a
specific tumor and increase in that tumor’s inci-
dence, but little correlation between increase in
5-year survival and change in tumor-related
mortality.

There Should Be an Acceptable
Screening Instrument for 
the Disease

The advent of PSA testing in the late 1980s as a
simple blood test to indicate the possibility of
prostate cancer has revolutionized its diagnosis.
Although the triad of PSA, digital rectal ex-
amination (DRE), and transrectal ultrasound
(TRUS) and biopsies remain conventional in
confirming the diagnosis and staging the disease
[19], it is now accepted that neither DRE nor
TRUS should be included in a screening context
for prostate cancer. In the absence of the disease,
serum PSA concentrations are known to vary in
relation to age and prostate gland volume, and
can be raised after ejaculation, prostate biopsy,
surgery that involves the prostate, or during pro-
statitis. Despite these limitations, the acceptabil-
ity of screening by PSA test has been widely
demonstrated. A raised PSA alone, however, is
not diagnostic of prostate cancer, as the diagno-
sis can only be made after biopsy, which itself
can be uncomfortable and carries the risks of
bleeding and sepsis. PSA cutoff points remain
controversial. Using the initial widely accepted
serum PSA cutoff level of 4 ng/mL, up to two
thirds of cancers can be missed [20]. In a 
community-based study of serial PSA testing,
Catalona et al. [21] found that 22% of men older
than 50 years with PSA concentrations between
2.6 and 4.0mg/mL had prostate cancer. In the
European Randomized Study of Screening for
Prostate Cancer (ERSPC), 36.5% of detectable
prostate cancers were identified in the 87.5% of
men who had PSA concentrations lower than 
4 ng/mL [22], leading to the reduction of the PSA
threshold in the study to 3 ng/mL, and abandon-



35

Screening for Prostate Cancer

ment of DRE as a screening tool [23]. The same
protocol was adopted by the U.K. Protect trial,
discussed later in this chapter [24].

There Should Be an Accepted 
and Effective Treatment

Until recently, there was a significant lack of
first-degree evidence through large randomized
controlled trials that aggressive treatment of
localized prostate cancer improves survival or
quality of life. Outcomes for different treatment
options in men with localized prostate cancer
are difficult to interpret, because many of the
published studies are observational, contain too
small numbers, and are otherwise insufficiently
robust. For example, men treated by watchful
waiting may have been selected because they are
older, with lower grade tumors, whereas those
treated by radiotherapy may have been more
likely to have more advanced tumors. Therefore,
only data from well-conducted large random-
ized controlled trials can confidently be used to
compare treatment options. Such a trial has
been performed in Scandinavia, the results of
which were published recently [25,26]. The trial
randomized 695 men with early prostate cancer
to either watchful waiting or radical prostatec-
tomy, with a median follow-up of 6.2 years. The
most important findings were a 50% reduction
in disease-specific mortality following radical
prostatectomy, and a 14% increased risk of pro-
gression to metastatic disease as well as a 40%
increase in local progression in patients receiv-
ing watchful waiting. There was no significant
difference in overall mortality between the two
groups, but morbidity from the surgery was
significant, with 49% of patients experiencing
varying degrees of urinary leakage, and 100%
erectile dysfunction—results that are incompat-
ible with current standard surgical practice in
institutions dealing with large numbers of
patients [27]. Further limitations of the study
include the following: (1) it essentially preceded
the PSA era, since only 5% of cases were
detected through screening; (2) more than 50%
of men were symptomatic, and 76% had palpa-
ble stage T2 tumors, findings that have become
unusual in contemporary practice, where most
men detected by PSA testing have T1c disease
with low PSA levels; (3) the criteria for local pro-

gression in the watchful waiting arm were unre-
liable, defined by the subjective parameters of
DRE and symptoms of bladder outflow obstruc-
tion, which may have been related to sympto-
matic benign enlargement of the prostate;
(4) the length of follow-up to date may be
insufficient to assess the true impact of the
chosen therapy. In addition, 23 patients ran-
domized to radical prostatectomy were found to
have positive lymph nodes at surgery, and it is
not known whether these patients were subse-
quently given early hormone manipulation,
which may have partly influenced the apparent
benefit of surgery. Furthermore, the authors did
not present detailed pathological staging of
patients receiving radical prostatectomy (i.e.,
rates of positive margins and upstaging), who
may have also received early hormonal ablation.
On the basis of the results from this study alone,
therefore, one may conclude that the effective-
ness of treatment in screen-detected prostate
cancer remains so far unproven. In the U.S., the
Prostate Cancer Intervention Versus Observa-
tion Trial (PIVOT) has been recruiting and ran-
domizing men aged 75 years or younger to a
trial of treatment, comparing radical prostatec-
tomy with expectant management, with all-
cause mortality as a primary end point. The trial
has closed recently, having recruited 731 men,
and the results are awaited [28].

In the United Kingdom, the Protect (Prostate
Testing for Cancer and Treatment) study is 
a randomized controlled trial of treatment 
effectiveness in men with clinically localized
prostate cancer initiated in 1999 as a feasibility
phase that proved successful [24,29]. The main
trial started in 2001, and aims to test 130,000
asymptomatic men aged 50 to 70 years over a
period of 5 years. Of those, 1800 patients with
clinically localized prostate cancer will be ran-
domized to active monitoring, radical prostate-
ctomy, or radiotherapy. The primary end point
will be survival at 10 years, with a number of
secondary end points, including detailed quality
of life analyses. The study, funded by the Health
Technology Assessment panel of the National
Health Service (NHS) research and development
program, has been extended recently through
further support from Cancer Research UK and
the Department of Health to include the evalu-
ation of case finding. This effectively converts
the Protect study into the intervention arm of a



36

Urological Cancers: Science and Treatment

clustered randomized trial of screening. Results
will become available within the next decade, at
the same time as the other much-awaited
screening studies in Europe and the U.S.

Does Screening for Prostate
Cancer Reduce Mortality from
the Disease?
Since the introduction of the PSA test, screening
for early prostate cancer has become prevalent in
the United States, with, as expected, a sharp rise
in the incidence of the disease in the early 1990s.
This was contrasted by a static incidence rate in
countries where screening was not widely prac-
ticed, such as the United Kingdom. However, by
1996 the U.S. started to experience a slow but
constant decrease in the prostate cancer mortal-
ity rate, which was advocated by some as result-
ing from early aggressive intervention with the
intensive screening program. This conclusion is
flawed by a number of problems. First, in view of
the protracted natural history of the disease, it is
unlikely that early treatment could have caused
this reduction in mortality within such a short
time period. Second, similar reductions in mor-
tality rates were observed in countries where
screening had not been adopted, such as
England and Wales, and the Netherlands, sug-
gesting that other factors, including diet and
environmental factors yet to be determined,
must have been involved in this continuing
reduction in mortality from the disease [30,31].
A similar trend to that observed in the U.S. was
seen in the Tyrol region of Austria, where in 1993
PSA testing was made freely available to all male
inhabitants of ages 45 to 75 years. The effects of
this intensive screening, and treatment of early
disease, has been associated with a significant
reduction in mortality from prostate cancer
between 1993 and 1999, which was in contrast to
the modest downward trend in prostate cancer
death rates observed throughout the rest of
Austria [32]. Again, this cause-and-effect associ-
ation has yet to be confirmed, but it is clear that
current reduction in mortality in Tyrol cannot
be attributed to screening alone.

More recently, Lu-Yao et al. [33] analyzed mor-
tality data between two areas of the U.S. with
substantially different rates of screening and
treatment. Several studies had previously docu-

mented that the frequency of PSA testing,
prostate biopsy, and radical prostatectomy
among men in the Seattle–Puget Sound area was
initially higher than in Connecticut. Using the
SEER database, Lu-Yao et al. analyzed data from
94,000 men in Seattle and 120,621 men in Con-
necticut over an 11-year follow-up period, with
the conclusion that in Seattle, intensive PSA
screening (5.39-fold compared with Connecti-
cut), and treatment (5.9-fold for radical prosta-
tectomy and 2.3-fold for radiotherapy) did not
lead to an improved disease-specific survival
rate from prostate cancer, compared with the
Connecticut practice.

How Can We Study Screening?
As mentioned above, screening for prostate
cancer can be studied by randomized controlled
trials such as the ones currently underway in
Europe and the U.S. These involve randomizing
a population of men at risk of harboring the
disease, with good life expectancy, to either an
intensive screening program or to no screening.
The outcome is measured by analyzing differ-
ences in mortality between the two groups, on
the assumption that the screened group would
have received early aggressive intervention,
compared with the nonscreened group. The
ERSPC trial, and the Prostate, Lung, Colon, and
Ovary (PLCO) cancer trial in the U.S. represent
such examples [34]. The ERSPC trial is a large
international cooperative study that was initi-
ated in 1994 involving the Netherlands, Belgium,
Finland, Italy, Sweden, Spain, and Switzerland,
and was planned with a total sample of 190,000
men aged 55 to 74 years. However, over time,
targets have changed, and it is now estimated
that 120,000 and 140,000 men will be required in
the intervention and control arms, respectively.
These changes were implemented to take into
account the variability of the countries involved,
increased knowledge about compliance within
the study, and the increasing rate of contamina-
tion (i.e., men in the control arm seeking PSA
screening for prostate cancer and potentially
receiving subsequent treatment), which was
ranging from 10% to 30%. Randomization to the
large PLCO study was initiated in 1993. The aim
of both studies was originally to detect a 20%
mortality reduction in the screened population,
with a statistical power of 90%. Data from the
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prostate arm of the PLCO trial will be merged
with ERSPC trial data, and results are expected
by approximately 2008. However, treatments are
not defined in these studies, and a significant
proportion of men may opt for watchful waiting.
This is compounded by the uncertainty of treat-
ment effectiveness, and ever-increasingly sensi-
tive methods of detection, which may not allow
the screening studies to show differences
sufficient to have an impact on public health
policies. Despite these reservations, results are
eagerly awaited, and will represent a phenome-
nal milestone in determining the value of PSA-
driven screening in reducing mortality from
prostate cancer, complemented by the U.K.
Protect study.

What Do Men with Prostate
Cancer Think of Screening for
the Disease?
Public perception of screening for the disease
varies. There is widespread pressure for the
establishment of national screening programs,
with resistance to this pressure often misinter-
preted as attempts to save money, deceive the
public, or even as sex discrimination. A recent
interesting and elegant qualitative research
study by Chapple et al. [35] highlighted these
feelings, interviewing 52 men with prostate
cancer from various geographical areas of the
U.K. Although some factual conceptions were
revealed, there were also many misconceptions,
such as early diagnosis brings better chances of
cure, 5-year survival figures in the U.S. are higher
than in Britain because of PSA screening pro-
grams, PSA testing is not taking place because of
lack of resources in the NHS, men should be
tested for prostate cancer as women are for
breast cancer, men with urinary tract symptoms
should all be tested for prostate cancer, and the
government is not spending enough money on
prostate cancer treatment. These examples of
arguments from men with the disease can be
mostly refuted, and reflect a profound lack of
knowledge about prostate cancer in the general
population, compounded by misleading infor-
mation in the media. However, as eloquently
stated in a recent editorial by Thornton and
Dixon-Woods [36], these arguments convey “the

irresistible logic of finding the cancer early, the
drive to avoid regretting later the decision not to
have the test, the right to obtain information
about oneself by testing, and a perceived right to
parity with women’s access to screening, which
may all be important arguments.” The study also
showed clearly how ill prepared men are to suffer
the consequences of screening, and the contro-
versies surrounding treatment issues. The public
does not appear to perceive an important 
aspect and consequence of screening, as again
highlighted by Thornton and Dixon-Woods:
“that screening is about changing identities,
and becoming a patient, which is no trivial
matter.” It is therefore our duty not only to
inform and educate men about these difficult
issues, but also to engage them firmly into deci-
sion and policy making in the management of
prostate cancer.

Screening Policies Worldwide
Because of the uncertainties described above, it
is not surprising to find that screening policies
for prostate cancer differ considerably among
countries where prevalence is high. A recent
survey of large numbers of countries requested
three specific pieces of information [37]: (1)
Does the country have a mass screening pro-
gram? (2) Does the country encourage and 
allow early detection? and (3) Is the PSA test
reimbursable? Interestingly, the only country
that appears to have a mass screening program
for prostate cancer is one of the smallest, Lux-
embourg. A large proportion of countries allow
early detection, and a few reimburse the cost 
of PSA tests, but opinions and practices are
divided. For instance in the U.S., the American
Cancer Society and American Urological Associ-
ation recommend prostate screening for all 
men aged 50 years and older, whereas the U.S.
Preventative Services Task Force, American
Academy of Family Physicians, and American
College of Physicians recommend not screening
for prostate cancer [38–41].

In the U.K., opinions are divided. Some clini-
cians and a large part of the public, driven by
patient support groups and the media, advocate
screening for prostate cancer as a public health
policy. Others promote joining ongoing trials of
screening in Europe, or advocate testing treat-
ment effectiveness before screening. In the early
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1990s, a pilot study of screening was undertaken
in the southwest, suggesting that British men
would be amenable to a mass screening program
[42]. In 1996 the British government com-
missioned two key systematic reviews of the 
literature [43,44]. These reviews led to the 
recommendation by health ministers that there
was currently insufficient evidence to establish
screening as a public health policy in the U.K.,
and that PSA measurement in asymptomatic
men should be discouraged. In the year 2000,
however, further recommendations were made,
allowing men who request a PSA test to receive
it, providing that adequate counseling is deliv-
ered regarding the uncertainties about the detec-
tion and treatment of prostate cancer [45].
Furthermore, in an attempt to generally improve
delivery of cancer services in the U.K., the
Department of Health requested that all men
whose PSA is elevated over 4 ng/mL should be
seen by a urological surgeon within 2 weeks for
further management. The intellectual incompat-
ibility between these rules and existing evidence
about screening and the treatment of prostate
cancer is flagrant, adding confusion to the exist-
ing uncertainties for physicians and patients
alike.

Conclusion
The dilemmas surrounding the value of screen-
ing and treatment in clinically localized prostate
cancer remain unresolved. Recently published
work from Scandinavia sheds some light into
potential benefits of radical prostatectomy in
preventing patients from dying from prostate
cancer, although aggressive treatment did not
improve overall survival compared with watch-
ful waiting. Results from the now-merged ERSPC
in Europe and PLCO in the U.S., the Protect study
in the U.K., and the PIVOT study in the U.S. are
awaited eagerly. It is reassuring for the medical
community and prostate cancer patients world-
wide that these long-standing dilemmas in the
management of prostate are being resolved
through large and robust randomized controlled
trials supported by governments and funding
institutions in Europe and the U.S.
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Prostate cancer is the most commonly diag-
nosed malignancy in men in industrialized
countries and the second leading cause of male
cancer-related death. Given the trebling of death
rates in the last 30 years and the relative lack 
of a survival benefit from the treatment of
advanced disease, it is critical that we look at
preventative stratagems to reduce death rates.
Although aging is the most significant risk
factor for prostate cancer with a virtually expo-
nential increase in age-related incidence and
mortality, prostate cancer is also characterized
by a marked variation in its worldwide inci-
dence. Superficially, it would seem to be difficult
to separate environmental factors from racial
factors in explaining this difference in the 
incidence of this tumor, but studies of migrant
populations suggest that environment is over-
whelmingly more significant than genetics in
the origins of this cancer. For example, when
migrants from a low-risk country such as Japan
move to the United States, a high-risk nation,
their prostate cancer incidence and mortality
become severalfold higher than native Japanese
counterparts [1]. Moreover, a positive correla-
tion exists between the number of years since
migration to the United States and cancer risk
[2]. Diet is one of the environmental factors 
suspected to play a role in the etiology of
prostate cancer. High dietary intakes of diary
products, meat, and fat, and low consumption of
tomatoes, selenium, and vitamins D and E have
all been associated with higher prostate cancer
risk.

Is the current balance of laboratory, epidemi-
ological and clinical data strong enough to prove
a direct relation between diet and pros-
tate cancer? Does it already warrant dietary
modifications or the use of nutritional supple-
ments? Are we currently in a position to advise
men about how they can minimize their risk of
developing prostate cancer by manipulating
what they eat?

Diet and Prostate 
Cancer Biology
Although prostate cancer is primarily a disease
of older men, neoplastic changes may occur in
the prostatic epithelium as early as in the third
decade. The time required for some of these
early neoplastic transformations is likely to be
long. Some dietary compounds display antioxi-
dant properties, thus preventing peroxidation
and generation of free radicals with potential
DNA-damaging effects. Others are inhibitors 
of cell proliferation, apoptosis inducers, or
enhancers of cellular differentiation. Some 
may act at a hormonal level, as the prostate 
is an androgen-regulated organ. In many cases,
though, the precise pathways modulated by these
compounds and mechanisms of DNA damage
induced by carcinogenic agents are still poorly
understood.

4
Diet and Prostate Cancer
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Fat
Laboratory Studies

There is conflicting preclinical evidence of a pos-
sible association between fat and prostate cancer.
Studies in several animal models have shown
increased tumor growth with high fat intake and
inhibition of growth with low levels of fat in-
take [3,4]. Wang et al. [3] injected androgen-
dependent LNCaP human prostate cancer cells
into mice and placed them on a diet containing
40% fat. In 3 weeks, prostate cancer growth was
noted. The animals were then divided into sub-
groups receiving diets containing approximately
40%, 30%, 20%, 10%, and 2% of calories as fat.
Tumor progression ceased or was reversed in
some animals placed on 10% and 20% fat diets.
This was in contrast to continued tumor growth
in groups ingesting higher amounts of fat. Levels
of prostate-specific antigen (PSA) were also
lower in mice on the 2% fat diet as compared to
those on the 40% fat diet [3].

Other reported studies that have controlled
for isonutrient intake have not shown relation-
ships between transplanted prostate carcinoma
growth or the induction of prostate cancer by
varying dietary fat [5–7]. However, an investiga-
tion examining the relation between prostate
cancer and fat and energy intakes is instructive
[8]. Androgen-sensitive prostate tumors from
donor rats were transplanted into rats that were
then fed either fat-restricted or carbohydrate-
restricted diets. In a parallel experiment, severe
combined immunodeficient mice were injected
with LNCaP cells to produce tumors and were
fed similar diets. The subsequent tumor shrink-
age was found to be independent of the per-
centage of fat in the diet, as long as the total
energy was restricted. The reduction in tumor
growth was similar in both types of energy-
restricted laboratory animal. These experiments
suggest that a reduction in energy intake, and
not just fat, is needed to reduce prostate cancer
growth.

Epidemiologic and Clinical Studies

Most of the available clinical evidence regarding
the effect of dietary fat intake on prostate cancer
comes from observational rather than interven-
tional studies. A close correlation exists between

average per capita fat intake and prostate cancer
mortality in numerous countries round the
world [9]. Japanese and Chinese men who
migrate to the United States experience dra-
matic increases in prostate cancer risk within
one generation compared to their Caucasian
neighbors [10]. Numerous case-control studies
over the past 25 years have demonstrated a pos-
itive correlation between prostate cancer and
increased fat or fat-type food consumption.
Such studies include an analysis of 384 men
diagnosed with prostate cancer between 1990
and 1992 in Quebec, Canada [11]. On average,
after controlling for age, grade, clinical stage,
initial treatment, and total energy intake, satu-
rated fat consumption was significantly associ-
ated with disease-specific survival. Compared
with men in the lower tercile of saturated fat
intake, those in the upper tercile had three times
the risk of dying from prostate cancer. Another
study has reported an attributable risk of 13%
for saturated fat intake in excess of 26 g per day
as compared to diets with less than 13 g per day
[12].

However, other studies have failed to show an
association between prostate cancer and total 
fat or total saturated fat. A prospective study 
of 6763 white male Seventh-Day Adventists
observed for 21 years failed to find a significant
relation between prostate cancer risk and fat-
associated food—meat or poultry, milk, cheese,
and eggs. There was a suggested positive associ-
ation that was stronger when an individual con-
sumed all four of these dietary items, but overall
there was no significant relation between diet
and prostate cancer [13]. A further finding of
this study was that overweight men had a
significantly higher risk of dying from prostate
cancer compared with nonobese men (relative
risk 2.5). Another cohort study of 7999 men of
Japanese ancestry living in Hawaii also found no
association between fat and prostate cancer risk
[14].

The largest cohort study examining the rela-
tion between fat and prostate cancer risk was the
Netherlands Cohort Study [15]. For over 6 years,
approximately 58,000 men were observed and
642 cases of prostate cancer were documented.
An extensive 150-item food frequency question-
naire was used. No significant association was
found between total fat or subtypes of fat and
prostate cancer risk. The average intake of fat as
a percentage of total calories in this study was
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high (40%), so any influence of extremely low
levels of fat or reduced calorie intake and
prostate cancer risk was not mentioned. Another
large cohort study involved 47,855 men who
were sent biannually an expanded food fre-
quency questionnaire with 131 items. There was
a positive association of fat but no statistically
significant difference was found [16]. Linoleic
acid, which is the major polyunsaturated fat in
most diets, has been associated with an
increased risk of prostate carcinoma in some
studies [17,18]. It is difficult, though, for ade-
quate conclusions to be drawn from these inves-
tigations because of the potential for recall bias
and confounding. Omega-3 fatty acids, obtained
mainly from fatty fish, have been shown to
inhibit prostate cancer cell lines in laboratory
experiments [19]. The Netherlands Cohort Study
found a potential protective effect of omega-3
fatty acids, but this was not statistically
significant [15].

Only one large prospective study has demon-
strated a statistically significant finding between
high-fat foods and prostate cancer [20]. This
study involved a cohort of 20,316 men of multi-
ethnic backgrounds living in Hawaii. There were
198 cases of prostate cancer documented during
follow-up that ranged from 9 to 14 years. The rel-
ative risks for consuming beef, milk, and high-
fat foods were 1.6, 1.4, and 1.6, respectively.
However, a closer look at the study showed that
the food questionnaire assessed only 13 dietary
items. In addition, height was demonstrated as
being the largest risk factor for prostate cancer
with the most significance (p < .01), compared
with food associations with fat (p < .05). Fur-
thermore, high intakes of milk and beef were 
not found for this cohort, so these could not be
compared with the lowest intakes to determine
whether there was a consistent trend with these
dietary variables. Another cohort study, the
Physicians’ Health Study, also found an asso-
ciation between red meat consumption and
prostate cancer risk, but this association was not
statistically significant [21].

Vitamins
Vitamin E is thought to prevent oxidation and
peroxidation of membrane phospholipids. It has
been shown in one study to inhibit growth of
established prostate LNCaP tumors in nude mice

[22]. Long-term supplementation with a-
tocopherol, a form of vitamin E, was found to
significantly reduce prostate cancer incidence
and mortality in smokers [23]. In the U.S. Health
Professional Study, supplemental vitamin E was
not associated with prostate cancer risk [24].
However, an inverse association between supple-
mental vitamin E and the risk of metastatic or
fatal prostate cancer among smokers was sug-
gested. Caution, though, should be exercised in
interpreting these data because of the possible
bias in end-point assessment and the use of dif-
ferent types of vitamin E. Whether the inclusion
of smokers affected the result also requires 
consideration.

Laboratory studies have shown decreased
proliferation activity and increased differentia-
tion activity of vitamin D on malignant prostate
cells. Moreover, epidemiological evidence shows
an inverse relationship between prostate cancer
risk and ultraviolet radiation, the primary
source of endogenous vitamin D synthesis [25].
Cohort studies have suggested that vitamin D is
an important determinant of prostate cancer
risk. Inherited polymorphisms in the vitamin D
receptor gene are associated with the risk and
progression of prostate cancer [26]. Clinical
studies looking at a possible protective role of
vitamin D in prostate cancer are generally
lacking. However, one trial in patients with
advanced refractory prostate cancer treated with
1,25(OH2)D3 showed a rapid drop in the levels of
PSA [27].

Dietary calcium suppresses the formation of
1,25(OH2)D3. It is hypothesized that dietary and
supplemental calcium intake or diets high in
milk are associated with prostate cancer risk by
lowering the serum levels of bioactive metabo-
lites of vitamin D. A clinical study of 47,781 men
found a higher consumption of calcium to be
related to a risk of advanced prostate cancer (rel-
ative risk 2.97) and metastatic cancer (relative
risk 4.57) [28]. Milk and calcium intake have
been found in cohort studies in five countries to
be associated with increased risk of prostate
cancer [29].

Carotenoids have been shown to display
antioxidant potential. Some carotenoids, such as
b-carotene, are precursors of vitamin A, but
others such as lycopene, found in tomatoes, are
not convertible to vitamin A. In case-control
studies, lycopene has been associated with a 
protective effect on various cancers including
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prostate cancer [30]. In a cohort study of approx-
imately 14,000 Adventist men over a 6-year
period, consumption of tomato products was
associated with lower prostate cancer risk [31].
b-carotene, however, has been found in epidemi-
ological studies not to be associated with
prostate cancer risk or even associated with an
increased risk [32]. To add to the confusion,
some studies have suggested that vitamin A may
have a protective role in prostate cancer devel-
opment [33].

Trace Elements
Selenium is a trace element, entering the food
chain through plants, and it is present in bread,
cereals, fish, chicken, and meat. It is a key com-
ponent of a number of functional proteins
required for normal health, including glu-
tathione peroxidase enzymes, antioxidants that
remove hydrogen peroxide, and lipid hydroper-
oxidases generated in vivo by free radicals. The
products of lipid peroxidases have carcinogenic
properties. Studies in human prostate cancer cell
lines have shown that selenium inhibits cell pro-
liferation at physiological doses and that its pro-
tective effect may be mediated through an
androgen-sensitive gene that encodes a sele-
nium-binding protein [34,35].

A clinical double-blind study in the United
States showed that selenium reduced the overall
cancer incidence by 37% and that of prostate
cancer by 50% [36]. However, the inclusion 
criteria were narrow. Similar findings were
demonstrated in a nested case-control trial 
of the Health Professionals’ Follow-Up Study.
The investigators found that higher selenium
intake, as reflected in nail selenium levels, was
significantly protective [37].

Plant Steroids
One of the major differences in the diet between
Asian and Western countries is the consumption
of soy-derived products. A limited amount of
clinical evidence points to a beneficial role of soy
in reducing the level of androgenic steroids, the
biological driving factor for prostate cancer. The
beneficial effects of a soy diet have been attrib-
uted to isoflavonoids, which are plant pigments
found in vegetables, with the soya bean a major

source. Genistein and daidzein are the principal
soya-derived isoflavones. Davis et al. [38]
showed that genistein inhibits prostate cancer
cell growth in culture and induces apoptosis in
a dose-dependent manner. Others have demon-
strated that genistein is an inhibitor of tyrosine
kinase and suggest that genistein may act
through inhibition of upregulated tyrosine
kinases in proliferative cancerous states [39].
Animal studies have also suggested that
isoflavones may suppress the development of
invasive prostate cancers [40]. There is just one
large-scale epidemiological study of the effects
of soy-derived products on prostate cancer
development. This cross-national study in 59
countries showed that soy products were found
to be significantly protective (p = .0001), with an
effect size per kilocalorie (kcal) at least four
times as large as that of any other dietary factor
[41].

A protective role for green tea, a beverage con-
sumed in high quantities in Asia, has been sug-
gested by some investigators. In vitro studies by
Yang et al. [42] showed that polyphenol extracts
from tea inhibited growth of cancer cell lines and
induced apoptosis in a dose-dependent manner.
Furthermore, studies have demonstrated that tea
polyphenols can inhibit ornithine decarboxy-
lase, a testosterone-induced enzyme that is
upregulated in prostate cancer [43,44].

Prostate Cancer Risk
Reduction by Dietary
Modification
Preventive medicine is currently a topical issue.
Cardiovascular disease is a well-known
example. The identification of atherosclerosis as
one of the causative mechanisms of cardiovas-
cular disease has resulted in important lifestyle
modifications in diet, tobacco use, and exercise.
This has led to a significant decrease in the 
incidence of heart disease in many countries.
Prostate cancer potentially represents an ideal
target for chemoprevention because of its long
latency. Although the use of new biological
strategies is being examined in the context of
primary prevention and progression of prostate
cancer, it has been suggested that nutrition may
also have a role. However, does the weight of



45

Diet and Prostate Cancer

current scientific and clinical data support 
a relation between diet and prostate cancer? 
Is there enough evidence for us to be able to
advise dietary modifications, such as reduced fat
and increased soy protein consumption, and the
use of nutritional supplements, for example
vitamin E and selenium, to reduce the risk of
developing or improve outcomes in prostate
cancer?

Some of the data are conflicting. In the case of
the suggested link between dietary fat and
prostate cancer, the balance of the prospective
data is at odds with laboratory investigations,
international comparisons, and case-control
studies. The value of case-control studies is
limited because of the potential for recall bias
and confounding. Moreover, these studies have
been conducted in different populations, have
often had different inclusion criteria, and
included questionnaires varying substantially
from one study to another. Cohort studies have
also been subject to bias depending on the
methods used. Large randomized trials would
provide the most meaningful data, but these 
are extremely difficult to carry out in this 
context because of the lengthy follow-up needed
with a disease that may take decades to reveal
itself.

Though we are not at a stage where we can
justifiably advise patients to, say, cut their fat
intake to reduce the chances of their developing
prostate cancer, we should not ignore what is
already known about the benefits of dietary
manipulation. So reducing animal fat and con-
suming more oily fish may or may not prevent
prostate cancer, but we know these measures
will reduce the risk of cardiovascular disease.
Practical and simple dietary changes should
always be encouraged by health professionals
because they could improve the overall quality
and longevity of the lives of their patients.
Although controlled enthusiasm about diets and
their effect on specific diseases is appropriate,
we must not let ourselves get carried away with
the hype that is borne of our politically correct
times.

References
1. Shimizu H, Ross RK, Bernstein L, Yatani R,

Henderson BE, Mack TM. Cancers of the prostate
and breast among Japanese and white immigrants

in Los Angeles County. Br J Cancer 1991;63:963–
966.

2. Whittemore AS, Kolonel LN,Wu AH, et al. Prostate
cancer in relation to diet, physical activity and
body size in blacks, whites, and Asians in the
United States and Canada. J Natl Cancer Inst
1995;87:652–661.

3. Wang Y, Corr JG, Thaler HT, Tao Y, Fair WR,
Heston WD. Decreased growth of established
human prostate LNCap tumors in nude mice fed
a low fat diet. J Natl Cancer Inst 1995;87:1456–
1462.

4. Pollard M, Luckert PH. Promotional effects of
testosterone and high fat diet on the development
of autochthonous prostate cancer in rats. Cancer
Lett 1986;32:223–227.

5. Bosland MC, Dreef van der Meulen HC,
Scherrehberg PM. Effect of dietary fat on rat
prostate carcinogenesis induced by N-methyl-N-
nitrosurea and testosterone. Proc Am Assoc
Cancer Res 1990;31:144.

6. Pour PM, Groot K, Kazakoff K, Anderson K,
Schally AV. Effects of high-fat diet on the patterns
of prostate cancer induced in rats by N-nitrosobis
(2-oxopropyl)amine and testosterone. Cancer Res
1991;51:4757–4761.

7. Clinton SK, Palmer SS, Spriggs CE, Visek WJ.
Growth of Dunning transplantable prostate ade-
nocarcinomas in rats fed diets with venous fat
content. J Nutr 1988;118:908–914.

8. Mukherjee P, Sotnikov AV, Mangian HJ, Zhou JR,
Visek WJ, Clinton SK. Energy intake and prostate
tumour growth, angiogenesis, and vascular
endothelial growth factor expression. J Natl
Cancer Inst 1999;91:512–523.

9. Rose DP, Boyar AP,Wynder EL. International com-
parisons of mortality rates for cancer of the
breast, ovary, prostate and colon, and per capita
food consumption. Cancer 1986;58:2363–2371.

10. Muir CS, Nectoux J, Staszewski J. The epidemi-
ology of prostatic cancer: geographical distri-
bution and time trends. Acta Oncol 1991;30:
133–140.

11. Bairati I, Meyer F, Fradet Y, Moore L. Dietary fat
and advanced prostate cancer. J Urol 1998;159:
1271–1275.

12. Hankin JH, Zhao LP, Wilkens LR, Kolonel LN.
Attributable risk of breast, prostate, and lung
cancer in Hawaii due to saturated fat. Cancer
Causes Control 1992;3:17–23.

13. Snowdon DA, Phillips RL, Choi W. Diet, obesity
and risk of fatal prostate cancer. Am J Epidemiol
1984;120:244–250.

14. Severson RK, Nomura AM, Grove JS, Stemmer-
mann GN. A prospective study of demographics,
diet and prostate cancer among men of Japanese
ancestry in Hawaii. Cancer Res 1989;49:1857–
1860.



46

Urological Cancers: Science and Treatment

15. Schuurman AG, van den Brandt PA, Dorant E,
Brants HA, Goldbohm RA. Association of energy
and fat intake with prostate cancer risk: results
from the Netherlands Cohort Study. Cancer
1999;86:1019–1027.

16. Giovannucci E, Rimm EB, Colditz GA, et al. A
prospective study of dietary fat and risk of
prostate cancer. J Natl Cancer Inst 1993;85:1571–
1579.

17. Godley PA, Campbell MK, Gallagher P, Martinson
FE, Mohler JL, Sander RS. Biomarkers of essential
fatty acid consumption and risk of prostatic car-
cinoma. Cancer Epidemiol Biomarkers Prev 1996;
5:889–895.

18. Ramon JM, Bou R, Romea S, et al. Dietary fat
intake and prostate cancer risk: a case-control
study in Spain. Cancer Causes Control 2000;11:
679–685.

19. Pandalai PK, Pilat MJ, Yamazaki K, Naik H, Pienta
KJ. The effects of omega-3 and omega-6 fatty acids
on in vitro prostate cancer growth.Anticancer Res
1996;16:815–820.

20. Le Marchand L, Kolonel LN, Wilkens LR, Myers
BC, Hirohata T. Animal fat consumption and
prostate cancer: a prospective study in Hawaii.
Epidemiology 1994;5:276–282.

21. Gann PH, Hennekens CH, Sacks FM, Grodstein F,
Giovannucci EL, Stampfer MJ. Prospective study
of plasma fatty acids and risk of prostate cancer.
J Natl Cancer Inst 1994;89:281–286.

22. Fleshner N, Fair WR, Huryk R, Heston WD.
Vitamin E inhibits the high-fat promoted growth
of established human prostate LNCaP tumours in
nude mice. J Urol 1999;161:1651–1654.

23. Heinonen OP, Albanes D, Virtamo J, et al. Prostate
cancer and supplementation with alpha-
tocopherol and beta-carotene: incidence and 
mortality in a controlled trial. J Natl Cancer Inst
1990;90:440–446.

24. Chan JM, Stampfer MJ, Ma J, Rimm EB, Willett
WC, Giovannucci EL. Supplemental vitamin E
intake and prostate cancer risk in a large cohort
of men in the United States. Cancer Epidemiol
Biomarkers Prev 1999;8:893–899.

25. Hanchette CL, Schwartz GG. Geographic patterns
of prostate cancer mortality. Evidence for a pro-
tective effect of ultraviolet radiation. Cancer
1992;70:2861–2869.

26. Habuchi T, Suzuki T, Sasaki R et al. Association of
vitamin D receptor gene polymorphism with
prostate cancer and benign prostatic hyperplasia
in a Japanese population. Cancer Res 2000;60:
305–308.

27. Konety BR, Johnson CS, Trump DL, Getzenberg
RH.Vitamin D in the prevention and treatment of
prostate cancer. Semin Urol Oncol 1999;17:77–
84.

28. Giovannucci E, Rimm EB, Wolk A, et al. Calcium
and fructose intake in relation to risk of prostate
cancer. Cancer Res 1998;58:442–447.

29. Grant WB. An ecological study of dietary links 
to prostate cancer. Altern Med Rev 1999;4:162–
169.

30. Giovannucci E. Tomatoes, tomato-based products,
lycopene, and cancer: review of the epidemiolog-
ical literature. J Natl Cancer Inst 1999;91:317–
331.

31. Mills PK, Beeson WL, Phillips RL, Fraser GE.
Cohort study of diet, lifestyle, and prostate 
cancer in Adventist men. Cancer 1989;64:598–
604.

32. Schulman CC, Ekane S, Zlotta AR. Nutrition and
prostate cancer: evidence or suspicion? Urology
2001;58:318–334.

33. Hirayama T. Epidemiology of prostate cancer with
special reference to the role of diet. Natl Cancer
Inst Monogr 1979;53:149–155.

34. Webber MM, Perez-Ripoll EA, James GT.
Inhibitory effects of selenium on the growth of
DU-145 human prostate carcinoma cells in vitro.
Biochem Biophys Res Commun 1985;130:603–
609.

35. Yang M, Sytkowski AJ. Differential expression and
androgen regulation of the human selenium-
binding protein gene hSP56 in prostate cancer
cells. Cancer Res 1998;58:3150–3153.

36. Clark LC, Dalkin B, Krongrad A, et al. Decreased
incidence of prostate cancer with selenium sup-
plementation: results of a double-blind cancer
prevention trial. Br J Urol 1998;81:730–734.

37. Yoshizawa K, Willett WC, Morris SJ, et al. Study of
prediagnostic selenium level in toe nails and risk
of advanced prostate cancer. J Natl Cancer Inst
1998;90:1219–1224.

38. Davis JN, Singh B, Bhuiyan M, Sarkar FH.
Genistein-induced upregulation of p21WAF 1,
downregulation of cyclin B, and induction of
apoptosis in prostate cancer cells. Nutr Cancer
1998;32:123–131.

39. Akiyama T, Ishida J, Nakagawa S, et al. Genistein,
a specific inhibitor of tyrosine–specific protein
kinases. J Biol Chem 1987;262:5592–5595.

40. Aronson WJ, Tymchuk CN, Elashoff RM, et al.
Decreased growth of human prostate LNCaP
tumours in SCID mice fed to a low-fat, soy protein
diet with isoflavones. Nutr Cancer 1999;35:130–
136.

41. Hebert JR, Hurley TG, Olendzki BC, Teas J, Ma Y,
Hampl JS. Nutritional and socioeconomic factors
in relation to prostate cancer mortality: a cross-
national study. J Natl Cancer Inst 1998;90:1637–
1647.

42. Yang GY, Liao J, Kim K, Yurkow EJ, Yang CS. Inhi-
bition of growth and induction of apoptosis in



47

Diet and Prostate Cancer

human cancer cells by tea polyphenols. Carcino-
genesis 1998;19:611–616.

43. Mohan RR, Challa A, Gupta S, et al. Overexpres-
sion of ornithine decarboxylase in prostate cancer
and prostatic fluid in humans. Clin Cancer Res
1999;5:143–147.

44. Gupta S, Ahmad N, Mohan RR, Husain MM,
Mukhtar H. Prostate cancer chemoprevention 
by green tea: in vitro and in vivo inhibition of
testosterone-mediated induction of ornithine
decarboxylase. Cancer Res 1999;59:2115–2120.



The incidence of prostate cancer is rising world-
wide due to the ageing of the population and 
the increasing availability of prostate-specific
antigen (PSA) screening. Prostate-specific
antigen testing has led specifically to an increase
in the proportion of patients diagnosed with
early-stage (localized) prostate cancer. Radical
radiotherapy is one of the curative treatment
options for localized prostate cancer and it also
has a role to play in locally advanced and even
metastatic disease. This chapter reviews the rel-
ative merits of radiotherapy in comparison to
the other management options for early prostate
cancer and summarizes the staggering techno-
logical advances that have occurred in prostate
radiotherapy over the last decade.

Treatment of Early (Localized)
Prostate Cancer
The Role of Radical Radiotherapy

The optimum management of patients with
localized prostate cancer remains controversial.
Three major treatment options are available:
radical prostatectomy, radical radiotherapy
(external beam radiotherapy [EBRT] or
brachytherapy), and active surveillance (also
known as active monitoring and watchful
waiting). Each treatment involves its own risk.
Radical treatments can cause harmful side
effects including incontinence, erectile dysfunc-

tion, and even death, whereas watchful waiting
causes anxiety relating to the presence of cancer
and carries a risk of disease progression.
However, outcomes in terms of overall survival
appear similar with each of the three modalities.

There is relatively little randomized evidence
concerning the effectiveness of the different
management options for early prostate cancer.
In a Scandinavian study [1], men with early
prostate cancer (stages T1b-c or T2) were ran-
domly assigned to radical prostatectomy or
watchful waiting. After a median follow-up of
6.2 years, there was a significant reduction in
disease-specific mortality in the radical prosta-
tectomy group compared with the watchful
waiting group (4.6% vs. 8.9%, P = .02), but there
was no significant difference in overall survival
between the two groups. A randomized trial
comparing surgery with radiotherapy published
in 1982 showed better survival outcomes in the
surgery group [2]. However, this was a small (97
patients), single-center trial conducted in the
pre-PSA era, and it is unlikely to be relevant to
contemporary practice. Unfortunately, a United
Kingdom Medical Research Council (MRC) trial
(PR06) randomizing patients to radical prostate-
ctomy, radical radiotherapy, and watchful
waiting was closed in 1997 because of poor
recruitment, which was attributed to an unwill-
ingness among participants and clinicians to
accept randomization.

A number of nonrandomized, retrospective
studies have compared the outcomes of the dif-
ferent treatment modalities for early prostate
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cancer.A study from Boston compared outcomes
in 2254 men treated with radical prostatectomy
and 381 men treated with conventional dose 
(66 Gy) radiotherapy [3]. There was a possible
advantage for surgery in low-risk patients, but
no difference between treatment modalities in
intermediate or high-risk cases. Another study
from the Cleveland Clinic compared outcomes
in 1054 men who underwent radical prostatec-
tomy and 628 treated with radiotherapy [4].
When stratified by prognostic risk groups, there
was no difference in biochemical control
between patients undergoing prostatectomy 
and patients having radiotherapy to dose levels
≥72 Gy; however, the outcome of patients who
received lower-dose radiotherapy was less favor-
able. There are many problems with retro-
spective comparisons like these, including
differences in case selection and length of
follow-up, and the inherent disadvantages of
analyzing past rather than contemporary 
practice.

At least two large randomized trials are cur-
rently in progress, although their results are not
yet available. The United States Prostate Cancer
Intervention Versus Observation Trial (PIVOT)
is comparing radical prostatectomy and watch-
ful waiting for localized prostate cancer [5]; it
opened in 1994 and has now closed to recruit-
ment. The U.K. Protect study (Prostate Testing
for Cancer and Treatment) combines the
identification of men with prostate cancer
detected by PSA screening with a randomized
trial comparing radical prostatectomy, radical
EBRT, and watchful waiting. The issue of ran-
domization to the various treatment options was
successfully addressed in a feasibility study,
which has aided recruitment into this study, and
has shown that with careful management, it is
possible to randomize prostate cancer patients
into trials such as this.

While the results of these studies are awaited,
clinical decision making in early prostate cancer
should be tailored to the individual patient 
and take account of tumor prognosis (Gleason
grade, stage, and PSA), background health, life
expectancy, and patient preference. It is common
to offer curative treatment to men who have a life
expectancy of 10 years or more and to consider
treatment for men with a life expectancy of 5
years or more if the tumor is poorly differenti-
ated. Treatment-related morbidity and quality-
of-life issues are important considerations and

patients should be counseled appropriately.
Prostatectomy patients are significantly more
likely than radiotherapy patients to experience
urinary incontinence (39% to 49% vs. 6% to 7%)
and erectile dysfunction (80% to 91% vs. 41% to
55%), whereas radiotherapy patients are more
likely to experience bowel urgency (30% to 35%
vs. 6% to 7%) [6].

Standard External Beam
Radiotherapy (EBRT)

Radical EBRT is an alternative to radical prosta-
tectomy for patients with early, organ-confined
prostate cancer (T1-2, N0, M0) and can also be
used for patients with nonmetastatic locally
advanced disease (T3-T4) where surgery is inap-
propriate.

Pretreatment Assessment

The primary tumor is assessed by digital rectal
examination, cystoscopy, and transrectal ultra-
sound (TRUS). Staging of systemic disease
usually comprises bone scanning and pelvic
lymph node imaging (with computed tomogra-
phy [CT] or magnetic resonance imaging
[MRI]), although these investigations are some-
times omitted in patients with particularly “good
risk” features. Magnetic resonance imaging
scanning is particularly useful in assessing cap-
sular invasion, seminal vesicle involvement, and
periapical extension, and can aid treatment
planning.

Treatment Planning

Computed tomography planning is now stan-
dard practice in most U.K. centers. Prior to the
advent of CT planning, the size and position of
the prostate was indirectly visualized using a
cystourethrogram, putting barium in the rectum
and taking orthogonal films, upon which the
target volume could be drawn. The target volume
is usually defined as the prostate plus all/base of
the seminal vesicles, or any grossly visible tumor,
with a margin of 1 to 1.5 cm to allow for micro-
scopic spread and for variations in treatment
setup (Fig. 5.1). A smaller margin is often
allowed at the rectal–prostate interface if there is
too much rectum in the high-dose volume. In the
absence of macroscopic disease in the seminal
vesicles, there is some debate as to whether they
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should be included in the treatment volume or
not. Simple formulas for predicting the proba-
bility of microscopic seminal vesicle involve-
ment based on the T stage, Gleason score, and
pretreatment PSA level can be helpful.

Inconsistencies in treatment volume defini-
tion occur among clinicians [7], especially in
outlining the prostatic apex, superior aspect of
the prostate projecting into the bladder, seminal
vesicles, the base of the seminal vesicles, and
superior rectum. These should be considered
when designing and comparing trials of
radiotherapy.

Technique

Patients are treated in the supine position with a
full bladder (this helps push bowel out of the
high-dose area), once daily, 5 days a week. Skin
tattoos are placed anteriorly over the pubic sym-
physis and laterally over the iliac crests to aid
treatment setup. Three-field techniques using an
anterior and two posterior oblique fields are
commonly used, although four- and even six-
field techniques are used in some centers (Fig.
5.2).

Dose and Fractionation

The optimum dose and fractionation schedule
for EBRT is unclear. Until recently, standard
treatment schedules in many centers delivered
daily fractions of 1.8 to 2 Gy per day, to a total
dose upwards of 64 Gy.

There is evidence that the a/b ratio for
prostate cancer may be as low as 1.5, compara-
ble to late-responding normal tissues, probably
because of the slow turnover rate of prostate
tumors [8]. This suggests that prostate cancers
may be particularly sensitive to hypofractiona-
tion and that using larger fraction sizes could
result in greater cell kill. In addition to the pos-
sible radiobiological gains, other benefits to
hypofractionation include shorter overall treat-
ment times and a smaller number of hospital
visits, which increases patient convenience and
reduces resource utilization.

The outcome of 705 men with T1-4 prostate
cancer treated in Manchester with conformal,
hypofractionated radiotherapy (50 Gy in 16 daily
fractions) has been analyzed [9]. The 5-year 
biochemical-free survival rates for good, inter-
mediate, and poor prognostic groups were 82%,
56%, and 39%, respectively, which are com-
parable to published results using conventional
fractionation, and normal tissue toxicity rates
were not increased. The results of the first ran-
domized study of hypofractionated radiother-
apy for localized prostate cancer were presented
at the 45th annual meeting of the American
Society for Therapeutic Radiology and Oncol-
ogy (ASTRO) [10]; 936 patients with T1/T2
prostate cancer were randomized at 16 Canadian
centers to receive either 66 Gy in 33 fractions
over 61/2 weeks or 52.5 Gy in 20 fractions 
over 4 weeks. After a median follow-up of 59
months, the treatment failure rate appeared to be
slightly higher in the hypofractionated arm than

Fig. 5.1. Computed tomography (CT) scan through the center
of the target volume showing the rectum, femoral heads,
prostate (or clinical target volume,CTV),and a margin around the
prostate to be treated to high dose (the planning target volume,
PTV).

Fig. 5.2. Three-field technique for prostate radiotherapy
showing the 10, 20, 50, 70, 90, 95, 100, and 102 isodoses.The CTV,
PTV, and rectum are outlined.
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in the conventional arm, but there was no
significant difference between the two groups 
in biopsy positivity 2 years after radiotherapy 
or in overall survival (with a trend for both 
in favor of the hypofractionated arm). Also,
although acute toxicity was higher in the
hypofractionated group, late toxicity was similar
in both groups.

The development of conformal radiotherapy
has led to a surge of interest in dose escalation
(above 70 Gy), which is discussed later in the
chapter.

Toxicity

The side effects of EBRT can be divided into
acute and late reactions. Acute reactions start
about halfway through a course of treatment and
principally involve the bladder (cystitis) and
bowel (proctitis, occasional enteritis). These
effects normally settle with conservative man-
agement within 4 to 6 weeks of the end of treat-
ment. Rarely, severe acute side effects may
necessitate a break in treatment, but it is unusual
for acute effects to be dose limiting in practice.
It is rare for patients to experience significant
skin toxicity with EBRT, though a reaction is not
infrequently seen superior to the natal cleft due
to the exit dose from the anterior beam in a
three-field arrangement.

Late side effects are generally more “dose-
limiting” than acute effects because they can have
a significant impact on quality of life and are
often permanent. They may appear between 6
months and 2 years after radiotherapy, although
sometimes acute effects do not settle and can
continue as late effects. Late urogenital toxicity
manifests as chronic cystitis, urinary inconti-
nence (2% to 11%) and erectile dysfunction (10%
to 40%). Late damage to the rectum results in late
radiation proctitis, rectal ulceration, or stricture;
severe damage occasionally necessitates a
defunctioning colostomy (risk <1%).

Efficacy

The outcome of patients treated with modern,
high-dose radiotherapy is comparable to sur-
gery, at least over a 5-year period. Five-year
actuarial biochemical relapse-free survival rates
of 90% have been reported for favorable risk
patients treated with >75 Gy [11]. Pretreatment
PSA level, Gleason score, tumor stage, radiation
dose (<70 Gy or ≥70 Gy), and treatment year are

all significant prognostic factors. The posttreat-
ment PSA nadir has been found to be highly
predictive of outcome; in one study, 75% of
patients with a PSA nadir of <0.5 ng/mL had
PSA disease-free survival (DFS) at 8 years com-
pared to only 12% of patients with a PSA nadir
>4 ng/mL [12].

Three-Dimensional Conformal
Radiotherapy (3D-CRT)

Conventional radiotherapy is delivered using
rectangular-shaped treatment fields, which
inevitably encompass large volumes of normal
tissues as well as the required target volume. The
major focus over the last decade has been the
development of conformal radiotherapy tech-
niques, which allow delivery of irregularly
shaped fields that conform more closely to the
tumor target while reducing the radiation to the
dose-limiting normal tissues. Shaping of fields
can be achieved in one of two ways: by putting a
custom-made lead shield in front of the beam, or
by making the beam itself irregular in shape by
using multileaf collimators (MLCs) (Fig. 5.3).

Does Conformal Radiotherapy 
Reduce Toxicity?

A randomized study comparing conventional
and conformal radiotherapy at a standard dose
of 64 Gy [13] showed a significant reduction 
in late (>3 months after treatment) radiation-
induced proctitis and bleeding in the conformal
group compared with the conventional group
(5% vs. 15%, Radiation Therapy Oncology Group
[RTOG] grade 2 or higher, p = .01). There were
no differences between groups in bladder func-
tion after treatment. After a median follow-up of
3.6 years, there was no significant difference
between groups in local tumor control: confor-
mal 78% (95% confidence interval [CI] 66–86);
conventional 83% (95% CI 69–90). These results
have provided the basis for dose-escalation
studies in an attempt to improve local tumor
control with acceptable toxicity.

Dose Escalation

In a randomized dose-escalation trial conducted
at the M.D. Anderson Cancer Center, 305 men
with localized (T1 to T3) prostate cancer were
randomized to receive either conventional-dose
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(70 Gy) or high-dose (78 Gy) conformal radio-
therapy to the prostate and seminal vesicles [14].
With a median follow-up of 60 months, the 
biochemical control rates at 6 years were
significantly higher in the 78-Gy arm compared
to the 70-Gy arm (70% vs. 64%, p = .03). Sub-
group analysis suggested that the benefit of
dose escalation was limited to patients with a
pretreatment PSA of �10 ng/mL (biochemical
control rate, 62% vs. 43%, p = .01) but that there
was no significant dose response in patients 
who had a pretreatment PSA of £10 ng/mL. The
trial did not show a significant effect of dose
escalation on overall survival, although there
was a trend toward a higher freedom from
distant metastasis rate at 6 years in patients 
with PSA levels >10 ng/mL who were treated
with 78 Gy (98% vs. 88%, p = .056). Rectal side
effects were significantly greater in the 78-Gy
group (grade 2 rectal toxicity rates at 6 years,
26% vs. 12%, p = .001), whereas the rate of
bladder complications was similar in both arms.
The risk of rectal toxicity correlated highly with
the proportion of the rectum treated to >70 Gy,
and it was suggested by the authors that the
rectal volume receiving ≥70 Gy should be limited
to <25% in future dose escalation trials. The
ongoing RTOG 94-06 trial is attempting to 
establish the maximum tolerated dose that can
be delivered to the prostate using 3D-CRT.
Interim results for patients treated to 79.2 Gy
using 1.8-Gy fractions have demonstrated low
levels of toxicity [15], and the study has contin-
ued using 2-Gy fractions to dose levels of 74 and
78 Gy.

The M.D. Anderson data are supported by
data from a number of retrospective and
prospective PSA-era trials that have provided
evidence for a dose response in prostate cancer.
However, more studies are required to define the
groups of patients who may benefit from dose
escalation and to assess whether there is any
benefit in terms of survival. It is possible that
conventional doses are sufficient in low-risk
patients and that dose escalation may just
increase toxicity with no benefit in terms of
disease control in these patients. The results of
several randomized trials of dose escalation in
the UK, the Netherlands, France, and North
America are awaited. The UK MRC RT01 trial,
which randomized men to standard-dose 
(64 Gy) or high-dose (74 Gy) conformal radio-
therapy in addition to neoadjuvant androgen

Fig. 5.3. (a) Beam’s-eye view of right lateral treatment field for
conformal prostate radiotherapy. Field shaping has been
achieved by the use of multileaf collimators (MLCs) (shown in
yellow). The collimator angle has been optimized to conform to
the posterior edge of the PTV (shown in red) to protect the
rectum. (b) The multileaf collimator.
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suppression, closed to accrual in 2001 with
around 800 patients randomized.

Intensity-Modulated Radiotherapy

Intensity-modulated radiotherapy (IMRT) is an
advanced form of 3D-CRT that allows tighter
conformation to the target volume and sparing
of normal tissues in the vicinity of and even
within the target volume to an extent that was
not previously possible. In general, IMRT uses
inverse treatment planning systems that work
backward from a desired dose distribution to
generate treatment fields with varying inten-
sities across the cross section of the beam.
Treatment delivery utilizes MLCs where each 
set of opposing leaves travel across the beam
under computer control during radiation 
delivery according to a prescribed scheme, to
produce the required intensity pattern across the
beam.

Early toxicity and biochemical outcomes have
been reported for 772 patients with localized
prostate cancer treated with high-dose IMRT (81
to 86.4 Gy, 1.8 Gy/fraction) at the Memorial
Sloan-Kettering Cancer Center [16]. Intensity-
modulated radiotherapy was associated with
decreased rectal toxicity, and the actuarial rate of
grade ≥2 proctitis at 3 years was only 4% com-
pared to the rate of 14% previously reported at
the same center for patients receiving 81 Gy with
3D-CRT [11]. The 3-year actuarial PSA relapse-
free survival rates were comparable to published
results using 3D-CRT; however, median follow-
up was only 24 months and longer follow-up is
required to substantiate these results. Prelimi-
nary results using hypofractionated IMRT (70 Gy
at 2.5 Gy/fraction) show similar rates of late 
toxicity and biochemical outcome to high-dose
3D-CRT [17], although again, longer follow-up is
required.

Although prophylactic pelvic lymph node
radiotherapy is not routine practice in the U.K.,
there is evidence from the RTOG 9413 study 
that it may be beneficial in carefully selected
patients [18]. The potential of IMRT to irradiate
pelvic lymph nodes while sparing critical pelvic
organs has been investigated [19]. Conventional
radiotherapy plans were compared to 3D-CRT
and IMRT plans for 10 patients. The mean 
percentage volume of small bowel receiving 
>45 Gy for the conventional radiotherapy, 3D-
CRT, and IMRT plans were 21%, 18%, and 5%,

respectively, (p < .001). The rectal and bladder
volumes irradiated with doses �45 Gy were also
reduced by IMRT. The reduction in critical
pelvic organ irradiation seen with IMRT may
reduce side effects and allow modest dose esca-
lation. A phase I dose-escalation trial has been
initiated to assess the tolerance of radiotherapy
to the pelvic lymph nodes of 50 to 60 Gy using
IMRT.

Concerns have been raised that reducing
treatment volumes to such an extent carries a
risk of incurring a geographical miss of the
target, which would inevitably result in reduced
tumour control. However, results so far suggest
that PSA outcomes after IMRT are comparable
to conventional 3D-CRT, although mature data
are not yet available. Other potential drawbacks
to IMRT include the added workload on physi-
cians, physicists, and radiotherapists, the risk of
errors due to the complexity of planning and
delivery, and the complexity of quality assur-
ance. An additional concern is that IMRT may
lead to an increase in the incidence of second
malignancies. There are two reasons for this: (1)
IMRT involves the use of more fields than con-
ventional radiotherapy and, as a consequence, a
larger volume of normal tissues is exposed to
low radiation doses; (2) IMRT usually requires
more time to deliver a specified dose than con-
ventional radiotherapy (hence more monitor
units needed) thus increasing the total body
exposure, due to leakage radiation. Careful long-
term follow-up of patients treated with IMRT is
necessary to address this issue.

Prostate Brachytherapy

Prostate brachytherapy involves placement of
radioactive sources directly into the parenchyma
of the prostate. It is a highly conformal form of
therapy, permitting dose escalation to the target
volume far exceeding that of other radiation
modalities. The surrounding normal tissues are
spared because of the rapid dose falloff with dis-
tance from the source (inverse square law). The
evolution of TRUS imaging, a closed transper-
ineal approach, and the increasing sophistica-
tion of computerized planning have resulted in
a worldwide resurgence of interest in this treat-
ment technique. Its appeal lies in its speed and
convenience (it can be done as an outpatient
procedure) and the low long-term risk of proc-
titis; impotence is also less likely than after
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radical prostatectomy. Brachytherapy to the
prostate can be delivered either with permanent
seed implants or with removable implants, which
are often delivered at a high dose rate with
iridium wire.

Permanent Implants

Permanent implants may be used alone as
monotherapy for localized prostate cancer or,
less commonly, as a boost in combination with
EBRT. Patient selection is extremely important
for two reasons: (1) to identify patients who are
likely to have a good outcome in terms of bio-
chemical disease free survival, and (2) to iden-
tify patients who will have a good functional
outcome. Patients who are likely to have a good
outcome from brachytherapy alone have an
initial PSA level <10 ng/mL, Gleason score £6,
and low-volume disease with a low risk of extra-
capsular spread (stage T1/T2). If the prostate 
is large (>50 cm3), the pubic rami may shield 
part of the gland that cannot be adequately
implanted; these patients also need a large
number of seeds and are at increased risk of
morbidity. If otherwise suitable, neoadju-
vant hormone treatment with a luteinizing
hormone–releasing hormone (LHRH) analogue
for 3 months can lead to a reduction in prostate
volume of >30%. Brachytherapy should be
avoided in men with a history of transurethral
resection of the prostate (TURP) because it
increases the risk of long-term urinary inconti-
nence following brachytherapy from 1% to
~12.5%. An alternative procedure may also be
preferable in patients with significant pretreat-
ment lower urinary tract obstructive symptoms
who are more likely to develop urinary retention
after brachytherapy.

Two isotopes are used as the radioactive seed
source, iodine (125I) and palladium (103Pd),
although only 125I is readily obtainable in the
U.K. Both isotopes have low energy but different
half-lives (59.4 days for 125I, 16.97 days for 103Pd)
and initial dose rate. 103Pd has the higher dose
rate and is biologically more active; therefore,
equivalent prescribed doses are lower. For
patients treated by brachytherapy alone, typical
doses are 145 Gy with 125I and 100 Gy with 103Pd,
which is the minimum peripheral dose to the
margin of the target volume. If brachytherapy 
is used in conjunction with EBRT, typically 

prescribed doses are 45 Gy in 25 fractions 
given by EBRT followed by 110 Gy via an 125I-
brachytherapy implant [20].

A two-stage technique is most commonly
used for permanent implantation in the U.K. The
initial stage requires a preplanning TRUS exam-
ination performed with the patient in the litho-
tomy position, done either as an outpatient or
day-hospital procedure under general anesthe-
sia. The TRUS images are digitized to produce a
3D model of the prostate on the planning com-
puter, which can be used to determine the num-
ber and position of seeds required. The implant
is performed a few weeks later in an identical
lithotomy position. Thin needles are inserted
percutaneously into the prostate through a per-
ineal template to a precalculated depth guided by
an ultrasound probe in the rectum. The needles
may either be preloaded with the appropriate
number of seeds or the seeds can be inserted
individually. Between 20 and 30 needles contain-
ing 60 to 120 seeds are implanted depending on
the volume and seed activity. The needles are
then removed, leaving the seeds permanently in
place. A CT scan is performed after implantation
to identify the seeds and prostatic outline, and
this information is used to calculate the actual
dose delivered to the prostate.

Almost all patients develop urethritis of vari-
able intensity which may last for ~3 months.
Symptoms may be helped by alpha-blockers and
nonsteroidal antiinflammatory drugs. A minor-
ity of patients (15%) develop acute retention
either immediately or in the few days following
implantation. This is usually due to postimplant
edema and requires catheterization. In most
patients, micturition resumes within 2 weeks as
edema resolves, although recovery may occa-
sionally take longer. Long-term effects include
persistent cystitis and prostatitis (3%), proctitis
(2%), and impotence (25%). The risk of urinary
incontinence is small (~1%) unless patients have
had a previous TURP.

There have been no randomized trials com-
paring brachytherapy with other interventions
for early prostate cancer (though a trial ran-
domizing patients to brachytherapy or radical
prostatectomy is now open, under the auspices
of the American College of Surgeons). Most
results come from single centers reporting 
retrospective series [e.g., 21]. These results are
extremely promising, but what is difficult to
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gauge is the extent to which such results reflect
the benefit of brachytherapy per se, and to what
extent they reflect patient selection factors. Some
workers advocate EBRT in conjunction with
brachytherapy for patients with intermediate
and high risk factors, but it is not yet proven
whether this improves outcome.

High Dose Rate Brachytherapy

Remote afterloading systems can also be used
with TRUS and template guidance to deliver
temporary, high dose rate (HDR) brachytherapy
to the prostate. The isotope used is iridium
(192Ir), which has higher emission energies 
than 125I and 103Pd. The greater range may be
more suitable for the treatment of patients with
bulkier tumors and the possibility of extracap-
sular extension. Treatment is hypofractionated
(with the potential benefits of hypofractionation
previously discussed) and treatment times are a
few minutes only. Most trials investigating the
usefulness of HDR to date have given it as a
boost (8 to 10 Gy ¥ 2) prior to, during, or after
EBRT (45 to 50 Gy) with good results even in
patients with unfavorable prostate cancer [22].
More recently, a number of HDR monotherapy
trials [e.g., 23] have shown that the treatment is
feasible and well tolerated, but longer follow-up
is required for outcome.

Combined Radiotherapy and
Hormone Therapy

The use of combined modality treatment, with
hormone therapy and radiotherapy, for the treat-
ment of prostate cancer may be beneficial for
two reasons. First, by combining two effective
modalities, there is hope that the anticancer
effects will be additive. Second, the use of
hormone therapy to shrink a large prostate
before irradiation may improve efficacy by
reducing the tumor burden and also may reduce
rectal toxicity by reducing the volume irradiated
to high dose [24]. The LHRH agonists (e.g.,
goserelin) are usually used, but antiandrogens
(e.g., bicalutamide) may be useful in men who
wish to retain their potency, although they result
in less prostate shrinkage [25].

The combination of hormone therapy and
radiotherapy has been tested in a number of
clinical trials with some variation in the way in

which hormone therapy was administered
(Table 5.1). Based on these findings, there do
appear to be several subsets of prostate cancer
patients who benefit from hormone therapy plus
radiotherapy over radiotherapy alone:

1. Patients with bulky tumors without evi-
dence of distant metastases and Gleason score
£6 benefit from short-course neoadjuvant
hormone therapy for 4 months (2 months before
and 2 months during radiotherapy). It is not
known if an LHRH agonist alone would produce
the same benefit as the combination of LHRH
agonist and antiandrogen used in RTOG 
86-10.

2. Patients with any T stage and no evidence
of distant metastases with Gleason score 8 to 
10 tumors benefit from long-term hormone
therapy (2 to 3 years). Periods of 2 to 3 years have
been chosen empirically in most trials, but it is
possible that a shorter course may be equally
effective; the European Organization for
Research and Treatment of Cancer (EORTC) trial
22961 is investigating this possibility.

3. At least some patients with T3 tumors and
lower Gleason grade also appear to benefit from
long-term hormone therapy, based on a meta-
analysis of the RTOG protocols [33], and the
EORTC study [29].

The potential benefits of androgen depriva-
tion have to be balanced against toxicity. Most
patients experience hot flushes, fatigue, and
impotence of varying degrees, which can impact
significantly on quality of life. Other toxicities
include loss of libido, weight gain, muscle
wasting, and changes in texture of hair and skin.
Longer-term concerns include the development
of osteoporosis and the possibility that low
testosterone levels may predispose to cardiovas-
cular disease. There is no evidence yet that long-
term hormone therapy increases non–prostate
cancer mortality, but this is being investigated;
in the meantime, it is sensible to restrict the use
of long-term hormone therapy to patient groups
in which it has been shown to have an overall
survival benefit.

None of the trials in Table 5.1 included a
hormone therapy alone arm. Because of this, it
is not possible to say with certainty whether the
benefits that appear in the patients treated with
combined modality therapy are due to the com-
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bination of radiotherapy and androgen ablation
or the androgen ablation per se. The MRC PR02
study [34] did include a hormones-alone arm
and randomized 277 patients with T2 to T4
prostate cancer and no bone metastases to
orchidectomy alone, radiotherapy alone, or a
combination of the two. The study was too small
to detect a statistically significant difference in
overall survival between the groups, but there
was a delay in time to metastasis in patients
treated with hormone therapy (with or without
radiotherapy). A randomized Medical Research
Council study (MRC Prof) is investigating
whether radiotherapy contributes anything to
long-term hormone therapy in patients with
nonmetastatic locally advanced or poor progno-
sis organ-confined prostate cancer.

Adjuvant or Salvage Radiotherapy
After Surgery

Following radical prostatectomy, patients with
positive resection margins, extraprostatic exten-

sion (pT3 disease), or seminal vesicle invasion
are at increased risk of disease recurrence. There
is increasing interest in the role of postoperative
radiotherapy in these patients. Radiotherapy
(RT) can be administered immediately following
prostatectomy (adjuvant RT) or may be post-
poned until the PSA has risen to a level that is
indicative of residual or recurrent prostate
cancer (salvage RT). There are no published ran-
domized clinical trials of postprostatectomy
radiotherapy, and it is not known whether the
results of immediate adjuvant radiotherapy and
early salvage radiotherapy are equivalent. Most
retrospective studies, however, show that both
are generally well tolerated.

Adjuvant radiotherapy is given postopera-
tively to eradicate possible microscopic residual
disease in the periprostatic tissues or adjacent
pelvic lymph nodes. It may be considered in men
with positive resection margins, extraprostatic
extension, or an elevated PSA after surgery. Ret-
rospective studies show that it reduces the local
and biochemical recurrence rates in high-risk
patients after radical prostatectomy, but there is

Table 5.1. Randomized trials of hormone therapy plus radiotherapy

Patient Patient
Study numbers characteristics Timing Outcome

RTOG 85–31 977 T3 or LN positive Adjuvant goserelin, last week ≠ LC, Ø DM but OS NS 
[26,27] of RT until progression except in Gleason 8 to 10

EORTC 415 T1–2 grade 3 or Adjuvant goserelin, first ≠ DFS and OS at 5 years
[28,29] T3–4, any grade week of RT for 3 years 

(LN negative)
RTOG 86–10 471 Bulky T2–4 (+/- Neoadjuvant CAS, 2 months Overall, ≠ LC, Ø DM but not

[30] LN positive) before and 2 months in Gleason 7 to 10; OS NS 
during RT except in Gleason 2 to 6 

RTOG 92–02 1554 T2C–T4, PSA Neoadjuvant CAS for 2 ≠ LC, ≠ DFS, Ø DM but OS 
[31] <150 ng/mL months before +2 months NS except in Gleason 8 

during RT for all patients, to 10
then adjuvant goserelin 
for 2 years or no further 
treatment

RTOG 94–13 1323 T1–4 with risk 2 ¥ 2 design: whole pelvic ≠ PFS for whole pelvic +
[18,32] LN positive vs. prostate RT; neoadjuvant hormones 

>15% or T2C–T4 neoadjuvant CAS for 2 but OS NS
Gleason ≥6 even months before +2 months 
if risk LN during RT or adjuvant 
positive <15% CAS for 4 months after RT.

CAS, combined androgen suppression (goserelin + flutamide); DFS, disease-free survival; DM, distant metastases; EORTC,
European Organization for Research and Treatment of Cancer; LC, local control; LN, lymph node; NS, nonsignificant; OS,
overall survival; PFS, progression free survival; RT, radiotherapy; RTOG, Radiation Therapy Oncology Group.
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no evidence yet that it improves survival [35].
Seminal vesicle invasion predicts biochemical
failure (rise in PSA) after adjuvant radiotherapy,
presumably because it is associated with a high
risk of distant metastases. The results of two
completed, but yet to be reported, randomized
trials of postoperative radiotherapy are awaited
in the near future. The Southwest Oncology
Group (SWOG) 8794 trial and EORTC 22911 trial
have randomized a combined total of over 1300
patients with unfavorable prostate cancer to
receive either adjuvant radiotherapy or observa-
tion (with salvage radiation on recurrence) fol-
lowing radical prostatectomy.

Salvage radiotherapy is given for patients with
biochemical or clinical evidence of recurrent
disease following prostatectomy. This approach
spares ~40% of patients with high-risk features
postprostatectomy who may never have a recur-
rence. Only patients with disease recurrence
confined to the prostatic bed are likely to benefit,
and it is therefore important to determine
whether a rising PSA represents local recurrence
or whether it is an indicator of metastatic
disease. Even with local-only recurrence, salvage
radiation may not be necessary if life expectancy
is short and the risk of symptomatic prostate
cancer is low. This is supported by a study of
patients with biochemical failure following
prostatectomy from Johns Hopkins University,
in which the median time from biochemical
failure to detection of metastases was 8 years,
and the median time from detection of metas-
tases to death was 5 years [36].

Response rates after salvage radiotherapy vary
between 10% and 76%, with different patient
selection criteria being the most likely explana-
tion for the enormous difference between
studies. Factors that predict a favorable outcome
after salvage radiotherapy include low preradia-
tion PSA level, low Gleason grade, absence of
seminal vesicle involvement, and biochemical
failure to be consistent >1 year after prostatec-
tomy [37]. Presalvage PSA appears to be the most
consistently reported prognostic variable, and
salvage rates are low for patients with pre-RT
PSA >2 ng/mL. The increasing sensitivity of PSA
testing means that salvage radiotherapy can now
be started at much lower PSA levels (0.01 to 0.1
ng/mL) with the expectation that this will yield
better results. Consequently, trials using salvage
radiotherapy for men with higher PSA levels
(including SWOG 8794 and EORTC 22911) may

therefore underestimate the efficacy of early
salvage radiotherapy compared to adjuvant
radiotherapy, and this needs to be considered in
their interpretation.

The role of hormone therapy in combination
with postoperative radiotherapy is currently
unknown. Two RTOG studies currently in
progress are addressing this issue: RTOG P-0011
is comparing adjuvant radiotherapy alone versus
adjuvant combined modality therapy in high-
risk postprostatectomy patients, whereas RTOG
9601 is comparing salvage radiotherapy alone
versus combined modality therapy in patients
with a rising PSA (>0.2 ng/mL and <4 ng/mL)
after radical prostatectomy.

Conclusion
Current evidence suggests that radiotherapy is
as effective as other curative modalities for
prostate cancer. As well as the need for more
mature data from high-dose, conformal studies,
the ongoing randomized trials will better define
its role. The optimum duration of hormone
therapy is still unclear, and the patient popula-
tion that most benefits from combined hormone
therapy plus radiotherapy needs to be better
defined. The next 5 to 10 years will yield some
important data in clarifying these and other
issues.
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There continues to be controversy about the
timing of treatment for localized, for locally
advanced, and for metastatic prostate cancer.
The decision for early radical treatments in
localized disease has been based on the patient’s
age, general health, and preference. However, an
increased understanding of the natural history
of this cancer may allow us to select patients 
at risk for whom treatment might possibly
improve survival while reducing the risk of
treatment-related morbidity in those not at risk
[1,2].

The survival benefits of radical treatments for
localized prostate cancer still remain unclear.
To date, no randomized controlled trial has
demonstrated whether radical surgery or 
radiotherapy is more effective than watchful
waiting in improving overall survival. There is
evidence that radical prostatectomy may
significantly reduce disease specific mortality
when compared to watchful waiting, but watch-
ful waiting may be a viable option for some men
[2].

Results from hormonal treatment in early
prostate cancer (EPC Trial) demonstrate that
irrespective of whether patients received radical
prostatectomy or radiotherapy as standard care
there was a significant reduction in disease and
prostate-specific antigen (PSA) progression
rates [3–5].

Thus, a picture seems to be emerging that
immediate treatment for certain patients with
localized disease might reduce disease-specific
mortality. The evidence that any benefits from

early treatment of advanced disease especially in
asymptomatic men outweigh treatment related
complications is still not clear.

Why Defer Treatment?
Prostate cancer is perhaps unique among soft
tissue malignancies in that it is accepted that
there are many patients for whom treatment is
not needed, at least on first diagnosis. Indeed,
it would be considered unusual not to defer 
treatment in a man of 85 in whom a well-
differentiated tumor is identified in the chips
from a transurethral resection of the prostate
(TURP) done for apparently benign disease.
Although a poorly differentiated tumor in a man
of 50 is clearly likely to be life threatening, it is
recognized that many men undergoing radical
treatment for “curable” disease will not live long
enough to benefit from it.Although in “advanced
disease” there are clear indications for hormone
treatment—metastatic prostate cancer present-
ing with bone pain or other symptoms, ureteric
obstruction, retention of urine in an elderly
man—many men with advanced disease are
asymptomatic. It is here that the possibility of
deferring treatment arises. Treatment at diagno-
sis would be expected to prolong survival, but
even this has been disputed [6]. Although some
response is seen in most patients, it will be tem-
porary and relapse will occur, usually within 2
years.Although radiotherapy and other palliative
measures may then be helpful in relieving symp-
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toms, relapse after hormone therapy usually is
fatal within a matter of months [7]. On the other
hand, treatment delayed until symptoms occur
could be followed by a further asymptomatic
period and survival might be similar [8].

The balance between the benefits of treatment
on the one hand and its side effects and toxicity
on the other is a further consideration. This is
accentuated by recent improvements in diagnos-
tic techniques, which have created new cate-
gories of “advanced disease.” Examples are
lymph node involvement found at radical
prostatectomy, and PSA-detected relapse after
definitive treatment for localized disease [9]. In
earlier days, these patients would not yet have
had their disease diagnosed. These patients, as
with those undergoing curative treatment for
localized disease, will survive for many years,
may not die from prostate cancer, and yet if
treated will be exposed to any side effects for all
of this time.

Immediate or Deferred
Treatment: The Swinging
Pendulum
The paradigm in oncology is that early diagno-
sis and treatment should enhance survival. This
is the basis for the policy of screening for breast
and cervical cancer, and similar benefits are pro-
posed by those who advocate screening for
prostate cancer. Indeed, the arguments concern-
ing screening and those about deferred treat-
ment are inextricably entwined.

Just as the timing of hormonal treatment for
advanced disease is controversial and definitions
of immediate and deferred treatments still
remain unclear, so do the arguments about
which patients should undergo radical treatment
for localized disease. Certainly in the United
Kingdom, this is a new dimension, as radical
prostatectomy was rarely considered an option
before the mid-1980s, partly because of failure to
diagnose the disease at an early stage, and radio-
therapy was largely used for locally advanced
disease. As more and more men are diagnosed
with confined disease, radical prostatectomy ini-
tially confined to a few specialist centers is now
widely practiced. Yet its evidence base remains
unsure. As disease suitable for this treatment is
at an early stage and normally does not progress

rapidly, there is an argument in favor of a period
of PSA monitoring to identify those with pro-
gressive disease who would be most likely to
benefit [10].

The idea of deferring treatment in advanced
disease was considered in the 1940s [11], and has
been a recurring theme ever since. Overopti-
mism about the results of treatment, based on
the use of historical controls, left unquestioned
for several years the effectiveness of hormone
treatment in prolonging survival. The Veterans
Administration Cooperative Urological
Research Group (VACURG) studies [9] seemed
to have indicated that deferring treatment until
progression occurred might not affect survival.
Reanalysis of the data, however, has suggested
that cancer-specific survival rates were actually
lower and early benefits of immediate hormone
therapy were lost secondary to the complications
of estrogen treatment [10].

The development of new methods of hormone
manipulation, such as luteinizing hormone–
releasing hormone (LHRH) analogues, seemed
to reduce the disadvantages of hormone treat-
ment, thus favoring early treatment [12]. At the
same time, these new treatments are expensive,
and added an economic component to the 
argument in favor of deferred treatment.

There are potential advantages to deferring
treatment, with any side effects resulting from
treatment occurring for a shorter period of time
and the possibility that many patients might not
need treatment, as they would die first from an
unrelated cause. However, a number of potential
harmful effects could arise from delaying treat-
ment [13] (Table 6.1), but these in turn must 
be balanced against the long-term toxicity of
chronic androgen deprivation, which has been
recognized, with particular concern about 
osteoporosis [14].

Thus, the decision to start treatment contin-
ues to be a balance between its advantages and
its side effects and toxicity. The debate started
over 50 years ago continues. Where are we in
2005?

Clinical Trials
A common finding in prostate cancer trials is for
a highly significant improvement in disease-
specific survival in those treated immediately,
associated with less, usually insignificant,
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improvement in overall survival. Interpretation
of trial data often assumes erroneously that
where a difference is not significant (i.e., p � .05)
this is proof of no difference. In other words, the
effect on prostate cancer survival does not
benefit the patient, as he will live no longer. For
this truly to be so, the treatment itself would
have to increase mortality from other causes,
something that did occur with estrogen therapy
as used in the 1950s but has not been shown con-
clusively with other agents. The true interpreta-
tion should perhaps be somewhat different [11].

Prostate cancer occurs in an elderly popula-
tion, which will experience comorbidity and
have a reduced life expectation (Table 6.2). Even
if their survival from prostate cancer is similar,
as men get older their overall survival, the
product of life expectation and the prostate
cancer survival, will decrease. Thus, an inter-
vention that significantly extends prostate
cancer survival and clearly improves the overall
survival of a group of 60-year-olds will have a
negligible effect on that of men in their 80s. It is
this effect of age and comorbidity that reduces
the statistical significance of overall survival
because of the high number of coincidental
deaths. Trials large enough to demonstrate dif-
ferences in disease-specific survival are under-
powered for overall survival, and thus are
erroneously ascribed a negative interpretation.
Improved survival from prostate cancer should
be seen as a bonus on top of the patients’ other
risks of dying but one that will only be realized
by a small proportion of men in their 80s.

Localized Disease

The cited natural history data show that there are
subgroups of patients who are not at risk of
dying from prostate cancer even within 15 years.
The identification of cancers that can be treated
by watchful waiting with acceptable safety, the
pattern and duration of follow-up, and the
trigger points for treatment are crucial elements
for developing policies of delaying or completely
avoiding aggressive treatments.

Table 6.1. Potential hazards of delaying treatment in advanced
prostate cancer

Deferring treatment may reduce survival
Prostate cancer may become less hormone sensitive

as it progresses
Local progression in the absence of treatment

increases the number of patients requiring
transurethral resection of the prostate (TURP) for
recurrent outflow obstruction and those who
develop ureteric obstruction

Catastrophic events such as spinal cord compression
and pathological fractures may occur in untreated
patients

The absence of specific symptoms might mask a
general malaise associated with uncontrolled
cancer

Patients managed by deferred treatment may die
from prostate cancer without receiving hormone
therapy

Table 6.2. Hypothetical relationship between disease-specific and overall survival
(percent alive after 10 years) in men with prostate cancer at different ages

10-year survival Disease-specific 
Age life expectation) survival Overall survival

60 75% 60% 45%
70 50% 60% 30%
80 25% 60% 15%

Effects of a treatment that reduces disease specific mortality from 40% to
28%

60 75% 72% vs 60% 54% vs 45%
70 50% 72% vs 60% 36% vs 30%
80 25% 72% vs 60% 18% vs 15%

Note: Overall survival is the product of disease-specific survival and life expectation.
It assumes that disease-specific survival is not affected by age, and treatment has no
adverse survival effects.
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The Scandinavian Prostatic Cancer Group
conducted a randomized trial to assess the
efficacy of radial prostatectomy for treating early
prostate cancer. The investigators enrolled 695
men withnewly diagnosed prostate cancer (stage
T1b, T1c, or T2) from October 1989 through Feb-
ruary 1999 and followed them through 2000 [3].
Seventy-five percent had palpable disease on
digital examination of the prostate. The investi-
gators excluded men with very high levels of PSA
or poorly differentiatedcancer with urinary tract
obstruction. Participants were assigned to
watchful waiting or to radical prostatectomy.

After a median follow-up period of 6.2 years,
the all-cause mortality rate was lower in the
surgery group (53 men died in the surgery group
vs. 62 in the watchful waiting group). Also, of the
47 men who died of prostate cancer, 16 were in
the surgery group and 31 were in the watchful
waiting group. The absolute difference in
prostate-specific mortality in favor of surgery
was 2% (confidence interval [CI], -0.8% to 4.8%)
at 5 years and 6.6% (CI, 2.1% to 11.1%) at 8 years.
In terms of overall mortality, however, the differ-
ence was small and the hazard ratio was 0.83 (CI,
0.57 to 1.2; p � .2). It would be necessary to treat
17 patients with radical prostatectomy to prevent
one death from prostate cancer in an 8-year
period.

Of note, the trial began before PSA testing was
widely available in Scandinavia, and the results
apply only to a group of men with clinically
detected well-differentiated or moderately dif-
ferentiated adenocarcinoma of the prostate.
Also, the benefits of treatment must be weighted
against the known side effects of surgery. The
lack of a statistically significant difference in
overall survival has been addressed above and
reflects the death rate from other causes. Because
of this, the trial is probably not of sufficient
power to demonstrate an absolute survival
benefit. There is unlikely to be a significant
treatment-related mortality (there was only one
postoperative death among the patients under-
going radical prostatectomy). What this empha-
sizes is that many men with early prostate cancer
die not from the disease but from other condi-
tions, and that these men are not going to benefit
from radical treatment. This study also empha-
sizes that this a very complicated treatment deci-
sion, and that active surveillance (watchful
waiting) may be a viable option for some
patients.

The use of adjuvant treatment in confined
disease, as tamoxifen is used in breast cancer
[15], is currently the subject of a large interna-
tional study. The ongoing bicalutamide EPC
program, the largest prostate cancer interven-
tion trial in history, compared the nonsteroidal
antiandrogen bicalutamide (150 mg/day), plus
standard care (radical prostatectomy, radiother-
apy, or watchful waiting) with placebo plus stan-
dard care in 8113 patients with localized or
locally advanced prostate cancer. At the first
analysis conducted after a median of 3 years’
follow-up, survival data were immature, with 6%
overall mortality and <2% of patients dying of
prostate cancer. However, overall data show a
42% reduction in the risk of objective progres-
sion, 13.8% vs. 9%. The reduced risk of disease
progression was observed in both localized and
locally advanced disease. There was also a 33%
reduction in the risk of bone metastasis (7.9%
vs. 5.3%), and a 59% reduction in the risk of PSA
progression (33% vs. 17%) with bicalutamide
150 mg compared with standard care alone.
Exploratory subgroup analyses showed that a
reduction in objective progression occurred
irrespective of the type of standard care. The tol-
erability of bicalutamide is closely related to its
pharmacology, with gynecomastia and breast
pain being the most common adverse events.
These adverse events were mild to moderate in
�90% of cases. This study must be interpreted
with caution, as the data are immature. Longer
follow-up will determine whether the reduced
risk of disease progression will translate into a
survival benefit [3–5].

Although the EPC program has been reported
enthusiastically to reduce the risk of progres-
sion, the results must be interpreted with
caution. The ability of hormone therapy to delay
progression is not at issue. The single snapshot
of the 2-year bone scan does not prove that bone
metastases are prevented, only that their appear-
ance is delayed. The issue is whether, as with
advanced disease, prevention or delay in pro-
gression, rather than treatment when progres-
sion has occurred, confers survival or other
benefits, and only long-term data will tell us this.
Retrospective data from a recent multicenter
database analysis have demonstrated that early
hormonal therapy administered for PSA recur-
rence after prior radical prostatectomy was an
independent predictor of delayed clinical metas-
tases only for high-risk cases at current follow-
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up [16]. Again longer follow-up will help resolve
these issues.

Locally Advanced Disease

The results of the VACURG studies were consid-
ered inconclusive, but more recent studies have
not fully answered these questions. The study
sponsored by the British Medical Research
Council (MRC) [17], which finished recruitment
in 1993, provided evidence in favor of early treat-
ment, as has the outcome of studies of adjuvant
hormone treatment in patients receiving radio-
therapy, reported from the European Organiza-
tion for Research and Treatment of Cancer
(EORTC) [18] and Radiation Therapy Oncology
Group (RTOG) [19]. The MRC trial PR03 demon-
strated not only an improvement in survival, but
also a reduction in complications resulting from
progression [20]. The increased risk seemed to
continue even after treatment had been started
in those in whom treatment was deferred, sug-
gested as being due to disease progression
during the period of deferred treatment and
only being partly reversed when treatment is
finally started. Further studies by the EORTC 
on somewhat different groups of patients are
underway [21], but may be able to report results
soon, and a meta-analysis of trials of immediate
versus deferred treatment by the Prostate Cancer
Trialists’ Collaborative Group is being prepared
for publication. As data are accumulated from
these studies, a clearer picture may develop. It
does not answer the question of immediate or
deferred treatment, but has focused the issues,
both in terms of advising patients of the options
and in directing future research.

Of practical significance to all practitioners
managing men with early prostate cancer is what
to do with men with involved lymph nodes or
positive margins at surgery, or when PSA-
detected relapse occurs after definitive treat-
ment. Anecdotal studies have shown that
radiotherapy and/or hormonal treatment is
effective in reducing the PSA. However, there is
a risk in managing prostate cancer in the
modern era that the patient’s PSA is treated
rather than his disease. Suffice it to say that cur-
rently there is a lack of trial evidence to support
early treatment in these circumstances; a fall in
PSA will occur, but how much impact this has on
later development of the disease remains to be
determined. One randomized study of early vs.

deferred treatment of patients with positive
lymph nodes has been presented [22]. Although
showing a statistically significant advantage for
early treatment, both in terms of progression
and survival, the overall numbers were too small
(46 early vs. 52 deferred, with six deaths in the
early vs. 18 in the deferred group) for the result
to be reliable. The results from the larger study
from the EORTC are awaited.

Essentially, in these patients the balance
between benefit and deficit is much more polar-
ized. With adjuvant treatment, many patients
will have been cured by definitive treatment,
thus being unable to benefit from hormone
treatment. In others, including those with
detectable PSA after treatment, the prognosis is
such that clinical progression and death may be
years away, and possibly they will have died from
another disease before clinical progression
occurs. On the other hand, treatment will be
taken for years and thus the risks of toxicity are
exaggerated compared with those treated for
advanced disease.

A number of strategies can be considered.
Deferred treatment is considered on the basis
that many of these patients will be incurable, but
have slowly progressive disease that may not
threaten life or health for some years. Although
it is inappropriate to extrapolate from trials in
advanced disease (such as MRC trial PR03) to
earlier disease, data from MRC PR03 would
favor this approach for elderly patients. Thirty
percent of men with M0 disease over the age of
80 died from other causes before requiring treat-
ment. However, the main recruitment into MRC
PR03 took place prior to the full impact of PSA
testing and transrectal ultrasound (TRUS)
biopsy took place. Most patients were diagnosed
following a TURP, and even then substantial
numbers required further TURP for local pro-
gression, a risk substantially reduced in those
treated immediately. Now, the diagnosis is more
likely to result from a needle biopsy. Patients
presenting with symptoms of outflow obstruc-
tion will require treatment, whereas others
might progress to obstruction in its absence. For
the symptomatic man, a TURP will palliate the
symptoms, but without further treatment may
only be a temporary expedient.

Although early T3 tumors can be managed by
surgery [23], in most centers radiotherapy or
hormone treatment, or a combination, would be
considered. Radiotherapy, usually now preceded
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by neoadjuvant treatment [24], is logical for
localized disease, for which systemic treatment
is perhaps inappropriate. However, there is clear
evidence that hormone treatment is effective in
controlling localized disease. An earlier MRC
study (PR02) demonstrated no difference
between radiotherapy or hormone treatment in
terms of TURP rates during follow-up, although
numbers were small and radiotherapy tech-
niques have moved on. Adjuvant hormone treat-
ment has been shown to improve survival
compared to radiotherapy alone [19]. Is this the
result of the combination, or would survival
have been as good if patients had received only
hormone treatment? Studies exploring this pos-
sibility by comparing hormone therapy alone
versus combined treatment are underway in
Canada, the United States, and the U.K.

It should be noted that although hormone
therapy might be as effective initially in local
control, radiotherapy may be more durable. In
the authors’ unit, a rise in PSA is taken as a signal
to reassess the patient, and if it is due to local
progression, radiotherapy is considered before
clinically significant progression occurs.

Metastatic Disease

It is probably advisable to consider treatment in
the majority of men with metastatic disease.
Clearly, where metastases are symptomatic,
treatment is mandatory. Deferring treatment
will only delay its need for a few months. In MRC
trial PR03 it was in men with M1 disease at pres-
entation that the risk of spinal cord compression
and pathological fractures was greatest [20, 25].
Men with metastatic disease will not usually
survive long enough to allow long-term ill effects
from androgen deprivation to be experienced. In
the short term, an improvement in nonspecific
well-being from reduction in tumor load may
well outweigh any side effects. In MRC PR03, the
increased need for TURP was as common in
patients with M1 as with M0 disease. A possible
source of troublesome morbidity in terminal
disease is with the 10% of patients needing a
TURP in the last year of their life [24].

Where deferred treatment is considered,
perhaps at the request of the patient, clear crite-
ria can be identified as to suitability. The patient
with a large metastasis in the spine, endangering
the cord (or elsewhere with bone destruction
threatening pathological fracture), the patient

who is anemic or suffers from other, more subtle
causes of ill health, or who has a large aggressive
primary tumor, especially if the tumor is poorly
differentiated, should probably be advised to
start treatment immediately. When treatment is
deferred, it should be with the full cooperation
and understanding of the patient and his general
practitioner that regular checkups, close moni-
toring, and initiating treatment as soon as
significant progression occurs are essential. It
follows that where the patient is unable (perhaps
due to living in a remote place) or unwilling to
comply with close follow-up, deferred treatment
is unsuitable.

Is the Case for Immediate
Treatment Proved?
Confirmation of definite advantages from imme-
diate treatment is reflected in the improved sur-
vival seen in the EORTC study of adjuvant
treatment with radiotherapy [18], although in
the study of the RTOG, this was noted only in
those with high-grade disease [19]. Hormone
treatment also reduces the risk of complications
from local progression. The increased risk of
spinal cord compression seems to transcend the
start of deferred treatment, warning that disease
progression occurring during the period
without treatment may not be reversed when
treatment is started. There is also the risk that,
for whatever reason, the appropriate time of
starting treatment may be missed.

On the other hand, are there problems with
immediate treatment? The immediate side
effects of impotence, hot flushes, and so on have
been long recognized. However, just as studies
have started to show that clear benefits may
result from immediate treatment, so has the pos-
sibility emerged that serious harmful effects may
result from androgen treatment. Some of these
are specific to particular therapies, such as car-
diovascular complications of estrogens, and liver
toxicity of antiandrogens. However, testosterone
deficiency, including androgen deprivation from
orchiectomy or LHRH analogues, long consid-
ered “safe” options, is now recognized to cause
weight increase, loss of muscle mass, and loss of
energy [26]. Anemia may be a particular
problem in patients treated with combined
androgen blockade [27]. Osteoporosis has been
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described as a significant problem after andro-
gen deprivation, analogous to that in post-
menopausal women [14].

The difference between disease-specific and
overall survival has been noted, and discussed
earlier. If the reduction or delay in prostate
cancer deaths was counteracted by treatment-
induced mortality, it should be apparent from an
increased death rate from other causes, as was
noted in the VACURG studies for patients receiv-
ing oestrogens [9]. No such excess of noncancer
deaths was noted in MRC trial PR03 [20,28].
Unpublished data from the Prostate Cancer 
Trialists’ Collaborative Group’s meta-analysis
confirms an excess death rate from estrogen
treatment but not for patients treated with
LHRH analogues or orchiectomy. To the body of
evidence on hormonal treatment in advanced
disease, we can now add one randomized study
of radical prostatectomy versus watchful
waiting.

Immediate or Deferred
Treatment in 2005
Studies in rat prostate cancer models support the
use of immediate hormone therapy, which is
most effective in terms of survival when initiated
at the time of, or early after, tumour implanta-
tion [29,30]. For patients with locally advanced
prostate cancer who receive radiotherapy,
several prospective randomized controlled mul-
ticenter trials have indicated that adjuvant
hormone therapy (goserelin or orchiectomy)
extends progression-free survival and may also
improve overall survival in some patients
[30,31]. Although data on the use of adjuvant
hormone therapy after radical prostatectomy are
currently more limited, results from two studies
support this approach in patients with an unfa-
vorable prognosis [32].

Supporting the case for early intervention in
the adjuvant setting, one study showed benefits
with androgen deprivation therapy in terms of
reduced PSA levels, reduced tumor volume,
improved margin status, pathological downstag-
ing, and reduced risk of progression (4).

Taken together the evidence provides a
rational basis for the early initiation of hormone
therapy. However, the question of exactly how
early to treat remains unanswered.

We still have a dilemma with hormone 
treatment. Not treating cancer is a difficult
concept for patients and many doctors. Treat-
ment has possible benefits, benefits that recent
trial data have made firmer. Yet treatment is 
also a source of side effects and potential 
toxicity. Hormone treatment is only temporarily
beneficial; hormone refractory relapse is
inevitable. Future clinical research must 
address a number of issues: quality of life,
specific monitoring of potential toxicity, osteo-
porosis, and treatment-related death. Mean-
while, in the laboratory, the mechanism of
hormone refractory relapse and treatment-
related toxicity must be addressed. Prevention of
androgen insensitivity would change hormone
therapy from a palliative to a curative treatment.
Hormone treatments with the benefits and
without the toxicity would further shift the
balance; immediate treatment might then hold
undisputed sway.

Meanwhile, practitioners who manage men
with prostate cancer have to use the tools avail-
able at the moment. Imperfect though they are,
current methods of hormone treatment are
effective to an extent that is not available for
many other types of cancer. We must recognize
that this is a disease that varies in its impact from
individual to individual. One notable aspect of
participating in MRC trial PR03 was the effect of
information on the patient. Having received a
balanced account of the arguments for and
against immediate treatment, and despite
knowing that the trial was based on uncertainty,
many men were clear which approach they
wanted for themselves. Although this adversely
affected trial recruitment, it tells us a lot about
men’s attitude to treatment of prostate cancer.
Our patients deserve this level of information.
They need to share our uncertainties, and ulti-
mately our role is to help them make a decision
as to which method of management is right 
for them. We then need to be aware of the risks
associated with the course of action chosen,
and be alert to the possible problems that might
occur. In the interests of our patients, we need 
to show due humility about these uncertainties.
Urologists or oncologists who have concluded
that they know the answer to the question of
immediate or deferred treatment and treat 
all their patients accordingly may well cause
some patients to suffer from their unfounded
certainty.
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Conclusion
There is increasing evidence both in localized
and in advanced disease that treatment has a
beneficial effect on survival. But two questions
remain: First, what proportion of men will
benefit, and for how many men will treatment be
unnecessary? Second, to what extent does the
burden of treatment-related toxicity outweigh
any survival benefit? Future research should be
directed at identification of aggressive tumors in
patients likely to benefit from treatment, and
developing treatments with reduced toxicity.
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Surgery for prostate cancer has evolved, with 
the main purpose of curing one of the most
common male malignancies at an early stage in
its natural history, and preventing the morbidity
otherwise associated with unchecked disease
progression to more advanced, incurable stages.
The operation by which this may be achieved,
radical prostatectomy, advanced considerably
during the 20th century through developments
in anatomical knowledge and surgical experi-
ence. It is now a routine surgical procedure in
urological oncology carried out through a range
of surgical approaches, each with its own advan-
tages and disadvantages.

The first radical prostatectomy operations
were done through a perineal approach, adapted
from contemporaneous techniques for stone
surgery. Theodore Bilroth is credited with the
first radical prostatectomy, carried out in 1866;
however, the use of this operation was slow to
develop owing to its considerable morbidity and
mortality. In 1905, Hugh Hampton Young [1] at
the Johns Hopkins Hospital, Baltimore, Mary-
land, described the surgical technique for radical
perineal prostatectomy and his results. This 
was the only definitive treatment available for
prostate cancer at that time, preceding Huggins’
important work on hormone sensitivity of
this disease by 40 years. His technique and 
its description enabled surgeons to carry out
prostatectomy for cure of prostate cancer with
substantially lower mortality than previously
possible (17%), and a 5-year cure rate of 62% [2].
Incontinence, stricture, fistula, and erectile

impotence were nevertheless common and both-
ersome complications.

Retropubic Prostatectomy
The retropubic approach to radical prostatec-
tomy did not develop until Terence Millin’s
description of his now classical operation for
benign disease, the transcapsular prostatectomy.
He adapted this operation to total (radical)
prostatectomy, which had not been possible 
with the transvesical procedures with which sur-
geons had hitherto become familiar [3]. During
the ensuing years, the perineal and retropubic
approaches for radical prostatectomy each 
had its advocates. Radical prostatectomy never-
theless remained a formidable procedure,
particularly the retropubic approach, with 
the risk of uncontrolled hemorrhage from 
Santorini’s plexus. In spite of encouraging
cancer-specific outcomes in patients undergoing
radical prostatectomy for organ-confined
cancer, the surgical difficulties persisted, and
rudimentary understanding of surgical anatomy
precluded any substantial progress. Complica-
tions related, first, to the undocumented course
of the periprostatic veins and bleeding conse-
quent to unreliable control, and second, to the
unrecognized functional significance of the neu-
rovascular bundles posterolateral to the prostate.
Both were described 40 years after Millin’s con-
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tribution, by Patrick Walsh, at the Johns Hopkins
Hospital.

The anatomy of Santorini’s plexus and the
surgical technique for its control were described
by Reiner and Walsh [4] in 1979. This was a land-
mark contribution, and enabled retropubic
radical prostatectomy to be undertaken with a
substantially lesser risk of hemorrhage. Surgical
control of the dorsal venous complex, and the
prospect of a relatively bloodless operative field
for the apical dissection of the prostate and ure-
thral preservation were essential steps toward
future technical refinements.

Walsh et al.’s [5–7] second pivotal contribution
was the anatomical description of the neuro-
vascular bundles and the importance of their
formal surgical preservation for postoperative
recovery of potency. Walsh et al. showed that the
bundles could be separated from the prostate 
by dissection of the prostatic fascia, along an
anterolateral plane, thereby avoiding their injury
(by traction or disruption). Applying these two
discoveries, Walsh [8] described and subse-
quently refined the anatomical surgical tech-
nique routinely used today. The technique for
excision of the neurovascular bundle was
described later, along with its indications and
impact on outcomes [9].

Perineal Prostatectomy
Retropubic prostatectomy continues to be
undertaken with excellent results, though some
surgeons prefer the perineal approach. The per-
ineal approach avoids the bleeding sometimes
encountered from the dorsal venous complex, as
the prostate is removed behind this plane. As 
a result, the anterior surgical margin can be
compromised, and this may have some adverse
therapeutic significance in some patients,
particularly those with extensive or anterior
tumors. Complications specific to this approach
relate mostly to anal or rectal injury, with a risk
of fecal incontinence, infection, and fistula, but
such sequelae are uncommon.

The perineal route does not allow for assess-
ment or removal of pelvic lymph nodes; how-
ever, when this is considered important, pelvic
lymphadenectomy may need to be carried out as
a prior open or laparoscopic procedure. Perineal
prostatectomy, therefore, may not be ideal in

patients at high risk of a non—organ-confined
pathological stage.

Laparoscopic Prostatectomy
Laparoscopic radical prostatectomy has devel-
oped within the past 10 years, recognizing the
many potential benefits of laparoscopic surgery.
It was first described by Schuessler et al. [10] in
1992, and at that time presented significant chal-
lenges [11]. Reduction in the extent of surgical
incisions, postoperative pain, and analgesic
requirement, and shorter convalescence in-
cluding reduced hospital stay contribute to its
potential advantages. Disadvantages relate to the
considerable specific skills and experience that
need to be acquired and maintained. Procedure-
specific advantages and disadvantages must also
be considered in relation to open surgery [12].

Operative blood loss in laparoscopic prostate-
ctomy may be minimal by comparison with the
open procedure. In experienced hands blood
transfusion is rarely required, though this 
may also apply for the open procedure. For 
the surgeon, laparoscopy provides an excellent
magnified visual field via a monitor, although
two-dimensional, and a technological approach
to precise operative manipulation. Surgeons
undertaking the open procedure may use
magnification loupes. The risk of deep vein
thrombosis and potentially fatal pulmonary
embolism associated with major surgery is
always a concern, even with appropriate prophy-
laxis, and may be increased with prolonged oper-
ative times.

Laparoscopic radical prostatectomy became
an alternative standard of care to open surgery
following the success published by Guillonneau
and Vallancien [13] in 2000. Specific advantages,
in addition to those generally offered by the
laparoscopic approach, arise in the fashioning of
the urethrovesical anastomosis. The anastomo-
sis can be made with a continuous suture under
direct vision. The magnified field of view allows
this to be done with considerable precision,
achieving accurate apposition without traction.
A watertight anastomosis may minimize poten-
tial sequelae of urinary leak and promote func-
tional recovery. Mobilization of the bladder as
part of the surgical dissection may also con-
tribute to an apparently more rapid return of
urinary continence, and some surgeons have
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incorporated equivalent maneuvers in the
“open” operation for this reason. The urethral
catheter can generally be removed at 3 days, and
continence appears to be quickly achieved.
Overall continence rates appear as good as those
achieved by the open procedure. Technical
ability and experience substantially influence
operative time, which may may be considerable
until substantial experience is gained [14].
Throughout the evolution of today’s operation,
surgeons have been careful to ensure that the
various technical changes introduced would not
compromise cancer control. This remains a cor-
nerstone principle in many of the more recent
adaptations. The specific challenges of complex
laparoscopic surgery have stimulated further
advances in surgical technology with the 
development robotic systems such as AESOPTM

(Computer Motion, CA now Intuitive Surgical
Corp., Sunnyuale, CA), DaVincaTM (Intuitive 
Surgical Corp., Sunnyuale, CA) and ZeusTM

(Computer Motion, CA, now Intuitive Surgical
Corp., Sunnyuale, CA) [15,16]. These systems
enable surgeons conventionally trained in open
procedures to adapt their skills to use instru-
ments via portals without some of the physical
constraints of a laparoscopic environment
[14,17,18]. They provide capabilities for precise
and remote surgical manipulation, and three-
dimensional vision.

Using the robotic approach, extremely favor-
able early results have been reported from the
Vattikuti Institute of Prostatectomy (VIP). Hos-
pital stay is routinely less than 24 hours [19].
Specific modifications incorporated in this form
of prostatectomy aim to maximally preserve the
cavernosal nerves. The nerves and neurovascu-
lar bundles are freed by an anterior dissection of
the prostatic fascia, creating on each side a block
of tissue referred to as a “veil of Aphrodite.” The
limited urethral dissection employed may con-
tribute to rapid return of continence, achieved in
90% by 5 months.

Principles of Radical
Prostatectomy
Radical prostatectomy is generally carried out
with the intent of achieving long-term disease-
free survival and thereby cure of early-stage
prostate cancer [20]. Secondary, but nevertheless

important, concerns are the maintenance of
quality of life, in particular continence and 
erectile function. In some countries, interest 
is growing in a potentially palliative role in
patients with more advanced and noncurable
disease. Favorable long-term survival in patients
with pathologically organ-confined tumors has
been recognized since Young’s early experience
[21]. In spite of early concerns, nerve sparing
does not compromise cure rate [22]. Today,
alongside the shift of pathological stage toward
organ-confined disease at diagnosis, neurovas-
cular bundles are routinely preserved and bilat-
eral excision is rarely necessary, giving optimal
opportunity for maintaining quality of life and
functional recovery.

Cancer Control
Cancer-specific outcomes observed after radi-
cal prostatectomy have improved substantially
within the past 20 years owing to the possibility
of detection of earlier stage disease [23]. This is
almost entirely attributable to the discovery of
prostate-specific antigen (PSA), its increasing
availability and clinical use, together with 
the increasingly prevalent proactive approach
toward men’s health. Though dependent on
patient selection, 10 year biochemical recurrence
rates less than 30% can be expected in men with
clinically localised cancer, and progression to
metastatic disease is rare even without second-
ary treatment (<10%). Radical prostatectomy is
therefore generally not recommended where life
expectancy is less than 10 years, particularly in
populations exposed to regular PSA testing.

The natural history of prostate cancer follow-
ing radical prostatectomy is predicted strongly
by pathological stage [24]. Although pathologi-
cal stage can be determined only following 
surgical treatment, preoperative variables can 
be combined to provide a useful prediction of
pathological stage for individual patients [25].
These variables include clinical stage, serum
PSA, and biopsy findings, principally Gleason
grade, and each independently correlates with
pathological stage. Age also contributes to
outcome, and increasing age is associated with
less favorable pathological features [26,27].
These pre- and postoperative factors also relate
to the risk of metastatic progression following
definitive treatment [28].
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Wide surgical excision of one neurovascular
bundle can sometimes be considered for im-
proved cancer control, and by sparing the con-
tralateral bundle potency may be maintained
[9]. Wide excision may be beneficial in a small
proportion of cases overall, and rarely necessi-
tates excision of both bundles. Extraprostatic
extension frequently occurs at sites additional to
the region of the posterolateral bundles, and in
this situation contralateral bundle preservation
is unlikely to compromise cancer control [29].
In those cases where extraprostatic extension
involves the bundle, and negative surgical
margins can be achieved by excision, cancer
control may be improved [30]. The decision to
excise one or both bundles depends on both pre-
operative and operative findings, including pal-
pable apical tumor on digital rectal examination,
perineural invasion, tumor volume, and Gleason
score on biopsy, induration of the lateral pelvic
fascia at operation, or fixation of the bundles to
the prostate [31,32].

In evaluating cancer control following radical
prostatectomy undertaken in nonrandomized
settings, case selection may impose substantial
bias, rendering comparisons of efficacy invalid.
Trials of treatment and screening currently
being carried out across the world are most
important to address ongoing controversies
[33,34]. A recently published randomized trial of

radical prostatectomy versus watchful waiting
for clinically organ-confined cancer showed a
significant effect reducing metastatic progres-
sion and cancer-specific survival by 8 years (Fig.
7.1) [35]. This study predominantly evaluated
treatment of non—PSA-detected tumors; PSA
screening undoubtedly increases lead time and
thereby also the follow-up required before a
treatment-related advantage will be achieved. In
spite of the lack of any overall survival difference
in this study, the findings imply that the value of
curative surgery for early-stage cancer will be
acquired with longer follow-up.

Complications
The morbidity of radical prostatectomy today
relates principally to erectile dysfunction,
but also urinary incontinence. Uncontrolled or
unrecognized hemorrhage can be life threaten-
ing and can lead to local or systemic complica-
tions. Anastomotic stricture can develop in 2%
to 20% of patients, and may contribute to
difficulties with voiding and urinary control.
Rarely, obliteration or distraction at the site of
the anastomosis requires more complex pro-
cedures and reconstruction. Other significant
complications may include infection, lymphatic
leak and rarely rectal injury, deep venous throm-
bosts, and pulmonary embolism.

Erectile Function
In spite of advances in anatomical understand-
ing and surgical technique, bilateral nerve-
sparing radical prostatectomy does not assure
normal erectile function for all patients. Age,
preoperative sexual function, and nerve sparing
independently influence the eventual outcome.
Sexual inactivity, particularly in the early post-
operative period, also may influence the course
of functional recovery. Although the return of
erectile function may be delayed up to 2 years
following surgery, some studies suggest that it
may be possible to identify those men unlikely
to regain natural erections before that time 
by nocturnal penile tumescence studies [36].
Tumor stage, race, and patient education have
also been implicated [37]. Operative technique,
however, is particularly important where 
other factors are favorable. Rehabilitation using
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prostaglandin injections and phosphodiesterase
type 5 inhibitors may improve outcomes.

Surgical factors that adversely influence early
return of sexual activity include perioperative
traction or ischemic injury to the cavernous
nerves within the posterolateral neurovascular
bundles. Visualization and preservation of these
nerves during radical prostatectomy may be
difficult or imprecise. Their course is indicated
by the posterolateral vascular bundles as they
are dissected from the prostatic fascia, but the
nerves themselves are too small for visualization
during surgery, even with a microscope. To aid
their identification, preoperative electrical 
stimulation has been evaluated, using the
Cavermap™ (Norwood, MA). This device is
designed for topographical mapping of erectile
responses to electrical stimulation. The impact
on subsequent potency, however, has proved
unpredictable [38], and in the hands of ex-
perienced surgeons negative responses lack
specificity [39]. Small variations in surgical tech-
nique have been shown to influence potency
rates, and a critical review of an intraoperative
videotape may identify factors that in the
surgeon’s hands affect potency [40].

Unilateral excision of the neurovascular
bundle adversely influences postoperative
potency, but by no means precludes it. As with
bilateral nerve sparing, recovery of function
after unilateral sparing is influenced by age,
and may respond to oral phosphodiesterase
inhibitors as neural pathways are at least par-
tially intact. Bilateral excision, however, invari-
ably renders the patient unable to respond to
oral phosphodiesterase inhibitors. Reported
potency rates with bilateral nerve preservation
vary substantially among centers. Many factors
may contribute to this observation, perhaps
including variation in the reliability with which
nerve preservation can be assured at the time of
surgery. In those observational studies where
unilateral or bilateral excision of the bundles
does not adequately correlate with functional
recovery, more objective means to ensure and
confirm nerve preservation would be invaluable.

A role for sural nerve grafting in late recovery
of erectile function, in cases where neurovascu-
lar bundle preservation is not feasible, is intrigu-
ing and currently being evaluated [41]. Its role 
in overall surgical management, however, and
particularly those cases that involve unilateral
bundle excision, remains unproven. Though not

a complex additional procedure, nerve grafting
does increase operative time and morbidity.
Further studies are necessary to determine the
contribution of the graft to nerve regeneration
after controlling for various factors that may also
influence functional recovery.

Urinary Continence
Urinary incontinence following radical prostate-
ctomy is far less common than erectile dysfunc-
tion, but when present may have significant
implications for the patient. Its true incidence
varies according to its definition. Many patients
will be continent when the catheter is removed,
and among the remainder it may take up to 2
years for continence to be re-established. Occa-
sional patients suffer persistent, troublesome 
or severe incontinence. For these individuals
placement of an artificial urinary sphincter can
restore urinary control and quality of life.

Postoperative incontinence generally relates
to sphincteric or neurogenic damage acquired
during surgery, loss of normal urethral or
bladder neck support, periurethral fibrosis, and
less frequently detrusor instability. Anastomotic
stricture may also need to be excluded. Various
techniques for reconstruction or sparing of the
bladder neck have been evaluated to improve
recovery of continence, mostly without corrobo-
rating evidence of any advantage, although some
may increase the risk of stricture. Sparing of
the neurovascular bundles may itself contribute
to preservation of urethral innervation as well 
as potency, though the principal sphincteric
innervation runs with the pudendal nerves.
The reported more rapid return of continence
following laparoscopic radical prostatectomy
would suggest that there may be other technical
factors relating to avoidable injury that may con-
tribute to early functional recovery.

Quality of Life
Radical prostatectomy when carried out by
experienced surgeons in established centers can
maintain excellent quality of life, but such claims
may not always be representative in wider surgi-
cal practice. The impact of surgery is sudden,
recovery may be slow and additional therapy
may be required. Changes in sexual function
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other than potency are inevitable, including
changes in perception of orgasm, ejaculation,
and libido. The effect of these consequences may
vary substantially between individuals.

Outcomes
Outcomes for the retropubic, perineal, and
laparoscopic approaches as carried out in the
centers of greatest experience are impressive yet
extremely difficult to compare. Procedure
modifications must be taken into account, such
as nerve sparing, which is known to influence
outcome, and technical demands specific to the
surgical approach, as well as preoperative base-
line differences in patients’ age, comorbidity, and
erectile function [36]. For such reasons, pub-
lished results based on a surgical series or single
centers may not be truly representative of wider
outcomes [42–44]. Difficulties in comparing
postsurgical morbidity between centers are
compounded by the lack of consistency and
objectivity in the assessment and definition 
of continence and potency. Various outcome
measures have been used, including physician-
reported outcomes, patient-reported outcomes,
and neutral data collectors using standardized
data collection instruments, which may in-
fluence outcome perceptions [43]. Also of
concern, factors that determine quality of life
and sexual functioning seem to have less than
precise relationships with disease and treat-
ment-related morbidity.

Interest has centered on case volume as a
factor contributing to outcome following radical
prostatectomy, with particular focus on surgeon
volume and institution volume. Excellent out-
comes have been reported for single-institution,
individual surgeon-reported series [13,19,
45–47]. Outcomes reported from high-volume
centers suggest lower morbidity and greater 
consistency; however, favorable outcome does
not always follow for high-volume surgeons [48].
Outcomes may be biased by many factors, and
those established clinical and operative con-
siderations discussed in previous sections of this
chapter should be included for prospectively
useful analysis. Individual training and the envi-
ronment of professional practice may also be
significant in influencing outcomes [49]. The
importance of operating on a large number of
patients to maintain skills and gain experience is

widely recognized. Outcomes do vary among
individual patients, and although the reliability
of auditing this variability relates to case
numbers, there may be nonuniformity of insti-
tution-, surgeon-, and patient-related factors
influencing outcome. For such reasons, valid
comparisons are difficult to make, and inevitably
the very best outcomes cannot be guaranteed for
all patients. Good outcomes, however, can be
achieved by appropriately trained and experi-
enced surgeons practicing in institutions of
excellence.

Conclusion
Excellent cancer control and quality of life out-
comes can be achieved by radical prostatectomy.
The key, historical developments emphasize the
importance of early diagnosis and consistency in
surgical technique. Radical prostatectomy can be
carried out by a variety of surgical approaches,
and each has advantages and disadvantages.
Technological development and application will
increasingly influence future surgical practice by
improving discrimination of those early-stage
tumors that require definitive treatment and
more consistently limiting treatment-related
morbidity. The results of ongoing randomized
controlled trials will add to the evidence base
supporting the role of this important treatment
option for the many men diagnosed with local-
ized prostate cancer.
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Prostate cancer is now the most prevalent of
all male malignancies and the second most
common cause of male cancer deaths. Death
rates have trebled over the last 30 years, and
changes in mortality during this period are
shown in Table 8.1 [1].

Prostate cancer is initially an androgen-
dependent tumor, and treatment aims to reduce
androgen supply to it. It is over a century since
the first treatment for prostate cancer was intro-
duced by an English surgeon, who castrated
patients with benign and malignant prostatic
conditions and observed the responses. Since
that time there have been refinements of treat-
ment so that we are now able to deal more
humanely with this condition. We understand
more about the toxicities of treatment and the
value of second-line therapies. This has led to an
improvement in survival. Our hope for the future
is that new developments and therapeutic
options will result from our increased under-
standing of the molecular basis of prostate
cancer. This chapter surveys the current state of
hormonal treatment for prostate cancer.

Localized Disease
The happy triumvirate of watchful waiting,
radiotherapy, and surgery are offered patients
with localized small-volume prostate cancer.
There have been only two randomized trials
comparing watchful waiting or radiotherapy
with surgery, and they have involved small

numbers of patients. In the most recent study,
watchful waiting was compared to radical
prostatectomy in 695 patients, and there was an
increased risk of death in the watchful waiting
group as compared with the surgical group, with
a relative risk of progression to metastatic
disease for watchful waiting as compared to
surgery of 0.63 (95% confidence interval
0.41–0.96). The advantage to surgery was mostly
apparent in those patients with poor prognosis
histology [2].

The results of radiotherapy have never been
subjected to any significant critical analysis that
would stand scrutiny in modern times. Virtually
all studies have described results of treatment in
single institutions. However, the radiotherapists
have managed to climb out of this critical abyss
by conducting a significant number of well-
organized studies that have examined the role of
adjuvant antiandrogen treatment in combina-
tion with radiotherapy for localized prostate
cancer. In summary, there have been 20 such
studies, 14 retrospective and six prospective.Vir-
tually all of the studies have shown an advantage
to adjuvant hormonal therapy in terms of the
local control of the tumor. However, the situation
is distinctly different when one analyzes overall
survival. Eighteen of the studies have shown no
advantage, and two showed a survival advantage
to treatment [3].

The two studies that describe a survival
advantage merit further analysis. The first of
these studies conducted by the Radiation
Therapy Oncology Group (RTOG) is summa-
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rized in Table 8.2. In this study there was a
significant advantage to patients prescribed
adjuvant treatment with goserelin as compared
with those patients who received goserelin on
progression of their tumor. There are echoes in
these results of the 1997 randomized surgical
study in this radiotherapy trial, with the
significant improvement in survival confined to
those patients with high Gleason grade tumors
(Table 8.3). The second study published, in the
same year and conducted by the European Orga-
nization for Research and Treatment of Cancer
(EORTC), randomized patients to radiotherapy
with or without 3 years’ treatment with gosere-

lin. Kaplan-Meier predictions of 5-year survival
showed an improved prospect for those patients
treated with adjuvant hormonal therapy [4], and
this result was confirmed when the EORTC pub-
lished in 2000 an update of this trial with actual
survival figures (Table 8.4) [5].

The Hormonal Treatment of
Locally Advanced and
Metastatic Prostate Cancer
The history of hormonal therapy for prostate
cancer dates back to the 1890s, when patients
with prostatic diseases, which included cancer,
were treated by orchiectomy, and their condition
improved. Scientific analyses of the results of
treatment emerged nearly a century later, and,
after enormous resistance from the urological
surgical community, medical therapies for
prostate cancer began to replace orchiectomy as
a standard treatment for the condition. The urol-
ogists argued from the surgical viewpoint that

Table 8.1. Prostate cancer mortality

1964 3,370 1965 3,982
1966 3,915 1967 3,903
1968 3,939 1969 4,000
1970 3,906 1971 4,027
1972 4,181 1973 4,236
1974 4,313 1975 4,421
1976 4,611 1977 4,605
1978 4,730 1979 4,837
1980 5,038 1981 5,151
1982 5,291 1983 5,619
1984 6,248 1985 6,628
1986 8,434 1987 7,166
1988 7,458 1989 7,861
1990 8,098 1991 8,570
1992 8,735 1993 8,605
1994 8,689 1995 8,866
1996 8,782 1997 8,531
1998 8,573 1999 8,533
2000 8,293 2001 8,936
2002 8,973

Source: Office for National Statistics, 2003 [1].

Table 8.2. Radiotherapy and adjuvant hormonal therapy for
localised prostatic cancer: RTOG 8–31

Goserelin Goserelin on
adjuvant progression P

Patients 488 (477) 489 (468)
Nodes + ve 337 345
Gleason 8–10 139 137
Local failure 78 135 <0.0001
Distant failure 82 136 <0.0001
Absolute survival 131 138 N.S.

Source: JCO 1997:15;1013.

Table 8.3. Radiotherapy and adjuvant hormonal therapy for localised prostatic cancer:
RTOG 85–31

Goserelin Goserelin on
adjuvant progression

Cancer Other Cancer Other
deaths causes deaths causes P

Gleason 2–7 20 52 22 47 N.S.
Gleason 8–10 25 23 40 20 <0.0001

Source: JCO 1997:15;1013.
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orchiectomy was a simple procedure, and that
patients treated in this way could forget about
their condition. Medical oncologists argued that
it seemed a pretty bad stroke of luck to get
cancer, but to be castrated because you had this
initial piece of bad luck seemed an unfair twist
of fate.

Some 20 years after the initial introduction of
the concept of luteinizing hormone–releasing
hormone (LHRH) agonist treatment for prostate
cancer, treatment with these agents is now
accepted as standard. So much so, that the sales
of these drugs constituted the biggest oncology
earner for big pharmaceutical companies in 
the late 1990s. These agents are conventionally
thought of as acting to downregulate the pitu-
itary gonadal axis. They do this by tight binding
to the gonadotropin-releasing hormone (GnRH)
receptors in the pituitary. The conformational
change resulting from the amino acid substitu-
tion leads to greater stability of the molecule,
such that the pituitary arymilidases are less able
to break down the altered peptide. The result 
of this is prolonged binding to the receptor and
its subsequent downregulation with decreased
levels of luteinizing hormone (LH), follicle-
stimulating hormone (FSH),and gonadal steroidal
hormones. Although this is the convention, it
should be noted that there is also a direct effect
at the level of the tumor of the GnRH agonists.
Hormone-dependent cell lines but not inde-
pendent lines have higher affinity receptors for
these agonists. Both hormone-dependent and 
-independent cell lines produce GnRH-like 
peptides, which provide evidence for activity 
of an autocrine loop in this cancer, and this is

confirmed by the presence in human tumors of
the GnRH receptor [6].

Combined Antiandrogen
Treatment
Labrie, a French Canadian, has made a great con-
tribution to prostate cancer treatment, and sug-
gested that in a disease that is androgen sensitive
it is important to eliminate all sources of andro-
gen. Labrie advocated the use of a combination
of an antiandrogen with an LHRH agonist in 
the treatment of prostate cancer. The sources of
androgen supplied to the prostate are dietary,
adrenal, and testicular. The use of an antiandro-
gen, such as flutamide, potentially has the benefit
of acting synergistically with GnRH agonist.
Labrie’s early work was not based on any ran-
domized study, and so was not greeted with 
universal acceptance, but rather the opposite!
However, his opinion has been vindicated by
randomized controlled trials and meta-analyses
of these studies. The randomized trials show 
a 7-month survival advantage to combination
antiandrogen treatment. The meta-analyses,
however, do not look at survival advantage, but
at overall 5-year survival, and these report a 3%
benefit to combination therapy as compared
with monotherapy at 5 years. This would appear
to be a bizarre time point to use as an assess-
ment, in a disease with a median survival of 3
years. For the clear reason that there is a 7-month
survival advantage, it would appear that the
appropriate practice recommendation is for
combination therapy.

Intermittent Hormonal
Therapy
Among the most important quality of life issues
for patients with prostate cancer is the loss of
sexual function with treatment. For this reason
many men delay treatment or take treatment
intermittently. There is no evidence whatsoever
that intermittent treatment is less successful
than continuous therapy. Indeed, if one exam-
ines the effects of hormonal treatment on
prostate cancer cells growing in culture, then a
single exposure to antiandrogen therapy is seen

Table 8.4. Eortc radiotherapy and adjuvant hormonal therapy
trial: the update

Patients: 415 (412)

Median FU: 5.5 yrs

5 year DFS: 40% (95% Cl 32–48%) RT
74% (95% Cl 67–81%) RT + AA

5 year OS: 62% (95% Cl 52–72%) RT
78% (95% Cl 72–84%) RT + AA

5 year disease 79% (95% Cl 72–86%) RT
specific survival: 94% (95% Cl 90–98%) RT + AA

Source: Lancet 2002:360;103.
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to cause devastating destruction of cell cultures
rather akin to the effects of chemotherapy.

There is no rational basis for continuous
therapy, and so the intermittent treatment
approach can be supported. This point was
brought home to me by the clinical course of a
patient advocate on one of the trust boards of
the Prostate Cancer Charity. He presented with
metastatic disease and took hormonal treatment
for a period of 6 weeks. He responded well and
discontinued treatment until he suddenly pre-
sented 4 years later with cord compression, a
course of events that might have occurred if he
had taken continuous therapy. This anecdote,
though hardly hard science, if taken in context
and considered in the light of the many side
effects of hormonal therapy, could be used to
support the case for a randomized trial of inter-
mittent therapy. Certainly this approach is 
currently more widely advocated and is under
investigation [7].

The Treatment of Recurrent
Prostate Cancer
There is clinical evidence of prostate-specific
antigen (PSA) progression after a median period
of 13 months’ hormonal therapy. Some 2 years
after this evidence emerges, clinical symptoms
develop, to be followed a median of 7 months
later by death, and this course of events is not
what we want for our patients. The biological
basis for relapse is of more than passing interest.
If patients’ biopsy specimens are compared at
presentation and relapse, mutations are seen
within the androgen receptor in 45% to 55% of
patients. It is these mutations that facilitate
tumor progression. The androgen receptor is a
transcription factor that binds to coactivators
and co-repressors together with heat shock pro-
teins, and by this process initiates gene tran-
scription. It may well be that in patients who do
not have obvious mutations of the androgen
receptor, mutations of coactivators or co-
repressors of the androgen receptor are respon-
sible for tumor progression (Fig. 8.1).

These mutations have a practical significance.
This significance is that the tumor has changed
from being responsive to antiandrogen treat-
ment to becoming dependent on it. In this situ-
ation withdrawal of the antiandrogen leads to a

transient response, and this is seen in 20% to
40% of patients [8]. Upon further progression,
treatment with low-dose steroids leads to a tran-
sient response in 10% to 20% of patients. It is
very doubtful whether there is any benefit from
other agents, such as ketoconazole, tamoxifen, or
a progestogen. Platelet-derived growth factor
receptor (PDGFR) positivity is reported in 10%
to 70% of patients’ biopsy specimens. For this
reason, inhibitors of PDGFR action have been
investigated in prostate cancer. Agents inhibiting
PDGFR may do so through a number of routes,
varying from direct blockade of the receptor
itself to inhibition of downstream effector mech-
anisms. There is no evidence to date that these
agents have activity in prostate cancer, though
there has been interest recently in the combina-
tion of such agents with cytotoxic chemother-
apy, and in one such study docetaxel in
combination with imatinib has been shown to be
of interest [9].

The Side Effects of 
Hormonal Therapy
In the treatment of any group of patients, there
is a historical paradigm to clinical reportage. The
initial publication describes an effect of a new
treatment. The follow-up publications confirm
this effect. A third group of publications then
emerge comparing the effect of the new treat-
ment to a standard therapy option, and then
finally the side effects of the new treatment are
reported. This has been the case with the hor-
monal treatment of prostate cancer. The initial
reports of estrogen activity have been followed
by overwhelming evidence of toxicity. This
includes a 40% incidence of gastrointestinal tox-
icity, gynecomastia that is not prevented by the
irradiation of breast buds, and cardiovascular
toxicity that is not prevented by low-dose anti-
coagulation [10]. Nevertheless, estrogens are still
prescribed in the United Kingdom, although
their prescription is proscribed in many other
countries in the European Union.

As time has progressed, the GnRH agonists
have also been shown to have side effects. These
include memory loss, parkinsonism, anemia,
and osteoporosis, in addition to the hot flushes
and impotence that were obvious from their first
use. The most important of the side effects phys-
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iologically is osteoporosis, with a loss of bone
mass of nearly 10% per annum. Although bis-
phosphonates have been shown to be of little
effect in prostate cancer in terms of limiting pain
and tumor progression, which are the main
benefits of their use in breast cancer and
myeloma, this group of agents is of significant
use in limiting osteoporosis in prostate cancer
[11].

Conclusion
Over the years the treatment of prostate cancer
has certainly become more humane. The most
significant area of interest in this disease re-

mains the exploration of the molecular basis for
response and relapse. In understanding this, our
hope is to provide more effective treatment for
prostate cancer.
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Prostate cancer is now most frequently diag-
nosed malignancy and the second leading cause
of cancer-related death [1]. Death rates have
increased over the past 20 years and mortality
may approach that of lung cancer within 15 years
[2]. For patients with advanced disease, the
response rate to hormonal therapy is about 80%,
but this is not durable, and all patients will 
eventually develop hormone-refractory prostate
cancer (HRPC) [3]. Chemotherapy has been
shown to have palliative benefit in symptomatic
HRPC, but has not yet been demonstrated to
prolong survival. Median life expectancy for
patients with HRPC is only 12 to 18 months,
underscoring the urgent need for new therapeu-
tic approaches [4].

Historically, the role of aggressive systemic
chemotherapy in HRPC had been questioned
because elderly patients with poor marrow
reserve, concomitant illnesses, and poor per-
formance status tolerated it poorly. Coupled with
this, chemotherapy trials before 1991 reported
response rates of only 5%. In the last decade, the
role of chemotherapy in prostate cancer has
been revisited, with the development of less toxic
regimens, which can significantly improve
overall quality of life. Some recent trials in
prostate cancer have used quality of life and
cancer symptoms as end points. The use of
prostate-specific antigen (PSA) has also pro-
vided a measure to evaluate the efficacy of newer
agents in phase II studies, as most patients with
HRPC have disease in bone and do not have con-
ventionally measurable lesions. This chapter dis-

cusses the various chemotherapy regimens and
recent advances in the systemic management of
prostate cancer.

Hormone-Refractory 
Prostate Cancer
Hormone-refractory prostate cancer is defined
as disease that progresses despite castrate testos-
terone levels, and is refractory to all hormonal
manipulations including withdrawal of antian-
drogen therapy. Until recently, there had been no
standard chemotherapeutic approach for HRPC.
Several agents had been evaluated in clinical
trials, but many older studies suffered from
methodological deficits such as small numbers
of patients, heterogeneity of enrolled patients,
and lack uniform response criteria [5]. Overall
there have been very few recent phase III trials
completed in HRPC (Table 9.1) making it
difficult to draw firm conclusions about the
efficacy of many regimens. However, it would
appear that chemotherapy at a minimum does
provide a palliative benefit.

Non–chemotherapy-based approaches to 
palliation also exist. External beam radiotherapy,
for example, remains the mainstay of treatment
for patients with bone pain, spinal cord com-
pression, or painful urinary obstructive symp-
toms. In patients with more widespread bone
disease, radioisotopes such as strontium-89,
rhenium, or samarium may provide some pain

9
Chemotherapy in Prostate Cancer
Srikala S. Sridhar and Malcolm J. Moore

83



84

Urological Cancers: Science and Treatment

relief [6]. Low-dose corticosteroids both with
and without chemotherapy are another option
for relief of pain and constitutional symptoms
[7].

Another class of agents showing palliative
benefit in small phase II trials was the bisphos-
phonates. These are stable analogues of calcium
pyrophosphate that inhibit osteoclast activity in
bone, and are approved by the Food and Drug
Administration (FDA) for use in the palliation of
bone pain due to metastases from breast cancer
and myeloma. A phase III trial by Ernst et al. [8],
however, failed to demonstrate improvements in
palliative response or overall quality of life when
the bisphosphonate clodronate, was added to
chemotherapy. Similarly, pamidronate, another
bisphosphonate, did not significantly palliate
bone pain or reduce skeletal-related events
(SRE) when compared with placebo [9]. To date,
only zoledronic acid, a newer bisphosphonate,
appears to significantly reduce SRE and there-
fore may be a viable option in patients with
HRPC [10].

In the past, HRPC patients were identified
solely on the basis of symptoms occurring due

to increasing tumor burden; but now with the
use of the PSA test and imaging studies, patients
are often diagnosed with HRPC at a time when
they are asymptomatic with a PSA that is 
starting to rise. The increase in median surviv-
al seen in recent HRPC chemotherapy trials
when compared with older studies, may thus 
be less reflective of more effective treatment,
but rather represent lead-time bias due to the
inclusion of these asymptomatic early-stage
patients.

Response to Therapy
One of the more challenging aspects of treating
prostate cancer is adequately assessing response
to therapy. This is particularly true in the
hormone-refractory setting, where disease is
often limited to bone, and change in the size or
intensity of bone lesions is difficult to interpret.
Also, the findings on bone scans may worsen as
healing occurs with the initiation of therapy, and
may only subsequently slowly improve. Bone
scan progression for the purpose of clinical trial

Table 9.1. Summary of recent (1996–2003) phase III trials in hormone refractory prostate cancer (HRPC)

First
author, Time to Overall Median
year No. of >50% PSA Palliative progression survival survival
(reference) Regimen patients decline benefit (months) (months) (months)

Tannock, Mitoxantrone + 161 33%* 38% 6.0* 12.1
1996 (17) prednisone vs. 23% 21% 2.5 11.8

prednisone
Kantoff, Mitoxantrone + 242 38%* 3.7 12.3

1999 (20) prednisone vs. 22% 2.3 12.6
prednisone

Berry, Mitoxantrone + 120 48%* 8.1* 23
2002 (21) prednisone vs. 24% 4.1 19

prednisone
(asymptomatic)

Ernst, Mitoxantrone + 209 29.7% 46% 10.8
2003 (8) prednisone + 28.6% 39% 11.5

clodronate vs.
mitoxantrone +
prednisone

Small, Suramin + 460 33% 43%* 10.2
2000 (53) prednisone vs. 16% 28% 10.0

prednisone
Hudes, Vinblastine + 201 25.2% 3.7* 11.9*

1999 (26) estramustine vs. 3.2% 2.2 9.2
vinblastine

PSA, prostate-specific antigen.
* Statistically significant.
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entry is now being defined as the appearance of
at least one new lesion. Unfortunately, restricting
trials to patients with bidimensionally mea-
surable soft tissue disease is not a feasible 
option either, because few patients present this
way, and this would exclude otherwise eligible
patients.

The PSA, a 34-kd serine protease secreted by
both benign and malignant prostate epithelium,
is elevated in approximately 95% of patients 
with advanced metastatic disease, and has been
adopted as a surrogate end point in most
prostate cancer trials [11]. However, in some set-
tings PSA changes do not show good correlation
with firm end points such as survival, leading to
the suggestion that the PSA may require valida-
tion for the specific clinical setting and thera-
peutic agent under investigation [12]. There 
is also no consistent reporting of changes 
in PSA, making comparisons between trials
difficult.

In an attempt to standardize PSA reporting,
the PSA working group has created a guideline
that defines PSA response as a decline of at least
50% or more, confirmed with a second PSA value
at least 4 weeks later (in the absence of clinical
or radiographic disease progression). This
definition is based on previous studies that
suggest a statistically significant survival advan-
tage associated with a PSA decrease of 50% or
more [13,14]. Similarly, response duration and
time to PSA progression may also be important
clinical end points, but have yet to be validated.
The PSA is a relatively simple test to obtain, and
although it may not be the ideal surrogate
marker, it may help to quickly identify those
treatments that warrant further investigation at
the phase III level.

Measures of response such as PSA do not nec-
essarily indicate whether a patient is benefiting
from therapy. Survival and quality of life are the
most important measures of patient benefit in
the evaluation of treatments in HRPC. Several
studies now incorporate palliative end points
such as pain, analgesic use, physical activity
level, fatigue, appetite, constipation, urinary
difficulties, relationships, mood, and overall
well-being, through the use of questionnaires
such as the Present Pain Intensity (PPI) Index or
the Prostate Cancer-Specific Quality of Life
Instrument (PROSQOLI). In fact, on the basis 
of quality of life improvements alone, the
chemotherapy regimen of mitoxantrone and
prednisone has been approved for use in HRPC.

Mitoxantrone and Prednisone

Mitoxantrone is a synthetic anthraquinone drug
that belongs to the anthracenedione class of
compounds. It has a symmetrical structure com-
prising a tricyclic planar chromophore and two
basic side chains [15]. The exact mechanism of
action of this cell cycle phase nonspecific drug is
unclear, but it does appear to (1) intercalate
DNA, resulting in inter- and intrastrand cross-
links; (2) bind DNA phosphate backbone, induc-
ing strand breaks; and (3) inhibit topoisomerase
II activity. Clinically, mitoxantrone is well toler-
ated, but due to structural similarity to doxoru-
bicin, it shares the dose-limiting side effect of
cardiotoxicity. Other side effects include nausea,
vomiting, and myelosuppression [16].

A Canadian study led by Tannock et al. [17]
randomized 161 symptomatic patients with
HRPC to receive either mitoxantrone every 3
weeks with daily prednisone or prednisone
alone. The primary end point of this study was
palliative response, which was defined as a
significant improvement in either pain or anal-
gesic usage or both (neither could get worse). In
the mitoxantrone arm, a statistically significant
improvement in pain relief (29% vs. 12%, p = .01)
and a prolonged duration of this palliative
response (43 weeks vs. 18 weeks, p < .0001) was
demonstrated. These patients also reported
improvements in physical and social function-
ing, global quality of life, anorexia, drowsiness,
constipation, and other symptoms [18]. The 
use of mitoxantrone was also associated with 
a higher PSA response rate and time to pro-
gression. There was no survival benefit of
chemotherapy, although a crossover to mitox-
antrone in patients who progressed on pred-
nisone was allowed and may have impacted on
the survival analysis. An economic analysis of
this study by Bloomfield et al. [19] further sug-
gested a benefit to these patients receiving
mitoxantrone and prednisone. Overall, these
results were consistent with a Cancer and
Leukemia Group B (CALGB) study that showed
a trend toward greater pain control in the mitox-
antrone arm, but no improvement in overall sur-
vival (the primary end point). The toxicities of
mitoxantrone included neutropenia, thrombo-
cytopenia, and cardiac dysfunction, but in both
studies the incidence of serious toxicity was very
low [20].

These two critical studies led to FDA approval
of mitoxantrone and prednisone for sympto-
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matic patients with HRPC. Its use in earlier stage
asymptomatic HRPC patients was recently eval-
uated in a phase III study by Berry et al. [21],
which again suggested no survival benefit. The
PSA response in this study (48%) was higher
than that seen in the Tannock or CALGB studies
(33%), and median survival was also increased
to 23 months, as compared to only 12 months in
the Canadian and CALGB studies. This may be
due to patients having lower median baseline
PSA on trial entry, and the lead-time bias intro-
duced by including these early-stage patients.

Estramustine/Taxane-Based Therapy

Estramustine phosphate, a conjugate of estradiol
and nitrogen mustard, with hormonal and non-
hormonal cytotoxic effects in vitro, has also been
evaluated in HRPC [22]. Unlike other alkylating
agents, estramustine does not directly damage
DNA but depolymerizes cytoplasmic micro-
tubules and microfilaments, binds to micro-
tubule associated proteins, disrupts the nuclear
matrix, and inhibits P-glycoprotein [23]. Based
on in vitro data suggesting synergy, several
phase II studies have been completed using
estramustine in combination with etoposide,
vinblastine, and the taxanes.

The combination of estramustine and etopo-
side, which showed in vitro activity, was initially
attractive because both drugs target micro-
tubules and could be administered orally. Results
from several trials suggest the response rate to
be approximately 50%, but this was accompanied
by significant toxicity. As a result, this regimen is
not in phase III trials [24,25].

Vinblastine, an agent chosen for its distinct
antimicrotubule effects, lack of cross-resistance,
and nonoverlapping toxicities with estramus-
tine, has also been evaluated. Hudes et al. [26], in
a phase III trial, compared estramustine plus
vinblastine with vinblastine alone. Response
rates in the combined arm were 25.2% versus
only 3.2% in the vinblastine alone arm. There
was acceptable toxicity, and no survival advan-
tage with the combined arm, but this study was
underpowered to detect slight survival improve-
ments. A similar PSA response rate, 24.9%, was
reported in a recent study by Albrect et al. [27]
for the combination of estramustine and vin-
blastine. But this was less than the response rate
for single-agent estramustine, which was 28.9%.

Furthermore, toxicity in the combined arm in
this trial was felt to be unacceptable. The differ-
ence in tolerability between the trials could be
explained by differences in estramustine dosing,
or the inclusion of more advanced, poorer per-
formance status patients in the latter trial.
Nonetheless, it illustrates the difficulties encoun-
tered when testing new agents in HRPC where
trial design, drug dosing, and patient selection
can play a critical role.

The taxanes (paclitaxel and docetaxel), which
also target microtubules, have shown encourag-
ing results when combined with estramustine
(Table 9.2). By binding to tubulin, the taxanes
induce microtubule stabilization, G2/M phase
cell cycle arrest, and apoptosis. They also induce
apoptosis through activation of the proapoptotic
protein bax, and inactivation of bcl-2, an anti-
apoptotic protein often overexpressed in HRPC.
Initial studies with the combination of paclitaxel
and estramustine showed activity, but excessive
toxicity necessitated dose reductions prior to the
phase II trial by Hudes et al. This dose reduction
did not compromise antitumor activity, and PSA
responses were seen in 53.1% of patients, with a
5.6-month time to progression and a median
survival of 17 months [22]. This study also
reported a decrease in pain and analgesic
requirements, and an improvement in overall
quality of life. This combination is now being
evaluated in phase III trials.

Despite lowered doses, toxicities due to estra-
mustine, primarily nausea and thromboem-
bolism (requiring prophylactic anticoagulation)
continue to be a problem. Berry et al. [28], with
the U.S. Oncology Group, conducted a phase II
randomized trial comparing estramustine and
paclitaxel with paclitaxel alone. Though PSA
response rates (48% vs. 25% p = .01) and the
trend to median survival were higher in the
combined arm, there were fewer thromboem-
bolic complications in the paclitaxel only arm,
indicating that single-agent paclitaxel may be an
option for patients with a history of throm-
boembolic problems.

Another member of the taxane family that is
more potent than paclitaxel and easier from a
dosing standpoint is docetaxel. Petrylak et al.
[29] treated chemonaive HRPC patients with a
combination of estramustine and docetaxel. The
PSA responses rates were favorable (74%), but
again significant estramustine-related toxicity
has led some to question whether single-agent
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docetaxel is equally effective with less toxicity
[29]. A phase II single-agent docetaxel trial by
Picus and Schultz [30] showed PSA responses of
45%, with tolerable toxicities. Similarly, Berry et
al. [31] reported that in mitoxantrone-pretreated
HRPC patients, docetaxel showed a response rate
of 41%, with toxicities less than those seen in the
estramustine plus docetaxel regimen. Beer et al.
[32], using weekly dosing of docetaxel, reported
PSA response rate of 47% and pain response of
33%, and the toxicities were all less than 10%.
Overall, the positive results with taxane-based
therapies have led to its evaluation in several
phase III trials (Table 9.3).

Two phase III studies comparing docetaxel-
based regimens with mitoxantrone and pred-
nisone have recently been reported. The TAX 327
trial, a prospective, nonblinded, three-arm study,
randomized more than 1000 patients to receive
docetaxel plus prednisone (a weekly regimen or
every 3 weeks) or the current standard, mitox-
antrone and prednisone. End points included
overall survival, PSA response, and palliative
response. Docetaxel every three weeks led to
superior survival (18.9 mo vx. 16.5 mo) and
improved rates of response in terms of pain,
serum PSA, and quality of life as compared with
mitoxantrone plus prednisne [32a]. The South-
west Oncology Group (SWOG) 9916 phase III
study randomized 674 patients to receive estra-

mustine and docetaxel or to mitoxantrone and
prednisone, with the primary end point being
overall survival. The docetaxel and estramustine
arm again showed an improvement in overall
survival (17.5 mo vs. 15.6 mo) compared with the
mitoxantrone arm [32b]. Based on these two
large trials, taxane based therapy is quickly
becoming the standard of care for hormone
refractory prostate cancer.

By combining mitoxantrone, docetaxel, and
low-dose prednisone in a phase II multicenter
trial, Freeman [33] showed a PSA response rate
of 69% and a trend toward improvement in
quality of life end points after two cycles of
chemotherapy. This is another regimen that will
be investigated further.

Triplet Combinations

Triplet combinations of estramustine, paclitaxel,
and carboplatin in a small study have shown a
67% PSA response rate but lacked palliative
benefit. Other three-drug regimens—estramus-
tine, etoposide, and paclitaxel; paclitaxel, estra-
mustine, and carboplatin; and estramustine,
etoposide, and vinorelbine—have shown PSA
responses but yet no palliative improvements
[34–37]. The value of these three-drug regimens
at this time remains largely unknown.

Table 9.2. Summary of phase II clinical trials of estramustine plus a taxane in patients with hormone-refractory prostate cancer

First author, Response in Median
year No. of >50% PSA measurable survival 1-year
(reference) Regimen patients decline disease (months) survival

Petrylak, Docetaxel + 35 74% 4/7 22 77%
1999 (29) estramustine (57%)

Sinibaldi, Docetaxel + 40 45% 3/13 N/A N/A
2002 (59) estramustine (23%)

Savarese, Docetaxel + 44 68% 12/24 20
2001 (60) hydrocortisone (50%)

+ estramustine
Sitka, 2001 Docetaxel + 30 76% 17/30

(61) estramustine (57%)
Hudes, 1997 Paclitaxel + 34 53% 4/9

(22) estramustine (44.4%)
Hudes, 2001 Paclitaxel + 63 58.1% 6/22

(62) estramustine (27.3%)
Berry, 2001 Paclitaxel + 166 48% 15.1

(31) estramustine
Athanasiadis, Paclitaxel + 41 58.5% 9/41 17

2003 (63) estramustine (22%)
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Chemotherapy in Hormone-
Sensitive Disease
Neoadjuvant Chemotherapy

The use of systemic chemotherapy earlier in 
the course of treatment, an effective strategy in
some malignancies, has been explored to a small
degree in prostate cancer. The objectives of
neoadjuvant chemotherapy are to downstage the
cancer, decrease the incidence of positive surgi-
cal margins, and eliminate micrometastases. In
addition, chemotherapy may eradicate both
androgen-independent clones and androgen-
sensitive clones, the latter by synergizing with
hormonal ablation.

Several pilot neoadjuvant chemotherapy trials
have now been reported, and suggest that from
a surgical standpoint this is a feasible approach
(Table 9.4). Pettaway et al. [38] treated patients
with high-risk localized disease with 12 weeks of
ketoconazole and doxorubicin alternating with
vinblastine and estramustine (KAVE) and
androgen ablation followed by radical prostate-
ctomy (RP). The primary end point, a 20%
pathological complete response (pCR), was not
achieved, but there were fewer positive margins.
Clark et al. [39] reported similar results,
but increased thromboembolic events, using a
neoadjuvant regimen of etoposide and estra-
mustine. The taxanes have also been evaluated in
the neoadjuvant setting. Single-agent docetaxel

administered prior to RP was well tolerated, with
final efficacy results pending at this time [40,41].
Based on encouraging phase II results of the
neoadjuvant regimen of docetaxel and estra-
mustine, the CALGB has initiated a phase III
randomized study in patients with high-risk
disease [42,43]. Other neoadjuvant combina-
tions being studied are docetaxel with mitox-
antrone [44], and the CALGB 99811 study 
of paclitaxel, estramustine, and carboplatin with
an luteinizing hormone–releasing hormone
(LHRH) agonist.

Administering chemotherapy prior to radical
radiation therapy has been studied, but the lack
of pathological specimens posttreatment makes
interpretation of response somewhat difficult.
Zelefsky et al [45] found that neoadjuvant and
concomitant estramustine (which may act as a
radiosensitizer) and vinblastine with high-dose
conformal radiotherapy were well tolerated, but
the authors did not draw any conclusions about
efficacy. Ben-Josef et al. [46] used a regimen of
estramustine and etoposide in patients with
high-risk disease preradiotherapy and showed a
favorable local control rate (71% vs. 54%) and 5-
year disease-free survival (73% vs. 29%) com-
pared with historical controls. In a study by Oh
et al. [47], neoadjuvant liposomal doxorubicin
chemotherapy prior to androgen ablation plus
radiotherapy for high-risk disease showed no
activity and significant toxicity.

Although preliminary data suggest that neo-
adjuvant chemotherapy can be safely adminis-

Table 9.3. Summary of phase II trials using a single-agent taxane in patients with hormone-refractory prostate cancer

First author, >50% Response in Time to
year No. of PSA measurable progression Survival
(reference) Taxane regimen patients decline disease (months) (months)

Picus, 1999 Docetaxel 75 mg/m2 35 46% 7/25 (28%) 9 27
(30) q 3 weeks

Berry, 2001 Docetaxel 36 mg/m2/ 59 41% 2/6 (33%) 5.1 9.4
(31) week ¥6 of an 8-

week cycle
Beer, 2001 Docetaxel 36 mg/m2/ 24 46% 2/5 (40%) NR NR

(32) week ¥6 of an 8-
week cycle

Friedland, Docetaxel 75 mg/m2 16 38% 6/9 (67%) NR NR
1999 (64) q 3 weeks

Trivedi, Paclitaxel 150 mg/m2/ 18 39% 4/8 (50%) NR NR
2000 (65) week

NR, no results.
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tered, larger randomized controlled trials are
necessary to determine its actual benefit. At the
present time there is no indication for neoadju-
vant chemotherapy outside of a well-designed
clinical trial.

Adjuvant Therapy

To date, there are only a few studies published on
adjuvant chemotherapy in prostate cancer (Table
9.5). The National Prostate Cancer Project has
conducted two randomized trials. Patients 
postsurgery or post-external beam irradiation
were randomized to observation or cyclophos-
phamide or estramustine. No overall survival
benefit in the chemotherapy arm was noticed
but an increased progression-free survival was
found in patients receiving estramustine [48].
Three additional studies are currently underway.
These include the SWOG 9921 phase II study,

randomizing post-RP patients to androgen 
deprivation with Casodex and Zoladex, mitox-
antrone and prednisone, or to androgen depri-
vation alone. RTOG 9902 randomizes patients
post–external beam radiotherapy to combined
androgen blockade plus four cycles of paclitaxel,
etoposide, and estramustine or to combined
androgen blockade alone. A third nonrandom-
ized study in high-risk post-RP patients is
underway looking at the use of single-agent 
docetaxel (without androgen ablation).

Targeted Therapies

Our current treatment approaches rely heavily
on standard cytotoxic therapies; however,greater
insight at the molecular level into cell growth and
proliferation has led to the development of tar-
geted biological therapies that offer hope for
improved efficacy with minimal toxicity.

Table 9.4. Summary of neoadjuvant chemotherapy trials in prostate cancer

Maximum
First author, treatment + Organ Extracapsular
year duration Local No. of Margin confined extension
(reference) Regimen (weeks) treatment patients (%) (%) (%)

Pettaway, KAVE + 12 RP 33 17 33 67
2000 (38) androgen

ablation
Clark, 2001 Estramustine + 12 RP 18 31 69

(39) etoposide
Dreicer, Docetaxel 6 RP

2001 (40)
Oh, 2001 Docetaxel 24 RP

(41)
Hussain, Docetaxel + 18 10 RP 21 30

2003 (42) estramustine 11
RTX

Eastham, Docetaxel + 18 RP
2003 (43) estramustine

Garzotto, Docetaxel + 16 RP 14
2002 (66) mitoxantrone

Kelly, 2001 Paclitaxel + 16 RTX 56
(35) estramustine

+ carboplatin
Zelefsky, Estramustine + 24 RTX 27

2000 (45) vinblastine
Ben-Josef, Estramustine + 6 RTX 18

2001 (46) etoposide
Oh, 2003 Doxil + androgen 8 RTX 7

(47) ablation

KAVE, ketoconazole, doxorubicin, vinblastine, estramustine, RP, radical prostatectomy; RTX, radiotherapy.
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Suramin

One of the first biological agents to be studied in
prostate cancer was suramin, a polysulfonated
aromatic compound initially synthesized as an
antiparasitic agent. Suramin was later shown
also to interfere with cell signaling, DNA repli-
cation, and angiogenesis, and it showed promis-
ing cytotoxic activity against prostate cancer
cells in vitro [49]. In the clinical setting, patients
failing antiandrogen therapy were treated with
suramin, which was coadministered with a
steroid to prevent adrenal suppression. The orig-
inal clinical trials suggested this was an active
compound; however, subsequent studies proved
disappointing. Nonetheless, several key lessons
were learned during this drug’s development.

The importance of antiandrogen withdrawal
and steroid use, for example, and the need to
control for these confounding variables when
designing clinical trials in HRPC, became readily
apparent when each of these maneuvers inde-
pendently demonstrated PSA response rates of
20% to 30%. This likely contributed to the
inflated response rates of 70% seen initially in
the uncontrolled suramin trials [12]. Another
key realization was that PSA was not always a
reliable marker of response to therapy as evi-
denced by trials showing a drop in PSA but no
tumor regression or survival benefit, and
whether this is a feature common to all biologi-
cal therapies remains to be determined [12].
Suramin has significant neurological and other
side effects owing to its large volume of distri-
bution and long terminal half-life, raising the
important issue of appropriate dosing of biolog-
ical therapies [12]. In summary, the low response

rate, lack of survival advantage, and toxicities of
suramin have halted its further development, but
the lessons learned from this experience can
undoubtedly be applied to all future trials of
novel therapies in HRPC.

Epidermal Growth Factor 
Receptor Inhibitors

The epidermal growth factor receptor (EGFR)
superfamily of receptors, which comprises four
distinct receptors known as EGFR, Human Epi-
dermal growth Factor Receptor, HER2, HER3, and
HER4, is a potential therapeutic target in prostate
cancer where overexpression is seen in up to 80%
of metastasis, and is generally associated with a
poorer overall prognosis. Several EGFR targeting
agents are now available, including tyrosine
kinase inhibitors and monoclonal antibodies. To
date, the tyrosine kinase inhibitor gefitinib has
undergone the most investigation in prostate
cancer. Three phase II trials, with gefitinib alone,
and in combination with either docetaxel and
estramustine, or mitoxantrone and prednisone,
have completed accrual, with final results pending
at this time. Two studies, reported in abstract
form only, suggest that single-agent gefitinib does
not have significant activity [50,51].

Angiogenesis Inhibitors

Targeting angiogenesis is another novel ap-
proach. Angiogenesis is a physiological process
that is fundamental to cell growth and division.
It is initiated by the release of proteases from
activated endothelial cells, leading to degrada-
tion of the basement membrane, migration of

Table 9.5. Summary of adjuvant chemotherapy trials in prostate cancer

Overall
Author Adjuvant regimen Local therapy survival 

National Prostate Cyclophosphamide + Radical prostatectomy, No benefit
Cancer Project estramustine 170 pts; prostate 
(48) radiotherapy, 233 pts

SWOG 9921 Mitoxantrone + prednisone Radical prostatectomy
+ Casodex + Zoladex

RTOG 9902 Paclitaxel + etoposide + Prostate radiotherapy
estramustine + Casodex + 
Zoladex

NCI Docetaxel Radical prostatectomy

NCI, National Cancer Institute; pts, patients; RTOG, Radiation Therapy Oncology Group; SWOG, Southwest Oncology Group.
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endothelial cells into the interstitial space, and
subsequent endothelial proliferation and differ-
entiation into mature blood vessels [52]. Several
agents targeting angiogenesis have been tested in
prostate cancer, including suramin, thalidomide,
matrix metalloproteinase inhibitors, endostatin,
angiostatin, vascular endothelial growth factor
(VEGF) inhibitors, and cell adhesion inhibitors,
to name a few. These are all currently in early
stages of development.

Immunotherapy

Another avenue of research in HRPC is im-
munotherapy, which is dependent on a suitable
target antigen being presented to the immune
system by an antigen-presenting cell (APC), such
as the dendritic cell. The dendritic cell was
chosen specifically because it is the most potent
in eliciting a T-cell immune response. This
approach has been evaluated in a randomized,
placebo-controlled, phase III trial in HRPC
patients with the drug APC8015.This is a product
consisting of autologous dendritic cells loaded ex
vivo with a recombinant fusion protein of pro-
static acid phosphatase linked to granulocyte-
macrophage colony-stimulating factor. This
treatment was well tolerated and antigen-specific
immunity was evident, but only in the subset of
patients with a low Gleason score was there a
trend toward improvement in median time to
progression. A confirmatory phase III trial in
these patients is now underway [53].

Vaccine-based therapies are also being evalu-
ated. In one randomized phase II study, for
example, recombinant pox viruses expressing
PSA and the b7.1 co-stimulatory molecule were
given to patients with nonmetastatic HRPC.
Both immunologic activity and a delay in the
development of metastatic disease at 6 months
was seen [54]. Overall, targeting the immune
system provides an exciting and novel approach
to treating prostate cancer.

Combinations of Targeted and
Cytotoxic Therapy

Targeted therapy in combination with
chemotherapy is another area of active research.
Several trials have assessed the combination of
targeted therapies such as thalidomide, cal-
citriol, and exisulind with docetaxel. Thalido-
mide glutarimide is a synthetic glutamic acid

derivative that was initially used for morning
sickness but was taken off the market due to ter-
atogenicity and neuropathies. Thalidomide 
has antiangiogenesis effects, inhibits cytokines
including tumor necrosis factor-a, and can alter
cell adhesion molecules. In a randomized phase
II trial with 75 HRPC patients, comparing
thalidomide and docetaxel with docetaxel alone,
Leonard et al [55] reported a PSA response rate
of 50%, and an increase in median survival by 
14 months. Gastrointestinal, neurological, and
thromboembolic toxicities were reported, the
latter necessitating the use of prophylactic anti-
coagulation. Larger trials incorporating pallia-
tive end points, and more data on toxicity are
needed to determine whether this combination
is a viable option in HRPC.

Another interesting combination is high-dose
calcitriol and docetaxel. Calcitriol, at supraphys-
iological concentrations, is a natural ligand for
the vitamin D receptor and its analogues and
has several mechanisms of action. Calcitriol
causes G0/G1 arrest, changes in p21 (Waf1) and
p27 (kip1) expression, dephosphorylation of
retinoblastoma protein, downregulation of bcl-
2, inhibition of angiogenesis, induction of apop-
tosis, and changes in several growth factor
systems including EGF, transforming growth
factor-b (TGF-b), and insulin-like growth factor
(IGF). Preclinical studies suggest it enhances
cytotoxic activity of docetaxel, paclitaxel, and
platinum compounds, and is active in prostate
cancer. In the study by Beer [56], HRPC patients
treated with oral calcitriol and docetaxel had
PSA responses of 81% and tolerated it well. Cur-
rently a phase II/III calcitriol study is underway.

Exisulind in an oral agent that selectively
induces apoptosis via inhibition of cyclic guano-
sine monophosphate (cGMP) phosphodi-
esterase, leading to a sustained increase in cGMP,
activation of protein kinase G, and jun kinase,
and downstream effects culminating in cell
death. Initial clinical studies with exisulind and
docetaxel suggest PSA response rates of 44%, but
due to toxicities dose reductions are necessary
prior to further evaluation [57].

Trials are also currently underway evaluating
the drug G3139 with docetaxel. G3139 is an anti-
sense oligonucleotide to bcl-2, an antiapoptotic
protein, overexpressed in prostate cancer, and a
negative prognostic indicator. This combination
has shown PSA responses of 48% and is well tol-
erated [58]. Other trials using antisense technol-
ogy are also being initiated.
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Taken together, targeted therapies either alone
or in combination with chemotherapy are an
area of active research that shows promising PSA
responses and tolerability.

Summary
Chemotherapy in prostate cancer is an 
established treatment only for symptomatic
hormone-refractory disease, where it can
improve symptoms and quality of life but does
not impact overall survival. Its role in earlier
stage disease is currently being evaluated. Cer-
tainly, advancing chemotherapy may eliminate
hormone-resistant clones early, thereby slowing
the natural progression of this disease. Of the
various cytotoxic agents currently under study,
the taxanes show the most promise, combining
encouraging PSA response rates with tolerabil-
ity. Targeted therapies both alone or in combi-
nation may also prove effective, especially as we
gain insight into prostate cancer at the molecular
level and learn how best to use these agents.
Phase III well-controlled clinical trials of the
most promising regimens will then be needed to
define the best regimens available.
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Background
The term proteomics was coined to parallel the
term genomics; however, proteomics encom-
passes more that just the study of the protein
equivalent of the genome. The proteome, that is,
all the proteins and their multiple isoforms and
modified forms expressed in any one cell type or
biological fluid, is responsible for the active work
undertaken by a cell, and even reflective of the
status of the entire organism, where fluids such
as urine and blood serum are studied. The pro-
teome is therefore dynamic and reflective of cell
status and activity. Where RNA levels or gene
mutations may give a certain amount of infor-
mation, the amount and functionality of the 
corresponding protein is a vital part of our
understanding of what makes the cell function,
whether that function is normal or aberrant.
Proteomic studies not only can tell us how much
of a certain protein is present in a sample,
but also can indicate posttranslational modi-
fications, such as cleavage to form active or 
inactive isoforms, phosphorylation, acetylation,
and glycosylation. None of these changes in the
active status of a protein or enzyme would be
detectable via genomic studies; therefore, pro-
teomics allows us a more profound insight into
the activity of cellular processes.

The majority of early proteomic studies relied
on three major technologies: two-dimensional
electrophoresis of proteins, mass spectrometry,
and Internet database searches. Recent advances
in all three areas have allowed a massive surge 

in proteomic studies in the past 5 years, with 
62 proteomics papers being listed on Medline 
for 1999, compared with 1418 listed for 2003.
Further advances in a variety of matrix de-
sorption ionization-based techniques (surface-
enhanced laser desorption and lonisation
[SELDI] SELDI-TOFF, SEAC) and electrospray
mass spectrometry have resulted in expansion of
the types of data that can be obtained, including
protein–protein and DNA–protein interactions.
This means that proteomics now encompasses a
variety of experimental techniques, each with its
own particular advantages, all of which can be
useful in the study of prostate cancer.

Techniques in Proteomics
Two-Dimensional Gel Electrophoresis
(2DGE)

Proteins in a biological mixture, whether it be a
fluid such as urine, blood serum, or cell lysates,
are separated first according to their charge,
by isoelectric focusing (IEF), and then second
according to their molecular weight, using stan-
dard sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE) techniques. Isoelec-
tric focusing relies on the charges of the various
amino acids in an individual protein sequence,
resulting in an overall charge for that protein.
Proteins of the same molecular weight may have
vastly different overall electrical charge and
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therefore will focus at different points on a pH
gradient when a current is applied, migrating
through the gradient until their charge is neu-
tralized by the surrounding pH. This technique
uses immobilized pH gradient (IPG) gel strips,
where a gradient of charged amino groups is
cross-linked to the acrylamide gel, making the
charge gradient immobile and therefore inca-
pable of drifting during focusing.

Once separated according to their charge, the
proteins in the sample are then subjected to
standard SDS-PAGE, usually on large-format
gels, which give a greater area for isolating dif-
ferent protein spots. Many of the current proto-
cols allow for separation over an area of 18 to 
24 cm width and 20 to 25 cm depth, which allows
for separation of many hundreds and even 
thousands of proteins, although small gels are
still frequently used by some laboratories.

Protein Detection and Analysis

Detection of samples is now also much easier
than before. Originally 2DGEs were silver
stained or Coomassie stained; however, with the
advent of fluorescent dyes such as Syproruby,
reproducible and sensitive detection of proteins
is possible, as these dyes do not interfere with
subsequent identification of the proteins by
mass spectrometry. Other methods of detection
include radioisotope labeling with either phos-
phorous 32 or sulfur 35. Orthophosphate 32P
labeling is used to identify phosphorylated pro-
teins and 35S-labeled methionine and cysteine
label can be incorporated into newly synthesized
proteins. Silver-stained or Coomassie-stained
gels are converted to digital images using a scan-
ning densitometer, radiolabeled gels can be visu-
alized using autoradiography and densitometry
or using storage phosphorescence technology,
and fluorescent dyes may be visualized using gel
scanners in fluorescence mode.

Once visualized, comparison of the protein-
spot patterns of the data groups is carried out 
to distinguish differences between the groups
and highlight which proteins may be of interest
for further analysis. Many software packages are
available to do this.

Having used the software to detect which pro-
teins are of interest for further study, the final
task that remains is to identify them. This is now
relatively straightforward, due to the recent
developments in mass spectrometry technology

and database searching on the Internet. Initially
the protein features of interest need to be
removed from the gel in order to be analyzed.
This can be done manually with a scalpel, a
pipette tip, or a “spot cutter,” or automatically
using a robot spot cutter, directly linked to the
analysis software program. The goal is to remove
the protein spot with minimal contamination
from neighboring spots or excess gel, in order 
to allow easy digestion of the protein without
contamination.

Mass Spectrometry 
to Identify Proteins

The majority of identification techniques now
involve tryptic digest of the protein in the gel
plug removed from the gel, followed by mass
spectrometry, such as matrix-assisted laser des-
orption ionization (MALDI) and time of flight
(TOF) mass spectrometry. Peptide samples are
placed on a matrix, the surface of which is then
scanned with a laser, resulting in ionization of the
bound peptides. The peptides then ionize and
desorb from the matrix. Often a chemical
enhancer coating is used to increase the laser
absorption and energy transfer to the peptides.
Upon desorption, the peptides are propelled by
electrical fields to a detector. The ratio of the
mass of the peptide to its charge results in dif-
fering time of flight to the detector, meaning that
peptides of different sequence will arrive at the
detector at different times. Using known mole-
cules for calibration, the masses of the peptides
can then be calculated. These masses are then
used to determine the amino acid sequences of
the peptides, which are then submitted to a data-
base search in order to find matching sequences
for the peptide mass “fingerprint” obtained and
give a positive identification of the protein spot
removed from the gel. Spots may also be cut from
membranes such as, polyvinylidene flouride,
PVDF for analysis, following staining with
Coomassie blue, although now that sensitive gel
methods are possible, this is less common.

Once the identities of the discriminatory 
spots have been determined, confirmation of
regulation is usually required either by Western
blotting, if an antibody is available, or by
reverse-transcription polymerase chain reaction
(RT-PCR). If regulation is confirmed, either at
the level of transcription, translation, or post-
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translational modification, then the function 
of the identified protein can be further 
investigated.

Surface-Enhanced Laser Desorption

Surface-enhanced laser desorption (SELDI)
involves the creation of a matrix to which mole-
cules are fixed that will interact with proteins 
in a biological fluid. These molecules may be
inorganic, such as metal ions, hydrophobic 
substances, chemical moieties, or organic, such
as antibodies, fragments of antibodies, DNA
sequences, and receptor proteins. Small quanti-
ties of biological fluids are added to these 
surfaces, allowing proteins to bind to the 
immobilized molecules. Several wash stages then
allow removal of nonspecifically bound proteins.
Then MALDI-TOF is used to ionize the bound
proteins as described above, detecting a wide
spectrum of whole proteins rather than pep-
tides. If differences in the proteins are detected
between cancer and noncancer samples, the
sample may then be reanalyzed using trypsin
digestion as part of the laser desorption process.
The resultant tryptic peptides can then be com-
pared against those in the Web-based databases,
and identities assigned to the discriminatory
proteins.

Early Proteomic Studies 
into the Prostate and 
Prostate Cancer
Until very recently the number of prostate-
related proteomics or 2DGE-based publications
was decidedly small, due to the inherent prob-
lems in carrying out such studies. In 1989 a 
study was carried out by Sherwood et al. [1],
comparing the profiles of proteins obtained
from stromal and epithelial cells from patients
undergoing prostatectomy for benign prostatic
hyperplasia (BPH). Differences were noted 
for cytokeratin levels and also vimentin, which
was shown to be present in stromal cells 
via immunoblotting, as were three potential
markers of stromal cell types named SM1, SM2,
and SM3. As the existing technology did not yet
allow identification of these markers, no identi-
ties were obtained for them.

In 1992 2DGE was carried out on isolated
androgen receptor, revealing two isoforms of the
receptor at the isoelectric point, pI 5.3 and 7.2
and molecular weight 90 to 95kd in both prostate
and foreskin [2]. A further study by Xia et al. [3]
discovered three isoforms of the androgen recep-
tor using IEF, which seemed to vary in presence
between individuals, regardless of disease state.

Although the information in these studies was
not very useful, due to limitations of technology,
they proved that proteomic studies in prostate
cancer merited further research.

Current Studies 
and Their Aims
Proteins Differing Between Normal
and Cancerous Prostate

One of the most appealing studies that one 
can carry out with proteomics technology is 
the investigation of proteins with differing
expression levels between normal and cancerous
prostate. The first directly prostate-cancer
related proteomics paper appeared in 1997, in
which Partin et al. [4] identified a protein, PC-1,
that was present in prostate cancer but not in
normal or hyperplastic prostate. The protein,
to which an antibody was subsequently raised,
was then used in experiments to investigate 
its potential use in prostate cancer screening 
via immunohistochemistry. Despite encouraging
results, this study does not appear to have been
developed further.

A study of prostate cancer can be further
broken down into the investigation of different
stages of cancer, from prostatic intraepithelial
neoplasia (PIN) to hormone therapy–resistant
cancer, and all stages in between. Although the
technology now exists to make this task possible,
the problems that dog any other similar study on
genetics or gene expression also apply to pro-
teomics: intact and pure samples are required to
enable a clear differentiation between proteins
expressed or modified in the study groups.

Tissue Culture Studies

Tissue from prostate cancers is often difficult to
obtain, and tissue from normal prostate even
more so, meaning that only small amounts of
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protein are available for study. In contrast, cell-
culture studies allow the production of large
amounts of protein, and for this reason some
studies have concentrated on the differences
between prostate cancer cell lines [5,6]. Many
studies have been carried out on the LNCaP cell
line, due to its retaining a functional androgen
receptor and therefore being androgen respon-
sive [7–9]. Although cells in culture are always a
surrogate for cells in situ, the advantage of pro-
teomic studies on cell lines is homogeneity of
sample. A cell line consists of only a single phe-
notype, therefore allowing differences between
cells to be investigated fully.

However, there are major disadvantages of
using cultured cells. Put simply, the act of cul-
turing cells results in many phenotypic changes,
meaning that the cultured cells no longer behave
like the cells in the body. Obtaining cells from
prostate cancers that will grow in culture,
without further deliberate genetic alteration
such as transformation with simian virus 40
(SV40), is an immensely difficult task. Human
cells in culture grow for only a limited number
of cell divisions, and prostate cells appear to be
reluctant to do even this much. Then there are
problems caused by the change in cellular envi-
ronment. Cells in the body do not exist in a
homogeneous monolayer, but are surrounded by
a variety of other cells and cell types, all secret-
ing molecules that give clues and instructions as
to the phenotype that the cell should have. Mim-
icking intracellular signaling between cell types
in culture is possible, but only through compli-
cated procedures.As a result, the genes expressed
and therefore the proteins detected in cell-only
studies are not likely to be representative of the
true state of cells in their original context. This
argument applies to any tissue culture study.
There is an inherent level of artifice involved,
which means that results obtained may not be
truly representative of the actual biological facts.
For this reason many studies have painstakingly
obtained biopsy and surgical specimens in order
to carry out proteomic studies.

Biopsy Studies

Despite the difficulties in obtaining prostate
tissue, several studies have already been pub-
lished comparing either normal or BPH tissue 
to malignant prostate. Alaiya et al. [10] used 
19 benign and malignant radical prostatectomy

samples to carry out 2DGE and obtained 23
identities of differentially expressed proteins,
including heat shock 70 and cytochrome P-450
7A1. Meehan et al. [11] used 2DGE of matched
normal and malignant tissue from 34 radical
prostatectomy specimens to identify 20 proteins
lost in the process of malignant transfor-
mation. These included three proteins (NEDD8,
calponin, and a follistatin-related protein) not
previously detected in normal prostate, the loss
of which may be significant for development of
malignant phenotype and therefore worthy of
further investigation for potential therapeutic or
diagnostic purposes.

Laser Capture Microscopy

Tissue obtained from prostate surgery is rarely
homogeneous in cell type (a fact admitted in
Alaiya et al.’s [10] report) and contains not only
tumor cells but also possibly multiple clonal
variants of the tumor, nontumorous epithelial
cells, undifferentiated epithelial cells, and stro-
mal cells. Such a sample, therefore, is likely to
give confusing results, as the protein profiles
obtained would be far from representative of any
particular cell type, unless the cancer cells were
in the vast majority and even then subtle but
important differences may be lost. To overcome
this problem, laser capture microdissection of
tissue samples is now being used. This technique
uses lasers to remove small sections, sometimes
cell by cell, from tissue slices on slides, in order
to allow a homogeneous sample to be obtained.
The downside to this technique is the painstak-
ing microscopy and the length of time needed to
capture enough cells to make a proteomic study
worth carrying out. However, there have been
encouraging results from several laboratories
using this method. For example, Ahram et al.
[12] used laser capture microdissection in con-
junction with manual dissection to carry out a
joint proteomic and genomic study of samples
obtained from matched normal epithelial and
high-grade prostate cancer. The results demon-
strated few consistent changes at the protein
level, possibly reflecting the wide variety of ways
in which prostate cancer can arise. Paweletz et al.
[13] used laser capture microscopy and reverse
SELDI, where the samples are hybridized to the
membrane and probed with antibodies for pro-
teins of interest, to investigate prostate cancer
progression. The reverse SELDI data showed
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increased Akt phosphorylation, decreased phos-
phorylation pathways, and decreased phospho-
rylation of ERK associated with prostate cancer
progression, demonstrating that good biological
data can be obtained from these studies.

Further Development 
of Identified Proteins

The aim of these studies is to identify proteins
that have altered expression, modification, or
turnover rate in neoplastic cells. There are
several useful clinical applications of these data.
First, any protein for which there is an antibody
may be used as a marker of cancer. This may not
be possible in all cases, as many will be intracel-
lular and therefore detectable only by immuno-
histochemistry. Such markers may be useful in
defining which cancers are likely to grow and
develop rapidly or metastasize. Indeed such
markers have been discovered by other methods
and are reported in the literature, if not seen in
the clinics. The examples cited above all have
shown that such markers exist and yet they
remain undeveloped for clinical use [4,10,12].

The second use of differentially detected 
proteins in cancer is the potential for treatment.
For example, aberrant expression of cell signal-
ing proteins can lead to the abnormal growth 
of cancer cells. If the protein is upregulated in
cancer, the use of drugs or gene therapy to inter-
rupt the protein’s activity may cause the cells to
revert to a less aggressive or noncancerous form,
or result in apoptosis. The reintroduction of pro-
teins of which expression has been lost in cancer,
such as tumor-suppressor genes, may potentially
be corrected by gene therapy. Hence, the further
proteomic study of proteins with aberrant
expression in prostate cancer may yield poten-
tial targets for these therapeutic approaches.

Second-Line Therapies

It is well known that the treatment of advanced
prostate cancer with antiandrogens and other
hormone therapies is successful only for a
limited time. The cancer inevitably progresses to
hormone independence, in which treatment by
antiandrogens is no longer effective, or at worst
stimulates cancer growth.

Growth-related proteins, downstream from
the androgen receptor, may be targets of therapy

themselves, so that when antiandrogen treat-
ment fails, therapy aimed at these downstream
targets can stop the growth of the cancer. The
majority of studies to date have been at the
genetic level [14,15], using standard protein
expression techniques such as Western blotting
to corroborate results. In one instance pro-
teomics was used in conjunction with comple-
mentary DNA (cDNA) microarray to establish
androgen-regulated proteins, detecting 351 reg-
ulated genes and 32 regulated proteins [7].
Nelson et al. [16] also used cDNA microarray in
conjunction with proteomics in LNCaP cells, and
M12 cells transfected with androgen receptor, to
detect androgen-regulated proteins. Relatively
few regulated proteins were detected, but among
them was the metastasis suppressor protein
nm23, which was upregulated following andro-
gen exposure. In our own laboratory we have
used proteomics alone to look at androgen
responsive proteins [9], again identifying 32 
regulated proteins, including one, prohibitin,
that was downregulated following exposure of
the cells to androgens and had a negative effect
on cell cycle in LNCaP cells.Wright et al. [8] used
androgen stimulation of LNCaP cells in con-
junction with isotope coded affinity tags (ICATs)
and mass spectrometry to detect levels of 1064
proteins, which were then grouped into 45 cate-
gories based on cellular function and process.

Further development of any of these proteins
as potential target for therapy requires careful
choice, based on the magnitude of the regulation
observed, specificity to the prostate to avoid side
effects of treatment, and careful reading of
available literature. It is clear, however, that 
these studies have the potential to highlight 
new targets for therapy.

The Androgen Receptor 
and Proteomics

Fundamental to the treatment of prostate cancer
is the action of antiandrogens on the androgen
receptor. Investigation of hormone-resistant
prostate cancer has demonstrated that in the
majority of cases, the androgen signaling growth
pathway is intact in these cells and either is
responding to nonclassical ligands, such as the
antiandrogens themselves, or the receptor is
massively upregulated, resulting in massive
oversensitivity to the ligand [17,18]. As well as
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these mechanisms, failure of these treatments
may be due to alteration in the balance of the
regulatory cofactors required by the receptor to
carry out its function.Very little proteomic work
has been done directly involving the androgen
receptor itself. Early studies showed the presence
of three isoforms of the receptor [3]. It is known
that different phosphoisoforms of the receptor
do exist [19] and that they have some functional
significance.

It is possible that using modification-specific
antibodies, for example, antiphospho- or acetyl
group antibodies, the function of androgen
receptor modifications may be dissected. It is
also possible that certain isoforms may correlate
with androgen insensitivity in prostate cancer
and may therefore present possible roads to
therapeutic stimulation or blocking of certain
modification events.

Functional Proteomics

Functional proteomics implies an additional
level of information to that of standard pro-
teomics, in that function of related proteins is
being investigated. Most commonly, this involves
immunoprecipitation of protein complexes fol-
lowed by 2DGE or electrospray mass spectrom-
etry, which could be carried out with molecules
such as hormone receptors or transcription and
translation machinery. By immunoprecipitating
the molecule of interest, say a hormone receptor,
in addition to providing a catalogue of proteins
normally associated with the receptor, this
method allows the identification of proteins
associated with the receptor in cancer cells, such
as cofactors involved in gene transcription or
gene repression. It is possible that such mole-
cules themselves may also be potential targets
for therapy. The technique has so far been used
with other protein complexes such as the pro-
teosome [20] and the chaperonin GroEL [21],
and therefore should be capable of dissecting
complexes based around molecules such as the
androgen receptor, possibly giving information
on other molecules known to be involved in
prostate cancer formation.

New Diagnostic Markers
The holy grail of prostate cancer research is
probably the discovery of new diagnostic
markers. There are currently several markers

available for diagnostic purposes in prostate
cancer [22], although mostly these are used in
immunohistochemical grading of cancer, with
an aim to indicating the grade, and possible
aggressiveness of the cancer. Various secreted
proteins are also known, and have even proved
useful in the clinic, such as prostate-specific
antigen (PSA). It is likely, given these examples,
that other, more accurate markers of disease
presence, stage, and prognosis exist, which may
be detected using proteomic techniques. An
organ with a very specific function such as the
prostate produces a large number of proteins,
enzymes, and possibly cell surface markers that
are produced only by that organ, and therefore
have the potential to indicate the aberrant
growth or function of that organ and the cells
that form it. Proteomic investigation of the
prostate could therefore yield any number of
markers that may indicate various stages of neo-
plasia, as the specific function of that organ and
the cells that form it become deregulated.

Cell Surface Markers

Cell surface markers of prostate cancer may have
greater potential for therapy development than
differentiated proteins found within the cells. It
is possible that by linking molecules to the anti-
bodies for cell surface markers, the antibody
may be used as a delivery system for a drug or
molecule that would specifically attack the
prostate cancer cells expressing that cell surface
marker. Experiments aimed at discovering these
markers come up against one of the major draw-
backs with 2DGE technology, which is the poor
representation of membrane proteins in 2D gels.
By definition, these proteins tend to be largely
hydrophobic and therefore poorly soluble in a
water-based buffer systems.As a result, it is often
difficult to make cell preparations that ade-
quately represent the membrane-bound fraction
of the proteome. Technical studies have found
ways to enhance their representation (see Molloy
[23] for a review), so the possibility of such
future experiments yielding useful data is now
more likely.

The study of glycoproteins in disease is
becoming more popular, due to advances in
mass spectrometry capabilities. The modifi-
cation of cell-surface proteins with glycans,
resulting in recognizable cell–cell interaction
motifs, appears to change with disease state in
many cases. It is therefore possible that cell
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surface glycoproteins in prostate cancer may 
be different from those in the normal state.
Currently the best way to detect such changes 
is by direct mass spectrometry analysis, though
detection with digoxigenin conjugation or Schiff
staining and 2DGE is also possible. Given that
this group may include internal proteins,
externally expressed cell surface markers,
and excreted proteins, it is highly likely that the
glycoprotein component of the proteome will
reveal potential targets, either for delivery of
drugs where a specific cancer marker is found
or by exposing hitherto unknown biological
processes involved in the formation of prostate
cancer.

Serum Markers for Prostate Cancer

The discovery and development of PSA in the
1980s revolutionized the diagnosis of prostate
cancer. The marker, which is simple to detect,
easy to access, and relatively noninvasive for the
patient, is an ideal find. It is now firmly estab-
lished that PSA is one of the most reliable cancer
markers currently in use. It is also true, however,
that there are a very high number of false-
positive and false-negative diagnoses obtained
via PSA testing, and for this reason the use of
PSA as a screening test in the United Kingdom
has always been avoided. It is worthy of note,
however, that its application in the United States
has led to an increased number of diagnoses and
arguably a drop in mortality. This demonstrates
the value of such screening regimes in saving
lives. It therefore follows that an accurate and
informative blood test for prostate cancer would
be invaluable in the clinics, allowing early diag-
nosis and possibly even informing the type of
treatment required for each patient.

In attempting to discover such a marker,
several groups have used proteomics to charac-
terize the serum of men with prostate cancer.
One such study concentrated on PSA itself,
which, when subjected to 2DGE analysis, was
seen to have several isoforms, based on differing
charge and molecular weight [24]. The ratio of
standard weight PSA to the smaller isoform
detected was found to discriminate between
prostate cancer and BPH sera, possibly due to
protease activity in the BPH samples. Despite
this, the study does not appear to have translated
to the clinics, perhaps due to the relative
difficulty in routinely carrying out 2DGE analy-
sis, compared to standard PSA testing.

The very existence of the PSA hints at the pos-
sibility that better markers remain to be discov-
ered. Several limitations affect this type of study,
however. The vast majority of the protein “space”
in the serum of a patient is taken up by very few,
highly abundant proteins such as albumen and
immunoglobulins. The presence of such highly
abundant species has two effects on the results
of 2DGE experiments. First, it means that out of
any sample loaded, if, say, >80% of the sample is
taken up with a few proteins there is very little
loading space on a gel for less abundant and 
possibly more significant proteins. Second, the
presence of a highly abundant protein will cause
problems with the separation of the other pro-
teins, in that the proteins will not focus on an
IPG strip and will run aberrantly on the 2D gel.
It is therefore necessary to remove such proteins
before running the 2D gels, or to avoid this tech-
nology altogether. In either method, employing
a technique for the removal of high-abundance
proteins will enrich the presence of less abun-
dant proteins, although there is some danger 
of accidentally also removing less abundant 
proteins that may be of interest. Incubation of
samples with antibodies attached to a column 
or Sepharose beads in solution can allow the
removal of several species of proteins in one
step. Once cleared of these proteins, the resultant
serum may be subjected to 2DGE or some other
technique such as SELDI.

Several serum-based studies have already
been carried out and have yielded encourag-
ing results. For example, there has been the
recent discovery of a protein NMP48 [25],
with sequence similarity to vitamin D–binding
protein, which was present in the serum of
patients with prostate cancer or PIN, but not in
patients with BPH or no prostate disease. It was
found that the marker could accurately diagnose
between 70% and 96% of samples. Meanwhile
Lehrer et al. [26] used SELDI to isolate three low
molecular weight (15.2 to 17.5 kd) proteins that
were present in BPH and cancer sera, but not in
normal patients, with a protein at 15.9 kd being
present in nine of 11 cancer sera but none of the
BPH sera. Interestingly, a protein of 17.5 kd was
present in higher amounts in stage T1 cancer
than in stage T2 cancer, indicating that markers
may exist for a range of cancer stages, and that a
panel of these markers may allow diagnosis of
cancer stage.

Even with the detection of a small tumor, the
treatment required is not always apparent, and
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given that many men die with prostate cancer
but not of it, it would be of clinical benefit to be
able to distinguish which cancers are likely to be
aggressive from those that will remain latent.
Out of those that have already spread, to be able
to determine which are likely to relapse rapidly
following hormone treatment could be of
clinical value. Whether some of the markers 
discovered for detection of cancer will also allow
diagnosis to be made regarding aggressiveness
or invasiveness of that cancer is not clear. It is
more likely that another set of markers would be
required to make those distinctions. Further-
more, it may not be a single marker that denotes
any of these factors, but combined alterations, a
“signature,” which could perhaps be detected by
mass spectrometry. Yasui et al. [27] used SELDI
to generate signature profiles for prostate cancer,
BPH, and normal sera, which worked well in 
differentiating between normal and diseased
prostate, but did not clearly distinguish between
cancer and BPH when the profiles were used 
to diagnose test samples. Other studies have
obtained similar or better results [28,29], though
some have been criticized for not identifying the
proteins responsible for the signature [30], the
suggestion being that some of the proteins in 
the fingerprint may be produced by the invaded
tissues surrounding the cancer and that tests
developed from the study may be confounded 
by other similar responses such as the immune
response. It can still be argued that in such
studies, the identities of the distinguishing pro-
teins become irrelevant to the test, as it is the
combined variables that make up the fingerprint.
If this pattern can be easily distinguished in an
inexpensive and rapid clinical test, then the aim
of the research has been achieved. Subsequent
identification is recommended, however, as the
proteins involved in producing the fingerprint
signature for cancer may themselves be potential
targets for therapy. Some proteins may be purely
of diagnostic value, such as PSA, but others may
be related to cell–cell signaling and therefore
growth and metastasis.

Summary
If the major areas of prostate cancer research
needing further development are discovering
new targets for therapy, a better understanding
of prostate cancer development, and discovery of

new markers for more accurate diagnosis of
prostate disease, then proteomic studies can con-
tribute hugely to these areas. The relevance of
protein rather than DNA and RNA information
to such studies is that protein activity is the
machinery of cell action; therefore, changes in
protein profiles in cancer can be used on many
levels, to detect, to understand, and finally to
treat the cancer.
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Prostate cancer has recently become the most
commonly diagnosed male malignancy in
industrialized countries and the second leading
cause of cancer-related mortality in men. Over
the last 30 years death rates from prostate cancer
have more than doubled in England and Wales
[1]. It is argued that disease confined to the
prostate can be successfully treated by radiation
or surgery, with adjuvant hormonal therapy.
However, up to half of men with clinically local-
ized disease are not cured by these approaches
[2]. In the United Kingdom over 60% of
men with prostate cancer have either locally
advanced or metastatic disease at presentation
and are incurable. These patients are treated by
androgen ablation, but the efficacy of this
approach is limited by the development of
hormone-refractory disease. Although chemo-
therapy can have a role to play in patients with
advanced prostate cancer, response rates are
modest and the survival benefit marginal. There
is thus clearly a need for novel therapies to
improve current prospects for survival.

Significant advances have been made in gene
therapy over recent years as a result of develop-
ments in molecular and cell biology. These
include the improvement of both viral and 
nonviral gene delivery systems, the discovery of
new therapeutic genes, better understanding 
of mechanisms of disease progression, and the
emergence of better prodrug systems.

Prostate cancer displays several features that
make it a good candidate for gene therapy. First,
the primary tumor site is easy to access and

image. Thus, treatments can be readily and 
accurately injected into the tumor, assisted for
example by transrectal ultrasonography. Second,
although many prostate cancer–associated
target molecules are also expressed on normal
prostate tissue, because the prostate is not a vital
organ, any damage to adjacent normal prostate
tissue would not be a contraindication to initiat-
ing treatment.

Delivery Systems 
for Gene Therapy
Gene therapy for cancer currently necessitates
the transfer of recombinant DNA into human
cells in order to achieve an antitumor effect,
and efficient gene transfer requires the use of
a vector. All vectors contain at a minimum the
transgene of interest linked to a promoter to
drive its expression. The ideal vector should 
be specific to the target cell and deliver DNA
efficiently into cells. It should be nontoxic to 
the patient and environment, nonimmunogenic,
nonmutagenic, and ideally produced cheaply at
high concentrations. There are an increasing
number of vectors and delivery methods avail-
able for gene transfer. Factors that may deter-
mine which vector is most ideal for a particular
study include maximal transgene size permissi-
ble, tendency to provoke inflammatory/immune
responses, persistence of gene transfer, the
ability to deliver the transgene to nondividing
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cells, target cell specificity, and transduction
efficiency.

Viral Delivery Systems

Viral vectors are used in the vast majority of
gene therapy trials owing to their relatively high
gene transfer efficiency. They may be either RNA
or DNA virus based. The DNA viruses include
adenovirus, vaccinia, and herpes simplex
viruses. The RNA viruses include retroviruses
and lentiviruses. To improve their safety, viral
vectors may be designed to be replication-
deficient, with no further virus particles 
generated following infection of the target 
cells. Alternatively, they may be replication-
competent or replication-attenuated, in which
case viral replication can occur in permissive
cells.

Retroviruses

Because of their stable integration into the
target cell genome and transmission to the
progeny of the transduced parent cell, retroviral
vectors can potentially lead to sustained trans-
gene expression. However, retroviral entry into
the cell nucleus is cell-division–dependent,
which may be a significant problem when con-
sidering the treatment of cancers with low
mitotic rates, such as prostate cancer. Other lim-
itations include relatively low transduction rates
in vivo, the rapid inactivation of retroviruses by
human complement, as well as the potential to
induce insertional mutagenesis and secondary
malignancies.

Lentiviruses

Lentiviruses, such as the human immuno-
deficiency virus, are a subfamily of retroviruses
that are able to integrate into nondividing 
cells. Lentivirus vectors are also able to sustain
prolonged transgene expression. Safety con-
cerns, however, including the risk of insertional
mutagenesis, have limited the use of these
vectors.

Adenoviruses and Adeno-Associated
Vectors

Adenovirus vectors are the most common viral
vehicles used for prostate cancer gene therapy 
in human clinical trials. This is because of the

advantages of efficient transduction and easy
manipulation in vitro. It is also relatively
straightforward to produce high titers of
purified virus. Moreover, adenoviruses infect
both dividing and nondividing cells, and their
DNA is not incorporated into the host genome,
minimizing concerns about insertional mutage-
nesis. The major disadvantages are the transient
expression of its DNA insert and the immune
responses generated in response to the vector.
A major consequence of the antiadenovirus
immune response is a marked reduction of
transgene expression following multiple dosing,
which appears to result mainly from stimulation
of neutralizing antibody responses, although
adenovirus-specific cytotoxic T lymphocytes
(CTLs) have been detected. In addition to
specific antiadenovirus transgene–directed
immune responses, nonspecific inflammation
can also significantly reduce transgene expres-
sion. It has been possible to increase the dura-
tion of adenovirus gene expression through the
use of CTL blocking agents [3] or immunosup-
pressive drugs [4].

Safety, however, is still an issue with systemic
use of adenovirus vectors because this has been
associated with acute liver injury, resulting 
from the release of cytokines, in several mouse
models. However, low doses of modified E1-
deleted viruses can be used with minimal 
toxicity even in animals with damaged livers,
although in some cases a lower level of trans-
gene expression was seen [5]. It is still to be
determined exactly how much these mouse
models truly reflect the possible toxicities in
humans.

New adenoviral vectors have been developed
that have no adenoviral genes within their
genome but retain sequences essential for 
replication and packaging of the genome. These
“gutless” vectors can carry very large DNA
inserts of up to 35 kilobase (kb), compared with
8 kb in the former adenoviral vectors, and do not
express viral proteins, which has the additional
advantage of limiting the host immune
response.

The adeno-associated virus vector is replica-
tion-deficient and is unique in that it requires
co-infection with another adenovirus for pro-
ductive infection in cell cultures. Though adeno-
associated viruses may infect nondividing cells
and elicit little immune response, they have lost
their ability to integrate specifically into the
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target cell genome, raising concerns of potential
insertional mutagenesis.

Vaccinia and Herpes Viruses

The vaccinia virus, a member of the pox virus
family, is naturally cytopathic but can be engi-
neered to a noncytopathic form that retains its
infectious activity. It has several characteristics
that offer a potential advantage for gene therapy.
Vaccinia has a large genome of 186 kb, allowing
the incorporation of a large transgene insert, and
it replicates DNA and transcribes RNA in the
cytoplasm without being transported to the cell
nucleus, thus avoiding any potential insertional
mutagenesis. Disadvantages include systemic
toxicity, high immunogenicity, and only tran-
sient transgene expression.Vaccinia virus–based
vectors have been used mainly for the delivery of
antigens to tumors to elicit host cell immune
responses as a means of targeting the cancer
cells for immune-based destruction.

The main advantages of herpes viruses are
their large insert size of 35 kb and their ability to
infect dividing and nondividing cells. However,
they are limited by their potential pathogenicity,
poor transduction efficiency, and transient gene
expression.

Nonviral Delivery Systems

Nonviral gene transfer systems include chemical
methods, such as the use of liposomes, and phys-
ical methods, such as microinjection electropo-
ration. Liposomes are relatively cheap, nontoxic,
nonimmunogenic lipids, and can be used for
DNA coating to protect DNA from degradation
until it reaches the target cell. The lipid envelope
fuses with the target cell membrane, and the
gene is delivered directly to the cytoplasm.
However, the low efficiency of transgene delivery
is the main limiting step. On the other hand, the
safety of this technique has been verified in a
phase I study in which liposomes containing the
interleukin-2 (IL-2) gene were injected into the
prostates of patients with advanced prostate
cancer [6].

Hybrid vectors, combining viral and synthetic
approaches, have been devised to overcome
their respective limitations. Adenovirus-
liposome complexes have resulted in a 1000-
fold increase in gene transfer efficiency relative
to naked plasmid. Transgenes of up to 48 kb 

have been successfully transferred using this
technique [7].

The most basic form of delivery strategy is to
deliver the plasmid directly to the desired site,
i.e., the tumor. Although this method is cheap
and can be simple to perform, the cellular uptake
of the plasmid DNA/RNA and expression 
of the transgene occur with low efficiency.
Furthermore, DNA that is internalized into the
cell is susceptible to endonuclease activity, thus
limiting the duration of transgene expression.
However, because no immune responses are
generated with this system, research is ongoing
to try and bypass the present limitations.

Gene Therapy Strategies 
in Prostate Cancer
There are currently four main approaches to
prostate cancer gene therapy: the replacement 
of deficient tumor-suppressor genes with genes
that enhance apoptosis, the introduction of an
effector gene that can stimulate the host’s
immune response by activating tumor-specific
CTLs, suicide gene therapies involving transfec-
tion of tumor cells with a gene that produces an
enzyme that converts a prodrug into a toxic
agent, and the use of oncolytic viruses.

Enhancing Apoptosis

Mutations in the tumor-suppressor gene p53 are
observed in 25 to 75% of prostate cancers, more
commonly in advanced tumors [8]. The ability 
of overexpressed p53 to inhibit the growth of
primary cultures derived from radical prostate-
ctomy specimens has been demonstrated, even
when the p53 status is normal [9]. The further
potential therapeutic efficacy of II p53 gene
delivery has been suggested by the observation
that prostate cancer cell lines infected with wild-
type p53 adenovirus were not tumorigenic [10].
Furthermore, when recombinant adenoviruses
encoding p53 were injected intratumorally (IT)
into established PC-3 tumors in vivo, a delay in
tumor growth was seen [11]. Similar results 
were seen when the gene for p21, a critical 
downstream mediator of p53-induced growth
suppression, was introduced using a recombi-
nant adenoviral vector. In vivo studies in mice
with established subcutaneous prostate tumors
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revealed a decreased rate of growth and final
tumor volume. In addition, the survival of
tumor-bearing animals was extended [12]. The
therapeutic effects of p53 gene delivery are likely
to be due to enhancement of apoptosis as well as
other “bystander” mechanisms such as antian-
giogenesis. Clinical trials using replication-
deficient adenoviral vectors encoding p53
directly injected into the prostate gland under
ultrasonic or magnetic resonance imaging are
underway.

A study has also demonstrated growth 
inhibition of prostate cancer by an adenovirus
expressing a “novel” tumor-suppressor gene,
pHyde [13]. In vitro introduction of this recom-
binant vector led to a decrease in growth of the
human prostate cancer cell lines DU145 and
LNCaP in culture. In vivo injection of the virus
reduced DU145 tumors in nude mice compared
with untreated control or viral control–treated
DU145 tumors. Introduction of the pHyde 
gene resulted in apoptosis and stimulated p53
expression.

Oncogenes that may be activated in prostate
cancer include c-myc, bcl-2, c-met, and ras.
Disruption of c-myc overexpression using 
antisense c-myc transduced by a replication-
deficient retrovirus led to a 95% reduction in the
tumor volume of DU145 prostate cancer cell
xenografts [14]. The bcl-2 gene is overexpressed
in androgen-independent prostate cancer [15].A
hammerhead ribozyme designed to disrupt bcl-
2 expression in LNCaP prostate cancer cells has
been shown to have proapoptotic activity [16].

It has been shown that proteolytic activation
of caspase-7 is a common event in LNCaP cells
undergoing apoptosis [17]. The overexpression
of caspase-7 induced by transfection of LNCaP
cells with an adenoviral vector expressing the
gene resulted in apoptosis of these cells after 72
hours. It was possible to induce apoptosis despite
the overexpression of the apoptosis suppressor
gene bcl-2.

Godbey and Atala [18] were also able to
induce apoptosis in targeted prostate cancer
cells. In this study the polycation poly(ethylen-
imine) was used to nonvirally introduce the
genes into the target cells. The plasmid intro-
duced was under the control of the cyclooxyge-
nase-2 (COX-2) promoter because constitutive
COX-2 overexpression has been implicated in
tumorigenesis. Thus, coculture of normal cells
and COX-2 overexpressing prostate cancer cells

(PC3) revealed a higher reporter expression in
the cancer cells. This targeting method was then
used to direct the expression of inducible forms
of caspases 3 and 9 following which the cells
underwent apoptosis. Thus, in this particular
study, the heightened COX-2 expression levels of
the cancer cells were used for guidance of gene
expression in transfected cells.

Enhancing Immunological 
Responses

Prostate cancer has several factors that make it a
good candidate for adoptive immunotherapy.
Although prostate cancer is a visceral tumor, the
primary tumor site is relatively easy to access
and image. Effector immune cells can be readily
and accurately injected directly into the tumor
assisted by transrectal ultrasonography. In addi-
tion, prostate cancer expresses a number of
unique tumor and tissue markers including
prostate-specific antigen (PSA), prostate-specific
membrane antigen (PSMA), and members of the
ErbB gene family. These markers not only can
serve for screening and monitoring of prostate
cancer, but also those markers expressed on the
cell surface may provide useful targets for active
and passive immunotherapy. Finally, although
many of these prostate cancer–associated anti-
gens are also expressed on normal prostate
tissue, the prostate is not a vital organ and thus
any damage to neighboring cells can be accepted
as a consequence of treatment.

However, active immunization against
prostate cancer may be of limited efficacy
because in many cases the tumor cells are of low
immunogenicity. Defects in major histocompat-
ibility complex (MHC) class I expression are
observed in 85% of primary and 100% of
metastatic tumors [19], suggesting that evasion
of MHC class I tumor-associated antigens is
important in tumor development.

One method of generating an immune
response despite downregulation of MHC class I
is the use of lymphocytes possessing chimeric
receptors. Pinthus et al. [20] have used “chimeric-
immune receptors” that possess antibody-like
specificity linked to T cell triggering domains in
order to redirect immune effector cells toward
tumors. This approach combines the effector
functions of T cells with the ability of antibod-
ies to recognize a presented antigen with high
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specificity and without MHC restriction. Using
this approach, anti-erbB2 chimeric receptors
were introduced into human lymphocytes and
tested against human prostate cancer xenografts
in a severe combined immunodeficiency disease
(SCID) mouse model. Local delivery of erbB2-
specific chimeric receptor-bearing lymphocytes,
together with systemic IL-2 administration,
resulted in retardation of both tumor growth
and PSA secretion, prolongation of survival, and
complete tumor elimination in a significant
number of mice.

Antitumor responses can also be enhanced by
presenting tumor antigens in the context of high
levels of transduced cytokines. Granulocyte-
macrophage colony-stimulating factor (GM-
CSF) has emerged as a cytokine with significant
efficacy in the induction of an antitumor
immune response [21]. GM-CSF may be trans-
duced into autologous or allogeneic tumor cells
ex vivo using a viral vector. The transduced
tumor cells are then irradiated both to minimize
malignant potential and to improve immuno-
genicity. The cells are then reintroduced 
by vaccination into the patient. Tumor cell
vaccine-expressed GM-CSF may activate quies-
cent antigen-presenting cells, which then present
processed antigen to both CD4 (helper) and CD8
(cytotoxic) T cells, activating a systemic antitu-
mor immune response. A phase I trial of eight
immunocompetent patients treated with autolo-
gous GM-CSF vaccine prepared from ex vivo
retroviral transduction of surgically harvested
cells showed that the technique was safe and that
antitumor immune responses were inducible
[22]. Phase II studies have commenced with GM-
CSF generated allogeneic vaccines. Preliminary
analysis of the initial trial approved to use direct
transrectal prostatic gene therapy injection has
suggested that this approach is safe [23].

Studies employing other cytokine genes such
as IL-2 are also underway. In a phase II trial
intratumoral injection of a plasmid coding for
IL-2 formulated in a liposomal, cationic lipid
mixture vehicle led to decreases in serum PSA
levels at 2 weeks postinjection in 80% of the
patients, with no grade 3 or 4 toxicity reported
[24].

Another vaccine strategy is the DNA vaccine.
In this approach, an expression cassette contain-
ing the transgene against which an immune
response is desired, is injected directly into host
cells. The expression of the transfected gene in

vivo then promotes immune responses. DNA
vaccines are easier to prepare than peptide- or
viral-based vaccines and are safe, as they are
nonreplicating. Efficacy can be improved by
fusion of the desired transgene with the
sequence for a pathogen-derived gene to elicit 
a stronger immune response. The preclinical
testing of a PSA-based DNA vaccine in mice
resulted in a strong humoral immune response
against PSA-positive tumors [25].

The major drawback with the strategy of
cytoreductive immunotherapy is the limited
tumor burden the immune system can eliminate,
and thus applicability may be limited to low bulk
disease.Also, the harvesting and culture of autol-
ogous or allogeneic tumor or immune cells for
ex vivo gene therapy is costly and challenging
technically.

Suicide Gene Therapy

Suicide gene therapy involves the conversion of
an inactive prodrug into toxic metabolites that
can lead to cell cycle arrest and death. Active
drug is limited spatially to the transduced cells
and adjacent surrounding cells, facilitating
higher drug concentrations without increased
normal tissue toxicity. Bystander mechanisms
markedly enhance efficacy of tumor destruction
such that tumors can be eradicated following
transduction of only 10% of neoplastic cells 
with suicide genes. Activation of ganciclovir by
herpes simplex virus thymidine kinase (HSV-tk)
has been the most widely investigated system.
Other enzyme-prodrug systems that generate
antimetabolites as the cytotoxic agent include
cytosine deaminase/5-fluorocytosine and deoxy-
cytidine kinase/cytosine arabinoside. Enzyme-
prodrug systems that generate alkylating 
agents have also been described including
Escherichia coli (E. coli) nitroreductase/CB1954,
carboxypeptidase/CMDA, and cytochrome P-
450/cyclophosphamide. In addition, there are
examples of enzyme-prodrug systems that gen-
erate toxic agents that kill by mechanisms not
involving DNA damage such as cytochrome P-
450/paracetamol. As stated earlier, importantly,
all of these systems can kill bystander cells, elim-
inating the need for 100% gene delivery.

The HSV-tk system is characterized by the
highly effective phosphorylation of ganciclovir.
The toxic product of this process cannot cross
cell membranes, allowing it to accumulate within
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the cell. Incorporation into newly synthesized
DNA causes termination of synthesis and cell
death. Marked tumor growth inhibition and sup-
pression of spontaneous and induced metastases
have been demonstrated after injection of the
vector containing the HSV-tk gene directly into
prostate tumors with subsequent treatment with
ganciclovir in the orthotopic mouse model [26].
A phase I clinical trial has now been carried 
out in patients with recurrent prostate cancer
using a replication-deficient adenovirus vector
containing the thymidine kinase gene injected
directly into the prostate followed by intravenous
ganciclovir [27]. A statistically significant pro-
longation of the PSA doubling time from a mean
of 9.8 months to 13.3 months was achieved after
the first cycle of gene therapy. Grade 4 toxicity
was encountered after the vector injection in
only one of 18 patients. Even after repeated injec-
tions, side effects were generally mild and self-
limiting. An additive response was observed in
patients receiving a second cycle of gene therapy
with further prolongation of the mean PSA dou-
bling time.

The cytosine deaminase (CD) gene isolated
from E. coli encodes for an enzyme that is not
normally present in mammalian cells that trans-
forms cytosine to uracil. This enzyme converts
5-fluorocystine to 5-fluorouracil, which inhibits
RNA and DNA synthesis. Preclinical studies have
shown greater efficacy in killing tumor cells
compared with the herpes simplex thymidine
kinase/ganciclovir system [28]. Clinical studies
are now being initiated.

The E. coli nitroreductase/CB1954 combina-
tion is also an attractive candidate for clinical
evaluation because it generates a potent DNA
cross-linking agent that can kill both dividing
and nondividing cells by induction of apoptosis
via a p53-independent mechanism. Further-
more, the efficacy that has been demonstrated 
in xenograft models required only three cycles
of prodrug administration. Djeha et al. [29]
injected a replication-deficient adenovirus
expressing high levels of nitroreductase intratu-
morally and combined this with systemic
CB1954 treatment. They found that a single
injection of the virus (7.5 ¥ 109 to 2 ¥ 1010 parti-
cles) followed by CB1954 resulted in a decrease
in tumor growth of human prostate cancer
xenografts (PC3 cell line) in nude mice.

Several trials are currently taking place
looking at the potential of combining radiother-

apy with gene therapy treatments. Chhikara et al.
[30] treated subcutaneous murine prostate
tumors with an intratumoral injection of an ade-
novirus expressing the HSV-tk gene followed by
systemic ganciclovir or local radiation therapy
or the combination of gene and radiotherapy.
Both single-therapy modalities resulted in a 
38% decrease in tumor growth compared to
untreated controls, but the combined treatment
resulted in a decrease of 61%. Preliminary data
suggest that this approach is also safe in humans.
Teh et al. [31] have treated men with newly 
diagnosed prostate cancer with a combination 
of radiotherapy, in situ gene therapy consisting
of an adenovirus expressing the thymidine
kinase gene, together with valacyclovir, and in
high-risk patients hormonal therapy. At a
median follow up of 5 months, the acute toxici-
ties were limited, with no patient experiencing a
grade 3 or greater acute toxicity. More recently at
a median follow-up of 22.3 months, no grade 3
or greater late toxicity was seen [32]. Further
trials assessing the efficacy of this treatment are
taking place.

To further increase the effectiveness of suicide
gene therapy, several groups have developed
approaches to deliver both the cytosine deami-
nase and HSV-tk genes and treat with both 5-
fluorocystine and ganciclovir. Freytag et al. [33]
have developed a lytic replication-competent
adenoviral vector encoding an HSV-tk–CD
fusion protein and used it for the treatment of
patients with a local recurrence of prostate
cancer at least 1 year after the completion of
definitive radiotherapy treatment. The virus was
injected intratumorally into 16 patients, followed
by systemic treatment with ganciclovir and 5-
fluorocystine. The treatment was well tolerated
with a reduction in PSA in nearly 50% of
patients. Furthermore, two patients showed a
lack of detectable carcinoma at their 1 year
follow-up biopsies. Freytag et al. [34] have also
used the same gene therapy in combination 
with radiotherapy for the treatment of patients
with newly diagnosed intermediate- to high-
risk prostate cancer. The authors reported no
significant side effects, and acute urinary and
gastrointestinal toxicities were similar to those
expected with the radiotherapy treatment. Also
as expected, because all the patients received
radiotherapy, all patients experienced a decline
in their PSA levels. However, the mean PSA 
half-life in patients given more than 1 week of
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prodrug therapy was significantly shorter than
that of patients receiving prodrugs for only 1
week and markedly shorter than that reported
previously for patients treated with radiotherapy
alone.

Oncolytic Viruses

Viruses alone can infect and kill tumor cells
without the insertion of a cytotoxic transgene.
Certain viruses, including adenoviruses and
HSV, have as part of their normal life cycle a lytic
phase that is lethal to the host cell.

The use of oncolytic HSV for the treatment of
cancer has progressed to phase I clinical trials,
although this is for the treatment of gliomas.
G207 is a replication-competent HSV that is
mutated so that viral propagation is confined 
to tumor cells and to limit neurovirulence.
Although G207 is mainly being assessed clini-
cally for the treatment of gliomas, with regard to
prostate cancer G207 was capable of conferring
cytotoxicity to several prostate tumor cell lines
and either growth retardation or tumor eradica-
tion of mouse xenografts [35].

The cytotoxic application of adenoviruses has
also been investigated. Several prostate-specific
constructs have been developed and tested in
vitro as well as in humans. CG7060 (previously
known as CN706 and CV706) expresses the E1A
gene (a viral gene product that promotes viral
replication and induces cell death) under the
control of a PSA minimal promoter enhancer.
This construct showed potent PSA-selective
cytotoxic activity in preclinical testing [36], and
a phase I trial has been carried out [37]. A total
of 20 patients with locally recurrent prostate
cancer following radiotherapy were treated. The
study revealed that intratumoral injection of the
construct was safe, and it led to a decrease in PSA
in a dose-responsive manner. Additional studies
have demonstrated that combination treatment
of CG7060 and radiation leads to synergistic
prostate tumor cytotoxicity [38].

Conclusion
The main limiting factors for the development of
an effective gene therapy are efficiency of gene
transfer, selectivity of tumor targeting, and the
immunogenic properties of the vectors as well 
as general safety considerations. The findings of

the early clinical trials of gene therapy have 
been promising, and results of several ongoing
clinical trials are awaited. More recent trials 
have focused on combining gene therapy with
conventional hormonal, chemotherapeutic, and
radiation strategies in an attempt to overcome
such problems as cellular heterogeneity and
tumor resistance.

The expanding field of genomics provides an
exciting new resource for the design of prostate-
specific gene therapy strategies. The obstacles to
the development of gene-based human thera-
peutics are significant but the rewards are great.
Recent developments in molecular biology and
virus delivery together with the ability to indi-
vidualize molecular profiles point to a promising
future for gene therapy for prostate cancer.
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Part II
Bladder Cancer



Knowledge of the molecular biology of bladder
cancer has advanced dramatically in recent
years. Much information concerns common
genetic alterations, but there is also information
on global changes in gene expression. Almost all
comes from studies of transitional cell carci-
noma (TCC), the major histopathological type of
bladder cancer in Western countries, and only
these tumors are discussed here.

There is now a well-defined model for the
molecular pathogenesis of TCC that is compatible
with clinical observations. There is also an exten-
sive repertoire of genes and genomic regions that
are altered in TCC and ongoing studies are ana-
lyzing the functional consequences of the alter-
ations seen. Impetus for such studies is generated
by the hypothesis that tumor phenotype is deter-
mined largely by genotype. The predicted rewards
of these efforts are the identification of markers
for diagnosis, disease monitoring prediction of
prognosis and response to therapy, and of targets
for rational drug design. This chapter summarizes
our current knowledge of the molecular biology 
of transitional cell carcinoma and gives some 
examples of the potential clinical utility of this
information.

Pathogenesis of 
Bladder Cancer
Bladder tumors comprise two major groups. The
majority of tumors at presentation (70% to 80%)
are low grade, non muscle-invasive (pTa/T1),

papillary tumors [1]. Carcinoma in situ (CIS) is
by definition noninvasive, but it is considered a
high-risk lesion, more appropriately grouped
with the invasive tumors. Low-grade superficial
TCC frequently recurs (~70%) but often with no
increase in grade or progression to muscle inva-
sion. Patients may have multiple recurrences
over many years but only 10% to 20% progress
to invade muscle. In contrast, the 20% of tumors
that are invasive at diagnosis have a much poorer
prognosis with a 50% 5-year survival for pT2
tumors [2]. Like the muscle invasive tumors, CIS
has a poor prognosis [3].

Multifocality and frequent recurrence is char-
acteristic of urothelial tumors. The macroscopi-
cally “normal” urothelium in many cases shows
areas of microscopic dysplasia [4], so that it is
easy to envisage how new lesions develop after
resection of the primary tumor. There has been
much discussion over the clonality of bladder
tumors. One possibility is that the entire urothe-
lium is unstable and many different clones of
altered cells are present that give rise to poly-
clonal tumors, the so-called field effect. In fact,
there is little evidence for this, and most studies
have found only monoclonal tumors. The pres-
ence of shared genetic changes in all tumors
resected from individual patients suggests that
these are related lesions that have evolved from
a single altered cell clone. Divergence between
the genetic changes found in such related tumors
has been used to determine the likely timing of
events. Nevertheless, there are some examples of
more than one unrelated monoclonal tumor in
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the same bladder, and this is not surprising,
given the association of TCC risk with smoking
and the pan-urothelial carcinogenic insult asso-
ciated with it [reviewed in ref. 5].

Molecular Alterations in
Superficial Transitional 
Cell Carcinoma
Bladder cancer is commonly categorized as
superficial or invasive, depending on the degree
of invasion of the submucosa and the muscle
wall of the bladder. In light of current genetic
data, this subdivision appears inappropriate, and
the current thinking is that low-grade superficial
papillary tumors (pTa G1/2) should be consid-
ered as distinct from those tumors that have
penetrated the basement membrane and invade
the submucosa (pT1) and from the high-grade

lesion CIS, all of which have been grouped
together in the past. These latter are high-risk
lesions that commonly progress to invade
muscle [6]. High-grade Ta tumors (pTaG3) are
also at increased risk of progression to invasion,
and this is reflected in a spectrum of molecular
changes and genetic instability similar to that
seen in T2 tumors. A grouping into genetically
stable (low-grade pTa) and genetically unstable
superficial tumors is therefore recommended.

Low-grade (G1-2) pTa tumors show few
molecular alterations. Despite efforts from many
laboratories that have examined hundreds of
such tumors, only two common alterations are
found: deletions involving chromosome 9 and
mutations of the FGF receptor 3 (FGFR3) (Table
12.1). Three major approaches have been used 
to search for genomic alterations: karyotypic
analysis, loss of heterozygosity (LOH) analysis,
and comparative genomic hybridization (CGH).

Karyotypic analysis has revealed that such
tumors are often near diploid, and loss of chro-

Table 12.1. Genetic alterations of known genes in transitional cell carcinoma

Gene (cytogenetic
location) Alteration Frequency/clinical association

Oncogenes
HRAS (11p15) Activating mutation 10–15% overall (high grade) [127–129]
FGFR3 (4p16) Activating mutation 30–80% [42, 47]
ERBB2 (17q) Amplification/overexpression Amplified 10–14% high grade/stage [73,74,130]
CCND1(11q13) Amplification/overexpression 10–20% all grades and stages [131,132]
MDM2 (12q13) Amplification/overexpression 4% amplification, high grade

~30% overexpression, low grade [76,133]
Tumor-suppressor genes

CDKN2A (Hal) Homozygous deletion/ 20–30% high grade/stage [24,25,134]
(9p21) methylation/mutation LOH 60% all grades/stages, immortalization 

in vitro [135]
RB1 (13q14) Deletion/mutation 10–15% overall [95–97]

37% muscle invasive
TP53 (17p13) Deletion/mutation 70% muscle invasive [83,86,87] high grade 

and stage
PTEN (10q23) Homozygous deletion/mutation 10q LOH in 35% muscle invasive [106,108]

6.6% superficial
PTCH (9q22) Deletion/mutation LOH 60% all grades/stages [18,27]

Mutation frequency low
TSC1 (9q34) Deletion/mutation LOH 60% all grades/stages [30–32]

Mutation frequency 13%
DBC1 (9q32–33) Deletion/methylation LOH 60% all grades/stages [38,136]
DCC/SMAD (18q) Deletion LOH 30% high grade/stage [137]

LOH, loss of heterozygosity.
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mosome 9 is by far the most common cytoge-
netic finding [7]. Apart from chromosome 9
loss, only loss of the Y chromosome has been
found at significant frequency. Loss of heterozy-
gosity analysis has revealed little apart from 
that for chromosome 9 (Table 12.2). 11p LOH 
is found in ~40% of bladder tumors, including
some pTa tumors, though there appears to be a
higher frequency in tumors of higher grade and
stage [8,9]. Comparative genomic hybridization
analysis has identified a few other copy number
changes, such as gain of 1q and 17 and some
amplifications of 11q, but none is frequent
(Table 12.3). Amplifications of 11q include the
cyclin D1 gene (CCND1), which is involved in
regulation of cell cycle progression from G1 to
S phase via the Rb pathway. In contrast, high-
grade pTa tumors (pTaG3) resemble invasive
tumors in the alterations they contain (see
below).

As bladder cancer is a disease of the middle to
late decades of life, it is predicted that multiple

heritable changes are required for tumor devel-
opment. Thus it is surprising that so few changes
have been identified in low-grade pTa tumors,
which represent the major group at diagnosis.
Efforts are in progress using expression and
genomic microarray technology to identify
other genetic or epigenetic events that may 
contribute to the development of these tumors,
but as yet no other common changes have been
described.

Low-grade pTa tumors are genetically very
stable. There have been several studies of syn-
chronous or metachronous tumors from the
same patient, and in general these show a strik-
ing identity in the genetic alterations found
[10,11]. Chromosome 9 LOH is the least diver-
gent event, and other genetic events differ in 
different tumors from the same patient. This
indicates that LOH of chromosome 9 is likely to
be an early change, whereas other events occur
during independent evolution of different tumor
sub-clones [11].

Chromosome 9

Chromosome 9 LOH is found in more than 50%
of all bladder tumors regardless of grade and
stage [8,12,13]. The finding that many TCCs have
loss of the entire chromosome, commonly with
reduplication of the other homologue, implies
that loss of function of tumor-suppressor genes
on both chromosome arms contributes to tumor
development. Identification of these target 
genes is considered pivotal to understanding the
pathogenesis of the disease and to providing
useful clinical markers and targets. Some tumors
have regions of LOH affecting only part of the
chromosome, and this has allowed mapping of
“common” or “critical” regions of LOH on both

Table 12.2. Common regions of deletion detected by loss of
heterozygosity (LOH) analysis in transitional cell carcinoma

Cytogenetic Frequency Association with 
location (%) clinical parameters

3p 48 Stage [138]
4p 22 None [46,139]
4q 24 High grade/stage [139]
8p 23 High grade/stage 

[140–142]
9q 60 None [14,143]
11p 40 Grade [9,144]
11q 15 None [9]
14q 10–40 Stage [145]

Table 12.3. Common comparative genomic hybridization (CGH) findings in transitional cell carcinoma1

Tumor stage Losses Gains Amplification

Ta 9p, 9q, Y 1q, 17 11q
T1 2q, 4p, 4q, 5q, 6q, 8p, 1q, 3p, 3q, 5p. 6p, 1q22–24, 3p24–25, 6p22,

9p, 9q, 10q, 11p, 11q, 8q, 10p, 17q, 20q 8p12, 8q22, 10p12–14,
13q, 17p, 18q, Y 10q22–23, 11q13,

12q12–21, 17q21, 20q13
T2–4 As for T1 + 15q As for pT1 + 7p, Xq As for pT1

1 Data from refs, 10,70,113,146–148.



118

Urological Cancers: Science and Treatment

9p and 9q. Where small primary tumors have
been studied, the frequency of smaller deletions
appears higher, suggesting that initially small
regions of LOH may develop and coalesce during
tumor development [14–16]. Loss of a copy of
chromosome 9 has also been visualized by
fluorescence in situ hybridization (FISH) in
urothelial dysplasia and in morphologically
normal urothelium in patients with bladder
cancer [17], providing additional evidence that
chromosome 9 loss is an early event in TCC
development.

Currently, one region of loss is mapped on 9p
(9p21), and at least three regions on 9q (at 9q22,
9q32–q33 and 9q34) [14,18–21]. Candidate 
genes within these regions are CDKN2A/ARF
(p16/p14ARF) and CDKN2B (p15) at 9p21
[22–26], PTCH (Gorlin syndrome gene) at 9q22
[18,27], DBC1 (a novel gene) at 9q32–q33
[19,28,29], and TSC1 (tuberous sclerosis syn-
drome gene 1) at 9q34 [30–32].

The CDKN2A/ARF locus on 9p21 encodes 
two proteins, p16 and p14ARF, both of which are
key cell cycle regulators (Fig. 12.1). These genes
share coding region in exons 2 and 3 but have

distinct exons 1. The protein products are trans-
lated in different reading frames to generate two
entirely different proteins, one of which, p16,
plays a key role in the Rb pathway and the other,
p14ARF, in the p53 pathway (Fig. 12.2). Both genes
are commonly inactivated in TCC via homozy-
gous co-deletion. In the same region of 9p21 is
the related gene CDKN2B encoding the cell cycle
regulator p15, and in many cases, though not all,
this gene is also homozygously deleted. Point
mutations of p16 are infrequent, but hyperme-
thylation of the promoter is found as a mecha-
nism of inactivation of the second allele, though
there is controversy over the exact frequency
[33,34]. There is no consensus on whether 9p21
homozygous deletion is related to TCC grade
and stage. Loss of heterozygosity of 9p21 is as
common in low-grade pTa as in invasive (≥pT2)
TCC, though homozygous deletion is reported to
be associated with larger tumor size and reduced
recurrence free interval [35]. This may indicate
that, as suggested by knockout mouse studies
[reviewed in ref. 36] and in vitro experiments 
on mouse cells [37], haploinsufficiency of p16
and/or p14ARF is significant.

CDKN2A/ARF.

E1b

E1a E2 E3p16

p14ARF

p15
E1 E2

CDKN2B . Fig. 12.1. Genomic organization of the 9p21 loci
CDKN2B and CDKN2A/ARF encoding p15,p16,and
p14ARF. p16 and p14ARF share exons 2 and 3 but
have distinct exons 1.Transcripts read in different
reading frames generate two different protein
products. Coding regions are shown in black (p15
and p14 ARF) or grey (p16).
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Fig. 12.2. Relationship of the p53 and Rb path-
ways in controlling cell cycle progression and
response to stress (DNA damage). The CDKN2A
locus (boxed) encodes both p16 and p14ARF and
links the two pathways. Genes commonly altered
either genetically or at the expression level in
transitional cell carcinoma (TCC) are shaded in
gray. Arrowheads indicate stimulatory effects
and barred lines indicate inhibitory effects.
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Three genes on 9q are implicated. PTCH, the
Gorlin syndrome gene, maps within a small
region of deletion at 9q22. Mutations of the gene
are infrequent in TCC [27] but reduction in mes-
senger RNA (mRNA) expression is common, and
it has been suggested that this gene may be hap-
loinsufficient in the urothelium [18]. At 9q33, a
novel gene, DBC1, is the only gene within the
common region of deletion. Homozygous dele-
tion has been found in a few tumors [28,29],
and although there is no evidence of mutational
inactivation, there is common transcriptional
silencing by hypermethylation of the promoter
[19,38]. The function of DBC1 is not yet clear, but
it has been shown that ectopic expression can
induce a nonapoptotic form of cell death [39],
and in cells that survive, there is a delay in the
G1 phase of the cell cycle [40].

The third gene at 9q34 is the tuberous sclero-
sis gene TSC1. Germline mutation of TSC1 is
associated with the familial hamartoma syn-
drome tuberous sclerosis complex (TSC). In
bladder tumors, mutations of TSC1 are found 
in ~13% of cases [30,31]. Interestingly, some of
these are in tumors without 9q34 LOH, indicat-
ing the possible role of haploinsufficiency [30].
The TSC1 gene product hamartin acts in
complex with the TSC2 gene tuberin in the phos-
phatidylinositol (PI)3-kinase pathway to nega-
tively regulate mTOR, a central molecule in the
control of protein synthesis and cell growth [41].

FGFR3

Recently, mutations in the fibroblast growth
factor (FGF) receptor gene (FGFR3) have been
identified in many bladder tumors [42–45].
FGFR3 maps to 4p16.3 within a common region
of LOH in TCC [46], but mutations do not appear
to be related to LOH status [47]. Rather, FGFR3
appears to be an oncogene activated by mutation
in TCC. The frequency of FGFR3 mutation
detected varies (Table 12.1). Mutation is strongly
associated with low tumor grade and stage, with
up to 80% of low-grade pTa tumors showing
mutation [43], and this appears to indicate lower
risk of tumor recurrence in noninvasive TCC
[45]. Mutations have also been found in urothe-
lial papilloma [48]. The mutations detected are
the same as germline mutations found in inher-
ited dwarfism syndromes [reviewed in ref. 49].
The most common mutation found in TCC to
date is S249C, which when present in the
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Fig. 12.3. Structure of the FGFR3 protein, showing positions of
exons and positions and frequency of mutations identified in
TCC. IgI, II, III, immunoglobin domains; AB, acid box; TM, trans-
membrane domain; TK-1, TK-2, tyrosine kinase domains; TDI,
thanatophoric dysplasia type I;TDII, thanatophoric dysplasia type
II; C+AN, Crouzon syndrome with acanthoma nigricans; SADDAN,
severe achondroplasia with developmental delay and acanthosis
nigricans. H, hypochondroplasia.

germline causes thanatophoric dysplasia type I,
a lethal form of achondroplasia. All of the muta-
tions found are confined to a few hot spots in
exons 7, 10 and 15, where the effect of mutation
is predicted to cause constitutive activation of
the kinase activity of the receptor [50] (Fig.
12.3).

Interestingly, despite quite extensive studies of
other major adult tumor types, FGFR3 mutation
is only found at significant frequency in bladder
cancer. A small number of mutations have been
described in multiple myeloma, where they
occur in association with the translocation
t(4;14) and also in cervical carcinoma [42], but
none in a wide range of the common adult solid
tumors [44,51]. This dramatic bladder tumor
specificity may represent a significant oppor-
tunity for the development of tumor-specific
therapy. The predominance of mutation in
superficial bladder tumors lends itself well to 
the development of novel forms of intravesical
therapy.
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Risk of Recurrence and Progression
in Superficial Transitional 
Cell Carcinoma

Key issues in the clinical management of super-
ficial bladder cancer are the provision of ade-
quate disease monitoring after resection of a
primary tumor and prediction of the risk of
recurrence and progression to invasive disease.
Accurate assessment of risk of recurrence could
allow less frequent monitoring by cystoscopy
and if urine-based analyses could be used,
this would reduce costs and the cystoscopy-
associated morbidity and anxiety suffered by
patients. A wide range of molecular alterations
has been assessed, but to date there is no marker
that has sufficient predictive power to be used
routinely in the clinic.

Several studies have reported that markers
associated with cell proliferation (e.g., Ki-67
labeling) are predictive [e.g., 52,53]) though not
all studies agree [54]. An altered cytokeratin 20
(CK20) staining pattern has also been reported
to predict recurrence. Normal urothelium shows
staining confined to the superficial and upper
intermediate cell layers of the urothelium. In
some superficial tumors, this pattern is dis-
rupted, with staining throughout all layers, and
this is associated with higher risk of recurrence
[55]. Monosomy 9 and 4 regions of LOH (9pter-
p22, 9q22.3, 9q33, and 9q34) have been reported
to be associated with increased risk of recur-
rence [56]. In a second study, monosomy 9 or
LOH in the region of TSC1 but not p16 or DBC1
was associated with increased risk of recurrence
[57]. This may indicate that loss of TSC1 is crit-
ical, and this should now be tested in a larger
tumor panel.

FGFR3 mutation may be a useful marker, as
the recurrence rate for tumors with mutation
appears lower than for tumors without mutation
[45]. In a recent study, a combination of FGFR3
mutation status and immunohistochemistry for
MIB-1 was found to be superior to pathological
grading for prediction of outcome (recurrence,
progression, and disease-free survival) [58].
FGFR3 mutation screening has also been applied
to urine sediments. Mutations were detected in
67% of patients undergoing transurethral re-
section TCC and in 28% of patients who sub-
sequently underwent cystectomy [59]. FGFR3
mutation screening outperformed cytology in

both groups, but in the low-grade superficial
tumors it was markedly better than cytology
(68% vs. 32%). In another prospective study,
paired tumor and urine samples were analyzed
for FGFR3 mutation and for microsatellite alter-
ations. The same alterations were detected in
tumor and urine from the same patients, and
combined sensitivity was 89% for all types of
tumor [60]. These studies clearly indicate that
molecular detection and grading of tissues and
urine samples can add significant information.

Other molecular changes reported to be pre-
dictive of increased risk of recurrence include
low matrix metalloproteinase-9 (MMP-9), tissue
inhibitor of metalloproteinase-1 (TIMP-1) ratio
[61], CDKN2A/p14ARF promoter methylation
[62], DAPK (death associated protein kinase)
promoter methylation [63], reduced expression
of E-cadherin [64], expression of the imprinted
H19 gene [65], and expression of the antiapop-
totic protein survivin [66].

Although many molecular alterations are
associated with high tumor grade and stage and
with adverse clinical outcome (see below), these
do not necessarily represent risk factors for 
progression from pTa. Risk of progression is
difficult to assess, as few of the low-grade pTa
tumors progress to muscle invasion, and hence
large tumor banks are required to ensure an 
adequate sample size. TP53 alteration has been
suggested as a risk factor [67]. However, most
studies that have assessed TP53 and other
molecular alterations have grouped pTa and pT1
tumors together, and it is likely that in most cases
it is the pT1 tumors that show TP53 and other
alterations. Molecular changes that have been
proposed as potential markers for high risk of
progression from pTa include loss of expression
of E-cadherin [68], loss of p63 expression [69],
and in pT1 tumors various cytogenetic alter-
ations [70].

Molecular Alterations in
Invasive Transitional 
Cell Carcinoma
Muscle invasive bladder tumors commonly have
many genetic alterations in addition to chromo-
some 9 deletions (Tables 12.1 to 12.3). There are
both alterations to known genes and many
genomic alterations for which the target genes
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are currently unknown. Karyotype studies have
identified losses of 1p, 6q, 9p, 9q, and 13q, and
gains of 5p in more than 15% of cases; CGH and
LOH analyses have confirmed and extended
these findings (Tables 12.2 and 12.3).

Oncogenes

ERBB2 (17q23) encodes a receptor tyrosine
kinase of the EGFR gene family. It is amplified in
10% to 20% and overexpressed in 10% to 50% of
invasive TCC [71–74]. Thus, in contrast to the sit-
uation in breast carcinoma, there are many cases
of TCC where gene amplification is not the
mechanism whereby expression is increased.
The underlying mechanism has not been eluci-
dated. A similar situation exists in the case of the
EGF receptor; 30% to 50% of invasive tumors
overexpress EGFR, and this is associated with
poor prognosis [75], but only a small percentage
show gene amplification.

MDM2 (12q14) is amplified in a few cases of
TCC (4% to 6%) [76]. MDM2 acts in an autoreg-
ulatory loop with p53 and its overexpression 
represents an alternative mechanism by which
p53 function may be inactivated in some TCCs.
Several immunohistochemical studies have
shown upregulation of expression of MDM2 in
TCC samples, but there is no consensus on the
relation of this to tumor grade, stage, or prog-
nosis [e.g.,54,77,78].

HRAS is mutated in some TCCs, but there are
conflicting estimates of the frequency of muta-
tion (Table 12.1). In vitro experiments on human
tumor cells indicate that HRAS can upregulate
EGFR expression (commonly found in invasive
TCC) and induce an invasive phenotype [79,80].
However, in transgenic mice engineered to
express mutant HRAS in the urothelium, this
leads to the development of papillary tumors
rather than muscle invasive tumors [81]. Further
studies in animal models may help to clarify
whether HRAS can participate in the develop-
ment of both major forms of TCC. No clear asso-
ciation of HRAS mutation with tumor phenotype
has been described. Other members of the RaS
gene family have not been comprehensively
studied.

Tumor Suppressor Genes

Tumor suppressor genes are defined as genes
whose functional inactivation contributes to

tumor development. These have a wide range 
of negative regulatory functions in the cell,
ranging from control of cell cycle progression to
influences on cellular adhesion. Several of the
tumor suppressor genes implicated in invasive
TCC, including TP53, RB, CDKN2A/ARF (also
altered in many superficial tumors), and PTEN,
are major players in other human cancers.

p53 and Rb and Their Pathways

The interconnecting pathways controlled by 
p53 and Rb regulate cell cycle progression and
responses to stress, processes that are almost
universally deregulated in malignant cells
[reviewed in ref. 82] (Fig. 12.2). p53 plays a key
role in determining cellular response to various
stress signals. In the absence of stress stimuli,
p53 protein levels are low, but when activated
protein levels rise and transcription of a wide
range of genes is activated. p53 activation
induces apoptosis in some circumstances and
cell cycle arrest in others, depending on the cell
type and the nature of the stimulus. Mutation of
TP53 is found in many muscle invasive bladder
cancers [83–87]. As many mutations increase the
half-life of the protein, detection of high levels
of protein by immunohistochemistry provides a
useful surrogate marker for mutation [88] and
has been used extensively to measure TP53
alteration. p53 accumulation has been associ-
ated with adverse prognosis in all types of TCC
[67,89–91], and it has been suggested that this
might be used as a prognostic marker in the
clinic. Similarly, expression of the cyclin-
dependent kinase p21, which acts downstream
of p53, has a reported association with better
prognosis [92]. It has also been reported that
patients with tumors that retain p21 expression
even with TP53 mutation have outcomes similar
to those with wild-type TP53 [92,93]. Not all
studies have confirmed these findings, though a
meta analysis of more than 3000 tumors indi-
cated a small but significant association between
p53 positivity by immunohistochemistry and
poor prognosis [94].

Rb acts in a pathway that regulates progres-
sion from G1 to S phase of the cell cycle (Fig.
12.2). It binds to members of the E2F transcrip-
tion factor family, and this complex recruits
histone deacetylases (HDACs) to E2F responsive
promoters. Cdk-mediated phosphorylation of
Rb prevents association with E2F and enables
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E2F-mediated gene expression and progression
into S phase. The RB gene is large and has not
been screened for small mutations, but some
homozygous deletions, LOH of 13q14, and loss of
Rb protein expression have been detected in
TCC. The frequency of loss of Rb, as for inacti-
vation of TP53, is higher in tumors of high grade
and stage [95–98].

As indicated above, CDKN2A (encoding p16
and p14ARF) is commonly deleted in TCC of all
grades and stages. These proteins interact with
and link the Rb and p53 pathways (Fig. 12.2), and
inactivation of both of these together is likely to
provide further freedom from the G1 checkpoint
than conferred by either p53 of Rb inactivation
alone. There are therefore several ways in which
tumors may evade the checkpoint and it would
be predicted that those with p53 and Rb or p16
loss would be more aggressive than those with
either p53 or Rb loss alone. Rb and p53 have
been assessed together in several studies, and
this prediction is borne out with double mutant
tumors showing worse prognosis [99–101]. To
date, an assessment of all genes known to be
involved in this G1 checkpoint has not been
carried out on a single patient series, but such an
analysis may achieve much greater predictive
power than single or two-marker analyses.

Cyclin D1 is overexpressed in some bladder
tumors, including some superficial tumors by
virtue of DNA amplification. However, the fre-
quency of amplification is insufficient to explain
all cases with overexpression. Interestingly,
cyclin D1 is a possible target of the Wnt/b-
catenin pathway, and recently it was reported
that some high-grade bladder tumors (3/59
studied) had mutations in b-catenin [102]. This
represents an alternative mechanism for cyclin
D1 activation in these tumors that is accompa-
nied by myc overexpression and appears to be
associated with a more aggressive phenotype
than the overexpression associated with gene
amplification, found in low-grade tumors with
papillary architecture [103].

PTEN

PTEN (phosphatase and tensin homologue
deleted on chromosome 10) maps to 10q23, a
region of common LOH in TCC of high grade
and stage [104–106]. PTEN has a phosphatase
domain that acts on both lipid and protein sub-

strates. The major substrate appears to be the
signaling lipid PtIns(3,4,5)P3, a major product 
of PI3-kinase, which is activated by various 
tyrosine kinase receptors. Thus PTEN is a nega-
tive regulator of this major signaling pathway,
which affects cell phenotype in various ways
including effects on proliferation, apoptosis and
cell migration [107]. Heterozygous knockout
mice (Pten +/-) show widespread proliferative
changes, suggesting that loss of one allele in
tumors may provide a advantage at the cellular
level. Mutation screening in TCC has revealed
some mutations of the second allele in tumors
with LOH and in bladder cell lines [108–110].
Some homozygous deletions have also been
found. Gene replacement studies have been
carried out in two bladder tumor cell lines that
lack functional PTEN. In both cases this sup-
pressed proliferation and induced G1 arrest
[111].

Other Genetic Changes in Invasive
Transitional Cell Carcinoma

Large numbers of changes have been detected by
karyotyping, CGH, and LOH analyses in muscle
invasive TCC. Numerically most common are
losses of 2q, 5q, 8p, 9p, 9q, 10q, 11p, 18q, and 
Y. These are summarized in Tables 12.2 and 
12.3. Gains of 1q, 5p, 8q, and 17q are frequent,
and several high-level amplifications have been
found. [More detailed information, including
frequencies of involvement of all chromosome
arms, is given is ref. 6.]

This group of tumors displays genetic insta-
bility. This can be detected as rapid and major
divergence in the genetic changes identified 
in related tumors from the same patient and 
is commonly chromosomal instability (CIN)
rather than microsatellite instability (MIN)
[112]. The genetic differences between mini-
mally invasive (pT1) and more deeply invasive
tumors (≥pT2) are not significant, suggesting
that tumors with the ability to break through the
epithelial basement membrane are aggressive
lesions. Some studies have suggested that certain
genetic changes are associated with tumor pro-
gression in this group [70]. In one CGH study,
muscle-invasive tumor samples were compared
with paired metastatic samples. In general, alter-
ations were shared, and no significant metasta-
sis-associated markers were identified [113].
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Carcinoma in Situ

Carcinoma in situ is a fragile lesion that is
difficult to sample as unfixed tissue. By
definition, CIS has normal urothelial thickness,
and commonly the cells, which are highly
anaplastic, are only weakly adherent and tend to
fragment during cystoscopy. Thus most speci-
mens are only recognized retrospectively in
paraffin-embedded samples. For this reason,
only a few studies have attempted to assess
genetic changes in such lesions. In general, the
findings are similar to those for invasive tumors
[114].

Prognostic Markers in Invasive
Transitional Cell Carcinoma

Prediction of risk of recurrence and metastasis
would be beneficial in localized muscle-invasive
disease, and for all patients prediction of
response to available therapies is desirable. As
discussed above, alterations in genes affecting
the G1 checkpoint have prognostic significance,
and to date the potential clinical utility of TP53
alteration has received most attention. Some
other single-marker studies have also reported
an association with overall patient survival,
though none are adequately confirmed and there
are conflicting reports for some. These include
overexpression of ERBB2 [115], overexpression
of EGFR [116], and reduced expression of
thrombospondin [117].

Studies on molecular changes associated with
specific responses to therapy are in their infancy.
There is controversy over the relationship of

TP53 status to response, and no other genetic
markers have yet been assessed. However, other
molecules such as glutathione and metal-
lothionein may affect resistance to cisplatin
[reviewed in ref. 118]. Undoubtedly this area will
receive much attention in the future.

Genetic Model for Bladder
Tumor Development
Based on molecular and histopathological
observations, a model for molecular pathogene-
sis of TCC has been developed (Fig. 12.4).Almost
certainly it is too simple, but it does provide a
useful anchor for genetic studies. Mutation of
FGFR3 appears to define the large group of
superficial tumors, and two recent studies
confirm that FGFR3 and TP53 mutation are vir-
tually mutually exclusive, each confined to one of
the two major groups of TCC [119,120].

There are several gaps in our current under-
standing. First, there may be more alterations in
low-grade papillary superficial TCC that remain
to be discovered. Another outstanding question
is what the significance of pT1 tumors is. Are
these merely muscle invasive tumors caught 
in their journey toward the muscle, or do they
represent a distinct group? Genetic findings 
tend to support the former conclusion, but
perhaps differences remain to be identified
using novel approaches that will define these as
a clear entity. No significant differences have yet
been found among CIS, muscle invasive TCC,
and the metastases that develop from them. Pos-
sibly this reflects the early migration of cells to
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80% at diagnosis

MetastasisInvasive carcinoma (>T2)Carcinoma in situAtypia

30% don’t recur
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Fig. 12.4. A model for TCC progression based on
molecular data and histopathological observa-
tions. Copy number losses or loss of heterozygos-
ity (LOH) are denoted by “-” and gains or
amplifications by “+.” FGFR3 has activating point
mutations.
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distant sites without the requirement for addi-
tional changes, or possibly there are determi-
nants of progression and metastasis yet to be
identified.

Gaps in Knowledge:
Application of Microarray
Technology
The availability of microarray-based technolo-
gies now provides a means to interrogate the
entire genome and transcriptome in tumor
samples. There have been several reports of the
application of these techniques to studies of
TCC samples, and many alterations have been
identified.As yet, most of these findings have not
been fully validated, and a detailed listing of the
changes recorded would be premature.

Array-based CGH uses spotted arrays of prod-
ucts (commonly degenerate oligonucleotide-
primed polymerase chain reaction [PCR]
products) from large insert human genomic
DNA clones. Labeled test and reference DNAs 
are hybridized to the arrays rather than to
metaphase chromosome preparations, and the
ratio of intensity of the two signals is used to
measure relative copy number of each clone.
Plots of fluorescence ratio versus distance along
each chromosome allow accurate visualization
of the position and nature of copy number
changes. This technique has been used in two
studies to date, on 41 primary tumors and 22
tumor derived cell lines [121,122]. The high-res-
olution compared with conventional CGH has
identified many new alterations and has
confirmed and refined the localization of many
known changes. The use on the arrays of clones
from the tiling path (the overlapping array of
genomic clones) used to sequence the human
genome, allows direct access to information on
the genmes, they contain (http://www.ensembl.
org/Homo_sapiens/cytoview) [122]. Among the
most interesting findings are high-level
amplifications that may identify the location of
as yet unknown oncogenes. Amplicons have
been identified in several regions, including
6p22, 8p12, 8q22, 11q13, and 19q13 within which
candidate oncogenes can be identified.

There are several reports of the use of ex-
pression microarrays to examine global gene
expression profiles of bladder tumors [123–126].

It is already clear that bladder tumor-derived 
cell lines can be subdivided into groups that
reflect known genetic alterations and the tumor
type of origin [124], and similarly that tumors
can be subdivided into superficial and muscle-
invasive groups according to expression patterns
[126].

Potential Applications of
Molecular Information
The wealth of information on molecular alter-
ations that has been acquired in recent years has
yet to be applied on a large scale in the clinic.
Although many potential markers have been
identified, clinical associations have not been
confirmed in large patient cohorts. In the case of
TP53 and RB, both genes whose mutation is
clearly associated with high tumor grade and
stage, it has been difficult to use these in a mean-
ingful way in the clinic. It can be suggested that
this is due to an incomplete picture resulting
from failure to identify all tumors with similar
phenotype. Larger panels of markers that cover
all possible molecular mechanisms that generate
the same clinical phenotype may be needed
before sufficient predictive power can be
achieved. In the next few years it is anticipated
that basic science will be applied to real clinical
benefit in the management of bladder cancer.
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Bladder cancer is the fourth most common
cancer in men and the eighth most common
cancer in women worldwide, and the incidence
continues to rise. In the United Kingdom, 13,600
new cases per annum contribute 5% to the
national cancer burden [1]. Over 100,000 diag-
nostic, check, and interventional cystoscopies
each year are performed in surveillance proto-
cols in attempting to monitor for disease pro-
gression. In the United States, there were
approximately 57,500 new cases and 12,500
deaths in 2003, resulting in an annual expendi-
ture ($2.2 billion/year) almost twice that for
prostate cancer [2]. These figures reflect the life-
long commitment to surveillance and interven-
tion for recurrent and progressive disease. The
difficulties involved in this complex process were
emphasized in McFarlane et al.’s [3] seminar in
1996, where considerable divergence of opinion
was noted among clinicians presented with a
variety of clinical scenarios. This chapter pro-
vides an overview of the current rationale
behind the therapeutic options available for
superficial bladder cancer treatment. In this way,
it is hoped to empower clinicians with a broad
sweep of the evidence on which therapy is based.

Current Issues in Superficial
Bladder Cancer Classification
The current system of bladder tumor classi-
fication is based on the International Union
Against Cancer (UICC) revision of 1997 [4].

Superficial bladder cancer is the term used to
describe transitional cell carcinomas with
histopathological categories pTa and pT1 as well
as carcinoma in situ (CIS); pTa tumors are
confined to the urothelium bordered by the
basement membrane, whereas pT1 tumors have
penetrated into the lamina propria. Much debate
has been concerned with the inclusion of pT1
tumors as “superficial,” with an implication of
indolent natural history. In fact, the depth of
penetration into and beyond the lamina propria
may be the single most important prognostic
factor for “superficial” bladder cancers [5,6]
(both vascular and lymphatic invasion have also
been suggested as important prognostic factors
[7,8]). As such, subcategorization of pT1 tumors
has been proposed, dividing pT1 tumors into “up
to muscularis mucosae” (pT1a),“into muscularis
mucosae” (pT1b), and “beyond muscularis
mucosae” (pT1c) [8,9]. The dependence of the
urologist on the uropathologist is fundamental
to this classification. Concern persists that even
experienced uropathologists may vary in their
interpretation of tissue, not only among them-
selves, but also with themselves over time [10].
One study has demonstrated that pathologists
often overstage but undergrade bladder speci-
mens [11]. The importance of good-quality
resection specimens, including the underlying
detrusor muscle (see Role of Transurethral
Resection and Tumor Surveillance, below) and of
good liaison between urologist and uropatholo-
gist (which ideally should be centralized within
a multidisciplinary setting) is clear.

13
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Natural History of Superficial
Bladder Cancer and
Prognostic Factors
Because the type and timing of adjuvant therapy
for superficial bladder cancer depends on the
prediction of biological change from an indolent
to an aggressive phenotype, a good understand-
ing of the natural history of the disease is essen-
tial for the working practice of urologists and
oncologists. Because even patients with low-
grade, low-stage superficial bladder cancers are
now subjected to adjuvant therapy, contempo-
rary data of untreated tumors are sparse. This 
is of particular relevance to high-risk tumor
groups, where it is now unacceptable for modern
trials to contain an “untreated” arm. As a result,
outcomes have to be compared to historical data.
All analyses and any conclusions from data must
be assessed with this limitation in mind.

Grade

Many series have shown the importance of
tumor grade in rates of recurrence and progres-
sion. The National Bladder Cancer Collaborative
Group (NBCCG) trial [12] reported progression
rates for World Health Organization tumor
grades I, II, and III of 2%, 11%, and 45%, respec-
tively, figures reflected in many similar studies
[5,13].

Stage

Between 70% and 80% of new bladder tumors
are superficial on presentation: 70% pTa and
30% pT1 [14]. Despite the presumption that
bladder cancer develops through a logical
sequence of biological events from superficial to
invasive disease, pTa and pT1 tumors show sub-
stantial differences in their potential to progress
to muscle invasion. Several series have shown
that progression is nearly always associated with
pT1 disease. The NBCCG demonstrated that
progression occurs in only 3% of pTa tumors,
compared with 30% of pT1 tumors [12]. The
risk of progression is closely correlated with
mortality. The 5-year mortality rate for pTa
tumors is less than 1%, whereas the 5-year mor-
tality for pT1 tumors is as high as 24% [5,15]. As
such, separate protocols for pTa and pT1 cysto-

scopic surveillance have been proposed [15]
(Fig. 13.1).

Frequency of Recurrence

The intervals between tumor recurrences are of
central importance. Recurrence rates steadily
decrease with the length of disease-free interval,
such that the risk of further disease is less than
10% after 5 years of negative cystoscopic exam-
ination [16,17]. Fitzpatrick et al. [18] demon-
strated that the first check cystoscopy also
pointed to future tumor activity; 80% of those
with a clear 3-month cystoscopy remained dis-
ease free, whereas those with recurrent disease
at 3 months had only a 10% chance of remain-
ing disease free in the 2 years thereafter. The
European Organization for the Research and
Treatment of Cancer–Genitourinary Group
(EORTC-GU) also reviewed the importance of
initial treatment failure as a prognostic factor for
long-term outcome [16]. The overall recurrence
rate following transurethral tumor ablation was
approximately 50% to 70%. This rate was sub-
stantially affected by the early clinical response;
over 75% of those with rapidly recurrent lesions
developed subsequent recurrences. It is impor-
tant to recognize that early tumor recurrence
may also be related to surgical technique (see
Role of Transurethral Resection and Tumor 
Surveillance, below).

Multifocality and Tumor Size

Multicentric presentation and tumor volume are
also important prognostic factors. At diagnosis,
30% of lesions are multiple [17], and these carry
a poorer prognosis than solitary tumors, with
shorter disease-free intervals and higher pro-
gression rates [19,20]. Tumor sizes greater than
3 cm and 5 cm have also been correlated with
poorer outcome [12,20].

Carcinoma in Situ (CIS)

Carcinoma in situ is defined as a flat (nonpapil-
lary) high-grade transitional cell carcinoma that
has not penetrated the basement membrane of
the epithelium. Such lesions are considered dis-
tinct entities from papillary (pTa/pT1) tumors,
with profound implications for prognosis. Clin-
ically, CIS can be divided into diffuse (velvety
erythematous elevations) or focal (thickened
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white metaplasia) lesions. Diffuse CIS is nearly
always reflected in filling (storage) bladder
symptoms and positive urine cytology, whereas
focal CIS is frequently a marker for subsequent
papillary tumor development. These two subsets
of CIS have marked differences in invasive
potential. In Lamm’s [21] review, an overall pro-
gression rate of 54% was reported for untreated
CIS. Riddle et al. [22] showed muscle invasion
occurring in 58% of those with diffuse disease,
compared with only 8% of those with focal
urothelial (CIS) abnormalities. Association with
papillary tumors increases the risk. The series
reported by Althausen et al. [23] and Herr et al.
[24] showed progression rates of 83% and 71%
when CIS and papillary tumor were noted
together. Moreover, with diffuse CIS, occult
disease of the distal ureters and prostatic
urethra may be present in as many as 60% [25].
In cases of suspected (diffuse) CIS, sampling of
the prostatic urethra is essential, especially as
positive biopsies would preclude orthotopic
bladder reconstruction.

Relative Risk of Clinical
Prognostic Factors
The factors that predict the biological potential
of superficial lesions must be correctly weighted
before deciding on cystoscopic surveillance 
protocols and adjuvant therapy. The relative
importance of the prognostic factors was meas-
ured by multivariate analyses of two Medical
Research Council (MRC) trials [26] and two
EORTC-GU trials [20]. In the MRC analyses,
tumor number at presentation and tumor re-
currence at the first follow-up cystoscopy at 3
months were statistically better at predicting
recurrence than all other prognostic factors. The
confidence of these observations compared 
with the (subjective) interpretation of other
histopathological data led Hall et al. [27] to
propose a cystoscopic and adjuvant chemother-
apy protocol based on these two factors alone.
In the EORTC-GU analyses, the relative risk of
disease progression was assessed [20]. The

Solitary tumour – recheck 3-4 months Multiple tumours – recheck 3-4 months

No tumour –
recheck 12 months

New pTa tumour –
recheck 3-4 months

No tumour – recheck annually
when 3 years tumour-free,

discharge

No tumour –
discharge

No tumour – recheck annually
when 5 years tumour-free, discharge

New pTa tumour – consider
intravesical therapy – recheck 3-4 months

G1 / G2
recheck 3-4 months

G3
re-resect at 2-4 weeks

No tumour –
recheck 6 monthly
for 12 months, then

annually. When 5 years
tumour-free, discharge

New tumour –
pTa (see table above)

pT1 – recheck 3-4
months and consider
intravesical therapy

No tumour –
Check 3-4 months

Tumour present
pTa (see Table

above)
pT1 – consider
radical therapy

If pT1 TCC, consider
radical therapy,

especially if no response
to intravesical agents

a) Suggested Protocol for Management of Newly Diagnosed pTa Tumours

b) Suggested Protocol for Management of Newly Diagnosed pT1 Tumours 

Fig. 13.1. Suggested surveillance protocols for
newly diagnosed superficial bladder cancers.
(From Abel PD. Follow-up of patients wih a
“superficial” transitional cell carcinoma of the
bladder: the case for a change in policy. Br J Urol
1993;72(2):135–142, Blackwell Publishing Ltd.)
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greatest risk was in those with frequent disease
recurrence, followed by tumor grade and 
size. Surprisingly, the T stage at presentation
(pTa/pT1) did not add to the prognostic calcu-
lation. The authors proposed stratification of
superficial bladder tumors into three different
prognostic (risk) groups on which clinicians
may decide the necessity of adjuvant therapy
(Table 13.1). Although these tables are interest-
ing research tools, most clinicians assess risk
according to all the available clinical and histo-
logical information (Table 13.2), applied on an
individual basis, and according to the needs of
the patient.

Molecular Markers

The search to find alternate prognostic factors
on which to base treatment decisions (conserva-

tive versus radical intervention for high-risk
tumors) has shifted to the molecular level. Many
markers have been proposed, including altered
expression of p53, p21, Ki-67, bcl-2, EGFR, c-erb
B2, cyclooxygenase-2 (COX-2), and E-cadherin
[28]. Of these, the most studied is the p53 tumor-
suppressor gene. Overexpression of p53 is corre-
lated with stage and grade, and in some studies
has been linked to an increased risk of disease
progression [29]. Unfortunately, a recent meta-
analysis [30] of 138 publications on the predic-
tive value of p53, including nearly 4000 patients,
failed to find to any significant correlation that
could be applied in daily clinical practice.
Moreover, p53 expression has not been useful 
in predicting response to adjuvant (bacille 
Calmette-Guerin [BCG]) therapy [29]. As yet,
the potential of molecular makers remains
unfulfilled.

Table 13.2. Suggested prognostic factors influencing management of superficial bladder tumors

Low risk (conservative management) High risk (surgical management*)

No involvement of muscularis mucosae Involvement into or beyond the muscularis mucosae 
(<pT1b) (pT1b and pT1c)

Small (less than 1.5 cm) Large (greater than 1.5 cm) tumor
Solitary tumor Multifocal tumors
Absence of associated carcinoma in situ Presence of carcinoma in situ (especially if distant to 

papillary tumor site)
Second endoscopic resection showing no Second endoscopic resection showing residual tumor 

residual tumor (at 3 months) (at 3 months)
Good response to intravesical Poor response to intravesical chemotherapy/

chemotherapy/immunotherapy immunotherapy
No tumor recurrence during the first year Early recurrence less than 6 months after initial resection

of surveillance cystoscopy

* Surgical management (cystectomy/cystoprostatectomy) for high-grade, high-stage (G3pT1) disease.

Table 13.1. Risk index for patients in various subgroups 

Recurrence <1 1 to 3 >3
rate (per year)

<1.5 1.5–3 >3 <1.5 1.5–3 >3 <1.5 1.5–3 >3Tumor size (cm)

G1 1 1 1 1 2 2 2 2 3
G2 1 2 2 2 2 3 3 3 3
G3 2 2 2 2 3 3 3 3 3

Note: Each cell gives the risk index pertaining to progression and disease-specific mortality. Risk index estimated from the
Cox model including only three factors: tumor size, G grade, and recurrence rate. The estimated Cox models for progression
is 0.51 recurrence rate + 0.84 G grade + 0.48 tumor size, and for death is 0.89 recurrence rate + 0.73 G grade + 0.44 tumor size.
Adapted from Kurth et al. [20].
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Role of Transurethral Resection
(TUR) and Tumor Surveillance
(Recurrence and New Occurrence)

Cystoscopic visualization of the bladder remains
the primary modality of diagnosis, surveillance,
and treatment of superficial bladder tumors.
Attention to and accurate documentation of the
relevant clinical prognostic factors are essential
components for future therapeutic decisions.
This should include estimation of tumor
number, size, position, and configuration as well
as the intervals between recurrences. Tissue
sampling by TUR is advocated from all the
affected areas to document the worst stage and
tumor grade, and the presence of muscle in the
biopsy specimen is essential to allow the
uropathologist to accurately stage the tumor (see
Natural History of Superficial Bladder Cancer
and Prognostic Factors, above). Routine
(random) biopsies of macroscopically normal
urothelium to identify dysplasia are not useful,
as less than 10% of normal-appearing urothe-
lium in either pTa or pT1 disease will show an
abnormality [31]. Moreover, significant varia-
tions in the interpretation of histological
samples may in fact hinder rather than benefit
therapeutic decisions [32].

It was previously assumed that the incidence
of recurrence is low following cystoscopic extir-
pation of tumor, and that most treatment failure
is a result of new occurrences in remote areas of
de novo urothelial dysplasia. It is now apparent
that as many as 50% of recurrences are due to
tumor reimplantation at the time of original
resection, as evidenced by molecular studies 
that demonstrate that many synchronous and
metachronous lesions are of similar clonal
origin [33,34]. Early tumor recurrences, which
are multifocal and orientated toward the bladder
dome (which occur in less than 5% of first pre-
sentations), are more likely to be as a result of
the mechanical dispersion of “freed” tumor 
cells during resection (which gravitate upward)
rather than genuine new occurrences. Later
recurrences are more likely to be of disparate
clonal derivation and represent genuine new
occurrences. It is interesting to note that it is only
the incidence of early tumor recurrence that 
is reduced by intravesical chemotherapy; the 
rate of later recurrences is unchanged (see

Intravesical Therapy and Dose Scheduling,
below) [35].

It is accepted that conventional light cys-
toscopy is an insensitive method of visualizing
all superficial tumors and areas of subtle urothe-
lial abnormality. Up to one third of tumors may
be missed using conventional light sources, and
inadequate resection is commonplace [36]. In
one series of pT1 disease [37], recurrent tumor
was detected in 43% of those subjected to repeat
resection of the original resection site, empha-
sizing the importance of second look cystoscopy,
re-resection, and early (3-month) surveillance.
This is particularly relevant for high-risk
tumors. Several series have demonstrated that
up to 30% of these tumors are upstaged to
muscle-invasive disease with a second resection
[38]. Recent attempts to overcome the limita-
tions of conventional white light cystoscopy,
using the protoporphyrin 5-aminolevulinic acid
(ALA) and blue light, have been reported to
enhance visualization and direct tumor ablation
[39]. Rates of local recurrence may also be
reduced using laser ablation, which may be
exploited to more precisely ablate lesions (and
less likely to disperse cells) than the standard
TUR diathermy loop [40]. These techniques have
been successful in reducing recurrence rates by
up to 15% in small, uncontrolled series [39,40].
Although these methods have considerable
development ahead, they highlight the impor-
tance of scrupulous TUR technique to all oper-
ating clinicians.

Role of Intravesical Therapy 
in Tumor Prophylaxis
The purpose of intravesical adjuvant therapy is
threefold: to eradicate residual tumor, to reduce
the rate of recurrence, and to reduce the risk of
tumor progression. Many different topical instil-
lation agents have been proposed and tried over
three decades. However, only two classes of
cytotoxic agent and one immunotherapeutic
modulator have been established with (limited)
clinical efficacy, and are in common use. These
are the anthracycline antibiotics Adriamycin and
epirubicin, the alkylating agents thiotepa and
mitomycin C (MMC), and the mycobacterium
bacille Calmette-Guerin (BCG).
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Intravesical Chemotherapy and
Recurrence/Progression Rates

Intravesical chemotherapy agents were tradi-
tionally administered as delayed bladder in-
stillations initiated at least 1 week following
transurethral resection of the tumor and contin-
ued for up to 6 weeks. Such regimes were 
originally intended as prophylaxis against new
occurrences, and had been demonstrated in
many series to effect significant reductions in the
short-term tumor recurrence rates. Early recur-
rence rates (within 1 year) for low-grade (G1 or
G2), low-stage (pTa) superficial tumors can be
reduced by up to 33% using anthracyclines [41]
and 33% to 50% using MMC [42], although these
rates are adversely affected by increasing tumor
stage and grade [43]. Unfortunately, good initial
responses have proven less durable with pro-
longed tumor surveillance. In a review of 2861
patients enrolled in controlled studies up to 1992
[42], the long-term reduction in tumor recur-
rence averaged only 17%. Indeed, in those fol-
lowed 5 years or more, the recurrence rate
increased to that achieved using transurethral
extirpation alone [44]. Neither has this figure
improved significantly by protracted mainte-
nance therapy [45,46]. The cumulative data 
from such studies suggests that the overall re-
duction in recurrence rates using intravesical
chemotherapy is approximately 12% to 15%
[47]. Even more disappointing is the failure of
chemotherapy to affect overall progression rates.
The EORTC-GU/MRC meta-analysis demon-
strated that intravesical chemotherapy has no
impact on either stage progression or overall
survival [48]. No study to date has demonstrated
a significant improvement in these parameters
using chemotherapy agents.

Intravesical Immunotherapy and
Recurrence/Progression Rates

Intravesical immunotherapy using BCG was first
proposed by Morales et al. [49] in 1976. Conven-
tional prophylactic regimes of 6 weekly instilla-
tions, similar to those used for chemotherapy,
resulted in complete response rates of 60% to
100% at 1 year, 55% to 75% after 2 years, and
mean recurrence-free intervals of 10 to 22.5
months [50]. Although the long-term response

rates with BCG are less enduring, the reduction
in recurrence appears to be better than the rates
achieved using most chemotherapy agents. This
superiority is supported by comparative studies
of BCG and anthracycline agents, which suggest
that BCG has a roughly twofold advantage over
Adriamycin and epirubicin (with an overall BCG
tumor recurrence rate reduction of approxi-
mately 30%) [51]. In contrast, trials comparing
MMC directly with BCG have been less consis-
tent in outcome, and passionately debated. Of the
published comparative MMC-BCG studies, three
have suggested that MMC may have therapeutic
equivalence to BCG for patients with low risk
stage pTa and lower grade 1 and 2 tumors
[52–54]. The inter- and cross-trial inconsisten-
cies (inclusion criteria) and the interpretation 
of clinical and pathological factors have com-
pounded the problems of analyses. However, in
each of these three studies, the BCG schedules
used were suboptimal. The balance of evidence
still suggests an (small) advantage for BCG
immunotherapy. Series reported by the
Finnbladder Group [55] and Lundholm et al. [56]
showed short-term response rates between 49%
and 65% for BCG, compared with 34% and 38%
for MMC. The Southwest Oncology Group
(SWOG) trial 8795 was terminated early when a
significant advantage for high-risk patients was
demonstrated for those in the BCG arm [57]. In
a recent meta-analysis of published and unpub-
lished MMC-BCG comparative studies, seven of
the 11 trials demonstrated superiority for BCG
with mean 2-year recurrence rates of 46.4% and
38.6%, respectively [58]. It must be recognized
that it has not yet been established whether this
advantage is durable. The current American Uro-
logical Association (AUA) guidelines (published
in 1999) still recommend the use of either MMC
or BCG for the prophylaxis of pT1 and high-
grade pTa disease [59].

Despite many studies, definitive evidence that
BCG immunotherapy improves the overall sur-
vival for those with superficial bladder cancer
has not been established. However, BCG may
affect the rate of disease progression. Some of
the largest studies that have attempted to assess
the risk of progression are shown in Table 13.3.
These studies can be criticized for their inclu-
sion criteria, power (most having an insufficient
number of patients to detect small differences in
outcome) and ill-defined end points. Accepting
these limitations, there now exists a body of evi-
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dence that suggests that BCG therapy may delay
stage progression or delay the necessity for
radical (cystectomy or radiotherapy) interven-
tion for those with high-risk disease. This view
is supported by Sylvester et al.’s [60] meta-
analysis of 4863 patients enrolled in 24 trials (see
Treatment Options in G3pT1 Disease, below)
[60].

Intravesical Therapy 
and Dose Scheduling

The traditional induction regimen of six weekly
instillations of chemotherapy, initiated a week
after resection, was based on original work using
BCG immunotherapy. Delayed bladder instilla-
tion was intended as a prophylactic therapy for a

secondary new occurrence, presuming that all
previous tumors have been eradicated. It is 
now increasingly apparent that intravesical
chemotherapy is best intended as an ablative
therapy to “mop up” loose cells released at the
time of extirpation and to prevent tumor reim-
plantation. Longitudinal studies have shown that
tumor recurrences occur in two time-dependent
peaks. The groups with early recurrence peaks
are sensitive to chemotherapy, whereas those
with delayed recurrences are generally resistant
[35]. It is not surprising, therefore, that the
influential study of the MRC demonstrated that
immediate instillation of MMC within 24 hours
of transurethral resection was as effective as
conventional 6-week courses [61]. Indeed, more
recent studies have suggested that intravesical
chemotherapy should be administered as soon
after resection as possible, with most of the

Table 13.3. Selected studies of disease progression following bacille Calmette-Guérin (BCG) immunotherapy

No. of Follow-up
Study (year) Study design patients (months) Progression*

Herr (86) TUR alone vs. BCG induction 86 72 37% TUR vs. 28% BCG (p = .01)
(1988)

Martinez- BCG induction vs. thiotepa 176 36 1.5% BCG vs. 3.6% thiotepa vs.
Pineiro induction and maintenance 7.5% Adriamycin
(87) (1990) monthly (year) vs.

Adriamycin induction and 
maintenance monthly 
(year)

Lamm (88) BCG induction and 131 65 6% BCG vs. 16% Adriamycin 
(1991) maintenance 6 monthly (not significant)

(2 years) vs. Adriamycin
induction and monthly 
maintenance (year)

Pagano (89) TUR alone vs. BCG induction 126 21 17% TUR vs. 4% BCG (p < .05)
(1991) and maintenance monthly

(year) and quarterly 
(second year)

Lamm (69) BCG induction vs. BCG 384 60 30% induction vs. 24% 
(2000) induction and six monthly maintenance (p = .04)

maintenance (3 years)
Millan- Retrospective analysis of 1529 50 Relative risk of progression

Rodriguez TUR alone vs. BCG vs. decreased 0.3 for BCG
(90) (2000) chemotherapy

Sylvester (60) Meta-analysis of 24 trials 4863 30 9.8% BCG vs. 13.8% controls 
(2002) (p = .001)

TUR, transurethral resection.
* The wide variation in progression rates reflects the widely different inclusion criteria and definitions of disease progres-
sion used in different studies.
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advantage being lost within the first 24 hours
[62]. Immediate bladder instillation appears to
be safe as long as there is no risk of perforation
and the bleeding has been adequately controlled.
For those with extensive resection, the risk of
systemic absorption and side effects should be
considered. Cutaneous reactions often involving
the genitalia and palms have been noted in up 
to 9% of patients receiving MMC [63]. BCG
immunotherapy should never be given in the
perioperative setting, as this increases the risk of
systemic absorption and infection.

The optimal BCG treatment schedule remains
a matter of some debate. A second 6-week cycle
of BCG therapy improves the overall response
rate from 50% to 70% [64], and 30% to 50% of
those who fail an initial course of BCG respond
to a second 6-week induction course [64,65]. As
a result, many trials have attempted to improve
BCG efficacy using “maintenance” regimens of
continued weekly, biweekly, or monthly instilla-
tions [66], as well as longer induction courses
[67]. Although one review of 14 such trials [68]
suggested that response rates were maximized
with additional BCG courses and led to a more
durable long-term advantage over single-induc-
tion regimens, only one randomized study has
proven any (statistically significant) advantage
for progression. The SWOG 8507 study [69]
showed a disease-free improvement from 40% to
61% and a 6% reduction in the rate of surgical
intervention in patients receiving 3-week main-
tenance instillations at 3 and 6 months and every
6 months thereafter over 3 years. However, only
16% of the 243 patients were able to tolerate the
complete 3-year regimen due to the local side
effects. Overall, only a third to one half of the
patients in these studies were able to tolerate
regular BCG instillations due to the cumulative
BCG-induced cystitis [68,69]. The toxicity of
maintenance regimes (consisting of up to 27
instillations over a 3-year period) has also been
addressed by the EORTC-GU group. The analy-
sis of their own and other studies [19,70,71] sug-
gests that the toxicity is mostly incurred during
the induction phase, and lowering the dose of
the maintenance (one-third dose) could reduce
the limiting toxicity to 20%. It remains to be seen
if the EORTC results can be translated into the
common experience of most urology practices.
For most, the therapeutic advantages of mainte-
nance regimes are compromised by significant
increases in local toxicity.

Role of Bacille Calmette-
Guérin in the Treatment of
Carcinoma in Situ
To date, BCG remains the treatment of choice for
CIS disease. Although cytotoxic chemotherapy
agents have shown initial response rates as 
good as 48% using anthracyclines and 53% for
MMC, most series have demonstrated that this
response is time limited, with fewer than 20%
remaining disease free at 5 years [72]. This
apparent chemoresistance may well reflect the
high grade of CIS disease, whereas higher grade
may imply greater antigenicity and therefore
susceptibility to BCG immunotherapy. Bacille
Calmette-Guerin therapy gives complete
response rates of 60% to 70% with a median
duration beyond 3 years and projected 5-year
responses of 45%. Nevertheless, 30% to 40% of
patients with CIS disease do not respond to a
single induction course of BCG [72]. The
response rates and the durability of response
may be improved with maintenance therapy.
Advocates of long-term maintenance refer to the
SWOG 8507 study (see above) [69], although this
was not specific for CIS. Further credence to
maintenance BCG therapy has been offered by
the more recent meta-analysis of Sylvester et al.
[60]. Of the 403 patients with CIS disease treated
with maintenance regimens, the relative advan-
tage over no therapy was 35% and the overall
risk of progression was 13.9% after 2.5 years. If
patients are committed to repeated BCG courses,
judicious monitoring for disease recurrence 
and progression (including extravesical sites) is
paramount. Each consecutive induction course
following CIS recurrence has a diminishing 
therapeutic value and an increased risk of
disease progression. Current European Associa-
tion of Urologists (EAU) guidelines recommend
a second course for patients who fail primary
therapy, and consideration of radical interven-
tion (cystectomy) thereafter [73].

Treatment Options 
in G3pT1 Disease
G3pT1 forms the watershed of therapeutic inter-
vention, with advocates of conservative and
radical intervention equally persuaded in their
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differing interpretation of the available data. The
historical series suggest that untreated G3pT1
has a recurrence rate between 70% and 80%, and
progression rates ranging from 29% to as high
as 50% [74]. In Birch and Harland’s [75] review,
40% of G3pT1 cases followed beyond 24 months
developed muscle-invasive disease. Although 
it is now accepted that treatment with
transurethral resection for G3pT1 disease alone
is inadequate, it is also apparent that a significant
proportion of G3pT1 patients do not experience
disease progression, and for these patients
(early) cystectomy would represent an overtreat-
ment. The challenge remains to find a way of
identifying and reducing the risk of progression
while safely conserving the bladder.

The decision to opt for conservative (bladder-
sparing) treatment obligates the use of adjuvant
BCG immunotherapy, despite an acceptance that
the impact of BCG therapy on G3pT1 tumors has
been difficult to assess. This is due in part to the
limited number of patients with G3pT1 disease
available for study (who will accept enrollment
in a study arm with no adjuvant therapy), but
also to the interdependence of other factors such
as concomitant CIS, tumor multifocality, tumor
size, and previous recurrence rates. The non-
standardization of BCG treatment protocols has
also limited direct comparisons of data. Histori-
cal reports of response rates following BCG
therapy have varied from 25% to 75% for recur-
rence and 7% to 54% for progression [76–78].
Important differences would account for the
large variation in responses. For example, in
Herr’s [76] 1991 series, where progression rates
were high (54%) all the selected patients had

multiple tumor recurrences. In contrast, in
Cookson and Sarosdy’s [77] study, in which post-
BCG progression rates were significantly lower
(19%), only 30% of the patients had had a prior
recurrence. In Serretta et al.’s [78] series, patients
were treated with various chemotherapy and
combination regimens; all the patients with poor
(clinical) prognostic indicators of response were
excluded, resulting in progression rates of only
12%. The lack of a randomized control throws
open the question of whether this apparent
success was due to the chemotherapy or the
patient selection process. Some of the more
recent series using BCG therapies alone are sum-
marized on Table 13.4.

Although the numbers of patients enrolled in
studies with “unpolluted” G3pT1 disease are
limited, clinicians are obliged to take guidance
from the evidence base as a whole. The recent
meta-analysis of Sylvester et al. [60] of all
superficial bladder cancers enrolled in random-
ized studies of BCG therapy suggests a 27%
reduction in the odds of progression, but only
for those receiving maintenance protocols over 
a period of 3 years. There was no statistically
significant benefit for either overall or disease-
specific survival, raising the question of the
durability of the benefit beyond 3 years. For
those who received only single or a duplicate
course of BCG the progression rate was similar
to that of resection alone. From the accumula-
tion of such data has emerged a “rule of threes,”
in which a third of those with G3pT1 disease
treated by BCG survive with their bladder in situ,
a third survive after cystectomy, and a third die
from their disease despite all interventions [10].

Table 13.4. Recent studies of BCG immunotherapy for G3pT1 disease

No. of Follow-up
Study (year) Study design patients (years) Result

Cookson BCG (one or more 48 15 Progression 35% within 5 years, 16% 
(91) (1997) induction) 5–10 years, 10% 10–15 years

Pansadoro BCG (induction and 81 6.3 Recurrence 33%; progression 15%
(92) (2002) maintenance)

Patard (93) TUR alone or delayed 80 5 Progression TUR alone or delayed 
(2002) BCG and BCG BCG 53% vs. BCG primary 

primary induction induction 36%
Shahin (10) TUR alone and BCG (one 153 5.3 Recurrence TUR alone 75% vs. BCG 

(2003) or more induction) 70%; progression TUR alone 36% 
vs. BCG 33%
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Although cystectomy can result in recurrence
free rates as good as 78% at 10 years [79], those
who advocate a conservative policy argue that
such results simply reflect the natural history of
the disease. Nevertheless, the preservation of the
bladder in situ, even as a temporized objective,
could be considered a worthwhile benefit to
some patients.

Other Immunomodulators
The relative success of BCG has stimulated inter-
est in other immunomodulators for use as 
adjuvant intravesical agents. Interferons (IFNs)
are key components of the cytokine response,
causing increased expression of major histo-
compatibility complex antigens on transitional
cells, activating T cells, lymphokine activated
killer cells, and natural killer cells. Intravesical
IFN-a2b has demonstrated the most activity
against bladder cancer. Several small studies
have now been reported [80–82]. These early
data have shown moderate tumor responses
(recurrence rates reduced by approximately
15%), although the responses and the relapse
rates are inferior to those for BCG and MMC
[81,82]. Although it is likely that BCG (as well as
MMC) as monotherapy is superior, in vitro
studies have suggested that the combination of
IFN-a and standard intravesical agents may 
have a synergistic effect [82]. Pilot studies have
already shown a synergistic action of IFN-a
with epirubicin [83], MMC [84], and BCG [85],
whereas the combination of BCG and IFN-a
effected a 55% secondary response in 40 patients
who were prior BCG failures [51]. The numbers
in these preliminary studies have all been small
and the follow-up limited. Further large-scale
trials are awaited before interferon therapy is
more widely adopted.

Conclusion
Many patients with bladder cancer are elderly,
with extended comorbidity, and a careful ap-
proach to their treatment is necessary. Atten-
tion to and accurate documentation of relevant
clinical and histopathological prognostic factors
allows stratification into low-, intermediate-, and
high-risk groups. Diffuse carcinoma in situ is
considered a separate and aggressive disease cat-

egory. The timing of future surveillance cys-
toscopy and interventional adjuvant therapy are
dependent on these criteria. A change in risk
classification should prompt a reevaluation of
patient status.

In all patients, the initial approach is to
attempt cystoscopic tumor ablation. Adjuvant
intravesical therapy is decided by the prognostic
status and the dynamic of stage change. For
those with low- or intermediate-risk lesions,
ablative chemotherapy immediately following
resection is the first choice. High-risk lesions
including G3pT1 disease and CIS should be
treated with intravesical BCG immunotherapy.
Maintenance regimens may confer a reduction
in progressive potential but at a cost of increased
risk of toxicity. Concomitant poor prognostic
factors or failure of BCG therapy (reappearance
of tumor or positive urine cytology) is an indi-
cation for more aggressive therapy. In these
patients radical cystectomy is indicated.

The role of alternative immunomodulators,
combination and dose-modulated instillation
protocols, and molecular prognosticators is
promising, although their potential is dependent
on further large-scale study.
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Transitional cell carcinoma (TCC) of the urinary
bladder is the second most common genitouri-
nary malignancy. Each year, over 73,000 new
cases are reported in Europe and over 56,000
new cases in the United States. A substantial 
percentage of these patients develop metastases
despite initial management for presumed local-
ized disease, whereas others have metastases at
the time of presentation. Once metastasis occurs,
the median survival for patients with TCC is
approximately 1 year. To improve this poor sur-
vival rate, intense efforts over the past two
decades have focused on the development of
active chemotherapeutic regimens for use in this
disease, both in the perioperative setting and in
the setting of advanced disease. Chemotherapy
for advanced disease is discussed here first
because of its impact on the management of
early-stage disease.

Older Chemotherapeutic
Regimens in Metastatic
Transitional Cell Carcinoma
Older Single Agents

Cisplatin is the most active single agent in
urothelial TCC. During the late 1970s, trials eval-
uating single-agent cisplatin were initiated in
patients with advanced TCC, yielding overall
response (OR) rates ranging from 26% to 65%.
Although uncommon, complete response (CR)

rates were also observed (5% to 16%). Subse-
quently, additional single agents demonstrated
activity in urothelial TCC. The most active of
these included methotrexate (OR 30%), doxoru-
bicin (OR 17%), and vinblastine (OR 22%) [1,2].

Combination Chemotherapy and the
Development of MVAC

Multiagent chemotherapeutic regimens were
developed during the 1980s in an attempt to
improve upon the results with single-agent
therapy. A landmark trial reported in 1985 used
the combination of methotrexate, vinblastine,
Adriamycin (doxorubicin), and cisplatin
(MVAC). In this trial, 24 patients with advanced
or unresectable urothelial TCC were treated with
MVAC [3]. Remarkably, responses were observed
in 71% of those treated (95% confidence interval
[CI], 53–89%), with complete clinical responses
in 50% (95% CI, 30–70%). A follow-up report
from the same investigators confirmed these
initial results with MVAC in a larger patient 
population [4]. Subsequent randomized trials
showed improved survival with MVAC com-
pared to single-agent cisplatin [5] and CISCA
(cisplatin, cyclophosphamide, and Adriamycin)
[6].

Limitations of MVAC

Despite the superiority of MVAC in phase III
trials, the limitations of this regimen were
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readily apparent. Although many patients
responded to MVAC, median survivals were 
consistently reported as less than 13 months. In
addition, the durability of responses with MVAC
was poor, with less than 4% of patients alive and
continuously disease-free at 6 years or more [7].
The most limiting factor associated with MVAC
was associated toxicity. Treatment-related deaths
occurred in 2% to 4% of patients. Severe toxici-
ties such as febrile neutropenia (20% to 30%)
and mucositis (10% to 20%) were also common
in patients treated with this regimen. Other 
toxicities included decreased renal function,
hearing loss, and peripheral neuropathy.

Attempts to Improve MVAC

In an attempt to decrease the toxicity and
enhance the efficacy of MVAC, several investiga-
tors evaluated the use of altered doses and
schedules with granulocyte colony-stimulating
factor (GCSF) support. Based on the potential 
for enhanced survival conferred by greater 
drug delivery, the European Organization for
Research and Treatment of Cancer (EORTC)
conducted a randomized trial comparing MVAC
administered every 2 weeks (with GCSF) with
MVAC administered every 4 weeks [8]. Although
this prospective trial showed a significantly
greater CR rate (21% compared to 9%, p = .009)
and progression-free survival (hazard ratio 0.75;
95% CI, 0.58–0.98, p = .037) in patients receiving
the every-2-week schedule there was no
significant difference in the overall survival dis-
tributions. This trial, designed to detect a 50%
difference in median survival with a total of 263
patients, showed a trend toward greater survival
in patients receiving more intense therapy. It is
possible that a survival benefit with the dose-
dense regimen may have been missed due to the
small sample size. However, given the modest
differences in outcome, the conventional
regimen given at 4-week intervals remains the
standard of care.

The Impact of 
Prognostic Factors
Pretreatment prognostic factors play a key role
in predicting the outcome of patients with
advanced TCC treated with MVAC and other 
cisplatin-based regimens. In a retrospective

analysis, a database of 203 patients with 
unresectable/metastatic TCC was subjected 
to multivariate analysis to determine which
patient characteristics predicted survival [9].
Two factors had independent prognostic
significance: Karnofsky performance status
(KPS) £80% and visceral (lung, liver, or bone)
metastases. The median survival for patients
with 0, 1, or 2 risk factors was 33, 13.4, and 9.3
months, respectively (p = .0001). Clearly, the 
proportion of patients in these various risk 
categories must be considered when compar-
ing median survivals among different phase II
studies. In addition, these baseline prognostic
factors can be used to stratify patients in phase
III trials comparing new regimens to standard
therapy. Similar differences in survival have
been observed in patients treated with cisplatin,
gemcitabine, and paclitaxel [10].

Newer Agents/Combinations
in Metastatic Transitional 
Cell Carcinoma
New Active Single Agents

Given the limitations with MVAC therapy, new
agents had to be developed to improve long-term
outcome and reduce toxicity. Recently, several
agents with activity in TCC have been identified.
These new agents differ from the older drugs in
that they demonstrate moderate activity as both
first-line and second-line therapy, more favor-
able toxicity profiles, and a drug metabolism that
is independent of renal excretion. Of these newer
agents, the most extensively studied have been
gemcitabine, the taxanes, and ifosfamide.

Gemcitabine and Cisplatin: 
A New Standard of Care

Based on the promising activity and favorable
side-effect profile of gemcitabine, trials explor-
ing the combination of gemcitabine and cis-
platin in metastatic TCC were initiated. Several
phase II studies reported OR rates of 42% to 57%
and CR rates of 18 to 22% [11–13]. Subsequently,
a multicenter, randomized phase III trial was
performed to compare gemcitabine and cisplatin
(GC) with MVAC (Table 14.1) [14], in which 405
chemotherapy-naive patients were randomized
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to GC or standard MVAC. The CR, OR, and
median survival rates were similar in both arms.
Although GC was associated with more grade ≥3
anemia and thrombocytopenia, MVAC was asso-
ciated with a greater incidence of neutropenic
fever (14% compared to 2%), neutropenic sepsis
(12% compared to 1%), grade ≥3 mucositis (22%
compared to 1%), and treatment-related deaths
(3% compared to 1%).

Notably, this randomized trial was not
designed as an equivalence trial. However, the
data can be interpreted as showing that, in terms
of survival, GC is comparable to MVAC. In 
addition, GC appears to be associated with a
more favorable risk-benefit ratio. Given the trial
results and this regimen’s ease of administra-
tion, GC has become widely used as a standard
treatment regimen for patients with metastatic
TCC.

New Cisplatin Doublets

The combinations of paclitaxel or docetaxel plus
cisplatin have been explored in multiple phase II
studies. In an Eastern Cooperative Oncology
Group (ECOG) study, 52 patients were treated
with paclitaxel 175 mg/m2 and cisplatin 
75 mg/m2 every 21 days [15]. Twenty-six patients

achieved an objective response (50%; 95% CI,
36–64%) with four (8%) complete responses. The
toxicity of this regimen was considered moder-
ate, with neutropenia (without fever) and neuro-
toxicity being most common.

Trials evaluating the combination of doc-
etaxel and cisplatin (DC) report OR rates of 58%
to 60%, with CR rates ranging from 19% to 26%
[16,17]. Results of a phase III randomized trial
comparing DC with MVAC plus GCSF con-
ducted by the Hellenic Cooperative Oncology
Group have recently been reported (Table 14.1)
[18]. Although DC was associated with less
hematologic toxicity and febrile neutropenia,
response rates and survival favored the MVAC
arm. The reported toxicity of the MVAC arm,
administered with GCSF, was less than in previ-
ous phase III trials employing MVAC without
GCSF.

New Cisplatin Triplets

The combination of ifosfamide, paclitaxel, and
cisplatin (ITP) has been studied in a phase II
trial [19]. Myelosuppression was the predomi-
nant toxicity (45% grade 3 to 4 neutropenia),
although the risk of febrile neutropenia was low
(3.3% of all cycles). Grade 3 neuropathy and

Table 14.1. Randomized trials of cisplatin-based chemotherapy in advanced transitional cell carcinoma

Regimens Reference No. of patients OR (%) CR (%) Survival (months) p

MVAC 5 120 36 13 12.5 <.0002
Cisplatin 126 11 3 8.2

MVAC 6 55 65 35 12.6 <.05
CISCA 55 46 25 10

MVAC 64 86 59 24 12.5 .17
FAP 83 42 10 12.5

MVAC 8 129 58 9 14.1 .122
HD-MVAC 134 72 21 15.5

MVAC 14 205 46 12 14.8 .746
Gemcitabine + cisplatin 203 50 12 13.8

MVAC 18 109 54 23 14.2 .025
Docetaxel + cisplatin 111 37 13 9.3

*MVAC 28 44 40 13% 14.2 .41
Paclitaxel + carboplatin 41 28 3% 13.8

MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; CISCA, cyclophosphamide, cisplatin, doxorubicin; CMV, cisplatin,
methotrexate, vinblastine; MV, methotrexate, vinblastine; FAP, 5-fluorouracil, interferon-alpha-2b, cisplatin; HD-MVAC, high-
dose MVAC; OR, overall response; CR, complete response.
* Trial terminated early with only 85 patients, underpowered, preliminary results.
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renal insufficiency occurred in 9% and 11%,
respectively. Thirty of 44 assessable patients
(68%; 95% CI, 52–81%) achieved a major
response, with 10 complete responses (23%) 
and 20 partial responses (45%). The reported
median survival of 20 months is among the best
reported results for patients with metastatic,
advanced TCC, and greater than the previously
observed results with MVAC (12–13 months).
This regimen has not been taken to phase III
evaluation.

Other cisplatin-based triplets have been
explored, the most notable of which is cisplatin,
gemcitabine, and paclitaxel. In a phase I/II trial
of 58 patients, this regimen resulted in 16 com-
plete responses (28%) and 29 partial responses
(50%) for an overall response proportion of
77.6% (95% CI, 60–98%) [20]. The median sur-
vival time had not been reached at the time of
the report. This regimen is currently being com-
pared with gemcitabine plus cisplatin in an
international randomized phase III trial con-
ducted by the EORTC.

New Carboplatin Doublets

Given the renal, neurologic, and auditory toxic-
ity associated with cisplatin, it was hoped that
carboplatin would prove to be equivalent to cis-
platin in this disease. In a review of 327 patients
with advanced, metastatic TCC treated on 13
trials with single-agent carboplatin, 14%
achieved an objective response [21].

The best-studied carboplatin doublet in TCC
is the combination of paclitaxel and carboplatin.
Phase II trials have been performed with wide
variations in the doses of paclitaxel (150 to 
225 mg/m2) and carboplatin (area under the
curve [AUC] 5 to 6); not unexpectedly, the OR
rates vary from 14% to 65%, and the CR rates
range from 0% to 40% [22–27].

Given the promising phase II results, ECOG
launched a phase III trial comparing MVAC with
paclitaxel plus carboplatin; results were reported
in preliminary form (Table 14.1). Because the
study was terminated after 21/2 years of slow
accrual [28], only 85 of the planned 330 patients
were enrolled. Patients treated with MVAC had
more severe myelosuppression, mucositis, and
renal toxicity. Interestingly, a quality of life
instrument revealed no significant differences
between the two arms. At a median follow-up of
32.5 months, there was no significant difference

in response rate or median survival between the
two arms. However, this trial was underpowered,
and definitive conclusions cannot be made due
to its early termination.

The combination of gemcitabine and carbo-
platin has also been explored. Trials have
reported OR rates ranging from 44% to 68% and
CR rates ranging from 6% to 23% [29–31]. An
Italian randomized phase II study comparing
gemcitabine plus cisplatin versus gemcitabine
plus carboplatin has been reported in prelimi-
nary form. Overall and complete response rates
favored the cisplatin-containing regimen (Table
14.1) [32]. A phase III trial comparing the gem-
citabine plus carboplatin regimen to the three-
drug regimen of carboplatin plus methotrexate
plus vinblastine has been initiated by the
EORTC in patients who cannot tolerate cisplatin
therapy.

New Carboplatin Triplets

Several carboplatin triplets have been studied
including: paclitaxel plus carboplatin plus
methotrexate [33], paclitaxel plus carboplatin
plus gemcitabine [34], and methotrexate plus
carboplatin plus vinblastine (M-CAV) [35]. In
general, these regimens have been associated
with slightly higher response proportions and
slightly increased toxicity compared with histor-
ical trials of carboplatin doublets. No phase III
trials have explored the activity of these triplets
relative to standard therapy.

Carboplatin Compared to Cisplatin

Despite the similar response proportions of
single-agent carboplatin compared to single-
agent cisplatin, controversy still exists regarding
the relative value of carboplatin in TCC, partic-
ularly in combination regimens. The random-
ized phase II trials exploring combination
regimens with cisplatin compared to carboplatin
consistently report higher overall and complete
response rates for the cisplatin-containing regi-
mens [32,35,36]. Consequently, in patients with
advanced TCC without absolute contraindica-
tions (e.g., poor creatinine clearance, solitary
kidney, poor performance status), cisplatin-
based therapy should be considered the treat-
ment of choice.
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Nonplatinum Combinations

In an alternate attempt to improve the efficacy
and tolerability of combination chemotherapy 
in advanced TCC, regimens devoid of platinum
analogues have been developed. These regimens
include paclitaxel plus ifosfamide [37], paclitaxel
plus gemcitabine [38,39], and docetaxel plus
gemcitabine [40]. Several of these trials were
performed in patients who had previously
received cisplatin-based therapy. Overall, these
regimens were well tolerated. However, hemato-
logic toxicity was prominent, particularly in the
pretreated population. Noteworthy activity was
seen with these regimens, including varying
rates of complete responses, but the role of these
regimens in the treatment of patients with
metastatic TCC has not been defined.

Novel Therapeutic Strategies
in Metastatic Transitional 
Cell Carcinoma
Despite the promising activity of the newer 
combination regimens in TCC, the majority of
patients still succumb to their disease, necessi-
tating further exploration in approaches to treat-
ment. One novel approach is the administration
of sequential dose-dense chemotherapy based
on the Norton-Simon hypothesis, a mathemati-
cal prediction model of chemotherapy sensitiv-
ity derived from the Gompertzian growth rates
of tumors [41]. Other studies are exploring novel
targeted therapies.

Given the promising results with the Ifos-
famide, pacliTaxel, and cisPlatin (ITP) regimen,
a pilot study of sequenced therapy with Adri-
amycin (doxorubicin) and gemcitabine (AG) fol-
lowed by ITP was initiated [42]. A preliminary
analysis of 21 patients treated with this regimen
showed a major response in 18 patients (87%;
95% CI, 71–100%) and a complete response in
43% of patients (95% CI, 22–64%) [43]. Impor-
tantly, the sequential use of ITP increased com-
plete and partial response rates after the initial
AG doublet.

Chemotherapy regimens that include new
agents targeting the epidermal growth factor
receptor (EGFR) pathway are also under study.
The Southwest Oncology Group is evaluating

trastuzumab given in combination with pacli-
taxel, carboplatin, and gemcitabine [44]. The
selective EGFR tyrosine kinase inhibitor
ZD1839, in combination with either gemc-
itabine/cisplatin or gemcitabine/carboplatin, is
being explored as first-line therapy in two
Cancer and Leukemia Group B (CALGB) trials.

Postchemotherapy Surgery 
in Metastatic Transitional 
Cell Carcinoma
The importance of postchemotherapy surgery 
in the setting of minimal residual disease after
achieving a “near” complete response to
chemotherapy has been highlighted in several
analyses [45–47]. In a series of 203 patients
treated on five trials with MVAC, 50 patients
underwent postchemotherapy surgery for 
suspected or known residual disease [45]. Seven-
teen patients had no viable tumor found at
postchemotherapy surgery. In three patients, the
residual disease was unresectable. In the remain-
ing 30, residual TCC was completely resected,
resulting in a complete response to chemother-
apy plus surgery. Of these 30 patients, 10 (33%)
remained alive at 5 years, similar to results
attained for patients achieving a complete
response to chemotherapy alone. Optimal candi-
dates for postchemotherapy resection of residual
disease had prechemotherapy disease limited to
the primary site or lymph nodes.

Recommendations for
Treatment of Metastatic
Transitional Cell Carcinoma
Over the past two decades, multiple chemother-
apeutic regimens with activity in TCC have been
introduced. Additionally, the importance of
baseline prognostic factors, comorbidities, and
postchemotherapy surgery has been recognized.
Integrating this information allows the develop-
ment of a rational approach to the treatment of
individual patients (Fig. 14.1). Based on phase III
data, GC or MVAC is recommended for patients
with metastatic TCC who can tolerate cisplatin-
based therapy and who have potential for long-
term benefit.
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Perioperative Chemotherapy
for Transitional Cell Carcinoma
Despite potentially curative surgery, approxi-
mately 50% of patients with muscle-invasive
TCC develop metastases and die of disease.
Given the chemosensitivity of TCC, attempts to
improve survival have focused on administering
chemotherapy in the perioperative setting.

Neoadjuvant Chemotherapy

Administering chemotherapy prior to surgery
offers several potential advantages. Systemic
therapy is initiated sooner, and patients may 
be able to tolerate treatment better in the pre-
operative state. Furthermore, the response of
the primary tumor to chemotherapy can be
assessed, which is of prognostic significance. In
a study of patients treated with neoadjuvant 
cisplatin-based therapy followed by definitive
surgery, 91% of patients who responded to
chemotherapy (defined as pathologic stage £T1)
were alive at a median follow-up of 25 months
compared to 37% of nonresponders [48].

Several randomized trials have explored neo-
adjuvant chemotherapy in TCC (Table 14.2).
Although many of these trials failed to show a
benefit for chemotherapy, the studies suffered
from small sample size [49], suboptimal
chemotherapy [50,51], premature closure [52],
or inadequate follow-up time [53]. Recently,

well-designed trials utilizing effective
chemotherapeutic regimens have shifted the
treatment paradigm in muscle-invasive disease
toward the use of perioperative chemotherapy
[54–56].

Intergroup trial 0080 randomized patients
with T2 to T4a TCC of the bladder to radical cys-
tectomy alone (154 patients) compared to three
cycles of MVAC followed by radical cystectomy
(153 patients) [55]. The use of neoadjuvant
chemotherapy was associated with a higher rate
of complete pathologic response (38% compared
to 15%, p < .001). At a median follow-up of 8.7
years, improvements in median survival (77
compared to 46 months, p = .06) and 5-year sur-
vival (57% compared to 43%, p = .06) favored the
neoadjuvant MVAC arm. Although approxi-
mately one third of patients treated with MVAC
developed grade ≥3 hematologic or gastroin-
testinal toxicity, there were no treatment-related
deaths, and neoadjuvant chemotherapy did not
adversely impact the ability to proceed with
radical cystectomy or increase adverse events
related to surgery.

The Medical Research Council (MRC)/
EORTC performed a large trial in which 976
patients were enrolled and randomized to
neoadjuvant cisplatin, methotrexate, and vin-
blastine (CMV) (491 patients) or no neoadjuvant
chemotherapy (485 patients) [57]. Management
of the primary tumor involved cystectomy, radi-
ation therapy, or both. An 8% improvement in
time to progression and a 5.5% difference in
absolute 3-year survival (Hazard ratio (HR) =
0.85; 95% CI, 0.71–1.02) favoring the neo-
adjuvant chemotherapy arm were reported. The
results of this trial were recently updated, and, at
a median follow-up of approximately 7 years, a
statistically significant improvement in survival
was observed for patients who received neoad-
juvant chemotherapy (HR = 0.85; 95% CI,
0.72–1.0; p = .048) [54]. This trial, well powered
and with adequate follow-up, demonstrated both
a survival benefit and improved locoregional
control with neoadjuvant chemotherapy.

A recent meta-analysis reviewed data from
2688 patients treated on 10 randomized trials
evaluating neoadjuvant chemotherapy for inva-
sive TCC [58]. Of note, this analysis did not
include data from Intergroup 0080. Compared to
local treatment alone, neoadjuvant platinum-
based combination chemotherapy was associ-
ated with a significant benefit in overall survival

Fig. 14.1. Memorial Sloan-Kettering Cancer Center’s algorithm
for the management of patients with advanced/metastatic tran-
sitional cell carcinoma based on baseline prognostic factors and
renal function. CrCl, creatinine clearance; Mets, metastases; PS,
performance status.
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(HR = 0.87; 95% CI, 0.78–0.98; p = .016), a 13%
decrease in the risk of death, and a 5% absolute
survival benefit at 5 years (overall survival
increased from 45% to 50%). When trials utiliz-
ing single-agent cisplatin were included, the sur-
vival benefit did not achieve statistical signi-
ficance (HR = 0.91; 95% CI, 0.83–1.01; p = .084).

Adjuvant Chemotherapy

As with neoadjuvant chemotherapy, administra-
tion of chemotherapy after surgery is associated
with potential advantages and disadvantages.
Foremost, an adjuvant approach allows the
administration of chemotherapy to be based on
pathologic stage. Given the inaccuracies in 
clinical staging, this avoids overtreatment of
patients who are estimated to have a reasonable
outcome from surgery alone. Administration of
chemotherapy after surgery also prevents delays
in carrying out potentially curative surgery. The
major disadvantages associated with adjuvant
chemotherapy are the potential difficulties of
tolerating treatment postoperatively and the lack
of an objective means to assess response after
the primary tumor is removed.

At least six randomized trials have evaluated
the use of adjuvant chemotherapy following cys-

tectomy for muscle-invasive TCC (Table 14.3)
[59–63]. Although all of these trials used cis-
platin-based chemotherapy and had surgery as a
control arm, two trials primarily evaluated
patients with bladder-confined disease [59,62].
These latter studies did not detect a survival
benefit, but patients in these studies would be
expected to have a better prognosis. Of the
remaining trials, two demonstrated a 
survival benefit with adjuvant chemotherapy
[61,62].

As a consequence of small sample size,
inclusion of “good-prognosis” patients, and
potentially inadequate chemotherapy, the data
supporting adjuvant chemotherapy are less
compelling than the data supporting neoadju-
vant chemotherapy. In an effort to definitively
address this issue, two large cooperative group
trials are under way. The EORTC is randomizing
patients with pT3-T4 or node-positive disease 
to immediate cisplatin-based chemotherapy
(MVAC or GC) or similar chemotherapy at the
time of relapse. In a trial conducted by the
CALGB/Clinical Trial Support Unit (CTSU),
patients meeting the same pathological criteria
are randomized to either the sequential doublet
of AG-TP (doxorubicin plus gemcitabine fol-
lowed by paclitaxel plus cisplatin) or a conven-
tional GC regimen.

Table 14.2. Randomized trials of adjuvant chemotherapy

Chemotherapy
Trial organization/country No. of patients Treatment arms survival benefit

University of Southern California, 91 Cyst Æ CAP Yes
Norris Comprehensive Cancer Cyst
Center (61)

University of Mainz (60) 49 Cyst Æ M-VAC/M-VEC Yes
Cyst

Swiss Group for Clinical Cancer 77 Cyst Æ C No
Research (62) Cyst

Italian Uro-Oncologic Cooperative 83 Cyst Æ CM No
Group (59) Cyst

Stanford University (63) 50 Cyst Æ CMV No
Cyst

MD Anderson Cancer Center (68) 140 MVAC Æ Cyst Æ MVAC *
Cyst Æ MVAC

M, methotrexate; C, cisplatin; V, vinblastine; A, (Adriamycin (doxorubicin); E, epirubicin; Cyst, cystectomy.
* In this trial, both arms received perioperative chemotherapy. Patients were randomized to receive chemotherapy both pre-
and postoperatively or only postoperatively. There were no significant differences in outcome between the two arms.
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Recommendations for
Treatment of Locally
Advanced Transitional 
Cell Carcinoma
Two large randomized trials and a meta-analysis
support the concept that neoadjuvant chemother-
apy for patients with muscle-invasive bladder
cancer imparts a survival benefit over surgery
alone. This approach should be considered for
patients who are candidates for cisplatin-based
combination chemotherapy and radical cystec-
tomy. For patients who have not received 
neoadjuvant chemotherapy and who have 
extravesicular or node-positive disease following
cystectomy, enrollment in a clinical trial should 
be encouraged. If a patient is not protocol-
eligible, adjuvant cisplatin-based combination
chemotherapy is a reasonable consideration.
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The basic principle of gene therapy centers on
the use or manipulation of genetic material to
achieve a therapeutic effect. The term, therefore,
encompasses a huge number of treatment
strategies. Clinically gene therapy for cancer is
still in its infancy but there are many experi-
mental studies that suggest it will have a useful
role. This chapter summarizes the current status
of gene therapy for bladder cancer; there is very
little data on its use in upper tract urothelial
tumors.

When considering patients with bladder
cancer it is important to appreciate the wide
range of clinical presentations with very differ-
ent standard treatment strategies. Four main
groups can be identified:

1. Low- to medium-risk superficial disease,
currently managed with cystoscopic surveillance
and intravesical chemotherapy

2. High-risk superficial disease (carcinoma in
situ [CIS] and G3pT1 tumors), which, although
mostly managed by endoscopic measures and
intravesical bacille Calmette-Guérin (BCG), are
at high risk of progression and may require
radical treatment

3. Invasive, nonmetastatic disease suitable for
attempted curative treatment by radical cystec-
tomy or radiotherapy; overall cure rates are
unsatisfactory at approximately 50%; adjuvant
chemotherapy may improve outcome

4. Metastatic disease, where any treatment is
palliative and prognosis is poor

There is certainly scope for improvement in
groups 2 to 4. Intravesical administration of gene
therapy is the most commonly utilized method
of delivery, and it is hoped that this will improve
upon BCG in reducing progression of high-risk
superficial disease. Adjuvant gene therapy prior
to attempted curative treatment of muscle inva-
sive disease is likely to be used in conjunction
with chemotherapy. Intratumoral injection,
intravesical therapy, and systemic administra-
tion could be used. It is in patients with metasta-
tic disease that initial clinical trials are likely to
take place, and there is already phase I data from
other cancer types. Clearly in this situation bal-
ancing the safety and efficacy of systemic gene
therapy is paramount.

This chapter describes the technical aspects of
gene therapy in relation to transitional cell
cancers, and methods in which gene therapy has
been applied in bladder malignancy. A discus-
sion of the ethical aspects of gene therapy is
beyond the scope of this chapter.

Vectors for Transfer of 
Genetic Information
Effective and safe gene delivery to the target cells
is the cornerstone of successful gene therapy.
Methods remain far from perfect.

The gene delivery system (vector) is most con-
veniently divided into nonviral and viral.
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Nonviral Methods

Nonviral gene delivery systems have to over-
come the physical barrier of the cell membrane,
and in vivo this is most often achieved by sur-
rounding the DNA in a cationic lipid liposome.
This is then endocytosed by cells. Although lipo-
somes have minimal toxicity, they are a poorly
efficient method of gene delivery. In bladder
tumors this method of gene delivery has been
described in a murine orthotopic bladder cancer
model [1]. Other methods described include
bombardment with high-speed micropellets and
electrotransfection using a pulsed direct current
after direct injection of the vector [2]. In these
experiments reasonable gene transfer was
achieved; however, it was performed directly into
surgically exposed bladder and therefore not
really comparable with clinical situations.
Overall the present data suggest that nonviral
methods are likely to be poor in vivo and most
suitable to those diseases in which cells can be
manipulated outside the body and then returned
(e.g., bone marrow for the treatment of hemato-
logical disease).

Viral Methods

Viruses have evolved to be efficient in introduc-
ing their DNA into host cells, where it is con-
verted into protein product and hence are
obvious methods of gene delivery for therapy.
There are clearly drawbacks in terms of toxicity,
both from the viruses themselves and due to the
immunogenicity of viral antigens.

The vector in most bladder cancer gene
therapy experiments has been the adenovirus,
and this will be discussed in some detail. There
are many other DNA virus types that have been
used in individual experiments, but the differ-
ences are subtle. The poxvirus vaccinia is the
only one used in a human study. Retroviruses are
not commonly used in bladder cancer but will be
described because of their fundamental differ-
ences from DNA viruses.

Adenovirus

This virus attaches to cells via a specific recep-
tor the Coxsackie and adenovirus receptor
(CAR). Transfection can be very efficient, but the
adenovirus can carry only relatively small genes
and expression is transient (4 to 8 weeks). Thus

repeated dosing is required. The virus can be
highly immunogenic, and patients report sys-
temic upset with flu-like symptoms. In vivo
work has suggested possible liver toxicity [3],
although this has not been borne out during
short-term administration in initial phase I
studies [4].

One issue with adenoviral gene transfer con-
cerns reports that bladder cancer cell lines
express variable levels of CAR, and this may
affect the efficiency of transduction [5]. Indeed
it has recently been demonstrated immunohis-
tochemically that CAR expression is decreased
in more aggressive human bladder cancers [6].
This may be because the CAR functions as an
adhesion molecule. Despite this potential
difficulty, adenoviral gene transfer seems the
most promising method for urothelial cancers at
present. Methods to overcome the CAR receptor
problem include the use of drugs to increase
CAR expression in bladder cells such as sodium
butyrate [7] and sodium valproate [8]. It has also
been shown that coadministration of CAR DNA
along with the therapeutic gene results in
increased viral transduction [9].

Bypassing the CAR receptor has been
attempted by engineering viruses that can enter
the cell via other adhesion sites. In one study
both the epidermal growth factor receptor
(EGFR) and epithelial cell adhesion molecule
(Ep-CAM) have been targeted [10]. The EGFR
seemed most promising, increasing transgene
expression by up to 12.5 times. As EGFR is 
overexpressed in many bladder cancers, this
form of targeting may increase the specificity of
gene therapy for tumor cells compared to
normal urothelium. Chimeric viruses that utilize
parts of other viruses that do not enter bladder
cells via CAR have also been recently described
[11].

Although improving the transfer of aden-
ovirus to superficial cells is clearly important
and likely to be improved by the above tech-
niques, penetration deeper into the tissue
remains a problem. Experiments on intact
urothelium (from normal ureters) have demon-
strated this [12]. The deeper layers do possess
CAR, and so there are likely to be other factors
responsible probably related to the natural
barrier function of the urothelium. A major
component of this innate immunity is the gly-
cosaminoglycans (GAG) layer. Disruption of this
layer using ethanol [13] and hydrochloric acid
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[14] has been shown to improve adenoviral
transduction in rat models. These methods,
however, are likely to be toxic in clinical practice.
More subtle methods have used specific
polyamides that are capable of increasing viral
transgene expression in the bladder without
damaging the umbrella cell layer of urothelium
[15]. For example, the polyamide Syn3, when
injected intravesically into mouse bladder,
increases gene transfer [16]. Kuball et al. [17]
have investigated intravesical gene transfer in
the clinical setting using adenovirus. They used
the polyamide, N,N-615-(3-D-glucoamidropgl)
chloramide, Big CHAP to enhance viral trans-
duction. Histological assessment revealed that
virus had penetrated all layers of the urothelium
and was also in the submucosal tissue. Interest-
ingly, when tissue cultures of normal urothelium
and transitional cell carcinoma are compared,
the latter is susceptible to viral transduction at
much lower doses [12]. This is likely to be due to
loss of barrier function in the tumor tissue.

Pox Viruses

Pox viruses are used extensively in gene therapy,
but there are only a few reports of use in the
bladder. A phase I trial to assess the feasibility 
of using vaccinia for intravesical gene transfer
showed some promise [18]. In this study patients
scheduled to undergo cystectomy for muscle-
invasive bladder cancer received intravesical
vaccinia three times in the 2 weeks prior to
surgery. Mild dysuria was the only reported side

effect. There was marked immune response in
the bladder and histological evidence of viral
infection. Recent in vivo work has suggested that
pox viruses are more efficient at gene transfer
than adenoviral vectors when the intravesical
route is used [19].

Retroviruses

Retroviral gene transfer is unique in allowing
integration of the therapeutic gene into the
target cells nuclear DNA. This leads to more pro-
longed gene expression and allows the gene to be
passed to daughter cells. However, there are risks
of insertional mutagenesis at the points where
the retrovirus integrates into the host genome.
Although retrovirus-mediated gene transfer is
probably the commonest method used in cancer
gene therapy, there are far fewer examples of
retrovirus mediated gene transfer in bladder
cancer compared to adenovirus. No clinical
trials have yet taken place.

The advantages and disadvantages of the
various methods of gene transfer described are
summarized in Table 15.1.

Gene Therapy Strategies in
Bladder Cancer
There are three main approaches to gene therapy
of cancer (Table 15.2):

Table 15.1. Various vectors for gene therapy

Type of vector Advantages Disadvantages

Nonviral 1. Noninfectious 1. Poor transduction in
2. Can often carry large vivo

amounts of DNA

Adenoviral 1. High infectivity 1. Highly immunogenic
2. Efficient transfer 2. Limits on size of gene 
3. Infects resting cells 3. Possible liver toxicity

Pox virus 1. High infectivity 1. Possible pathogenesis
2. Can carry large amount

of DNA

Retrovirus 1. Prolonged expression 1. Potential for insertional
2. Good transduction in mutagenesis

replicating cells 2. Low infectivity
3. Immunogenic
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1. In the corrective approach, genetic defects
thought to have a major role in the development
of malignancy are targeted. These can be genes
favoring cancer development (e.g., oncogenes)
where an attempt is made to inactivate them, or
tumor-suppressor genes that need replacing. As
information about the genetics of cancer
increases, so do the potential targets for correc-
tive gene therapy.

2. Cytotoxic strategies usually employ the
“suicide gene” approach. Here an enzyme is
introduced into tumor cells that converts a nor-
mally harmless prodrug into a toxic one. Toxic-
ity is usually confined to the transfected cells and
those close by (bystander effect)

3. Immunological gene therapy involves
introducing a gene that will enhance the local
immune response against the tumor. Most com-
monly the gene transfected is a cytokine (e.g.,
interleukin-2 [IL-2]).

Corrective Strategies in Gene
Therapy of Bladder Cancer
The development of bladder cancer is known to
involve activation of a variety of oncogenes com-
bined with loss of vital tumor-suppressor genes.
These genes have crucial roles in control of cell
proliferation, adhesion, and apoptosis, and are
responsible for changes in the cancer cell phe-
notype from benign to malignant. The rationale
of gene therapy in this situation is to restore gene
expression in the cell to normal either by replac-
ing lost genes or by inhibiting/destroying those
that are overexpressed.

Restoration/Overexpression of
Tumor-Suppressor Genes

Reintroducing a missing tumor-suppressor gene
into cancer cells has been a popular method of
gene therapy in various malignancies. Interest-
ingly even cells that are not deficient in the sup-
pressor gene may be affected by overexpression,
extending the potential number of tumors suit-
able for treatment.

p53

Mutations of p53 are common in many human
cancers, and therapeutic strategies involving 
its replacement by gene therapy have been the
subject of much research. It is highly suitable for
bladder cancer, as approximately 50% of human
transitional cell carcinomas (TCC) have muta-
tions of p53, and these are associated with a
poorer prognosis [20]. Efficacy of adenoviral p53
gene therapy for bladder cancer was demon-
strated both in vitro and with direct injection
into subcutaneous mouse xenografts [21,22].
Intravesical administration was also shown to be
effective in a mouse model and seemed to have
minimal systemic effects [3], paving the way for
clinical studies, of which two so far have been
published.

The first studied the effectiveness of gene
transfer in 11 patients who subsequently under-
went cystectomy for locally advanced or high-
grade superficial disease [17]. It was initially
planned as a comparison of intratumoral and
intravesical administration of an adenoviral
vector containing the complete wild-type human
p53 gene, with dose escalation in both groups.
However, early analysis showed a lack of p53
transgene expression in the three patients where
the vector was injected into the tumor, and this
arm of the study was discontinued. In contrast,
the p53 transgene was detected in seven of the
eight patients who had intravesical admini-
stration. Importantly functional activity was
assessed by reverse-transcription polymerase
chain reaction (RT-PCR) and immunohisto-
chemistry of the p53 target gene p21/WAF1, and
this was seen in tissue from patients exposed 
to the highest dose of vector (7.5 ¥ 1013 particles
per instillation). There were only minor local
side effects, and although dwell times had to 
be reduced in some patients, all completed the
study.

Table 15.2. Gene therapy approaches in bladder cancer

Corrective 1. Restoration/overexpression of
tumor-suppressor genes

2. Inhibition/destruction of
oncogenes and other genes
associated with tumor growth

Cytotoxic 1. Suicide gene therapy
2. Selective tumor cell killing

Immunological 1. Tumor vaccines
2. In vivo transfection of

cytokines
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A subsequent trial carried out at the M.D.
Anderson Cancer Center involved administra-
tion of intravesical adenoviral p53 to patients
not considered suitable for cystectomy [4]. Three
different doses and three regimens of repeated
dosing were used and again very little toxicity
was seen. Biopsies were taken at 4 to 16 days
posttreatment, and unfortunately only 7 of 13
were suitable for RT-PCR to detect the p53 trans-
gene. Two patients were found to express the
transgene, and both had received the highest
dose (1012 viral particles). One of the reasons for
the apparently lower level of successful transfec-
tion in this study may be that less tissue was
available for analysis. Also while the previous
study used a polyamide in an effort to increase
penetration of the GAG layer, this was not the
case in this trial. Although only a phase I trial,
one patient was described who seemed to have
significant tumor regression after p53 therapy.
Histology revealed a potent cell-mediated
immune response, and the patient had not had
previous BCG, so it was felt that the response
may have been a nonspecific immune response
to the adenoviral vector.

Phase II and III trials, when they occur, are
likely to assess the effects of p53 gene transfer 
in conjunction with chemotherapy regimens.
There has been experimental work that sug-
gests this is a promising strategy. When mice
with subcutaneous tumors were injected intra-
tumorally with adenoviral p53 and also admin-
istered intravenous cisplatin, the reduction in
tumor growth was greater than with either agent
alone [23] (Fig. 15.1). Subsequent work in vitro
has shown statistically, using the combination
index, that this additional effect is synergistic
rather than just additive, implying that gene
therapy such as this may target chemoresistant
cells [24]. This idea is further supported by work
on bladder cancer cell lines known to be cis-
platin-resistant, which are more susceptible to
p53 gene therapy than those that are cisplatin-
sensitive [25].

p21

p21 is a key downstream mediator of p53,
responsible for inhibition of cyclin-dependent
kinase activity. This may be the mechanism for
p53-mediated cell cycle arrest, and therefore
introduction of p21 to cancer cells might be
expected to have therapeutic potential. Initial 

in vitro studies, however, have failed to show a
consistent growth inhibitory effect for p21 gene
transfection to bladder tumor cell lines [26].

Retinoblastoma

Loss of retinoblastoma (RB) gene function is
linked to the initiation and progression of many
cancers including bladder cancer. When an ade-
novirus containing the RB gene was injected into
established (> 28 days) subcutaneous RB-
defective mouse bladder tumors, growth rate
was reduced significantly [27]. Interestingly, a
modified form of the RB gene that codes for a
truncated protein missing the N-terminal 26
amino acids appeared to be more potent and
actually caused tumor regression. This truncated
form has previously been shown to be more
stable [28]. A phase I clinical study is currently
underway using a vector expressing the wild-
type RB gene at University of California in San
Francisco (E.J. Small, lead investigator).
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Fig. 15.1. Effect of combined treatment with Ad5CMV-p53
transfer and cisplatin on KoTCC-1 tumor growth in nude mice.
Mice were treated with Ad5CMV-p53 alone, Ad5CMV-Luc alone,
Ad5CMV-p53 plus cisplatin, or Ad5CMV-Luc plus cisplatin. Seven
days after subcutaneous injection of 1 ¥ 106 cells into nude mice,
200 L of Ad5CMV-p53 or Ad5CMV-Luc (1 ¥ 107 PFU/mL) was
injected intratumorally and 100 L of cisplatin (1 mg/kg) was
injected intravenously twice per week for 2 weeks.Tumor volume
was measured twice weekly and calculated by the following
formula: length ¥ width ¥ depth ¥ 0.5236. Each data point rep-
resents the mean tumor volume and standard deviation in each
experimental group containing seven mice. *Significantly differ-
ent from treatment with Ad5CMV-p53 alone, Ad5CMV-Luc alone,
and Ad5CMV-Luc plus cisplatin (p < .01, Student’s t-test)
Ad5CMV-Luc = luciferase labelled control Ad5CMV-p53 = active
agent. (From Miyake et al. [23].)
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Gelsolin

The expression of the protein gelsolin, a cell
cycle regulator, is reduced or absent in many
human cancers, suggesting a tumor-suppressor
role. After initial in vitro experiments, the utility
of introducing gelsolin into established bladder
tumors via an adenovirus vector has now been
assessed [29]. Tumors were produced orthotopi-
cally in mice by transvesical administration of
the human cell line KU-7, and subsequently the
gelsolin gene was introduced on days 2, 3, and 4,
also by transvesical administration. When the
mice were sacrificed after 10 days, bladder
tumors in treated mice had 10% of the mass of
those in the control group (p < .05). This exper-
iment suggests effectiveness of this approach at
the early stage of cell implantation, and further
work will be needed to assess its effect on estab-
lished tumors.

Inhibition/Destruction of Oncogenes
and Other Genes Associated with
Tumor Growth

The H-ras oncogene is associated with tumor
initiation and progression in bladder cancer, and
was the first gene to be targeted for studies of the
effectiveness of ribozymes in bladder cancer.
Ribozymes are small catalytically active RNA
strands with a specific activity that hybridize
with their specific messenger RNA (mRNA)
targets and interfere with protein translation
[30]. The H-ras ribozyme targets the mutated
sequence of the oncogene and hence the normal
proto-oncogene is not affected. Intratumoral
injection using an adenoviral vector was studied
in subcutaneous tumors in mice and was associ-
ated with significant tumor regression and even
complete disappearance in some cases [31].
Another approach to inhibit the action of the H-
ras oncogene has been the use of a dominant
negative mutant of this gene, N116Y. This has a
substitution of tyrosine for asparagine at posi-
tion 116 and inhibits the function of the ras
protein. Using two cell lines (KU-7 and UMUC-
2), orthotopic bladder tumors were created in
mice and subsequently exposed to adenovirus-
carried N116Y [32]. In both models the treated
group showed significantly less tumors and less
overall tumor burden than in controls. The
authors did point out that as N116Y originates

from a viral oncogene, there may be concerns
about reversion or reactivation, but these are
extremely small.

Antisense oligonucleotides are small pieces of
genetic material that are complementary to their
target and therefore interfere with transmission
of genetic information and have shown potential
for bladder cancer treatment in vitro. In a 
multidrug-resistant T24 cell line, anti-c-myc was
associated with increased sensitivity to cisplatin
[33]. Similarly anti-bcl-2 was associated with an
enhanced response to Adriamycin [34]. As yet
there are no in vivo studies.

Angiogenesis is crucial in tumor develop-
ment, and several factors are important in stim-
ulating it. Two of these have been studied by the
same group as potential targets for antisense
gene therapy. Intralesional injection of antisense
basic fibroblast growth factor (bFGF) reduced
growth of subcutaneous bladder tumors 10-fold
in mice [35]. A further experiment using anti-
sense IL-8 on the same model gave similar
results [36]. The next stage is to try these
methods in orthotopic models, as the likely
benefits are in preventing invasion and 
metastasis.

Cytotoxic Approaches to
Bladder Cancer Gene Therapy
Suicide Gene Therapy

The commonest type of cytotoxic gene therapy
used in bladder cancer is based on the herpes
simplex virus thymidine kinase (HSV-tk) gene.
This enzyme converts a prodrug ganciclovir into
the active metabolite ganciclovir monophos-
phate, which is then further phosphorylated by
cellular kinases and inhibits DNA polymerase
leading to cell death (Fig. 15.2). As the prodrug
is nontoxic, the aim is to target cell killing to the
tumor. Both viral and nonviral methods have
been used to deliver the HSV-tk gene to ortho-
topic bladder tumors in animal models. Intratu-
moral injection of an adenovirus containing 
the HSV-tk gene together with intraperitoneal
ganciclovir administration led to a threefold
reduction in tumor growth over 21 days of
treatment in one study, which was associated
with improved survival [37]. Another group had
similar results, with twofold reduction in tumor
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growth [38]. This group (Baylor College of Med-
icine, Houston, Texas) is currently performing a
phase I trial that involves intratumoral injection
of HSV-tk in patients with locally advanced 
or refractory superficial bladder cancer. The
patients undergo transurethral resection or 
cystectomy 2 weeks after a 14-day course of
intravenous ganciclovir. Although this study is
mainly looking at safety, tumor tissue will also
be assessed to gauge the efficiency of transduc-
tion and histological changes.

The use of intravesical administration would
probably be of more practical use clinically.
Although this was not as effective as intratu-
moral injection in one study [38], another group
demonstrated effective tumor cell killing in vivo
with this approach [39].

A significant part of cell killing in cytotoxic
gene therapy is from a process called the
bystander effect. It has been shown that trans-
duction of just 10% of tumor cells with HSV-tk
can result in 50% cell killing within a tumor [40].
Enhancing the bystander effect by cotransfect-
ing the gene for connexin 26 (Cx 26) with HSV-

tk shows promise. Cx 26 increases the expression
of gap junctions in cells and therefore allows
increased intracellular communication. Cotrans-
fection increases the toxicity of HSV-tk/ganci-
clovir in vitro [41], and it will be interesting to
see if this is reproduced in vivo.

Recently, nonviral transfection of HSV-tk has
been described in vivo using the process of
electroporation [42].

Cytotoxic gene therapy with HSV-tk/ganci-
clovir has been combined with several estab-
lished chemotherapeutic agents in vitro [43].
Interestingly, very little additional benefit was
seen, with some combinations even interfering
with each other. Clearly, further work is
required, and as the authors point out, the timing
of the different treatments is probably crucial.
The same group has looked at combining suicide
gene therapy with immunological gene therapy
[44]. Coadministration of HSV-tk and IL-2 did
not lead to increased benefits.

Another prodrug-based cytotoxic gene
therapy utilizes the enzyme horseradish per-
oxidase (HRP), which activates the harmless
prodrug indole-3-acetic acid (IAA) [45]. This
therapy was noted to be effective in anoxic con-
ditions, and subsequent experiments combin-
ing it with radiotherapy suggested significant
radiosensitization [46]. The proposed explana-
tion was that the gene therapy worked on cells
that were relatively hypoxic and therefore less
prone to radiation damage.

Selective Tumor Cell Killing

Cancer cells usually have gene expression
profiles that are different from those of normal
cells, and this characteristic has been targeted 
in the use of replication competent viruses for
direct cell killing. Clearly, in administering repli-
cation competent viruses, albeit attenuated,
there are safety concerns with regard to systemic
infection and to transmission to other individu-
als by the patient.

As has already been mentioned, bladder
cancer has a high rate of p53 mutations. It has
been shown that adenovirus produces a protein
(E1B-55) that binds wild-type p53, and viruses
that are engineered to lack expression of this
protein selectively target cells lacking functional
p53 [47]. There have already been phase I clini-
cal trials utilizing this virus in head and neck
cancers, and these crucially showed that virus
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1) The adenoviral vector (AdV) delivers the Herpes simplex
thymidine kinase (TK) gene to its target tumour cell.

2) Ganciclovir (GCV) enters the cell by diffusion.
3) The expressed TK phosphorylates GCV to GCV monophos-

phate (GCV-P), a biochemical reaction that human kinases
cannot achieve.

4) GCV-P can be transported to adjacent cells through gap 
junctions

5) Human kinases can add two additional phosphates to GCV-P
producing GCV-triphosphate (GCV-P-P-P)

6) GCV-P-P-P is incorporated into DNA; however, DNA poly-
merases cannot replicate DNA containing GCV-P-P-P. Mitosis
is interrupted and the cell dies.

Because GCV-P can be transported to adjacent cells,not every cell
needs to be transduced by the viral vector in order to be killed—
the bystander effect

Fig. 15.2. Herpes simplex virus thymidine kinase (HSV-tk)
suicide gene therapy.
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was not detected in normal tissues [48]. In vitro
studies have shown in bladder cancer that this
virus lyses cells with mutant p53 selectively [49],
and there is therefore scope for clinical studies.
Further specificity for bladder cancer cells using
this virus has been demonstrated by targeting
EGFR-positive cells [10].

Uroplakins, a group of integral membrane
proteins, have been shown to be specifically
overexpressed in transitional cell carcinomas
[50]. Zhang et al. [51] engineered an adenovirus
(CG8840) in which the uroplakin II promoter
gene controlled expression of essential early
genes and demonstrated that replication of this
virus was limited to bladder cancer cells. When
this virus was administered to mice with tumor
xenografts, there was significant reduction of
tumor growth. This effect was observed both
with intratumoral and intravenous administra-
tion, and was enhanced in combination with
docetaxel. This approach shows promise for
patients with metastatic disease.

Other viruses have been studied in bladder
cancer that are not bladder specific but cancer
cell specific. PV701 is an attenuated strain of
Newcastle disease virus that has been shown in
a phase I trial to have tolerable toxicity levels
[52]. It has several favorable characteristics, such
as lack of antigenic drift, absence of human-to-
human transmission, and minimal toxicity. The
virus infects cancer cells at doses 1000 times
lower than normal cells. Currently investigators
at University of Chicago Cancer Research Center
are undertaking a phase I trial of intravesical
administration of PV701 prior to cystectomy
(W.M. Stadler, lead investigator). The herpes
simplex virus G207 also shows potential and has
been demonstrated to be effective in an ortho-
topic bladder cancer model [53]. Histological
studies showed no viral infection of normal
urothelium or distant organs.

Immunological Gene Therapy
The purpose of immunological gene therapy is
to enhance the host immune response against
the tumor.

Tumor Vaccines

Initial studies transfected tumor cell lines with
cytokines in vitro and demonstrated that tumor

formation was prevented when these cells were
administered to experimental animals. This led
to the development of so-called tumor vaccines.
In this approach cancer cells transfected with a
cytokine-producing gene are administered to
animals with established tumors of the same cell
line. By inducing specific immunity, an antitu-
mor effect is seen.

Connor et al. [54] studied the cytokines IL-2
and interferon-g (IFN-g). Retroviral vectors were
used to transfect the bladder cancer cell line
MBT-2 with these cytokines and they were then
inactivated by X-irradiation. Mice with ortho-
topic bladder tumors derived from MBT-2 cells
were then vaccinated intraperitoneally with
these cell lines (individually or combined), once
weekly for 3 weeks. IL-2 vaccination had a
significant inhibitory effect on tumor growth,
and three of five mice tumors regressed com-
pletely. Interferon-g had a less marked effect but
still showed antitumor activity. There was no
benefit for combined treatment. The same group
showed in a subsequent study that granulocyte-
macrophage colony-stimulating factor (GM-
CSF) could similarly be used as a tumor vaccine
and was almost as effective as IL-2 [55].

In an effort to increase further the immuno-
genicity of tumor vaccines, the use of cotrans-
fection with co-stimulatory molecules has been
studied. For example, the adhesion molecule B7
is usually present on antigen-presenting cells 
and reacts with CD28 to activate T cells. When
mice with MBT-2 bladder tumors received a
combination of IL-2 transfected cells followed 
by B7 transfected cells, tumor regression was
significantly enhanced [1]. This was not the case
if B7 was administered before IL-2, and the
implication is that B7 has a role in the induction
of a cytotoxic T lymphocyte (CTL) response after
it has been activated by IL-2. A human study of
tumor cell vaccination using this model is pro-
posed. Another co-stimulatory molecule is CD40
ligand, which interacts with CD40 on antigen-
presenting cells. Although vaccination with
tumor cells expressing CD40 ligand was success-
ful in preventing subsequent tumor develop-
ment, unfortunately a significant response was
not seen in preexisting tumors [56].

In Vivo Cytokine Transfection

An alternative method of immune-mediated
gene therapy is to transfect tumor cells directly
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in vivo with cytokines. This would obviate the
need to perform the technically demanding
process of culturing tumor cells obtained from
patients. For example intravesical administra-
tion of the IL-2 gene contained within a liposo-
mal vector has been performed in a mouse
model [57]. Results were promising, with 40% of
mice alive and tumor free at 60 days, compared
to 100% mortality in the control group. This
treatment strategy may have potential in high-
risk superficial bladder cancer as an alternative
to or perhaps in combination with BCG. Indeed,
a recent study has suggested a synergistic effect
[58].

Interleukin-12 is a cytokine important in acti-
vation of the CTL response. It is also a potent
upregulator of IFN-g.When an adenoviral vector
containing the IL-12 gene was injected directly
into subcutaneously inoculated mouse bladder
tumors, it led to a significant reduction in tumor
growth [59]. Indeed, all six animals in the group
receiving the highest dose experienced complete
remission of the tumor. In a separate experi-
ment, injection into the primary tumor was
associated with reduced growth of lung metas-
tases, thus demonstrating that this form of
therapy had a systemic effect.

A similar experiment has been performed
using adenoviral vectors containing the gene for
interferon-b (IFN-b) [60]. This important
cytokine has a multitude of actions including
immune modulation and the inhibition of
angiogenesis. Tumor weight in those tumors
injected with the IFN-b gene was significantly
less than in controls. These tumors also showed
reduced angiogenesis as measured by microves-
sel density.

Conclusion
This chapter has summarized the large amount
of experimental work exploring the potential 
for gene therapy in bladder cancer. Several 
phase I trials have now been reported, and the
next decade holds out the hope of successful
transfer of these therapies to the clinical situa-
tion. The future must lie with multimodality
treatment, and the studies that have described
synergy between chemotherapy and gene
therapy are extremely encouraging. However,
there is a long way to go, and, unfortunately,
achieving efficacious therapy is not the only

challenge, because gene therapy continues to
court ethical controversy, and its success is most
likely to depend on its acceptance by the general
public.

References
1. Larchian WA, Horiguchi Y, Nair SK, Fair WR,

Heston WD, Gilboa E. Effectiveness of combined
interleukin 2 and B7.1 vaccination strategy is
dependent on the sequence and order: a liposome
mediated gene therapy treatment for bladder
cancer. Clin Cancer Res 2000;6:2913–2920.

2. Harimoto K, Sugimura K, Lee CR, Kuratsukuri K,
Kishimoto T. In vivo gene transfer methods in the
bladder without viral vectors. Br J Urol 1998;81:
870–874.

3. Perrotte P, Wood M, Slaton JW, et al. Biosafety of
in vivo adenovirus-p53 intravesical administra-
tion in mice. Urology 2000;56:155–159.

4. Pagliaro LC, Keyhani A,Williams D, et al. Repeated
intravesical instillations of an adenoviral vector in
patients with locally advanced bladder cancer: a
phase I study of p53 gene therapy. J Clin Oncol
2003;21:2247–2253.

5. Li Y, Pong RC, Bergelson JM, et al. Loss of aden-
oviral receptor expression in human bladder
cancer cells: a potential impact on the efficacy of
gene therapy. Cancer Res 1999;59:325–330.

6. Sachs MD, Rauen KA, Ramamurthy M, et al. Inte-
grin av and coxsackie adenovirus receptor expres-
sion in clinical bladder cancer. Urology 2002;60:
531–536.

7. Lee CT, Seol JY, Park KH, et al. Differential effects
of adenovirus-p16 on bladder cancer cell lines can
be overcome by the addition of butyrate. Clin
Cancer Res 2001;7:210–214.

8. Sachs MD, Cohen M, Chowdhury W, Lacey D,
Loening SA, Rodriguez R. Rendering bladder
cancer suitable for adenoviral gene therapy. J Urol
2003;169:185(abstract 716).

9. Okegawa T, Pong RC, Li Y, Bergelson JM,
Sagalowsky AI, Hsieh JT. The mechanism of the
growth-inhibitory effect of coxsackie and aden-
ovirus receptor (CAR) on human bladder cancer:
a functional analysis of car protein structure.
Cancer Res 2001;61:6592–6600.

10. van der Poel HG, Molenaar B, van Beusechem VW,
et al. Epidermal growth factor receptor targeting
of replication competent adenovirus enhances
cytotoxicity in bladder cancer. J Urol 2002;168:
266–272l.

11. Matsumoto K, Freund CT, Jian W, et al. Effective
suicide gene transfer strategy by a chimeric 
adenovirus vector to bladder cancer. J Urol
2003;169:184(abstract 713).



165

Gene Therapy of Urothelial Malignancy

12. Chester JD, Kennedy W, Hall JD, Selby PJ, Knowles
MA. Adenovirus-mediated gene therapy for
bladder cancer: efficient gene delivery to normal
and malignant human urothelial cells in vitro and
ex vivo. Gene Therapy 2003;10:172–179.

13. Engler H, Anderson SC, Machemer TR, et al.
Ethanol improves adenovirus-mediated gene
transfer and expression to the bladder epithelium
of rodents. Urology 1999;53:1049–1053.

14. Lin LF, Zhu G, Yoo JJ, Soker S, Sukhatme VP, Atala
A. A system for the enhancement of adenovirus
mediated gene transfer to uro-epithelium. J Urol
2002;168:813–818.

15. Connor RJ, Engler H, Machemer T, et al.
Identification of polyamides that enhance aden-
ovirus mediated gene expression in the urothe-
lium. Gene Ther 2001;8:41–48.

16. Yamashita M, Rosser CJ, Zhou JH, et al. Syn3 
provides high levels of intravesical adenoviral-
mediated gene transfer for gene therapy of geneti-
cally altered urothelium and superficial bladder
cancer. Cancer Gene Ther 2002;9:687–691.

17. Kuball J, Wen SF, Leissner J, et al. Successful aden-
ovirus-mediated wild-type p53 gene transfer in
patients with bladder cancer by intravesical vector
instillation. J Clin Oncol 2002;20:957–965.

18. Gomella LG, Mastrangelo MJ, McCue PA, Maguire
HC Jr, Mulholland SG, Lattime EC. Phase I study
of intravesical vaccinia virus as a vector for gene
therapy of bladder cancer. J Urol 2001;166:1291–
1295.

19. Siemens DR, Crist S, Austin JC, Tartaglia J, Ratliff
TL. Comparison of viral vectors: gene transfer
efficiency and tissue specificity in a bladder
cancer model. J Urol 2003;170:979–984.

20. Esrig D, Elmajian D, Groshen S, et al. Accumula-
tion of nuclear p53 and tumour progression in
bladder cancer. N Engl J Med 1994;331:1259–1264.

21. Harris MP, Sutjipoto S, Wills KN, et al.
Adenovirus-mediated p53 gene transfer inhibits
growth of human tumor cells expressing mutant
p53 protein. Cancer Gene Ther 1996;3:121–130.

22. Wada Y, Gotoh A, Shirakawa T, Hamada K,
Kamidono S. Gene therapy for bladder cancer
using adenoviral vector. Mol Urol 2001;5:47–52.

23. Miyake H, Hara I, Hara S, Arakawa S, Kamidono
S. Synergistic chemosensitization and inhibition
of tumor growth and metastasis by adenovirus
mediated p53 gene transfer in human bladder
cancer model. Urology 2000;56:332–336.

24. Pagliaro LC, Keyhani A, Liu B, Perrotte P, Wilson
D, Dinney CP. Adenoviral p53 gene transfer in
human bladder cancer cell lines: cytotoxicity and
synergy with cisplatin. Urol Oncol 2003;21:456–
462.

25. Shirakawa T, Sasaki R, Gardner TA, et al. Drug
resistant human bladder cancer cells are more
sensitive to adenovirus mediated wild-type p53

gene therapy compared to drug-sensitive cells. Int
J Cancer 2001;94:282–289.

26. Hall MC, Li Y, Pong RC, et al. The growth
inhibitory effect of p21 adenovirus on human
bladder cancer cells. J Urol 2000;163:1033–1038.

27. Xu HJ, Zhou Y, Seigne J, et al. Enhanced tumor
suppressor gene therapy via replication deficient
adenovirus vectors expressing an N-terminal
truncated retinoblastoma protein. Cancer Res
1996;56:2245–2249.

28. Xu HJ, Xu K, Zhou Y, Benedict WF, Hu SX.
Enhanced tumor cell growth suppression by an N-
terminal truncated retinoblastoma protein. Proc
Natl Acad Sci USA 1994;91:9837–9841.

29. Sazawa A,Watanabe T, Tanaka M, et al.Adenovirus
mediated Gelsolin gene therapy for orthotopic
human bladder cancer in nude mice. J Urol 2002;
168:1182–1187.

30. Irie A, Kashani-Sabet M, Scanlon K, Uchida T,
Baba S. Hammerhead ribozymes as therapeutic
targets for bladder cancer. Mol Urol 2000;4:61–65.

31. Irie A, Anderegg B, Kashani-Sabet M, et al. Thera-
peutic efficacy of an adenovirus-mediated anti-H-
ras ribozyme in experimental bladder cancer.
Antisense Nucleic Acid Drug Dev 1999;9:341–349.

32. Watanabe T, Shinohara N, Sazawa A, et al. Aden-
ovirus mediated gene therapy for bladder cancer
in an orthotopic model using a dominant negative
H-ras mutant. Int J Cancer 2001;92:712–717.

33. Mizutani Y, Fukumoto M, Bonavida B, Yoshida O.
Enhancement of sensitivity of urinary bladder
tumor cells to cisplatin by c-myc antisense
oligonucleotide. Cancer 1994;74:2546–2554.

34. Bilim V, Kasahara T, Noboru H, Takahashi K,
Tomita Y. Caspase involved synergistic toxicity of
bcl-2 antisense oligonucleotides and Adriamycin
on transitional cell cancer cells. Cancer Lett
2000;155:191–198.

35. Inoue K, Perrotte P, Wood CG, Slaton JW, Sweeney
P, Dinney CP. Gene therapy of human bladder
cancer with adenovirus-mediated antisense basic
fibroblast growth factor. Clin Cancer Res 2000;
6:4422–4431.

36. Inoue K, Wood CG, Slaton JW, Karashima T,
Sweeney P, Dinney CP. Adenoviral-mediated gene
therapy of human bladder cancer with antisense
interleukin-8. Oncol Rep 2001;8:955–964.

37. Cheon J, Moon DG, Cho HY, et al. Adenovirus
mediated suicide gene therapy in an orthotopic
murine bladder tumor model. Int J Urol 2002;
9:261–267.

38. Sutton MA, Freund CT, Berkman SA, et al. In vivo
adenovirus-mediated suicide gene therapy of
orthotopic bladder cancer. Mol Ther 2000;2:211–
217.

39. Akasaka S, Suzuki S, Shimizu H, Igarishi T,
Akimoto M, Shimada T. Suicide gene therapy for
chemically induced rat bladder tumor entailing



166

Urological Cancers: Science and Treatment

instillation of adenoviral vectors. Jpn J Can Res
2001;92:568–575.

40. Freeman SM, Abboud CN, Whartenby KA, et al.
The “bystander effect”: tumor regression when 
a fraction of the tumor mass is genetically
modified. Cancer Res 1993;53:5274–5283.

41. Tanaka M, Fraizer GC, De La Cerda J, Cristiano RJ,
Liebert M, Grossman HB. Connexin 26 enhances
the bystander effect in HSVtk/GCV gene therapy
for human bladder cancer by adenovirus/PLL/
DNA gene delivery. Gene Ther 2001;8:139–148.

42. Shibata MA, Horiguchi T, Morimoto J, Otsuki Y.
Massive apoptotic cell death in chemically
induced rat urinary bladder carcinomas following
in situ HSVtk electrogene transfer. J Gene Med
2003;5:219–231.

43. Freund CT, Tong XW, Rowley D, et al. Combina-
tion of adenovirus-mediated thymidine kinase
gene therapy with cytotoxic chemotherapy in
bladder cancer in vitro. Urol Oncol 2003;21:197–
205.

44. Freund CT, Sutton MA, Dang T, Contant CF,
Rowley D, Lerner SP. Adenovirus-mediated com-
bination suicide and cytokine gene therapy for
bladder cancer. Anticancer Res 2000;20:1359–
1365.

45. Greco O, Folkes LK, Wardman P, Tozer GM, Dachs
GU. Development of a novel enzyme/prodrug
combination for gene therapy of cancer: horse-
radish peroxidase/indole-3–acetic acid. Cancer
Gene Ther 2000;7:1414–1420.

46. Greco O, Tozer GM, Dachs GU. Oxic and anoxic
enhancement of radiation mediated toxicity by
horseradish peroxidase/indole-3–acetic acid gene
therapy. Int J Radiat Biol 2002;78:173–181.

47. Bischoff JR, Kirn DH, Williams A, et al. An aden-
ovirus mutant that replicates selectively in p53
deficient human tumor cells. Science 1996;274:
373–376.

48. Khuri FR, Nemunaitis J, Ganly I, et al. A controlled
trial of intratumoural ONYX-015, a selectively
replicating adenovirus, in combination with 
cisplatin and 5–fluorouracil in patients with
recurrent head and neck cancer. Nat Med 2000;
6:879–885.

49. Hsieh JL, Wu CL, Lai MD, Lee CH, Tsai CS, Shiau
AL. Gene therapy for bladder cancer using E1B-55
deleted adenovirus in combination with adenovi-
ral vector encoding plasminogen kringles 1–5. Br
J Cancer 2003;88:1492–1499.

50. Moll R, Wu XR, Lin JH, Sun TT. Uroplakins,
specific membrane proteins of urothelial umbrella
cells, as histological markers of metastatic transi-

tional cell carcinomas. Am J Pathol 1995;147:
1383–1397.

51. Zhang J, Ramesh N, Chen Y, et al. Identification of
human uroplakin II promoter and its use in the
construction of CG8840, a urothelium-specific
adenovirus variant that eliminates established
bladder tumors in combination with docetaxel.
Cancer Res 2002;62:3743–3750.

52. Pecora AL, Rizvi N, Cohen GI, et al. Phase I trial
of intravenous administration of PV701, an
oncolytic virus, in patients with advanced solid
cancers. J Clin Oncol 2002;20:2251–2266.

53. Cozzi PJ, Malhotra S, McCauliffe P, et al. Intra-
vesical oncolytic viral therapy using attenuated,
replication competent herpes simplex viruses
G207 and Nv1020 is effective in the treatment of
bladder cancer in an orthotopic syngeneic model.
FASEB J 2001;15:1306–1308.

54. Connor J, Bannerji R, Saito S, Heston W, Fair W,
Gilboa E. Regression of bladder tumours in mice
treated with interleukin 2 gene modified tumor
cells. J Exp Med 1993;177:1127–1134.

55. Saito S, Bannerji R, Gansbacher B, et al.
Immunotherapy of bladder cancer with cytokine
gene-modified tumor vaccines. Cancer Res 1994;
54:3516–3520.

56. Kimura T, Ohashi T, Kikucji T, Kiyota H, Eto Y,
Ohishi Y. Antitumor immunity against bladder
cancer induced by ex vivo expression of CD40
ligand gene using retrovirus vector. Cancer Gene
Ther 2003;10:833–839.

57. Horiguchi Y, Larchian WA, Kaplinsky R, et al.
Intravesical liposome mediated interleukin 2 gene
therapy in orthotopic murine bladder cancer
model. Gene Ther 2000;7:844–851.

58. Oyama M, Heston WD, Horiguchi Y, et al. Syner-
gistic antitumor effect of intravesical liposome
mediated interleukin 2 gene therapy plus BCG in
orthotopic murine bladder cancer. J Urol 2003;
169:128(abstract 497).

59. Chen L, Chen D, Block E, O’Donnel M, Kufe DW,
Clinton SK. Eradication of murine bladder carci-
noma by intratumor injection of a bicistronic
adenoviral vector carrying cDNAs for the IL-12
heterodimer and its inhibition by the IL-12 p40
subunit homodimer. J Immunol 1997;159:351–
359.

60. Izawa JI, Sweeney P, Perrotte P, et al. Inhibition of
tumorigenicity and metastasis of human bladder
cancer growing in athymic mice by interferon-b
gene therapy results partially from various
antiangiogenic effects including endothelial cell
apoptosis. Clin Cancer Res 2002;8:1258–1270.



Part III
Kidney Cancer



Kidney cancer, more commonly known as renal
cell carcinoma,is the sixth leading cause of cancer
death in the United States [1]. It currently
accounts for approximately 3% of all adult malig-
nancies [1]. In 2001, 32,000 cases of renal cell car-
cinoma in the United States were documented.Of
these 32,000 cases, approximately 40% will die of
the disease [1]. Renal cell carcinoma is more
common in males than in females, with approxi-
mately a 2 : 1 ratio. It typically affects patients
between the ages of 50 and 70 but may occur in
younger individuals, especially those who suffer
from familial syndromes [2–5]. The number one
risk factor for the disease is cigarette smoking.
Other risk factors include obesity and hyperten-
sion, which are thought to be particular risk
factors for females who develop renal cell carci-
noma [3–5]. Occupational exposures such as
leather finishing products and asbestos have also
been associated with the development of renal
cell carcinoma [6,7]. Also an increased incidence
has been found in patients with end-stage renal
disease and acquired renal cystic disease, espe-
cially in those who are undergoing dialysis, with
the risk of renal cell carcinoma being approxi-
mately 20 times that of a normal individual [8,9].
Renal cell carcinoma is thought to be made up 
by four histopathological types: clear cell carci-
noma, which accounts for approximately 80% 
to 85%; papillary renal cell carcinoma, which
accounts for approximately 5% to 10%; chromo-
phobe; and oncocytoma.

It is estimated that approximately 4% of renal
cancers are familial, and that this percentage is

likely to increase with the discovery of more
inherited forms of the disease [10]. Currently
there are four hereditary syndromes that are
associated with the development of renal cell
carcinoma, the most common being von
Hippel–Lindau disease. Other hereditary forms
of renal cell carcinoma include tuberous sclero-
sis, hereditary papillary renal cell carcinoma,
Birt-Hogg-Dube syndrome, hereditary leiomy-
oma renal cell carcinoma, familial renal oncocy-
toma, and hereditary nonpolyposis colon cancer
[10]. With the identification of the familial asso-
ciation of some renal cell carcinomas, intense
investigations into the genetic alterations lead-
ing to these tumors has been undertaken. This
effort, led by researchers at the National Cancer
Institute, has been successful in identifying and
characterizing many genetic loci associated 
with familial forms of renal cell carcinoma. This
chapter discusses the molecular genetics of renal
cell carcinoma, some of the molecular markers
associated with these types of tumors, and the
familial syndromes associated with development
of renal cell carcinoma, which may play an
important role in the diagnosis and manage-
ment of these tumors in the future.

Clear Cell Carcinoma
Clear cell carcinoma is the histopathological
subtype that accounts for the majority of renal
cell carcinomas. It is characterized by cells that
typically have clear cytoplasm, although there is
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a “granular” pattern that may occur in some
tumors (Fig. 16.1) [11]. Clear cell carcinoma 
is thought to be the most aggressive of the
histopathological subtypes with the greatest
chance of metastases, and may be associated
with the sarcomatoid variant in up to 5% of cases
[11]. This subtype tends to be one of the better
responders to immunotherapy. Clear cell carci-
noma occurs in both sporadic and familial
forms, and in both forms it is characterized by
the loss of a tumor-suppressor gene, namely the
VHL gene.

Von Hippel–Lindau Disease
Von Hippel–Lindau (VHL) disease is a heredi-
tary syndrome characterized by the develop-
ment of multiple tumors, both benign and
malignant, affecting several different organ
systems [3], including the eyes, spine, inner ear,
pancreas, adrenal gland, and kidneys. Retinal
angiomas, cerebellar and spinal hemangio-
blastomas, and renal cell carcinomas are the
hallmark lesions of this disease. Renal cysts,
pancreatic cysts, pancreatic carcinomas,
pheochromocytomas, epididymal or broad liga-
ment cyst adenomas, and endolymphatic sac
tumors may also occur in patients who suffer
from this disease. Von Hippel–Lindau disease is
estimated to affect approximately 1 in 36,000
individuals and is inherited in an autosomal-
dominant fashion, with estimated penetrance of
80% to 90% by the age of 65 [12,13]. Renal cell
carcinoma eventually develops in approximately
28% to 45% of those individuals affected with
VHL disease [3]. The tumors associated with

VHL disease are typically multicentric and are
often bilateral. These tumors are predominantly
of the clear cell variety.

The VHL gene has been localized to the short
arm of chromosome 3, sub-band 25 (3p25)
[14–16]. This mapping was first accomplished by
Seizinger et al. [15], who used genetic linkage
analysis to study nine families affected with VHL
disease. The germline mutation is transmitted in
an autosomal-dominant fashion, with each of
the offspring having a 50% risk of inheriting the
mutant allele [12]. According to Knudson’s [17]
“two-hit” hypothesis, the carriers of mutations
in a tumor-suppressor gene have a germline
mutation in one allele of the gene, and a second
“hit” or somatic mutation occurs in the homol-
ogous normal allele, thus leading to tumor for-
mation. The purpose of tumor-suppressor genes,
such as the VHL gene, is to inhibit tumor devel-
opment through regulation of self-proliferation
and differentiation, and their inactivation pre-
disposes an individual to cancer through loss of
these regulatory processes.

Tory et al. [18] used restriction fragment
length polymorphism (RFLP) analysis to
confirm that in the VHL patients the wild-type
chromosome 3p25 allele inherited from the
unaffected parent had been lost. With the other
allele being the abnormal germline copy of the
VHL gene inherited from the affected parent,
Tory et al. were able to demonstrate this asso-
ciation with the development of renal cell 
carcinoma. Lubensky et al. [19] subsequently
demonstrated loss of the wild-type 3p allele with
evidence of the inherited mutated allele in 25 of
26 renal lesions from patients affected with VHL
disease. Also, the loss of heterozygosity (LOH) at
3p25 was detectable in atypical renal cysts and
cysts with renal cell carcinoma in situ. These
provided strong evidence that the VHL gene was
indeed a tumor-suppressor gene, and loss of
function of both gene copies appeared to be an
important early step toward tumor formation.

In 1988 Seizinger et al. [15] confirmed that the
VHL gene was linked to the locus encoding 
the human homologue of the RAF1 oncogene
mapping to the 3p25 chromosome. In this
important report, the authors hypothesized that
the defect responsible for the VHL phenotype
was not a mutation in the RFA1 gene itself but
rather the inactivation of a putative tumor-
suppressor gene, namely the VHL gene, and that
this led to the development of renal cell carci-

Fig. 16.1. Clear cell carcinoma.
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noma. This linkage to RFA1 was confirmed by
Hosoe et al. [20], who also reported linkage of
the VHL gene to D3S18, a polymorphic DNA
marker located at 3p26. Richards et al. [21] then
demonstrated tight linkage of the VHL gene to
the DNA probe D3S601, which was located in the
region between RAF1 and D3S18. The VHL gene
was subsequently identified by Latif et al. [16] in
1993 through the use of yeast artificial chromo-
somes and cosmid phase contigs. Latif et al.
demonstrated that the VHL gene was a single-
copy gene with evolutionary conservation across
several species, pointing to its essential role in
cellular processes.

The VHL gene contains three exons with an
open reading frame of 852 nucleotides that
encode a protein of 213 amino acids [2,3].
Several hundred germline mutations have now
been recognized in VHL kindreds [2,3]. These
include microdeletions, insertions, large dele-
tions, and missense and nonsense mutations.
Chen et al. [22] studied 114 VHL families and
identified mutations throughout the coding
region, but clustering occurred at the 3¢ end of
exon 1 and the 5¢ end of exon 3 with a paucity of
mutations in exon 2. The importance of this is
that specific mutations have now been correlated
with certain phenotypic characteristics in VHL
patients. For example, VHL type 1 families most
frequently have large deletions, microdele-
tions/insertions, or nonsense mutations
[12,22,23]. The specific phenotypic characteris-
tic of these families is that they typically do not
develop pheochromocytomas. However, in VHL
type 2 families that do suffer from pheochromo-
cytomas, 96% of the mutations are missense
mutations [12,22,23]. Gnarra et al. [24] evaluated
sporadic clear cell carcinomas and found VHL
gene mutations in 57% of the cancers, with LOH
of the gene in 98%. In these patients, they found
that the mutations clustered to the 3¢ end of exon
1 and at the 5¢ end of exon 3; however, exon 2 also
had a high frequency of mutations (approxi-
mately 45%). This high number of mutations, as
well as splice-site mutations that would elimi-
nate its translation, suggested that exon 2 may
have a role in the function of the protein
product. The functions of the VHL protein
product have been difficult to predict as there 
is no important homology to other proteins
[12,16]. Further characterization has been per-
formed through cellular localization studies.
Immunofluorescence microscopy demonstrated

that the protein product is located primarily in
the cytoplasm but can also been found in the
nucleus [3,12,25–28]. Subsequently, two biologi-
cally active VHL protein isoforms, pPVHL30 and
pVHL19, have been demonstrated [29]. Further-
more, there is evidence to suggest that the
expression of the VHL proteins in either the
cytoplasm or the nucleus may be associated with
clinical outcome [29]. Coimmunoprecipitation
of the VHL protein revealed two proteins of
9 and 16 kilodaltons (kd), which were subse-
quently identified as elongin C and elongin B,
respectively [3,30–32]. However, when certain
missense mutations of the VHL gene occurred,
this protein interreaction was found to be very
weak or nonexistent [3,28]. This relationship of
the normal VHL protein and loss of its associa-
tion with other proteins due to certain mutations
has led several investigators to study the
protein–protein interactions in VHL much more
closely.

Normally the VHL protein product binds
tightly to elongin B and C, which are regulatory
subunits of elongin SIII [3,30,33–35]. The VHL
protein product has not been shown to bind to
elongin A. Elongin SIII is known to hasten DNA
transcriptional elongation by RNA polymerase
II by inhibiting temporary pausing of the poly-
merase at certain DNA sites and by controlling
its release from DNA [3,12,36,37]. With binding
of elongin B and C, the VHL protein is able to
abort the formation of the active heterotrimeric
protein elongin SIII [3,30]. The transcription of
certain genes may be downregulated as a result
of these binding sequences [12,34]. As men-
tioned previously, a number of VHL proteins
with missense gene mutations have been found
to complex minimally or not at all with the
elongin regulatory subunits [3,28]. This inability
to inhibit the formation of elongin may lead 
to the loss of regulation of transcription rates 
of genes important in tumor suppression
[12,28,35].

The association of the VHL protein with
elongin B and C may function to promote a
complex that is responsible for ubiquitination
and proteasome degradation. Cullin-2 (CUL-2),
a member of the CDC53 family of proteins, has
been found to bind to VHL elongin B and C and
form a stable tetrameric complex [3,38]. This
complex has been noted to be crucial in the
degradation of specific proteins such as hypoxia-
induced factor 1a (HIF1a) [33,39]. Studies have
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shown that VHL gene mutations have resulted in
higher concentrations of HIF1a protein expres-
sion [14,39]. Accumulation of HIF1a has been
noted to result in higher levels of vascular
endothelial growth factor (VEGF) production
[40]. VEGF is a polypeptide growth factor that
assists in the migration, proliferation, and dif-
ferentiation of vascular endothelial cells [2]. It
has been shown to be markedly overexpressed 
in sporadic and VHL-associated renal cell car-
cinomas [2,41–44]. The typical hypervascular
appearance of VHL and renal cell carcinomas,
and the significant amount of neoangiogenesis
often seen with these tumors, has been related to
the overproduction of VEGF [2,40].

The VHL gene may also have a more direct
interaction in repression of VEGF through its
association with the ubiquitous transcriptional
activator Sp1 [45]. Further investigations have
revealed that the Sp1 transcriptional activator
was found to interact with a specific isoform of
protein kinase C in renal cell carcinoma causing
transcriptional promotion of VEGF [46]. In the
presence of the wild-type VHL protein product,
the SP1 and protein kinase C interaction is
inhibited, resulting in lower levels of VEGF. Fur-
thermore, there may be direct complexation of
protein kinase C by the wild-type VHL protein,
leading to inhibited VEGF expression. Also the
VEGF receptors KDR and Flt-1 are overex-
pressed in sporadic and VHL-associated renal
cell carcinoma [2,47]. All of these findings
suggest an important role for the VHL protein as
a tumor suppressor.

Another polypeptide growth factor, trans-
forming growth factor beta-1 (TGF-b1) appears
to be regulated by the VHL protein [2,48,49].
This factor seems to function in a proliferative
fashion through a paracrine mechanism to
promote renal cell carcinoma formation. Tumor
development is suppressed with reintroduction
of the wild-type VHL protein product, which
inhibits TGF-b1 production or through the
administration of the anti–TGF-b1 antibodies
[14,48]. The VHL protein product has also been
associated with fibronectin, the extracellular
glycoprotein involved in extracellular matrix cell
signaling through intergrins [33,50–52]. Extra-
cellular fibronectin matrix assembly is altered in
VHL negative cells, and this alteration is cor-
rected with the introduction of the wild-type
VHL protein [14,50]. In mutated cells, neovas-
cularity parallels the changes in the extracellu-

lar matrix [14,53]. Tumor suppression, therefore,
may be a result of appropriate fibronectin
matrix assembly with regulation of neoangio-
genesis. The effects of the loss of the VHL gene
on its target proteins is summarized in (Figure
16.2).

Knowledge of the VHL gene and its protein as
well as its targets has led to an ever-expanding
list of genes and proteins involved in the devel-
opment of renal cell carcinoma. The VHL gene is
now known as one of the classic tumor-suppres-
sor genes in medicine. Multiple mutations of the
gene leading to its inactivation have been char-
acterized and associated with specific clinical
phenotypic results. Furthermore, a strong effort
to enroll families afflicted with von Hippel–
Lindau syndrome has been made by the National
Cancer Institute in order to track these families
and their outcomes. With further research into
this disease, it is hoped that therapeutic targets
might be established based on the understand-
ing of the gene’s multiple functions.

Sporadic Clear Cell 
Renal Carcinoma
The short arm of chromosome 3 has also been
implicated in the development for sporadic
renal cell carcinoma cases [2]. Up to 95% of
clear cell carcinomas have been demonstrated 
to contain abnormalities of the 3p region
[2,54–58]. Restriction fragment length polymor-
phism (RFLP) analysis for loss of heterozygos-
ity showed consistent segmental loss on the
short arm of chromosome 3 [3]. Subsequently,
an area of deletion in the 3p21-26 region in clear
cell renal carcinoma was described by Anglard
et al. [59]. As this genetic locus for renal cell 
carcinoma was being further investigated and

Loss of VHL 

HIF1a
VEGF

TGF1b

fibronectin matrix assembly

Fig. 16.2. The effects of the loss of the VHL gene on its target
proteins.
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defined, Seizinger et al. [15] mapped VHL
disease to the short arm of chromosome 3 in the
same region. With the identification of the VHL
gene in 1993 by Latif et al. [16], its role in spo-
radic renal cell carcinoma formation became an
issue of much interest. Strong evidence soon
accumulated suggesting that a single tumor-
suppressor gene, the VHL gene, was responsible
for both VHL-associated and sporadic clear cell
carcinoma [16,24]. Latif et al. showed the VHL
gene mutations in five sporadic renal cell carci-
noma cell lines. Gnarra et al. [24], through
tumor evaluation from 108 patients, detected
LOH at the VHL gene locus in 98% of clear cell
renal cell carcinomas and found mutations of
the remaining copy of the VHL gene in 57%. As
mentioned previously, mutations in sporadic
renal cell carcinomas were identified in all three
exons, but the majority involved exon 2, sug-
gesting that this was an important coding region
for the function of the VHL protein. Interest-
ingly, no VHL gene mutations were found in 12
papillary renal cell carcinomas. Furthermore,
Shuin et al. [60] analyzed 47 sporadic renal cell
carcinomas and identified VHL mutations in
56% with LOH at the VHL locus in 84% of the
clear cell carcinomas. The same team also found
no VHL gene mutations in eight non–clear cell
carcinomas. Other gene mutations that have
been examined as providing a possible path for
development of clear cell carcinoma include
LOH at the 3p13-14 region, the 17p region, loss
of PTEN, and loss of the p53 tumor-suppressor
gene [2,61–64]. However, the VHL gene has over-
whelming evidence to suggest its major role in
the development of clear cell carcinoma of the
kidney.

Hereditary Clear Cell 
Renal Carcinoma
There have been documented cases of families
with an autosomal-dominant inheritance pat-
tern demonstrating a balanced constitutional
translocation of 3p to 8q [65]. Affected family
members were shown to develop early-onset,
multiple, bilateral clear cell renal cell carcino-
mas. However, none of these family members
exhibited any of the other findings associated
with VHL disease. Furthermore, some families
with hereditary renal cell carcinoma have

demonstrated a translocation of the 3p segment
to chromosome 8, which in one patient resulted
in LOH and tumor development in one kidney
but no LOH in the opposite kidney without 
a tumor [66]. This raises the possibility that
certain familial translocations may be inherited
in a mosaic pattern.

Tuberous Sclerosis
Tuberous sclerosis (TS) is an autosomal-domi-
nant inherited disease in approximately 15% to
25% of cases and a result of de novo germline
mutations in 60% to 70% [67,68]. It is classically
described as a triad of epilepsy, mental retarda-
tion, and adenoma sebaceum, and it is thought
to occur in approximately one in 80,000 live
births [10]. The clinical manifestations of the
disease are multiple hamartomas (including
facial angiofibromas, periungual fibromas, and
calcified retinal hamartomas), multiple cortical
tubers, and renal angiomyolipomas. Approxi-
mately 1% to 2% of patients afflicted with TS
also develop renal cell carcinomas, although
classically these patients develop angiomyolipo-
mas, a benign tumor of the kidney [10]. The
renal cell carcinomas that arise in patients
affected by TS may be single or multiple, unilat-
eral or bilateral, and are classically of clear cell
histology. Two genes, tuberous sclerosis complex
1 (TSC1) on chromosome 9 and tuberous sclero-
sis complex 2 (TSC2) on chromosome 16, have
been identified as being responsible for TS devel-
opment [10]. Similar to VHL, the TSC2 gene is
thought to be a tumor-suppressor gene; there-
fore, with loss of the TSC2 allele, the functional
protein tuberin is lost and tumor formation may
occur [10,69,70].

Papillary Renal Cell Carcinoma
Papillary renal cell carcinoma is the second most
common histologic malignant tumor of the
kidney (Fig. 16.3). It accounts for approximately
10% to 15% of renal cell carcinomas and has a
male predominance of 5 : 1 to 8 : 1 [71,72]. It has
a better prognosis associated with it than does
clear cell carcinoma, as the 5-year survival rate
may be as high as 87% to 100% for stage 1 [73].
It also tends to present at earlier stages than does
clear cell carcinoma. This histological subtype
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also appears to be more common in patients on
chronic dialysis for end-stage renal disease [9].
The tumors associated with papillary renal cell
carcinoma tend to be multifocal and arise inde-
pendently of one another [2,14,74]. There are
two broad classifications of the tumor: sporadic
and hereditary. Papillary renal cell carcinoma
has not been associated with 3p mutations as is
found in clear cell carcinoma. Instead it is asso-
ciated with the proto-oncogene met, found on
chromosome 7 [2]. Unlike the VHL gene, studies
have demonstrated that the met allele and c-met
receptor are proto-oncogenes having tumori-
genic properties consisting of increased prolif-
eration, motility, extracellular invasion, and
tubule formation [14,75].

Sporadic papillary carcinoma of the kidney 
is associated with more than one chromosomal
abnormality. Roughly 80% of sporadic papillary
tumors possess polysomies [74]. Some of the
more common trisomies that have been
observed include trisomy of chromosomes 7, 17,
and 16 [2,14,74,76]. In addition, in male patients
with papillary renal cell carcinoma, loss of they
Y chromosome has been associated in approxi-
mately 80% to 90% of cases [77–80]. Other
chromosomal abnormalities reported include
LOH and somatic translocations. Thrash-
Bingham et al. [81] detected LOH on chromo-
somes 9q, 11q, 14q, 21q, and 6p. Somatic
translocations of chromosomes 1 and X have
been reported as well [82–84].

Hereditary papillary renal cell carcinoma
(HPRC), first established by Burton Zbar [85] in
1994, is associated with abnormalities of chro-
mosome 7. Specifically the met proto-oncogene

has been strongly associated with the hereditary
form of this neoplasm [86]. The met proto-
oncogene has now been localized to the 7q 31.3
region, which codes for a transmembrane recep-
tor tyrosine kinase [10,85,86]. Zbar et al. [85–88]
performed multigenerational studies of families
affected with HPRC and found germline mis-
sense mutations of the tyrosine kinase portion
of the met gene. The met gene is found in a high
percentage of HPRC family members as well 
as in a subset of sporadic papillary renal cell 
carcinomas. Hereditary papillary renal cell 
carcinoma is characterized by an autosomal-
dominant inheritance pattern and is associated
with bilateral and multifocal tumors.

Oncogenic properties of the met gene come
from studies of its amplification and mutations
that result in the activation of its encoded pro-
tein [89,90]. Function of the c-met receptor is
also of special interest. It is a tyrosine kinase
receptor involved in motility, proliferation, and
morphogenic signals [14]. Hepatocyte growth
factor/scatter factor (HGF/SF) is its ligand [91].
Normal organogenesis is dependent on the 
met receptor–HGF/SF pathway.Activation of cells
possessing HGF/SF causes increased prolifera-
tion, increased motility, extracellular invasion,
polarization, and tubule formation [75]. Studies
of mice with increased levels of tyrosine phos-
phorylation and enhanced kinase activity have
revealed a correlation between tumorigenesis
and biological activity of this pathway [92]. The
C-terminal is the docking site of this receptor.
Once activated by ligand binding, the receptor 
is upregulated by autocatalytic pathways, ulti-
mately increasing enzymatic and biological
activity of the receptor [93,94]. It is this upregu-
lation of the c-met receptor that is suspected to
result in the development of papillary renal cell
carcinoma in both the sporadic and hereditary
forms. However, the exact function of the c-met
receptor has not currently been fully delineated.

A second type of hereditary papillary renal
cell carcinoma, known as hereditary leiomyoma
renal cell carcinoma, is an autosomal-dominant
condition due to a mutation in the fumarate
hydratase gene [10]. This is often referred to as
type 2 hereditary papillary renal cell carcinoma
and is associated with a more aggressive form of
the disease [10]. The fumarate hydratase gene
maps to the 1q42.3-43 chromosome [10]. It is
believed that fumarate hydratase is an enzyme of
the Krebs cycle and is a “housekeeping” gene.

Fig. 16.3. Papillary renal cell carcinoma.
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The exact function of the gene, however, is
unknown. Patients afflicted with this hereditary
disorder get skin leiomyomas and papillary
renal cell carcinomas, which are usually single at
presentation. Females afflicted with the disease
may also develop uterine fibroids. This heredi-
tary form of papillary renal cell carcinoma tends
to affect patients at younger ages, usually
between the ages of 20 to 35 [10].

Chromophobe Tumors
The chromophobe histological classification of
renal cell carcinomas accounts for approxi-
mately 5% of renal cell carcinomas [95]. Chro-
mophobe tumors classically contain three
elements: (1) small cells with granular cyto-
plasm called type 1 cells, (2) cells with larger
eosinophilic granular cytoplasm and character-
istic clear perinuclear halos called type 2 cells,
and (3) polygonal cells with clear cytoplasm
called type 3 cells (Fig. 16.4). Chromophobes
typically have a less aggressive clinical course
than its clear cell and papillary counterparts
[96]. However, one discouraging feature of chro-
mophobe renal cell carcinomas is that they 
are typically unresponsive to immunotherapy.
Genetically, chromophobe tumors have been
associated with chromosome losses that have
multiple genetic loci including chromosomes 1,
2, 6, 10, 13, 17, and 21 [95]. Recently, a new syn-
drome known as Birt-Hogg-Dube was associ-
ated with the development of renal tumors. This
syndrome, first described by a pathologist, a
dermatologist, and an internist in 1977, is a triad

of skin lesions including fibrofolliculomas,
trichodiscomas, and acrochordomas [97]. It 
was noted to develop in an autosomal-dominant
fashion, usually after the age of 30. In 2002 Zbar
et al. [98] described the association of Birt-
Hogg-Dube with the development of renal and
colonic neoplasms as well as the development of
spontaneous pneumothoraces. Those patients
who suffer from Birt-Hogg-Dube have approxi-
mately a 9.3 times increased incidence of devel-
oping a renal tumor, with the most common
histology being chromophobe. The tumors are
often multiple and are bilateral in approximately
60% of patients. In 2002 Pavlovich et al. [95]
reviewed 130 solid renal tumors resected from
30 patients with Birt-Hogg-Dube. The patients
had a mean of 5.3 tumors and an average age at
discovery of the tumors of 50.7 years. In this
series, 34% were pure chromophobes. Another
50% of the patients had a hybrid of chromo-
phobe and oncocytoma, whereas 9% were of the
clear cell variety. In this series classic papillary
tumors or pure oncocytomas were rarely found.
The Birt-Hogg-Dube gene has now been
mapped to the 17p11.2 locus and is thought to
be a tumor-suppressor gene [99]. The presence
of the Birt-Hogg-Dube gene mutation is rare in
sporadic renal tumors.

Renal Oncocytoma
Renal oncocytoma is a neoplasm that occurs in
approximately 3% to 5% of renal cell carcinomas
[74,100]. It typically has a more benign course,
although metastases have been reported [101].
In a large number of tumors there are no chro-
mosomal losses associated with oncocytomas.
However, in some tumors genetic changes,
including losses at chromosomes 1p, 14q, X, and
Y or translocations involving 5q35 and 11q13,
have been reported [1,74,102–108]. There is a
familial syndrome known as familial renal onco-
cytoma (FRO) that was described by Weirich et
al. [109] in 1998 in five families. There was no
putative chromosomal loss identified in these
families, and it was felt that perhaps there might
be some overlap with the Birt-Hogg-Dube syn-
drome. The pattern of inheritance appeared to
be autosomal dominant. No evidence of VHL
germline mutations has been demonstrated 
in oncocytomas, and the tumors are typically
viewed as nonlethal.Fig. 16.4. Type 3 cells: polygonal cells with clear cytoplasm.
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Collecting Duct and Medullary
Carcinoma of the Kidney
Collecting duct carcinoma, also known as
Bellini’s tumor, is a rare form of kidney cancer
accounting for approximately 0.4% to 2% of
renal cancers [110]. Typically these tumors are
very aggressive, with many patients presenting
with metastases. Median survival has been
reported to be around 11.5 months across all
stages [111]. Structurally and histologically these
tumors resemble papillary renal cell carcinoma
(Fig. 16.5) [110]. Collecting ducts carcinomas are
typically characterized by hypodiploid stem
lines with chromosomes 1, X, and Y most com-
monly affected [112]. Additional abnormalities
have been found on chromosomes 22 and 23 but
are less common than those at 1, X, and Y. Kuoda
et al. [110] have demonstrated LOH at 1q32.1-
32.2; however, the rarity of these tumors has
made it difficult to completely characterize
them.

Renal medullary carcinoma is another rare
renal cancer found almost exclusively in African
Americans. In a study by Suartz et al. [113], 82%
of the patients with medullary carcinoma were
African Americans, and all had either sickle cell
disease or trait. These tumors are also charac-
terized by a very aggressive phenotype, with
many presenting with metastases at diagnosis,
and extremely poor survival rates. Genetically
the tumors typically show no chromosomal
losses or gains. Medullary carcinoma tumors
have been shown to stain strongly for HIF1a and
VEGF [113], the hypothesis for this being that

there is chronic medullary hypoxia secondary 
to the sickle cell hemoglobinopathy leading to
accumulation of HIF1a and VEGF with neoan-
giogenesis and tumor growth.

Molecular Markers
Within the last decade there has been intense
research into the development of molecular
markers as potential prognosticators in various
malignancies. Others have evaluated the use of
various prognostic factors in renal cell carci-
noma such as tumor size, histologic pattern,
nuclear morphometry, and DNA content;
however, none of these has proved to supply
information more predictive than stage and
grade [114–117]. The prognostic value of cellu-
lar proliferation markers such as Ki-67, p53
mutations, growth factor expression, PTEN
status, and intratumoral microvessel density
have been investigated [118–122]. Also, as dis-
cussed earlier, the pattern of VHL protein
(pVHL19, pVHL30) staining in renal cell carcino-
mas has been correlated with tumor aggressive-
ness [29]. Despite these newer markers, stage
and grade remain the greatest predictive prog-
nostic factors.

Wilms’ Tumor
Wilms’ tumor is the most common malignant
neoplasm of the urinary tract in children and
one of the most common solid tumors of chil-
dren [123]. First described in 1814 by Rance and
subsequently characterized by Max Wilms in
1899, Wilms’ tumor has become an excellent
model for the link between cancer and develop-
ment. The tumor occurs with a frequency of
about 1 in 10,000 live births, and approximately
350 new cases occur per year in the United States
[123,124]. The peak incidence is between the
third and fourth years of life, with 90% of
patients presenting before the age of 7. There
does not appear to be a sex predominance.
Several other congenital abnormalities have
been found in patients with Wilms’ tumour,
including aniridia, hemihypertrophy, muscu-
loskeletal abnormalities, neurofibromatosis,
and secondary malignant neoplasms (sarcomas,
adenocarcinomas, and leukemias).Wilms’ tumor
has also been associated with other congenital

Fig. 16.5. Collecting duct carcinoma, also known as Bellini’s
tumor.
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syndromes including Beckwith-Wiedemann,
Denys-Drash, WAGR (Wilms’ tumor, aniridia,
genitourinary abnormalities, and mental retar-
dation), Perlman, and Bloom syndromes
[123–125]. The biology of this tumor has been
studied extensively, and it is thought that its 
formation is due to aberrant expression of the
normal developmental program. Abnormal pro-
liferation of metanephric blastemal tissue that
lacks maturation and normal differentiation is
felt to be the source of this tumor [123]. Normal
nephrogenesis is the product of controlled pro-
liferation, differentiation, and apoptosis. Wilms’
tumor is likely to be due to the interruption of
normal signaling, proliferation, and controlled
apoptosis during development [125]. Multiple
chromosomal regions have been identified as
playing a role in the development of Wilms’
tumors; however, only the Wilms’ tumor gene,
WT1, has been clearly proven to play a
significant role. Studies of the normal gene 
function of WT1 suggest that its role as a tumor
suppressor and developmental regulator are
crucial to normal nephrogenic development
[124]. Furthermore, the presence of nephrogenic
rests in Wilms’ tumors supports the association
of this tumor with immature blastemal tissue
[125].

The WT1 gene maps to 11p13 and is expressed
in normal-developing nephrogenic tissue
[126–128]. Point mutations and LOH for alleles
on 11p have been found in Wilms’ tumors [129].
Approximately 40% of cases of Wilms’ tumor
have been found to have LOH at the 11p allele.
The two-hit model by Knudson and Strong 
was based on studies of Wilms’ tumor [130,131].
This model was also applied to retinoblastoma.
Although the clinical observations associated
with retinoblastoma fit the two-hit model appro-
priately, the development of Wilms’ tumor
appears to be more complex. The rarity of
familial Wilms’ tumor suggests that multiple
gene abnormalities are involved.

The WT1 locus encodes four different pro-
teins. It contains 10 exons and spans nearly 50
kilobase (kb) [124,126,127,129,130]. The gene
has a zinc finger in which mutations are found.
Alternative RNA splicing results in the inclusion
or exclusion of different exons. This may result
in as many as 16 WT1 isoforms [124]. It is the
complex functions of these multiple splice vari-
ants that are involved in cellular development.
Expression of the WT1 gene and function of

its encoded proteins have been studied in the
attempt to determine how WT1 regulates cellu-
lar maturation.

The exact function of WT1 is unknown, but it
is felt that its expression results in coordinated
apoptosis, differentiation, and proliferation.
Haber et al. [132] have shown that wild-type
WT1 can induce apoptosis in embryonal tumor
cell lines. Englert et al. [133] created cell lines
with WT1 expression that resulted in EGF recep-
tor downregulation and cell apoptosis. Studies
such as these support the role of WT1 as a tumor
suppressor. In addition, the development by
Kreidberg et al. [127] of knockout mice with a
WT1 null mutation resulted in the failure of
normal kidney development, suggesting WT1’s
role as a regulator of cell proliferation and dif-
ferentiation. In vitro studies by Menke et al.
[123] looked at the function of WT1 transcrip-
tional regulators, with each having different
functions and likely to be cell dependent. The
specific role of WT1 as a transcriptional regula-
tor is not clear, as the physiological rationale of
splice variants and the necessary cellular envi-
ronment are all unknown. One can conclude
that the WT1 locus encodes data required by
nephrogenic tissue to achieve normal develop-
mental maturation.

Nephrogenic rests in kidneys removed for
Wilms’ tumor have been found to have muta-
tions at WT1 [125]. Nephrogenic rests are micro-
scopic residues of renal blastemal tissue, found
in about 1 in 200 to 300 infant autopsies [125].
This immature blastemal tissue is rarely found
after infancy except in kidneys removed for
Wilms’ tumor. It is felt that these rests are 
precursors for Wilms’ tumor development.
Nephrogenic rests also occur in other syn-
dromes associated with an increased incidence
of Wilms’ tumor. There are two broad
classifications of rests: perilobar and intralobar.
Both may be multifocal and occasionally diffuse
within the renal cortex. Grundy et al. [128]
studied the association of LOH at WT1 and its
association with nephrogenic rests. In the 286
Wilms’ tumors analyzed, 40% of the nephro-
genic rests had LOH for the alleles at 11p [129].
Intralobar rests were found to have LOH at both
11p13 and 11p15. In contrast, perilobar rests had
LOH only at 11p13. The alleles at 11p15 have
been implicated in other types of childhood
cancer, such as Beckwith-Wiedemann syn-
drome, and are also felt to play a pathogenic role
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in the development of Wilms’ tumor [125]. Con-
sequently, this locus has been named WT2.
Other genes found at this locus include insulin-
like growth factor-2 (IGF-2), which may be
involved in the pathogenesis of childhood
cancers [125].

In summary, studies of Wilms’ tumor have
provided some insight into the links between
cancer and development. It is known that
normal renal development is dependent on con-
trolled proliferation, differentiation, and apop-
tosis. Although several models have been
suggested for the genetic predisposition for
Wilms’ tumor, it is clear that it is more complex
than the two-hit model that can be applied to
retinoblastoma. The association with immature
blastemal tissue is still being clarified. Many
chromosomal abnormalities are likely involved
in its formation. The WT1 locus is certainly a
very important regulator of cell formation and
apoptosis in nephrogenesis. Although WT1 has
been shown to act as a transcriptional factor
regulating kidney development, its exact role
has yet to be determined. The role of WT2 and
proteins encoded in or near this locus has also
been an area of significant interest. Mutations at
WT1 and WT2 have clearly been implicated in
the formation of Wilms’ tumor as well as in
childhood syndromes associated with this
tumor.

Conclusion
Great advances have been made with regard 
to understanding the molecular mechanisms
behind the development of renal cancers (Table
16.1). Many of the renal cancers have well char-
acterized tumor-suppressor genes or proto-
oncogenes that may be good targets for future
gene therapy. The discovery of new syndromes
that cause renal cancer, such as Birt-Hogg-Dube,
continues to provide further characterization of
different forms of renal cancer and enables the
clinician to offer better genetic counseling to
affected families. With the great advances in the
last decade, it is certain that more effective treat-
ments for renal carcinoma will be available in
the near future.
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Renal cell carcinoma is an important malig-
nancy accounting for approximately 3% of all
adult cancers [1]. The incidence of renal cell 
carcinoma has been steadily and significantly
increasing over the past two decades, with
worldwide mortality expected to exceed 100,000
[2]. A significant proportion of patients with
localized disease can be cured by nephrectomy;
however, at presentation approximately 50% 
of patients have locally advanced or metastatic
disease [3]. The outlook for these patients re-
mains poor, with a 5-year survival of less than
10% [2].

Renal cell carcinoma is an inherently
chemoresistant tumor. There have been many
trials of single agent and combination
chemotherapy regimens; however, response
rates are low and characteristically of short
duration. Yagoda and colleagues [4], in a review
of 4093 adequately treated patients in 83 phase
II chemotherapy trials published between 1983
and 1993, showed an overall response rate of
only 6%. Thus, there is no role for chemother-
apy alone in the treatment of renal cell carci-
noma, but there have been improvements in
survival as a result of the development of
cytokine therapy.

Prognostic Factors
Metastatic renal cell carcinoma encompasses 
a heterogeneous group of patients, and it is
important to identify prognostic factors that

predict survival. Assessment of these factors can
assist in decisions regarding patient manage-
ment as well as categorizing patients in clinical
studies, thus aiding trial interpretation. The
initial analysis of these factors was carried out
by Elson and colleagues [5]. This retrospective
study looked at 610 patients treated in the
Eastern Cooperative Group (ECOG) phase II
trials for advanced renal cell carcinoma between
1975 and 1984. They identified the following risk
factors (see below), which enabled them to 
stratify patients into appropriate risk groups
(Table 17.1):

1. ECOG performance status (performance
status 1, 2, and 3 counting as one, two, and
three risk factors respectively)

2. Recent diagnosis (<1 year)
3. More than one metastatic site
4. Recent weight loss
5. Prior cytotoxic chemotherapy

Other studies analyzing prognostic factors in
patients with metastatic renal cell carcinoma
have defined different parameters, but consis-
tently performance status and a measure of
disease extent appear to be important indicators
of survival [6–8].

A retrospective study by Motzer and col-
leagues [9] looked at the relationship between
pretreatment clinical features and survival in 
670 patients with advanced renal cell carcinoma
treated in Memorial Sloan-Kettering Cancer
Center clinical trials between 1975 and 1996. The
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following five pretreatment features were associ-
ated with a shorter survival in the multivariate
analysis:

1. Low Karnofsky performance status (�80%)
2. High serum lactate dehydrogenase (�1.5

times upper limit of normal)
3. Low hemoglobin (less than the lower limit of

normal)
4. High corrected serum calcium (�10 mg/dL)
5. Absence of prior nephrectomy

Using these factors the authors stratified
patients into three separate risk groups (Table
17.2). A recent study from the same group has
analyzed prognostic factors in previously
treated patients with metastatic renal cell carci-
noma [10]. More patients are entering second-
line trials of therapy, and thus stratification of
these patients is becoming increasingly impor-
tant. A total of 251 patients treated in 29 con-
secutive trials between 1975 and 2002 were
analyzed. Median survival for the 251 patients
was 10.2 months and differed according to the
year of treatment, with patients treated after
1990 showing longer survival. The median
overall survival for this group was 12.7 months.

The purpose of this study was to establish prog-
nostic factors for this group of patients, who had
all received prior cytokine therapy (interferon
and/or interleukin-2), and thus establish prog-
nostic factors for current clinical trial design.
Pretreatment features associated with a poorer
prognosis in the multivariate analysis were 
low Karnofsky performance status (�80%), low
hemoglobin (less than the lower limit of
normal), and high corrected serum calcium
(�10 mg/dL). Although these and the previously
mentioned prognostic factors are useful in
aiding management decisions and subsequently
in interpreting trial results, they are not pre-
scriptive, and each patient should be assessed
individually.

It is also important to be aware that histolog-
ically renal cell carcinoma is a diverse group of
tumors, including clear cell, papillary, chromo-
phobe, collecting duct and unclassified cell
types. Of these, clear cell is the most common
subtype, accounting for approximately 70% of
cases. The importance of distinguishing between
these different histologies is shown by the fact
that metastatic non–clear cell carcinoma is char-
acterized by an increased resistance to systemic
therapy and poorer survival [11].

Immunotherapy
The immune system has evolved to detect and
destroy molecules or pathogens that are recog-
nized as “non-self” but not to react to host
tissues. Manipulation of the immune system for
cancer treatment attempts either to make the
tumor appear more foreign when compared 
to normal tissues or to magnify host immune
responses to tumors. The variable natural
history of metastatic renal cell carcinoma, and
occasional observed spontaneous regression

Table 17.1. Prognostic groups and their impact on survival

Risk No. of risk No. of Median survival
group factors patients (months)

1 0–1 113 12.8
2 2 141 7.7
3 3 151 5.3
4 4 123 3.4
5 5 82 2.1

From Elson et al. [5].

Table 17.2. Prognostic groups and their impact on survival

Risk Percent of Median survival
Risk group factors patients (months)

Favorable 0 25 20
Intermediate 1–2 53 10
Poor 3 or more 22 4

From Motzer et al. [9].
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suggest a role for the immune system in control
of tumor progression and provide a rationale for
the use of immunotherapy. To improve on the
current rate of success seen with immuno-
therapy, some important issues need to be
addressed:

• Why are certain cancers more susceptible?
• Are there factors that predict responsiveness?
• What mechanisms underlie resistance and

development of resistance?

Studies addressing some of these points are
already underway and have already demon-
strated T cell [12,13] and dendritic cell dysfunc-
tion [14] in this patient group.

Further evidence of an innate antitumor
response is provided by the fact that tumor-
infiltrating lymphocytes can be detected in renal
cell carcinoma tissue [15]. In addition, the pres-
ence of cytotoxic T lymphocytes (CTLs) within
this population suggests the presence of antigens
for their development, and analysis of CTLs has
revealed four separate antigens defined in renal
cell carcinoma [16]. The ways in which these dis-
coveries can be harnessed to improve current
therapies are under investigation.

Cytokine Therapy
Cytokines are soluble proteins produced by
mononuclear cells of the immune system that act
as messengers between cells. They have a wide
range of biological effects, particularly on cells
of the immune system and hemopoietic lineage.
The cytokine network is complicated, and this
complexity makes it difficult to know how 
intervention with one cytokine will affect the
production of others. Cytokines may act 
antagonistically, and thus an intervention
planned to enhance a particular branch of the
immune response could actually lead to sup-
pression. Another difficulty is in providing ade-
quate dose levels and maintaining them over a
clinically significant period.

Despite these difficulties, cytokine therapy has
become an integral part of biological therapy for
metastatic renal cell carcinoma. Their activity is
shown in separate survival analyzes by Fossa et
al. [8] (Table 17.3), Jones et al. [7] (Table 17.4),
and Motzer et al. [9]. In the analysis by Motzer
et al., cytokine therapy (interferon-a [IFN-a]
and/or interleukin-2 [IL-2]) was shown to have
a statistically significant survival advantage: 12.9
months versus 6.3 months for chemotherapy;
p < .0001). The benefit of cytokine therapy
appeared to be greatest in those with more favor-

Table 17.3. The impact of interferon-alpha on survival in renal cancer

Prognostic Median survival Median survival
group ECOG (months) IFN-a (months) p value

Good 11.4 23.3 <.001
Moderate 8.1 11.3 .1014
Poor 5.0 6.9 NS 

ECOG, Eastern Cooperative Oncology Group; NS, nonsignificant.
From Fossa et al. [8].

Table 17.4. The impact of interleukin-2 (IL-2) on survival in renal cancer

Prognostic Median survival Median survival
group ECOG (months) IL-2 (months) p value

Good 12.6 20.4 .0001
Moderate 7.2 11.4 .0013
Poor 5.6 6.3 NS 

From Jones et al. [7].
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able prognostic disease. The median survival
times for favorable-risk, intermediate-risk and
poor-risk patients were 27, 12, and 6 months for
those treated with cytokines and 15, 7, and 3
months for those treated with chemotherapy,
respectively [17].

Negrier and colleagues [18] have identified
factors predictive of rapid progression of
patients with metastatic renal cell carcinoma
treated by cytokines. They looked at the records
of 782 patients enrolled in trials using cytokine
regimens by the Groupe Francais d’Im-
munotherapie. Four independent factors pre-
dictive of rapid progression under cytokine
treatment were identified: hepatic metastases,
short interval from primary to metastases (<1
year), more than one metastatic site, and ele-
vated neutrophil counts. Patients who had at
least three of these factors have �80% probabil-
ity of rapid progression despite treatment, and
this may well influence treatment choices.

The Role of Nephrectomy
Before Cytokine Therapy
The role of nephrectomy in metastatic renal cell
carcinoma remains controversial. Distant metas-
tases may regress after nephrectomy. However,
because the rate of regression is low (<1%) [19],
the theory that nephrectomy causes regression 
is unproven, and morbidity is associated with
nephrectomy, it is not indicated for this purpose.
Historically there was a role for nephrectomy
under the following circumstances:

1. Large symptomatic primary tumor associ-
ated with small to moderate volume metastatic
disease. Local symptoms such as pain and hem-
orrhage are well palliated by nephrectomy.
Nephrectomy has a lower morbidity than radio-
therapy or embolization and may also improve
or completely reverse systemic constitutional
symptoms by substantially reducing the tumor
burden.

2. Large asymptomatic primary tumor asso-
ciated with small metastatic disease, where it is
likely that the patient will develop local symp-
toms before symptoms related to metastases
occur. We have called this “prophylactic 
palliation.”

3. Patients with a solitary metastasis, where
prolonged survival can occur following a com-

bination of nephrectomy and resection of the
metastasis [20].

These clinical scenarios in our view are still
valid reasons to perform a nephrectomy in 
the presence of metastatic disease. However,
recently randomized trials have provided us
with data that argues more strongly for nephrec-
tomy prior to cytokine therapy in the setting 
of metastatic disease. Certain immunotherapy
trials have required patients to have a nephrec-
tomy prior to trial entry. The rationale for this
approach is that reduction of tumor burden may
increase the likelihood of response. This biolog-
ical argument is supported by animal data
showing that the large bulk of primary tumor 
is either immunosuppressive or acts as an
“immunological sink” with suppression of cell-
mediated immunity that is reversed upon
removal of the primary tumor [21,22]. Improve-
ments in human immune responses have also
been demonstrated postnephrectomy [23].
Removal of the primary also gives the possibil-
ity of harvesting tumor infiltrating lymphocytes
and tumor cells for use in experimental 
therapies.

The role of cytoreductive surgery in relation
to cytokine therapy for metastatic renal cell car-
cinoma has been addressed by three studies. In
the first of these studies Pantuck and colleagues
[24] conducted a retrospective analysis of
patients with renal cell carcinoma treated with
nephrectomy at UCLA. Patients with metastatic
disease treated with nephrectomy prior to IL-2
therapy had significantly improved survival
compared to patients treated with IL-2 alone 
(IL-2 alone; 1- and 2-year survival 29% and 4%,
nephrectomy followed by IL-2 67% and 44%,
respectively). Like any retrospective analysis
there is a concern about selection bias, and
patients who are not offered nephrectomy are
often those with worse prognostic factors.

However, these results have been supported by
two randomized phase III trials. In the larger of
these studies, the Southwest Oncology Group
(SWOG) trial 8949 assessed whether nephrec-
tomy prior to treatment with IFN-a prolonged
survival. A total of 246 patients with metastatic
renal cell carcinoma were randomized to radical
nephrectomy followed by IFN-a or to IFN-a
alone. This trial showed that nephrectomy prior
to systemic IFN-a gave a significant survival
benefit (median survival: IFN-a alone: 8.1
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months; nephrectomy followed by IFN-a 11.1
months, p = .05) [25].

A similar positive result was obtained in a
simultaneous phase III trial conducted by the
European Organization for Research and Treat-
ment of Cancer (EORTC) that randomized 85
patients into the same treatment arms as SWOG
8949 [26]. Again nephrectomy preceding treat-
ment with IFN-a significantly improved survival
(median survival: IFN-a alone: 7 months;
nephrectomy followed by IFN-a 17 months,
hazard ratio 0.54, 95% confidence interval [CI]
0.31–0.94). This confirmatory result, even in a
smaller study, strengthens the results from 
the SWOG trial and increases the likelihood 
that the differences seen in survival are due to
nephrectomy.

The combined updated analysis of these two
trials has just been published, and yielded a
median survival of 13.6 months for nephrectomy
followed by IFN-a versus 7.8 months for IFN-a
alone [27]. This represents a 31% reduction in
the risk of death (p = .002). Thus, cytoreductive
nephrectomy appears to significantly improve
overall survival in patients with metastatic renal
cell carcinoma treated with IFN-a. This effect
was independent of performance status, the site
of metastases, and the presence of measurable
disease. Although the result is statistically
significant, the overall survival advantage is only
5.8 months, and as the authors state, emphasizes
the need for more potent immunotherapy in the
setting of cytoreductive nephrectomy.

It is important to stress that in both trials
patients were highly selected initially by high
performance status (0 or 1). The EORTC also
excluded patients whose responses they felt
would not be improved by removal of the
primary tumor. This included disease distribu-
tion (bone, liver, contralateral kidney), extent of
metastases, non–clear cell histology, and patients
at risk of rapid worsening of symptoms after
surgery. Although the Flanigan et al. [27] study
does not comment on such additional exclusion
factors, it would appear likely that further selec-
tion occurred, as it took 7 years to accrue 246
patients from 80 institutions at an average of one
patient recruited every 2 years from each insti-
tution. Authors from both studies recommend
nephrectomy before immunotherapy as a stan-
dard treatment for patients with metastatic renal
cell carcinoma. Although we would concur with
this conclusion, it is important to stress that

these results are not applicable to the overall
population of patients with metastatic renal cell
carcinoma especially those of lower perform-
ance statuses and other negative prognostic 
features.

A concern especially when considering post-
nephrectomy systemic therapies is the morbid-
ity associated with surgery. Improved surgical
techniques mean that a high proportion of
patients will proceed to systemic therapies post-
operatively. For example, in the EORTC study
only one patient randomized to surgery failed to
receive postoperative IFN-a. A report from
Naitoh and colleagues [28] suggests that even
patients with locally advanced disease (T3 
with vena caval thrombi) can safely undergo
nephrectomy, with 80% subsequently receiving
immunotherapy. Improvements in operative
technique are likely to further decrease operative
morbidity and improve the number of patients
eligible for systemic therapies as well as the time
to commencement of such therapies.

Interferons
Interferons were the first cytokines to be iden-
tified as a family of proteins produced by cells 
in response to viral infection or stimulation with
double-stranded RNA, antigens, or mitogens
[29]. They have a wide range of actions includ-
ing immunomodulatory activity, antiviral activ-
ity, antiproliferative effects on normal and
malignant cells, inhibition of angiogenesis, and
enhancement of expression of a variety of cell
surface antigens. Their direct antiproliferative
activity is thought to play a major part in their
antitumor effects, but other actions may prove
important. No definitive mechanism has been
identified to explain how interferons inhibit the
growth of tumors, except that they prolong the
G0/G1 phase of the cell cycle. This heteroge-
neous group of glycoproteins are classified into
a, b, and g types.

The majority of clinical research has centered
on IFN-a, as it appears to have the greatest activ-
ity. Most studies have reported response rates of
15% to 20% with IFN-a and median response
durations of 6 to 10 months [29]. A dosing range
of 5 to 10 million IU/m2 given intramuscularly 
or subcutaneously has been most commonly
used, although an optimum treatment regimen
or duration has not been defined. An alternative
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form is pegylated interferon (PEG-IFN) where
IFN-a is modified by the addition of a branched
polyethylene-glycol (PEG) molecule. This results
in sustained absorption and prolonged half-life
after subcutaneous administration, allowing
weekly administration, although it may cause
longer duration side effects. Two recent multi-
center phase II trials have reported comparable
results. Motzer and colleagues [30] reported a
response rate of 13% (five of 40 previously
untreated patients; one complete response [CR],
and four partial responses [PRs]) [30]. Bukowski
and colleagues [31] reported a response rate of
14% in 44 previously untreated patients.

Despite numerous clinical trials, it was not
known until recently whether therapy with 
IFN-a improved survival. A Medical Research
Council (MRC) study addressed this issue by
comparing subcutaneous IFN-a (10 mU sub-
cutaneously [sc] three times per week for 12
weeks; n = 174) with oral medroxyprogesterone
acetate (MPA) (300 mg daily for 12 weeks; n =
176) [32]. The trial was stopped in November
1997 when data were available for 335 patients.
There was a 28% reduction in the risk of death
in the IFN-a group (hazard ratio 0.72; 95% CI,
0.55–0.94; p = .017). Interferon-a gave an
improvement in 1-year survival of 12% (MPA
31%, IFN-a 43%) and an improvement in
median survival of 2.5 months (MPA 6 moths,
IFN-a 8.5 months). A reanalysis of the mature
data confirms the survival advantage in patients
treated with IFN-a (2-year survival improve-
ment 9%; 13% MPA and 22% with IFN-a) [33].
As the authors suggest, the small benefit of IFN-
a should be weighed against potential toxicity.
However, IFN-a should become the standard
control arm in future trials for advanced renal
cell carcinoma.

Support for this view comes from the
Cochrane Review of immunotherapy for
advanced renal cell carcinoma [34]. The results
from six studies (involving 963 patients) showed
that IFN-a is superior to controls (odds ratio for
death at 1 year = 0.67; 95% CI, 0.5–0.89). The
weighted average median improvement in sur-
vival was 2.6 months. The reviewers concluded
that IFN-a provides a survival benefit when
compared to other commonly used treatments,
and that it should be considered as the control
arm in future studies of systemic agents.

Unlike chemotherapy, the time taken to
respond to interferons may be prolonged and

varies widely. Most patients who are going to
respond will have done so by 3 to 4 months, and
it is unusual for patients who progress on inter-
ferons to subsequently respond. However, there
are reports of responses only starting to occur
at 6 and 9 months. There is also the question 
of treatment duration in patients with either 
stabilization of disease or a partial or complete
remission. Our current practice is to continue
treatment indefinitely for those patients with
stable disease or in remission, provided they are
able to tolerate the side effects and treatment is
stopped as soon as progressive disease occurs.
Toxicity associated with interferon therapy
includes flu-like symptoms, rashes, gastroin-
testinal complaints, liver dysfunction, neurolog-
ical complaints, and fatigue, and are highly dose
and schedule dependent. It is possible to allevi-
ate some symptoms by administration at night
and by the use of paracetamol and/or 
nonsteroidal antiinflammatory drugs prior to
administration.

The benefit observed with IFN-a appears to
be greatest in patients with good or moderate
prognostic disease [17]. Table 17. 3 shows the
impact of IFN-a on survival in renal cancer; it is
derived from a case-control study involving 231
patients. Controls were obtained from an ECOG
database of patients treated in nonbiological
therapy trials.

Attempts have been made to augment the
activity of IFN-a with 13-cis-retinoic acid (13-
CRA). The rationale for this approach was the
observation that 13-CRA increased the antipro-
liferative effects of IFN-a in several interferon-
sensitive renal carcinoma cell lines [35]. An
initial phase II trial showed a promising
response rate of 30% [36], and so a randomized
phase III study was conducted to see whether the
addition of 13-CRA to IFN-a was superior to
IFN-a alone [37]. Response proportion and sur-
vival did not increase with the combination, and
so this cannot be recommended in the treatment
of metastatic renal cell carcinoma.

A trial of IFN-g versus placebo in metastatic
renal cell carcinoma showed similar response
rates in both groups (4.4% interferon versus
6.6% placebo; p = .54) [38]. The median time to
progression was 1.9 months in both arms of the
study (p = .49), and there was no significant dif-
ference in median survival (12.2 months with
interferon versus 15.7 months with placebo; p =
.52). The addition IFN-g to IFN-a has also been
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tested in a randomized phase III trial [39]. An
interim analysis showed a response rate of 13%
(7/53; two CR and five PR) in the IFN-a
monotherapy arm and 4% (2/45; one CR and one
PR) in the combination arm (p = .17). These
results show that not all cytokines have activity
in metastatic renal cell carcinoma and demon-
strate the need for randomized trials.

Interleukin-2
Interleukin-2 (IL-2) is the other cytokine that
has shown significant activity against renal cell
carcinoma. IL-2 is produced primarily by T cells;
it has no intrinsic antitumor activity, but it has a
wide range of actions and plays a central role in
immune regulation. Its primary action is to stim-
ulate growth of activated T cells that bear the 
IL-2 receptor; it also potentiates the activity of
cytotoxic T cells and production of other
cytokines.

The initial work on IL-2 was carried out by
Rosenberg’s group at the National Cancer Insti-
tute using a high-dose intravenous (IV) bolus of
IL-2. They reported on 255 patients with renal
cell carcinoma treated in seven separate phase II
trials using high-dose bolus single-agent IL-2
[40]. An update from this group shows an overall
response rate of 15% (7% CR and 8% PR) [41].
Responses were noted in all sites of disease
including bone, intact primary tumors, and vis-
ceral metastases, and in patients with large
tumor burdens. The major response duration for
all complete responses has yet to be reached, but
is at least 80 months (range 7 to 131 months).
Median duration of response for partial respon-
ders is 20 months. Median survival for all 255
patients is 16.3 months, with 10% to 20% of
patients estimated to be alive 5 to 10 years after
treatment.

A major limitation in the use of high-dose
bolus IL-2 is its significant toxicity. The toxicity
manifests itself as a vascular leak syndrome with
fluid retention, edema, and ultimately multior-
gan dysfunction. The most common major toxi-
cities seen are hypotension and oliguria, which
often require vasopressor support (in the previ-
ous reported series �50% of the 255 patients
required vasopressors). This toxicity limits the
number of patients who are suitable for treat-
ment and limits the use of IL-2 to centers able to
provide appropriate supportive measures. Other

important toxicities affect the cardiovascular,
neurological, hematological, and gastrointestinal
systems.

The high-dose IV bolus IL-2 regimen has been
compared with a lower dose IV bolus (regimen:
1/10th dose) to see if toxicity could be reduced
while maintaining efficacy [42]. A total of 125
patients with metastatic renal cell carcinoma
were randomized; interestingly the received
dose intensity difference was less than 10
because patients were able to tolerate more doses
in the lower dose arm. Response rates between
the two arms were comparable: 15% in the lower
dose arm (7% CR and 8% PR) and 20% in the
high-dose arm (3% CR and 17% PR). Toxicity as
expected was considerably reduced in the lower
dose arm. Thus it appears that low-dose IV bolus
IL-2 is an acceptable alternative to the standard
high-dose IV bolus IL-2; however, at present the
response duration and survival data remain pre-
liminary, and further patients are being accrued
to this study.

The definitive results of this trial have recently
been published with the full accrual of 400
patients, all with active therapy completed and a
median follow-up of 7.4 years [43]. After ran-
domly assigning 117 patients, the trial was
expanded to include a third arm of low-dose
subcutaneous IL-2, and an additional 283
patients were recruited. Separate analyzes were
performed for the two-arm comparison of
patients randomly assigned to receive high-
versus low-dose IV IL-2 and the three-arm 
comparison that included the low-dose sub-
cutaneous arm.

Toxicity was markedly reduced when low-
dose (either regimen) rather than high-dose 
IL-2 was given, particularly with respect to
hypotension, disorientation or confusion, and
thrombocytopenia. In the two-arm comparison
of high-dose versus low-dose IV IL-2, there were
11 complete responses (7%) and 22 partial
responses (14%) to high-dose therapy, and for
low-dose therapy there were six complete
responses (4%) and 13 partial responses (9%; for
overall response rate p = .048). For the three-arm
comparison, the response rates for high-dose IV,
low-dose IV, and low-dose subcutaneous IL-2
were 21% (six CR and 14 PR), 11% (one CR and
nine PR), and 10% (two CR and seven PR),
respectively. The difference in response rates
between high-dose IV and low-dose subcuta-
neous was significant (p = .033). Response dura-
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tions indicated a trend toward more complete
and durable responses with high-dose IV IL-2.
Eight of the 11 patients who had complete tumor
regression with high-dose IL-2 remain in
ongoing complete response at a median follow-
up of 9.3 years.

There were no significant differences in
overall survival at a median follow-up of 7.4
years for all patients and with 21% patients still
alive. However, the survival of patients com-
pletely responding to high- and low-dose IV 
IL-2 differs significantly (p = .04). Although the
small numbers of patients who achieve a com-
plete response makes interpretation of these data
difficult. As the authors state, the value of IL-2 in
the treatment of metastatic renal cell cancer lies
in the fact that for small numbers of patients it
can be curative. Thus, regimens that aim to limit
toxicity should not comprise its activity. In the
absence of significant differences in survival,
low-dose IL-2 (either IV or subcutaneously)
remains a viable therapeutic option, especially
for patients with significant comorbidities. This
study again highlights the need to define pre-
treatment features that identify patients likely to
respond to therapy. The improvement in survival
seen in patients who achieve complete responses
to high- as opposed to low-dose IV IL-2 raises
the question of the benefit of dose intensification
either de novo or in patients responding to low-
dose IL-2.

In addition, IL-2 can also be injected sub-
cutaneously, which allows prolonged outpatient
therapy to be given. A summary of phase II trials
of single-agent subcutaneous IL-2 shows a
response rate of 17.9% in 190 patients (3.2% CR,
14.7% PR) [44]. Although the response rate
appears comparable to intravenous administra-
tion, the database is small, and the durability of
responses and hence the effect on survival are
yet to be established.

Interleukin-2 can also be administered by
continuous venous infusion (CVI). This method
of delivery takes into account the short half-life
of IL-2 (12.9 minutes). Overall response rates
vary considerably, but in an overview of pub-
lished trials using CVI IL-2, a response rate of
13.6% is seen in 789 patients (2.7% CR, 10.9%
PR) [44]. Complete responses are thus seen and
median response duration is similar to high-
dose bolus infusions. Toxicity using CVI IL-2
appears lower than that seen with the high-dose
bolus strategy.

The optimal dose, schedule, and route of
administration for IL-2 in patients with renal cell
carcinoma have yet to be defined. Response rates
appear similar with all three methods of admin-
istration, although data on response duration
and overall survival are awaited before definitive
comparisons can be made.

Lindsey and colleagues [45] have investigated
the impact of the number of treatment courses
of high-dose bolus IL-2 in patients with metasta-
tic renal cell carcinoma. Of the 201 patients
treated there was a response rate of 19% (18 CR
and 20 PR). Among responders 34 out of 38
achieved at least a PR after their first course of
IL-2; 37 of these 38 responders to IL-2 had
achieved at least a PR after two courses of
therapy. The one exception was a patient who
had achieved a minor response after two courses
and was re-treated and achieved a CR. Based on
this analysis, the authors recommend that
patients with an objective response to treatment
with high-dose bolus IL-2 receive additional
treatment courses until either CR or IL-2 toler-
ance develops. Patients with no objective
response after two cycles should have no further
treatment.

The impact of single-agent IL-2 on survival
has not been demonstrated in a randomized
phase III trial. However, Jones and colleagues [7]
compared the survival of 327 patients receiving
CVI IL-2 to a set of matched controls from the
ECOG database. Treatment with IL-2 was associ-
ated with a prolongation of survival in patients
with good or moderate prognostic disease (Table
17.4).

Initial experience with high-dose IL-2 in renal
cell carcinoma involved its administration with
lymphocyte-activated killer (LAK) cells. Overall
results with IL-2 and LAK cells are similar to
those seen with IL-2 alone [46]. In a prospective
randomized trial of high-dose IV bolus IL-2
alone or with LAK cells conducted by Rosenberg
and colleagues [46], no significant difference 
in overall survival was seen between the two
groups, and this approach is no longer used.

Another strategy used to potentially enhance
the activity of IL-2 is to give it in combination
with tumor infiltrating lymphocytes (TILs),
which are found in high numbers in renal cell
carcinoma and can be expanded ex vivo in the
presence of IL-2. Murine and clinical models
have suggested synergy between TILs and IL-2
to activate the cellular immune response and
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cause tumor regression. In a pilot study by Figlin
and colleagues [47] involving 55 patients treated
with nephrectomy followed by TILs plus low-
dose IL-2, 19/55 patients (34.5%) responded and
5 (9%) achieved a complete response. In the sub-
group of 23 patients, who received CD8+ TILs,
the overall response rate was 43.5%. In view of
this encouraging single-institution study, a ran-
domized multicenter study was conducted to
compare CD8+ TILs plus low-dose IL-2 versus
low-dose IL-2 alone [48]. All patients underwent
nephrectomy from which tissue was obtained to
generate CD8+ TILs. In the intention-to-treat
analysis, there was no significant difference 
in response rate (9.4% vs. 11.4%) and 1-year 
survival rate (55% vs. 47%) in the TIL/IL-2 and
IL-2 groups, respectively. However, it is difficult
to draw meaningful conclusions from this 
study, as only 48% of patients who were ran-
domized to the TIL/IL-2 arm actually received
TIL therapy. The major cause for this was cell-
processing failures with insufficient yield of
viable cells, although in the pilot study 96% of
intended patients were treated with CD8+ TILs
(23 of 24).

In patients who have initially responded to 
IL-2, there remains the possibility to re-treat
with IL-2 at relapse. In a study from Rosenberg’s
group [49], 48 patients with either metastatic
renal cell carcinoma or melanoma who had ini-
tially achieved a partial or complete response to
IL-2–based immunotherapy were re-treated at
relapse. Only two of the 48 patients responded,
and so it seems that re-treatment rarely 
produces a second response, and alternative
approaches should be considered in these
patients.

Interleukin-2 and 
Interferon-a
Synergistic antitumor effects of combining IL-2
and IFN-a are seen in murine tumor models and
provide a rationale for their use in the clinical
setting. The exact mechanisms of synergy are
unknown, but it is possible that administration
of IFN-a may increase the immunogenicity of
tumor cells via an enhancement of their histo-
compatibility and tumor-associated antigens,
thus increasing their lysis by CTLs, the number
of which are increased by IL-2.

Clinical trials investigating IFN-a and IL-2
combination therapy have used different routes
of administration, treatment schedules, cytokine
doses, patient selection and response criteria.
Thus comparisons are difficult; however, an
overview of phase I and II trials showed a
response rate of 20% in over 1400 patients 
with metastatic renal cell carcinoma [44], with
approximately 25% of responders achieving a
complete response.

A French multicenter randomized trial inves-
tigated the efficacy of single-agent versus com-
bination IL-2 and IFN-a [50]. A total of 425
patients were randomized to receive either IL-2
alone (18 mU/m2/day CVI on days 1 to 5 and days
12 to 15, as two induction cycles followed by four
maintenance cycles), IFN-a alone (18 mU sc 
3 times/week for 10 weeks), or a combination 
of IL-2 and IFN-a (same dose IL-2, but only 
6 mU IFN-a three times/week, during the 
two induction and subsequent maintenance
periods). Intention-to-treat analysis showed a
significantly improved response rate after 10
weeks (IL-2: 6.5%; IFN-a: 7.5%; IL-2 and IFN-a:
20%; p � .01) and 1-year event-free survival (IL-
2: 15%; IFN-a: 12%; IL-2 and IFN-a: 20%; p =
.01) for patients receiving combination therapy.
However, there was no significant difference in
overall survival between the three groups (IL-2:
12 months; IFN-a: 13 months; IL-2 and IFN-a:
17 months; p = .55). Importantly, as with the
case-control studies of IFN-a and IL-2, this
study identified a subgroup of patients who had
little chance of benefiting from treatment. These
patients had more than one metastatic site, liver
involvement, an interval between diagnosis of
the primary tumor and development of metas-
tases of less than 1 year, or a performance status
of �1.

This study also assessed the benefit of
crossover therapy after failure of IL-2 or IFN-a
[51]. A total of 113 patients with progressive
disease after first-line treatment received either
IFN-a (n = 48) or IL-2 (n = 65) as second-line
treatment. Only four patients achieved a PR (one
with IFN-a; three with IL-2); of these patients,
three had stable disease or had responded to
first-line treatment. All partial responders had a
performance status of 0 and pulmonary metas-
tases. Only one patient with confirmed disease
progression after IL-2 subsequently responded
to IFN-a. Thus in patients who progress rapidly
during first-line treatment, additional benefit
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from further cytokine treatment is unlikely.
Further studies are needed to see whether cross-
ing over from one cytokine to another is able to
increase survival in selected patients who have
experienced a long period of stabilization or
have relapsed after an initial response.

Other Cytokines
Several other interleukins (for example IL-1, -4,
and -6) have been tested in phase I and II trials
in renal cell carcinoma, but antitumor activity
has been low, with response rates of less than 5%.
One of the more promising new agents is IL-12,
which promotes cell-mediated immunity
through its regulatory effects on T and natural
killer (NK) cells. In a randomized phase II trial
of IL-12 versus IFN-a in advanced renal cell car-
cinoma, 30 patients were treated with IL-12 and
2 (7%) achieved a partial response, whereas no
responses were seen in the IFN-a arm [52].

Although the activity of IL-12 alone appears
low, animal models have noted a synergy
between IL-2 and IL-12. This interaction has
been shown in a study that assessed in vivo
stimulation of IL-12 secretion by subcutaneous
low-dose IL-2 in metastatic renal cell carcinoma
[53]. By evaluating IL-12 variations in relation to
clinical response, a marked significant increase
in IL-12 values occurred in patients with disease
response or stabilization of disease, whereas
progressing patients showed a significant
decline in IL-12 levels during IL-2 administra-
tion. Thus, IL-2 may stimulate release of IL-12,
and this is possibly associated with a favorable
prognosis. Further studies of IL-12 as part of
combination therapy with IL-2 are needed to see
if this synergy can be exploited.

Biochemotherapy
The lack of cross-resistance, nonoverlapping
toxicity, and potential synergy between
chemotherapy and biological therapy has led 
to several trials combining cytokines and
chemotherapeutic agents (so-called bio-
chemotherapy) in metastatic renal cell carci-
noma. One rationale for this approach is that by
causing cytotoxicity chemotherapy will release
tumor antigens, which are processed by IFN-
a–stimulated antigen-presenting cells that in

turn activate IL-2–stimulated CTLs. The coun-
terargument would be that chemotherapy may
downregulate immunological responses.

A phase III study involving 160 patients has
compared IFN-a plus vinblastine (VLB) with
vinblastine alone [54]. This study showed a
significant benefit for biochemotherapy both in
terms of median survival (IFN-a + VLB: 67.6
weeks; VLB: 37.8 weeks; p = .0049) and response
rate (IFN-a + VLB: 16.5%; VLB: 2.5%; p = .0025).
The increase in survival is both clinically and
statistically significant, and long-term survivors
who remained in remission after 4 to 5 years
were noted.

This study did not address the role of vin-
blastine in the combination, and it could be
argued that the benefit seen is solely due to IFN-
a. A phase III study by Fossa and colleagues [55]
compared IFN-a with or without vinblastine.
They found no statistically significant differ-
ences in activity or survival between the two 
regimens, although combination treatment was
associated with a higher response rate (24%
versus 11%) and a trend to longer median sur-
vival (55 versus 47 weeks). The role of vinblas-
tine in combination with cytokines requires
further investigation; it may contribute only
modestly to antitumor activity.

The most extensively studied chemotherapeu-
tic agent used in combination with cytokines in
the treatment of renal cell carcinoma is 5-
fluorouracil (5-FU). The administration of IFN-
a with 5-FU modulates the effects of 5-FU,
resulting in synergy due to the blocking of
thymidine incorporation into DNA. Although in
vitro models demonstrated augmentation of
cytotoxicity, this was not reflected in the results
of a phase II trial where there were no objective
clinical responses when IFN-a and 5-FU were
given to patients and median survival was only
5 months [56].

The highest response rates in metastatic renal
cell carcinoma are obtained using a combination
of IFN-a, IL-2, and 5-FU (bolus). This was first
described by Atzpodien and colleagues [57] and
is an outpatient-based regimen of subcutaneous
IFN-a, IL-2, and bolus intravenous 5-FU. Their
initial study demonstrated a response rate of
48.6% (four CR and 13 PR out of 35 patients).
They went on to confirm the activity of this
regimen in a randomized trial comparing IFN-
a, IL-2, and 5-FU with oral tamoxifen [58]. There
was a response rate of 39% in the IFN-a, IL-2,
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and 5-FU arm, whereas no responses occurred in
patients treated with tamoxifen. Furthermore,
overall and progression-free survivals were both
significantly improved in the biochemotherapy
arm (overall survival: IFN-a, IL-2, and 5-FU
median not reached after 42 months versus 14
months for tamoxifen; p < .04; progression-free
survival: 13 vs. 4 months, p < .01).

Several other groups have tested this combi-
nation and response rates vary widely (Table
17.5). This is probably due to differences in
patient characteristics between study groups
and/or altered dose intensity and scheduling of
the drugs [59–63]. A study by Ravaud and col-
leagues [64], which gave a response rate of only
1.8%, highlights the second of these points. In
their study the dose and scheduling of all three
agents differed from that used by Atzpodien et
al. [57], and the result suggests that scheduling
of cytokines, perhaps particularly in the context
of 5-FU, may be important.

The importance of dose, schedule, and patient
selection is again shown in a study from the
Groupe Francais d’Immunotherapie [65]. Here
Negrier and colleagues randomized 131 patients
with metastatic renal cell carcinoma to receive
subcutaneous IL-2 and IFN-a with or without 5-
FU. The dose and schedule was the same as that
used by Ravaud and colleagues. There was one
PR in the IL-2 and IFN-a arm and five PRs in the
IL-2, IFN-a, and 5-FU arm (p = .1). Overall sur-
vival rates at 1 year were 53% in the IL-2 and
IFN-a arm and 52% in the IL-2, IFN-a, and 5-FU
arm.

The optimal method of scheduling and deliv-
ery of these agents has yet to be established. Our

group has explored an alternative way of
delivering 5-FU within this combination. 5-
Fluorouracil is principally active in the S phase
of the cell cycle, and this may be more effective
when given as a protracted venous infusion
(PVI). Protracted venous infusion 5-FU–
containing regimens have given high response
rates in neoadjuvant treatment of breast cancer
[66] and relapsed ovarian cancer [67]. Our study
using IFN-a, IL-2, and 5-FU (PVI) showed an
overall response rate of 31% in 55 patients (CR:
three patients; PR: 14 patients) [68]. Interest-
ingly, there was a trend toward higher response
rates and longer survival in the poorer progno-
sis group, although this did not reach statistical
significance. Again this supports the inclusion of
fit patients even if they have poor prognostic 
features in future studies.

Despite high response rates seen with the IFN-
a, IL-2, and 5-FU combination, the majority 
of patients relapse. The concept of continuing
immune stimulation in responders is an attrac-
tive one and our own group and Atzpodien’s are
investigating the feasibility of this approach.

Capecitabine, which as stated earlier is selec-
tively activated to 5-FU, has been substituted for
5-FU in this regimen. Atzpodien’s group [69]
used oral capecitabine with subcutaneous IFN-a
and IL-2 and oral 13-cis-retinoic acid to treat 30
patients with metastatic renal cell carcinoma.
There were two complete responses and eight
partial responses for an overall response rate of
33%. These results are comparable to other 5-
FU–based biochemotherapy regimens, with the
advantage of oral administration of capecitabine
and low toxicity. Without randomized data the

Table 17.5. Treatment of renal cell carcinoma with interferon-a (IFN-a) + interleukin-2
(IL-2) + 5-fluorouracil (5-FU)

Author, year No. of Response Median
[reference] patients rate (%) survival

Atzpodien 1993 [57] 35 49 Not reported
Hofmockel 1996 [59] 34 38 Not reported 
Joffe 1996 [60] 55 16 12 months
Ellerhorst 1997 [61] 55 31 23 months
Ravaud 1998 [64] 111 2 12 months
Tourani 1998 [62] 62 19 33% at 2 years
Allen 2000 [68] 55 31 10.7 months
Elias 2000 [63] 38 11 Not reported 
Atzpodien 2001 [58] 41 39.1 2.1
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contribution of capecitabine and its potential
improvement in toxicity cannot be assessed and
so Atzpodien’s group has initiated a phase III
study to investigate its role.

Adjuvant Therapy
The only curative treatment for renal cell car-
cinoma is complete surgical excision of the
primary lesion. As stated earlier, 20% to 30% of
patients who initially present with localized
disease subsequently relapse after nephrectomy,
usually with metastatic disease . Thus there is a
need for an effective adjuvant therapy.

Three large randomized trials totaling 250
patients have compared adjuvant interferon with
observation in resected Robson stages II 
(perinephric fat involved) and III (tumor ex-
tension into renal vein or inferior vena cava;
resected lymph node metastases) [70–72]. None
of these studies showed an improvement in sur-
vival for adjuvant interferon over observation.

The role of adjuvant high-dose bolus IL-2 for
patients with high-risk renal cell carcinoma has
recently been addressed in a randomized trial
[73]. The authors randomized patients with
locally advanced (T3b–4 or N1–3) or postmetas-
tasectomy to one course of high-dose IL-2 or 
to observation. The study was designed and
powered to show an improvement in predicted
2-year disease-free survival from 40% in the
observation group to 70% in the treatment
group. The accrual goal was 68 patients with
locally advanced disease, with 34 patients per
treatment arm. Patients who underwent metas-
tasectomy were to be analyzed separately
because of their different natural history.

Sixty-nine patients were entered into the
study, 44 with locally advanced disease and 25
postmetastasectomy. The study was closed early
when an interim analysis determined that the
30% improvement in 2-year disease-free survival
could not be achieved despite full accrual.
Sixteen of the 21 locally advanced patients
receiving IL-2 relapsed compared with 15 of 23
in the observation arm (p = .73). Extension of
the analysis to include metastasectomy patients
made no difference in disease-free survival or
overall survival. As the authors concede, a study
powered for an improvement in disease-free sur-
vival as large as 30% was highly ambitious, con-
sidering that high-dose IL-2 is associated with

an objective overall response rate of only 15% to
20% in good performance status patients with
advanced renal cell carcinoma.

The high response rates seen with the IFN-a,
IL-2, and 5-FU combination in metastatic
disease has led the EORTC to undertake a ran-
domized trial to assess whether a single cycle of
biochemotherapy (IFN-a, IL-2, and 5-FU) is
beneficial after resection of high-risk renal cell
carcinoma. Standard therapy for fully resected
renal cell carcinoma outside of clinical trials
remains observation.

Angiogenesis Inhibitors
Angiogenesis is the growth of new microvessels.
The growth of tumors beyond 1 to 2 mm3

depends on angiogenesis, which is necessary for
the supply of nutrients and also provides a route
for metastasis. In adults the vascular endothe-
lium is a quiescent tissue with a low cell division
rate, and thus pathological angiogenesis must
occur to allow tumor development. A number 
of proangiogenic factors (e.g., basic fibroblast
growth factor and vascular endothelial growth
factor [VEGF]) have been identified, as well as
antiangiogenic factors (e.g., angiostatin and
endostatin). The balance between these factors 
is important in tumor dormancy and control 
of micrometastases, where the apoptotic rate
remains high until angiogenesis occurs. This
shift in balance is termed the “angiogenic
switch,” which is a complex process resulting in
a shift in the balance between stimulators 
and inhibitors of angiogenesis, during which
inhibitors are downregulated [74].

Neovascularization provides not only a perfu-
sion stimulus for tumor growth, but also a
paracrine effect, which results from endothelial-
derived growth factors and cytokines that stim-
ulate growth and migration of tumor cells. This
paracrine effect is thought to operate in both
directions; that is, endothelial cell survival and
growth are driven by tumor-derived endothelial
factors. This two-cell compartment model of
tumor growth may influence the design of clin-
ical trials; for instance, angiogenesis inhibitors
can be combined with conventional cytotoxic
therapy.

The close relationship between angiogenesis
and tumor growth and metastasis make it an
attractive target for cancer therapy. Also the
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amplification factor seen in the relationship
between tumor and vascular endothelial cells
means that suppression of one endothelial cell
could inhibit the growth of approximately 100
tumor cells [75]. Initial experience with angio-
genesis inhibitors in animal models and from
early clinical trials in advanced cancer has led to
general guidelines about their use [74]:

1. Long-term therapy is necessary. Antiangio-
genic therapy is a relatively slower process than
cytotoxic therapy.

2. Antiangiogenic therapy should not be
interrupted because of the ability of microves-
sels to regrow quickly.

3. Resistance does not appear to be a problem
with long-term use. The theoretical basis for this
is that endothelial cells, unlike tumor cells, are
not considered to be mutating and thus are
unlikely to generate resistant clones.

4. Combination of antioangiogenic agents
with different mechanisms of action and/or with
cytotoxic agents appears to be more effective
[76]. Such combinations in animal models have
been curative, whereas either agent alone is
merely inhibitory [77].

Angiogenesis Inhibitors Used
in Clinical Trials to Treat Renal
Cell Carcinoma
TNP-470 is a fumagillin analogue and is one of
the first angiogenesis inhibitors to undergo 
clinical testing. Fumagillin was originally iso-
lated from Aspergillus fumigatus contaminating
endothelial cell cultures [78] and is a potent
inhibitor of endothelial growth in vitro and in
vivo. A number of analogues of fumagillin were
synthesized, and TNP-470 was selected as the
least toxic compound with the greatest antian-
giogenic effect [78].

A phase II trial of TNP-470 was carried out in
33 patients with metastatic renal cell carcinoma
[79]. There was only one partial response of
short duration (response rate 3%), but six
patients (18%) had stabilization of disease for 6
months or longer. At a median follow-up of 14
months, median survival is 56 weeks. Therapy
was reasonably tolerated, although neurocortical
toxicities were common (67% of patients) and

led to withdrawal of five patients. Fatigue and
asthenia were also common and were seen in
60% of patients.

This patient group had been heavily pre-
treated, and it is unclear whether this resulted 
in accrual of patients with indolent disease
(median interval from diagnosis of metastatic
disease to study initiation was 14 months). Thus,
was the prolonged overall and progression-free
survival in several patients due to TNP-470, or
was it merely a reflection of the natural history
of their disease? Further studies using TNP-470
are warranted, and combination with other
angiogenesis inhibitors, cytotoxic drugs, and
cytokines is indicated.

An attractive option would be the combina-
tion of TNP-470 with IFN-a, which is known to
have both antiangiogenic and direct antitumor
activity. Future studies should also address ways
of increasing exposure to TNP-470, which
animal studies suggest is necessary to maximize
its antiangiogenic properties. In this study expo-
sure was likely to be suboptimal, as the half-life
of TNP-470 and its active metabolite are only 2
and 6 minutes, respectively. It may also be that
the greatest benefit in using TNP-470 and other
antiangiogenics to delay progression in renal cell
carcinoma is seen in the adjuvant or minimal
disease setting.

The likelihood of successfully introducing a
new drug increases when the mechanisms of
both the drug and the disease are well under-
stood and linked in a biologically coherent
fashion. This has been shown to a degree by the
use of bevacizumab in the treatment of metasta-
tic renal cancer. Studies of the hereditary form
of clear-cell renal carcinoma, which occurs in the
von Hippel–Lindau tumor syndrome, led to the
identification of the von Hippel–Lindau tumor-
suppressor gene (VHL) [80]. An inactivated VHL
gene inherited from either parent causes von
Hippel–Lindau disease, in which tumors with
multiple blood vessels develop in the central
nervous system and the risk of clear cell carci-
noma of the kidney is increased. The develop-
ment of tumors in von Hippel–Lindau disease is
linked to loss of the remaining normal VHL
allele, thus eliminating the VHL gene product.
The gene is also mutated in most sporadic cases
of clear cell renal carcinoma, where both alleles
have acquired mutations or deletions [80].
Tumors caused by the inactivation of the VHL
tumor-suppressor gene should be an ideal
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testing ground for VEGF inhibition because
there is a close relationship between VHL inac-
tivation and VEGF overproduction through a
mechanism involving hypoxia-inducible factor
a.

Bevacizumab is a humanized version of a
murine monoclonal antibody against VEGF.
Yang and colleagues [81] conducted a random-
ized phase II trial comparing placebo with beva-
cizumab at low or high dose in patients with
metastatic clear cell renal carcinoma. The trial
was stopped after the interim analysis met the
criteria for early stopping based on the differ-
ence in time to progression between the placebo
and high-dose bevacizumab arms. A total of 116
patients were randomly assigned to placebo (40
patients), low-dose bevacizumab (37 patients),
or high-dose bevacizumab (39 patients). There
was a significant prolongation of the time to pro-
gression in the high-dose antibody group as
compared to placebo (hazard ratio 2.55; p < .001).
The probability of being progression-free for
patients given high-dose antibody, low-dose
antibody, or placebo was 64%, 39%, and 20%,
respectively, at 4 months and 30%, 14%, and 5%
at 8 months. Only four patients achieved objec-
tive responses (all partial responses), all of
whom received high-dose bevacizumab. Thus
the response rate for high-dose antibody was
10%. There were no significant differences in
survival between the treatment groups. However,
time to disease progression and overall response
rate were the primary end points. Survival was a
secondary end point, as patients whose disease
progressed on placebo were offered crossover to
either low-dose bevacizumab or low-dose beva-
cizumab and thalidomide.

There were no significant associations
between detectable pretreatment levels of VEGF
and clinical response or time to progression in
either bevacizumab group. However, the authors
note the limited sensitivity of the assay used.
After antibody treatment is started, plasma
levels of VEGF are difficult to interpret, as the
assay measures both free and antibody-bound
VEGF, but the levels rose steadily. This study is
encouraging and could serve as a platform for
the integration of antioangiogenic agents into
the treatment of renal cell cancer. Phase III
studies are needed to address the true clinical
benefits of VEGF inhibition. A crucial question
is whether status of expression of the VHL gene
product affects response to treatment. Knowl-

edge of the function of the VHL gene product
and its intimate association with hypoxia-
inducible factor a support combination with
agents that interrupt other hypoxia-inducible
genes such as platelet-derived growth factor.

Several other antiangiogenic agents have
shown potential activity in phase I/II trials, some
of which are discussed below.

Vascular endothelial growth factor (VEGF) is
abnormally expressed in up to 70% of renal cell
carcinomas and is thus a rational therapeutic
target. SU5416 inhibits VEGF-mediated signal-
ing through Flk-1, a transmembrane tyrosine
kinase, resulting in decreased angiogenesis. In a
phase I trial of 63 patients, stabilization of
disease for greater than 6 months was seen in
several tumor types including renal cell carci-
noma [82]. A recent study assessed the activity
of SU5416 in 29 patients with renal cell carci-
noma. A low response rate was seen with one
minor response and five patients achieving
stable disease (3 months or longer) [83].

AE-941 (Neovastat) is a naturally occurring
product extracted from cartilage that has antian-
giogenic properties [84]. It inhibits several steps
of the angiogenesis process, including matrix
metalloproteinase activities and VEGF signaling
pathways. Also, AE-941 induces endothelial cell
apoptosis and tissue-type plasminogen activator
activity, suggesting that it is a multifunctional
antiangiogenic drug. Twenty-two patients with
refractory renal cell carcinoma were treated as
part of a larger phase II study assessing two
dosing levels of neovastat [85]. Median survival
time was significantly longer (16.3 versus 7.1
months; p = .01) in patients treated with Neova-
stat 240 mL/day (n = 14) compared with patients
receiving 60 mL/day (n = 8). This difference in
survival was not explained by any significant dif-
ferences in major prognostic factors between the
two groups. Neovastat is administered orally and
has low toxicity. It is now being evaluated in a
phase III trial in patients who have failed
immunotherapy.

There is currently considerable interest in
antiangiogenesis, with several new agents in
development, many of which have entered clini-
cal trials. Two of the most interesting com-
pounds are angiostatin and endostatin, both of
which were isolated by Folkman and colleagues.
Angiostatin is a proteolytic degradation product
of plasminogen and is a specific inhibitor of
endothelial proliferation [86]. It is the first
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angiogenesis inhibitor that can cause regression
of human cancer xenografts in mice. A micro-
scopic dormant state in which virtually all neo-
vascularization has been blocked is achieved by
prolonged blockade of angiogenesis [87].

Endostatin, a proteolytic degradation product
of collagen type XVIII, has also been shown to
cause tumor regression in murine carcinoma
models. Tumors recurred when treatment was
stopped but regressed again when endostatin
therapy was recommenced. Interestingly, when
therapy was withdrawn for a second time, no
tumor recurrence was observed [88]. Both
angiostatin and endostatin have entered clinical
trials that will determine their efficacy. Initial
phase I trials with endostatin have shown it is
well tolerated when treating several malignan-
cies, but little clinical activity has been demon-
strated [89].

The integration of antioangiogenic drugs into
current practice may represent an important
advance. New therapeutic end points, such as
disease stabilization, may be required during the
evaluation of these compounds. Imaging tech-
niques, such as Doppler (measuring blood flow)
and positron emission tomography (PET) scan-
ning (measuring tumor metabolism) may aid in
assessing response to antioangiogenic treat-
ment. Other useful indicators of response may be
angiogenic factors such as VEGF and fibroblast
growth factor (FGF) in plasma and urine.

Thalidomide
Thalidomide has been discovered to have pow-
erful antiangiogenic activity. Its mechanism of
action is complex including breakdown of mes-
senger RNA (mRNA) of a number of molecules
such as FGF and tumor necrosis factor-a (TNF-
a). Our group’s phase II study tested low-dose
thalidomide (100 mg orally every night) in 
66 patients with metastatic cancer, including
several with renal cell carcinoma [90]. There
were three partial responses and 13 stabiliza-
tions of previously progressive disease (3 for
more than 3 months) in the 18 patients with
renal cell carcinoma who were treated. Treat-
ment was well tolerated and no World Health
Organization (WHO) grade 3 or 4 toxicities were
seen. The main toxicity was lethargy (38 patients
grade 1, eight patients grade 2), but conversely,

several patients experienced improvement in
sleep and appetite. In a further study using
thalidomide, 600 mg orally every night, there
were two partial responses. Seven patients had
stable disease for greater than 6 months and five
had stable disease for between 3 and 6 months
out of the 25 patients treated [91]. In patients
who achieved a partial response or who had
stable disease for at least 3 months. a statistically
significant decrease in serum TNF-a levels was
seen (p = .05).

Several other groups have now published
studies of thalidomide in renal cell carcinoma.
Overall response rate in these trials was 6%. with
10 partial responses out of 158 patients [90–95].
The low response rates do not support the use
of thalidomide to induce responses in patients
with metastatic renal cell carcinoma. However,
its actions may only be able to achieve disease
stabilization by cytostatic inhibition of further
tumor growth, and so this may be a more 
appropriate treatment end point than objective
responses. Stabilization of disease is recognized
as part of the natural history of renal cell 
carcinoma, although this is unlikely to occur in
patients who have progressed through cytokine
therapy. To address whether thalidomide can
extend time to progression and improve sur-
vival, a phase III randomized trial has been 
initiated by ECOG that compares low-dose
interferon with or without thalidomide.

The exact mechanism of action of thalido-
mide is unknown and this requires further
investigation. A possible mechanism in renal cell
carcinoma is inhibition of TNF-a, which is
known to be secreted by renal cell carcinomas.
This cytokine enhances neoangiogenesis and
stimulation of renal carcinoma cells by IL-6, and
contributes to many systemic features of
advanced malignancy, for example, cachexia and
malaise. Two new classes of thalidomide have
been developed: one class of compounds are
potent phosphodiesterase 4 inhibitors that
inhibit TNF-a but have little effect on T-cell acti-
vation [96]. The other class of compounds,
similar to thalidomide, are not phosphodi-
esterase 4 inhibitors, but inhibit TNF-a and 
IL-6, and stimulate T-cell proliferation and IL-2
and IFN-g production. One of the new
immunomodulatory analogues, CC-5013, has
shown impressive activity in refractory multiple
myeloma [97]. The use of these novel com-
pounds will help to elucidate the mechanisms
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that underlie thalidomide’s activity in renal cell
carcinoma.

The combination of thalidomide with im-
munotherapy is an attractive one. Our group
commenced a phase II study of IFN-a (9 MU 3
times/week subcutaneously) and thalidomide
(400 mg). Unfortunately, unexpected neurologi-
cal toxicity was seen in four of 13 patients treated
with this regimen and the study has been closed
[98]. The authors recommended that caution be
used when combining these agents and lower
doses of IFN-a.

A recent study has confirmed the feasibility of
combining thalidomide with lower doses of IFN-
a [99]. Thirty patients were given IFN-a (0.9 MU
3 times/day subcutaneously for 1 month and
subsequently 1.2 MU 3 times/day) and thalido-
mide (100 mg/day for 1 week and 300 mg/day
thereafter). The response rate was 20%, all
responses were partial, and median survival was
14.9 months. The most common toxicity was
sensory neuropathy, causing 19 patients (63%) to
discontinue thalidomide. Median duration of
thalidomide treatment was 6.5 months and that
of IFN-a was 7.2 months. Interestingly, serum
VEGF levels decreased more in patients who
responded to therapy compared to those who
had stable or progressive disease (p = .036). This
combination is undoubtedly neurotoxic, and
careful follow-up of patients is needed. Results of
an ongoing ECOG phase III trial comparing IFN-
a with or without thalidomide are awaited with
interest.

The combination of thalidomide with IL-2 has
also been addressed in a recent phase II study
[100]. Out of 37 patients there was one complete
response, 14 partial responses, and 11 patients
with stable disease. Time on therapy ranged
from 3 to 15 months. Twenty-six patients con-
tinue on therapy with either objective response
or stable disease. Treatment was generally well
tolerated with mainly grade 1 to 2 toxicities. This
therefore appears to be a promising new
regimen, and a phase III trial of IL-2 plus
thalidomide versus IL-2 versus thalidomide is
planned.

Conclusion
Patients with metastatic renal cell still have a
very poor prognosis and there remains the con-
tinued need for research. It should be noted that

patients entering clinical trials are often highly
selected, particularly where protocols of inten-
sive treatments are involved. Entry criteria to
most studies are often those that predict
response and good survival, such as good per-
formance status and nephrectomy. Results there-
fore may not be applicable to an unselected
population of patients.

It is important to remember that many of the
treatments discussed here are still in their
infancy, compared to conventional cancer treat-
ments. It is likely that over the next few years
some of these therapies will become important
management options. Of the newer agents,
cytokines have been shown to improve overall
survival as demonstrated by three randomized
controlled studies.

Our knowledge of the molecular biology of
renal cell carcinoma is ever increasing, allowing
new therapeutic options such as signal trans-
duction inhibitors, antiangiogenesis agents,
tumor vaccines, dendritic cell vaccines, mono-
clonal antibodies, antisense oligonucleotides,
and gene therapy to be developed. The transla-
tion of targeted biological therapy into a front-
line treatment, as exemplified by the use of
trastuzumab in breast cancer, remains the ulti-
mate goal for future trials.

Other aims include:

• The identification of patients most likely to
respond to treatment

• The development of methods to maintain
response

• A decrease in the toxicity of treatment
• Integration of new agents into currently active

regimens

Whenever possible patients undergoing sys-
temic treatment should be entered into appro-
priate clinical trials. Standard therapy for fit
patients is single-agent interferon-a or single-
agent interleukin-2.
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The discovery of diverse details of the genetics,
cell biology, and pathology of disease and the
extensive infrastructure for synthesis and testing
of targeted drugs or immune strategies are a
basis to be hopeful that innovative, effective,
widely applicable therapies can be realized 
for metastatic kidney cancer. High-dose inter-
leukin-2 has been the sole medical therapy
approved by the U.S. Food and Drug Adminis-
tration (FDA) for the treatment of metastatic
renal cancer, and interferon-a, also in wide-
spread use, has had approval in Europe. Over 100
published single-arm/single-drug kidney cancer
trials, many based on sound preclinical hypothe-
ses, would seem to be a basis for pessimism.
Partial response and disease stabilization at 
high frequency are now reported among the
“targeted-drug” approaches in current testing.
Whereas progress in conventional cytotoxics has
largely bypassed renal cancer, and immune ther-
apies have had dramatic success limited to a
minority of patients, some therapies may turn
out to be broadly tolerated and efficacious. This
is an era for optimism for the application of new
technology to kidney cancer therapy.

Looking backward, little seems more precari-
ous than the optimistic projections for clinical
trial strategies based on the experience of ex vivo
preclinical tests, in vitro testing of cell lines,
or murine models. Favorable results of uncon-
trolled series must be confirmed with random-
ized testing. The interval from initial safety
testing until availability for clinical use routinely
exceeds 5 years. Good news of early responders

in phase I trials travels fast, along with frustra-
tion about the absence of access to drugs in early
development. Nonetheless, these preclinical and
early-phase trials are a key part of the means by
which new compounds or strategies arrive for
testing in pivotal clinical trial testing. Much
attention is focused on looking for early respon-
ders in early phase and proof-of-principle trials.
This is particularly true for renal cancer. This
chapter presents a snapshot of the variety of
approaches in this pipeline between successful
model systems to matured disease-specific phase
III trial. The acceptance of new therapy must be
anticipated to be contingent on phase III trial
testing; to this point, tempered enthusiasm for
single-arm trials’ results remains appropriate.

The renal cancer population is relatively het-
erogeneous whether evaluated by conventional
histology, prognostic models, site of metastasis,
or novel markers. This leads to difficulty in
selecting promising approaches based on iso-
lated responders in early-phase trials. Through
most of the period of testing, many of the 
compounds are available for clinical use only 
in investigational trials. Often the trials have
entrance criteria that appear restricted to a frac-
tion of the available, interested population. A
common pattern in 2005 is zero or one previ-
ous immunotherapy treatment, and clear cell
subtype only, and no central nervous system
(CNS) metastasis history. For the individual
patient seeking a particular compound, a
working knowledge of trial databases such as
cancer.gov, www.nkca.org, and regional cancer
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centers may be especially useful. A Web site that
incorporates critiques of ongoing trials as well 
as patient-directed conceptual discussions is
cancerguide.org.

Many approaches are in contemporary devel-
opment (Fig. 18.1). The major categories consid-
ered here include drugs that attack conventional
targets, that is, DNA or microtubules; “targeted
drugs” that affect enzymatic function of other
surface, nuclear, or cytoplasmic proteins; drugs
influencing general immunity; immune prod-
ucts derived from tumor material; immune
maneuvers using leukocytes including T cells,
dendritic cells, or stem cells; and finally, treat-
ments attacking the unique physiology of
tumor-associated blood vessels. Some therapeu-
tic strategies encompass multiple categories, as
do some combination approaches. Any novel
approach is potentially of scientific or clinical
interest; it is often unclear what “drug class”
should be assigned to particular product. New
testing approaches and understanding patterns
of failure can lead indirectly to improvements of
clinical utility.

Conventional Cytotoxics
Conventional cytotoxic drugs are familiar to the
practicing medical oncologist as a class effective
for inducing response or cure for many histo-
logical categories, but for which renal cancer is
the nonresponsive outlier. Although this reputa-
tion is generally deserved (see, for example, the

table of negative single-arm studies compiled by
Amato [1] and more recent citations [2]), there
may be several exceptions. Among antimetabo-
lite drugs, trials have demonstrated responses
with 5-fluorouracil (5-FU), and the related 
oral prodrug of that compound, capecitabine.
A group of trials developed at University of
Chicago used a combination of 21-day continu-
ous infusion 5-FU with 30-minute gemcitabine
doses, once a week, on a 28-day cycle with 1 week
of no drug. The two-part combination showed
response rate of 7 of 41, with additional stable
disease in 5 of 41 [3]. Extensions of the regimen,
with interleukin-2 (IL-2) and interferon [4],
thalidomide [5], and cisplatin [6] showed iso-
lated responses, but did not suggest superiority.
Identification of whether there is DNA damage,
RNA damage, or interference with another
pathway is a consideration for the important
mechanism to assign to this nucleoside analog.

The oral drug capecitabine is converted 
to 5-FU in a three-enzyme pathway (car-
boxylesterase, cytidine deaminase, thymidine
phosphorylase [TP]), the last of which is poten-
tially concentrated in tumor cells, yielding a 
theoretically better therapeutic ratio than the
parental drug, as well as the more convenient
oral route of administration. Gemcitabine has
also been combined with capecitabine with 20%
response observed at a preliminary report [7]; a
similar regimen has been tested in Cancer and
Leukemia Group B (CALGB) trial 90008, with 
15% (confidence interval [CI] 7–27%) frequency
or partial response [8]. These experiences may

Tumor vessels
•Anti-angiogenesis

•Vascular targeting

Conventional targets:
• DNA
•Microtubules

“Targeted”drugs:
•Cytoplasm & surface
receptor tyrosine kinases
•Other enzymatic processes

Nonspecific immunity
•IL-2, IFN
•Retinoids, other cytokines

Tumor-derived products:
•Tumor lysate
• Isolated proteins (HSP-P96)

•Modified tumor cells

Immune cell maneuvers
•T-cells
•Dendritic cells
•Stem cells

Fig. 18.1. Diagram illustrating the diverse con-
cepts in preclinical and translational application
to the problem of therapy for kidney cancer.
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define a stable point for building a chemother-
apy-based approach to renal cancer.

As for single-agent capecitabine and
capecitabine in combination with interferon,
Wenzel and colleagues [9] in Austria reported
that of 23 patients, two had a major response, five
had a minor response, and 13 had stable disease,
so that a total of 87% of patients had at least
stable disease. A U.S. series had a lower response
rate, with only 32% stable disease, a result that
may have been attributable to selection of a
heavily pretreated, refractory population [10]. A
newer series from Austria shows a high fre-
quency of stable disease when capecitabine was
combined with low-dose IL-2 (4.5 mIU) or with
interferon-a (6 mIU three times a week) [11].
This series also showed several patients with
major response (5/52), minor response (5/52),
and again a high frequency of stable disease
(32/52).

Although platinum-containing drugs are
among the conventional cytotoxic identified to
have low activity in renal cancer (see citations
[1]), theoretical synergism with gemcitabine is a
basis for an open trial using this gemcitabine
plus cisplatin combination in kidney cancer
(cancer.gov).

Gemcitabine is also part of a two-drug com-
bination with doxorubicin that is to be tested 
in a single-arm phase II study in sarcomatoid
renal cancer. The Eastern Cooperative Oncology
Group (ECOG) study will focus on a subtype
routinely identified as refractory to medical
therapy and as a prognostically unfavorable
outlier, even within the general renal cancer
group [12].

The novel antimetabolite troxacitabine was
tested in a National Cancer Institute (NCI)–
Canada phase II study for renal cancer; of 33
patients, two were major responders, and 21 had
stable disease, eight of whom were for over 6
months. The mechanism of action of troxac-
itabine, a stereochemically nonnatural nucleo-
side analogue, is chain termination, interfering
with the function of mammalian DNA poly-
merases [13]. Additional testing with this com-
pound may yield a more favorable way to extend
the duration of stable disease, or increase the fre-
quency of major responses.

Among drugs directed at the microtubule,
vinblastine is notable for having been the single
agent on the inferior arm of the most favorable
randomized phase III trial of interferon plus 

vinblastine versus vinblastine [14]. A similarly
pessimistic conclusion was reached in single-
arm trials of the taxane docetaxel [15–17]. The
epothilone compounds are derived from a soil
bacterium, Sorangium cellulosum, instead of
plant parent compounds. The site of contact with
tubulin is the same as that of taxanes, and point
mutations (not identified to be common in
kidney cancer) inhibit responsiveness to either
drug [18]. However, non–cross-resistance has
been observed in some early testing. The differ-
ence may be related to drug efflux or to a 
nonmicrotubule target. Patupilone (EP0906,
Novartis East Hanover, NJ) and Ixabepilone
(BMS247550, Bristol-Myers Squib, Princeton,
NJ). The latter is the treatment plan in a single-
arm phase II renal cell cancer (RCC) trial at the
NCI, and 10% partial responses in kidney cancer
were reported in June 2004 [19]. Additional
microtubule targeting drugs are discussed below
(see Vascular Targeting).

Key determinants of renal cancer resistance 
to conventional cytotoxic drugs remain to be
identified and circumvented. Teleologically, the
kidney is an organ that must resist and expel
toxic substances, and this may be part of the
basis for the recalcitrance of renal cancer to con-
ventional cytotoxic treatment. Drugs directed 
at the adenosine triphosphate (ATP)-binding
cassette (ABC) transporter drugs, such as P-
glycoprotein (Pgp), multidrug resistance-related
protein (MRP), and breast cancer resistance
protein (BCRP) are another category of com-
pounds that may ultimately have relevance for
improving the outcomes for conventional cyto-
toxic drugs in renal cancer.

Targeted Drugs
Targeted drug therapy has become the watch-
word of the pharmaceutical industry in the new
millennium. Isolated successes such as ritux-
imab for non-Hodgkin’s lymphoma or imatinib
mesylate in chronic myelogenous leukemia are 
a basis for hope that each cancer will have a
pharmacogenomically discoverable Achilles’ heel,
susceptible to the right target/targeted drug
combination, with inconsequential toxicity. The
targets of renal cancer remain elusive. Patho-
physiological studies highlight the pathway
related to von Hippel–Lindau protein (pVHL),
mutated or silent in over half of cases [20].
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Within this pathway, the impaired degradation
of the hypoxia-inducible factor 1a (HIF1a)
protein and the consequent dysregulated
(increased) transcription of genes bearing the
hypoxia response element (HRE) sequence in
their promoter are leading candidates to be a
major contributor to the pathological phenotype
of clear cell renal cancer. The dysregulated activ-
ity of HIF1a- and HRE-bearing genes is found
in other kidney cancer and many other malig-
nancies. Many investigational approaches in pre-
clinical testing that target HIF directly include,
small interfering siRNA and others, such as
small molecules and novel agents already in clin-
ical testing [21,22]. Vascular endothelial growth
factor (VEGF) is a gene product with HRE 
regulation. VEGF-depleting drugs and VEGF
receptor (VEGFR1 or Flt-1 and VEGFR2 or Flk-
1/KDR) in tyrosine kinase enzyme inhibitors are
discussed below (see Angiogenic Targeting),
although the pathology caused by VEGF likely
extends beyond the recruitment of blood vessel
growth and lymphatic vessel growth into the
tumor, and may include immune impairment or
direct tumor stimulation.

Receptor tyrosine kinase inhibitors and anti-
bodies or other drugs that block the external
domains of these receptors are in broad devel-
opment in oncology. The epidermal growth
factor receptor (EGFR) is targeted by small 
molecule drugs gefitinib (ZD1839, IressaTM),
erlotinib (TarcevaTM), and CI-1033 (also blocks
Her2/neu, EGFR3, and EGFR4 tyrosine kinases),
and by antibodies such as cetuximab (ErbituxTM,
Bristol Myers Squib, C225). Diverse trials of
gefitinib monotherapy and in combination with
cytotoxic drugs have led to its approval for
non–small-cell lung cancer. Two single-agent
gefitinib trials in renal cancer have been
reported; one trial of 16 patients demonstrated a
response in none, with only three patients not
progressing at 4 months [23], and the other trial
of 21 patients reported a major response in none
and stable disease in eight (38%) [24]. The SD
patients had significantly better survival [24].
Although these gefitinib trials suggest that
chronic oral EGFR tyrosine kinase inhibition is
a blockade and is not relevant in renal cancer, the
chemically related drug erlotinib (TarcevaTM) is
in active trials as well. Two of these are a second-
line therapy of renal cancer (NCI Web site), and
essentially the only phase II trial directed exclu-
sively at therapy of the papillary histology subset

(Southwest Oncology Group [SWOG] trial 0317).
Another trial testing the combination of
erlotinib and the anti-VEGF antibody beva-
cizumab was presented positively at the June
2004 American Society of Clinical Oncology
(ASCO) meeting [25]. Among 58 evaluable
patients reported, 12 (21%) had partial response
and 38 (66%) had stable disease or minor
response, 26 of whom had at least 6 months of
treatment. Rash, diarrhea, and nausea were the
most frequent side effects. A randomized trial 
of bevacizumab with or without erlotinib has
completed accrual.

The small molecule inhibitor Su11248 (also
called Su011248, Pfizer, New York, NY) is an
orally available tyrosine kinase inhibitor of
VEGFR2, PDGFR, flt3, and c-kit. It will be
studied a phase III study with randomization
versus interferon. The first phase II single-agent
trial, for second-line therapy, was sponsored by
the manufacturer and open at several centers.
Favorable data were presented at the June 2004
ASCO meeting. The presentation reported that
63 evaluable patients progressed after prior
treatment with a single line of immunotherapy;
21 of them (33%) had a partial response (PR),
and 23 (37%) had stable disease at least 3 months
[26].A confirmatory single-arm study and a ran-
domized phase III study comparing the single
agent to interferon are accuruing patients.

The proteasome inhibitor bortezimib has also
been tested for renal cancer. The proteasome is
the site of degradation of ubiquitylated proteins,
many of which are involved in the cell cycle. Pro-
teasome inhibition may have impact on HIF1a
levels. In one single-agent phase II series there
was one objective response in 21 patients [27].
In an independent series, there were three
responses among 24 clear cell subtype patients,
which may be encouraging for exploring further
development of this unique class of agents [28].

The drug CCI-779 (Wyeth) is an inhibitor of
the mammalian target of rapamycin (mTOR)
protein. Several intracellular signaling processes
function through mTOR, which interacts with
HIF1a, the PI3K/Akt pathway, and cell cycle pro-
teins including cyclin D1 (leading to a late-G1
arrest from mTOR inhibition). This point of
cytoplasmic interference is not just a new target
protein but a new point of attack in the growth
and survival of the malignant cell cycle. A ran-
domized phase II study in renal cancer, using
dose levels of 25 mg/m2, 75 mg/m2, or 250 mg/m2
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was reported by Atkins et al. [29]. There were no
differences identified across dose levels, and the
25 mg/m2 dose has been selected for further
study in renal cancer. Among 111 patients, the
observed response rate was 7%, with an addi-
tional 26% minor responses. Most frequent tox-
icities were rash and mucositis. The median time
to progression and overall survival were 5.8
months and 15 months, respectively. The prog-
nostic criteria of Motzer et al. [30] identified
intermediate and poor subsets, which appeared
to have a better improvement of progression-
free survival. Atkins et al. [29] speculate that a
relationship to the Akt pathway in these patients
may be basis for this observation. A randomized
phase III study of CCI-779, interferon, and CCI-
779 plus interferon is open at international
centers, restricted to worse-prognosis patients
[30]. A single-arm phase I study of CCI-779 plus
interferon in renal cancer has also been 
presented [31].

Finally, an exciting development in 2003 
that was reported at the ASCO 2004 meeting 
was the single-agent phase II study of sorafenib
(previously called Bay 43-9006) [32]. The small-
molecule inhibits (at different levels) b-raf, c-raf,
PDGFR, c-kit, flt-3, and VEGF-R2 (KDR). The Raf
proteins are involved in signal transduction
from cell surface receptor molecules, in the
widely present RAS/RAF/MEK/MAPK pathway.

The Bay43-9006 study design originally
emphasized colon cancer until it was evident
that RCC appears as the most responsive of the
histological types tested. The design has a three-
part plan at the 12-week evaluation: subjects
with �25% improvement are continued on treat-
ment, those with >25% worsening are discontin-
ued for progression, and those with stable
disease are offered randomization between
placebo and continued treatment. In all, at the
time of the June 2004 presentation, 203 renal
cancer patients had been accrued, 106 by Sep-
tember 2003, and 89 of these were evaluable. At
the 12-week evaluation, seven continued without
randomization, 45 were in the middle category,
and 37 were discontinued because of a >25%
increase. Side effects of hypertension, rash,
and hand–foot syndrome were observed,
but were not a major problem. A study of
second-line (progression after one line of
immunotherapy) patients, compared to placebo,
has opened for accrual in a multinational phase
III format.

These drugs reach their molecular targets, and
as reported, only a minority of patients progress
at 3 to 6 months in the respective single-arm
trials. It is reasonable to view these targeted
results optimistically. The best way to bring this
to bear for longer, complete responses in renal
cancer is a task for subsequent empiric experi-
ence, in the hopeful context of several active
non–cross-resistant drugs. Combination with
other drugs affecting cell surface receptor tyro-
sine kinase, RAS/RAF/MEK/MAP pathway, and
common points such as the proteasome or
mTOR can be anticipated to be of interest in
renal and other cancers. Complex interactions,
such as VEGFR-mediated resistance to EGFR
blockade [25] may be important and only
revealed in combination applications.

General Immunity
Although sometimes stereotyped as “the
chemotherapy nonresponder,” kidney cancer,
particularly the clear cell subtype, is also con-
sidered to be “immune-sensitive.” Partly on this
basis, and notwithstanding that many cancer
types are immune-sensitive in murine models, it
is kidney cancer that is a frequent focus of the
translational effort of immunotherapy. Some 
of these novel treatments build on IL-2 or 
interferon therapy. Specific immunity vaccine
approaches are discussed in the next section.
The mechanisms of immune evasion by renal
cancers, and by cancers in general, are undoubt-
edly complex. Some of the cytokines elaborated
by tumors are known to have anergy-favoring
effects on the immune systems, include trans-
forming growth factor-b (TGF-b), IL-10, and
VEGF. The ultimate therapeutic attack may
involve directly negating this effect, or cir-
cumventing it through a different immune-
enhancing maneuver.

The cytokine IL-12 influences dendritic cell
function, favoring promotion of cellular immu-
nity, including possibly useful antitumor immu-
nity. Striking synergy of IL-12 plus IL-2 in
murine models [33] has been encouraging. Prac-
tical synergy is yet to be demonstrated. A phase
I trial using six doses of high-dose bolus IL-2,
given in groups of three with IL-12 on inter-
vening days, is open at NCI, and a phase I trial
using IL-12 with interferon has been reported
[34]. Hematological and hepatic toxicity were
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observed. Two of 18 kidney cancer patients in
the trial had responses, a preliminary efficacy
assessment.

Antibody drugs that suppress the CTLA4+

(CD152) cell subset (corresponding to the sup-
pressors lymphocytes, also identified as Treg)
had good success in some murine tumor models
[35,36], and an immunologically detectable effect
in vaccinated cancer patients [37]. A phase II
single-arm study of MDX 010 (Medarex, Prince-
ton, NY), for IL-2 refractory or ineligible patients
is open at the National Institutes of Health (NIH).
The optimal use of this type of manipulation of
the immune system will undoubtedly be in com-
bination with other available immune maneuvers
and treatments. One may anticipate that combi-
nation development will be contingent on the
single-agent experience.

Thalidomide is a drug with many proposed
mechanisms of action. The relevant mechanism
of action is unknown, but may be immune mod-
ulation or downregulation of cytokines, includ-
ing tumor necrosis factor-a (TNF-a), VEGF,
basic fibroblast growth factor (bFGF), or IL-12,
as well as interfering with some step of angio-
genesis. The antiangiogenic and immune-
modulation mechanisms were the key rationales
for application testing in several series of RCC
clinical trials. The dominant response reported
was disease stabilization, although some series
identified some partial responders [38–42]. A
safe conclusion across these series appears to be
that at best the impact of the drug is on a minor-
ity of patients, the observed disease stabilization
is not of conclusive survival benefit, and further
single-agent testing is unlikely to show an
impact on median survival.

Disparate results were identified in two
single-arm trials combining the drug with IL-2.
Amato et al. [43] reported a major response fre-
quency of 39% (two complete responses [CR]
and 11 PR among 37 evaluable patients) using a
regimen of 4 weeks of 5-day-a-week IL-2 at 7
million IU/m2 plus thalidomide 200 mg/d. Addi-
tionally, 10 patients had stable disease. Formal
publication is awaited; a trial using the same 
two agents with the addition of granulocyte-
macrophage colony-stimulating factor (GM-
CSF) as an antigen presentation enhancing drug
has been opened [44]. In contrast, Olenoki et al.
[45] found three responders in 33 patients with
a regimen of thalidomide 100 mg/d and IL-2 at
250,000 IU/kg during week 1 and 125,000 IU/kg

during weeks 2 to 6. Two related drugs,
ActimidTM (CC4017) and (CC5013, RevimidTM

and lenolidomide celgene, summit, NJ) have
potent in vitro effects on lymphocytes as well as
on TNF-a. These newer analogs appear to lack
the teratogenicity risk and neuropathy problem
that have been pervasive in efforts to expand the
oncological application of thalidomide. One may
anticipate the potential for testing in kidney
cancer; a single-agent phase II renal cancer
study with lenolidomide is open at Baylor Uni-
versity [46] and other centers.

A cooperative group phase III randomized
trial of low-dose interferon-a2b (3 million units
three times a week versus interferon plus
thalidomide) has been presented (E2898). It
addressed the issue of whether the thalidomide
plus interferon combination is active in renal
cancer, by antiangiogenesis or another mecha-
nism. The results presented in June 2004 revealed
an extremely low response in the control arm
(2.2%), and a response of 6.5% in the combina-
tion arm. There were more thrombotic events
(12 vs. 4) in the combination arm, the median
progression-free survival favored the combina-
tion (2.8 vs. 3.8 months, p = .04), and the overall
survival favored (nonsignificantly) the control
arm (12.2 vs. 10.8 months) [47].

Finally, pharmacokinetic modifications of IL-
2 and interferon have been developed. The Bayer
compound BAY 50-4798 is an analogue of
natural IL-2, but with modification to activate T
cells but not natural killer (NK) cells. This may
have a favorable effect on toxicity. Considering
that the relevant mechanism of action of IL-2
remains a subject of controversy—one view is
that for renal cancer it is the NK cells that are
more relevant than CD8+ T cells (as may be the
case in melanoma)—further disease-specific
clinical testing will certainly be warranted. Sub-
cutaneous pegylated interferons have a longer
half-life and a higher molecular weight com-
pared to unmodified interferon (molecular
weight 19,000 to 20,000 dalton). Available pegy-
lated interferons, with indications for treatment
of infectious hepatitis, used in combination with
Ribavirin include PegasysTM (interferon-a2a,
molecular weight 60,000, manufactured by
Roche, Basel, Switzerland) and PegintronTM

(interferon-a2b, molecular weight 31,000, man-
ufactured by Schering-Plough, Kenilworth, NJ)
[48,49]. Anticancer testing of interferon-a2a for
renal cancer showed five PR (19%) among 27
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patients treated in the phase I testing, [50]; the
recommended dose for further testing was 450
mg once a week. There was one CR and four PRs
(overall 13%) among 40 previously untreated
renal cancer patients in the phase II experience
[51]. The report of phase I to II testing of the trial
of pegylated interferon-a2b in renal cancer
determined a dose of 6mg/kg/week, with the
observation that some patients could tolerate 
7.5 mg/kg/week. Thirty-five previously untreated
renal cell cancer patients were in the phase II
part of the trial; 23 of 57 had at least stable
disease at week 12. Objective response was
observed in six of the 44 evaluable previously
untreated renal cancer patients. At 1 year, two
CRs and four PRs (overall 11% of the 57) were
ongoing [52], and a total of 44 previously
untreated renal cell cancer patients were evalu-
able for response.

Leukocyte Products
In the preclinical experience, nucleated blood
cells have enormous potential for therapeutic
immune manipulation. Ex vivo isolation, sort-
ing, expansion, and activation seem to define 
an untenable matrix of testable approaches.
Historically tested methods, including tumor
infiltrating lymphocytes (TIL) [53,54] and autol-
ogous lymphocyte infusion (ALT) [55], offer
ready contexts for new variations, such as cell
sorting and ex vivo cytokine application. The
open single-arm trial in St. Luke’s Medical
Center (Milwaukee, WI) uses IL-2 and anti-CD3
activating antibodies on the apheresis-derived
lymphocytes, which are reinfused to subjects
[56].

A special case of leukocyte-derived novel
therapies involve use of dendritic cells (DCs), the
major antigen-presenting cell type. Monocyte-
derived DCs may be prepared from the aphere-
sis product by culture of adherent mononuclear
cells, which are then exposed to GM-CSF and IL-
4. These autologous, human leukocyte antigen
(HLA)-matched DCs may then be loaded 
with antigen in a variety of ways, and then 
reintroduced.

Vieweg’s group [57] has explored the use of
nucleic acid material to load DCs. The messen-
ger RNA (mRNA) of tumor cells may encompass
tumor-specific antigens, with advantages over
protein-based approaches in that it may be non-

specifically amplified as needed using standard
techniques. Similarly, RNA coding for selected
antigens, such as telomerase protein (TERT),
present in the whole-tumor derived mRNA, can
be used to load DCs, offering both the advantage
of emphasizing specific tumor antigens, as well
as a specific strategy for monitoring response to
a single protein. The acquisition of cytotoxic T
lymphocyte (CTL) with this specificity was
identified with the acquisition of polyclonal
CTL, in six of seven evaluated patients in a 
10-patient clinical trial. The clinical implication
of the immune changes remain uncertain, as
most subjects took other therapy after the study
treatment.

Dendritic cells physiologically take up apop-
totic bodies. Another vaccine approach, recently
reported in non–small-cell lung cancer patients,
is with allogeneic tumor cells, treated with ultra-
violet (UV) radiation to induce apoptosis and
admixed with autologous DCs. Acquisition of T
cells with antitumor specificity was detectable
by, enzyme linked immunospot (ELISPOT) assay
[58]. The ex vivo fusion of dendritic cells with
autologous tumor cells is a way to introduce cells
bearing both the in situ particular antigen and
the HLA repertoire of the tumor and competent
antigen-presentation cell surface molecules.
Avigan and colleagues [59] described a clinical
trial applying this technique. Among 13 renal
cancer patients treated, five had disease stabi-
lization for 3 to 9 months; two breast cancer
patients had responses, one durable for more
than 24 months. Practical drawbacks include the
need for three separate ex vivo cellular manipu-
lations: single-cell suspension of autologous
tumor, apheresis of peripheral blood mononu-
clear cells for DC culture, and cell fusion with
verification of presence of biphenotypic (tumor
and DC) cells for vaccine administration. In the
cited report, 32 subjects had successful product
preparation, and 23 of 58 enrolled subjects were
actually treated, with products having 28% to
71% fusion efficiency.

A groundbreaking investigational clear cell
renal cancer therapy is based on transfer of stem
cells is the nonmyeloablative allogeneic stem cell
transplant. The seminal publication in 2000
showed nine of 19 patients (who had disease
refractory to IL-2) demonstrating at least partial
responses, attributable to the graft versus tumor
(GVT) effect. Three had complete responses
[60]. Additional experience including from
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Europe and from other centers will be critical in
defining the best patient selection criteria and
graft-versus-host management [61,62].

In the nonmyeloablative transplant technique,
the path to the therapeutic outcome can be con-
sidered as separate steps. The first is selection of
a suitable patient and suitable donor. In the
initial experience at NCI, favorable responses
were seen essentially only in the clear cell
subtype, and the worldwide experience empha-
sizes this subtype. (Treatment of individuals
with a histological type that is not clear cell, an
even more heterogeneous group, remains an
area for exploration, as the current series
emphasize or require the clear cell type.)

Since the time until therapeutic effect may be
long,a further requirement is that the patient will
be able to survive until the therapeutic effect
becomes apparent. The ideal donor is most fre-
quently defined as an HLA-identical (nonidenti-
cal twin) full sibling, who is an individual with
mismatches of other alleles (minor antigens).
Alternative donors, such as partial mismatch sib-
lings or matched unrelated donors, are another
area in active exploration, because it appears that
the frequency of patients who have donors
meeting the first criterion is limited; for example,
only 84 of 284 (29.6%) at University of Chicago
had donors that could be screened [63]. Besides
the limitations on donors, limitations on histo-
logical subtype, rate of growth of the tumor, sites
of tumor, and comorbidities can be anticipated
to continue to limit applicability of the method.

A next step is manipulation of the graft mate-
rial obtained by apheresis. For example, this can
include depletion of lymphocytes to a defined
dose. Preparative chemotherapy for the host is
directed at host lymphocytes, and of lower inten-
sity than in a traditional myeloablative stem cell
transplant, such as for a hematological malig-
nancy. Fludarabine and cyclophosphamide com-
binations have been used, with an emphasis on
marrow ablation, not antitumor effect. Following
graft infusion, the extent of engraftment may be
monitored. Complete donor chimerism may be a
necessary intermediate goal. Subsequently, dis-
continuation of immune suppression, as well as
donor lymphocyte infusions (DLIs) to support
the graft, can be used, titrated against observed
graft-versus-host disease. General immune-
function deficits may require antibacterial,
antiviral, and antifungal support. Finally, hands-
on management of graft-versus-host disease,

with a variety of immune suppressive drugs
including steroids, cyclosporine, methotrexate,
and others, is requisite.

Tumor Products
Cellular material for therapeutic use can also be
obtained directly from the tumor. As mentioned
above, tumor material can be used to obtain
peptide, nucleic acid, or other material for
loading into dendritic cells. Tumor cell material
may also be used without ex vivo dendritic cell
loading. Presumably antigen presentation can
occur in vivo with either the modified tumor cell
acting as substitute antigen-presenting cell, or
attracting autologous dendritic cells that then
take up the relevant antigen and process and
present it effectively.

The OncophageTM product, in phase III RCC
testing, uses heat shock protein and the associ-
ated peptides obtained from fresh tumor
(HSPPC-96) as the material for the loading of
DCs. This set of peptides has the feature that it
contains peptides that will be loaded onto 
cell surface major histocompatibility complex
(MHC) molecules, and so may represent an
immunogenically useful panel to which to stim-
ulate a response. The mixture may be particu-
larly well acquired for processing by dendritic
cells [64,65]. Some published studies indicate
that this strategy is sufficient to induce measur-
able, apparently useful antitumor immunity,
even in the context of a cancer that had been
metastatic [66]. Two randomized studies using
Oncophage seek to enroll either patients having
nephrectomy in the face of metastatic disease or
patients having nephrectomy for cure, but for
whom tumor, node, metastasis (TNM) staging is
consistent with a high recurrence risk [67].

Our group has worked with B7.1 transduced
autologous tumor cell vaccine that is irradiated
and then given sequentially before an outpatient
schedule of subcutaneous IL-2. Upon resection
of tumor material, often primary tumor but also
metastasis, short-term tissue culture is used and
then the dendritic cell surface co-stimulatory
protein B7.1 is introduced with a viral vector.
Theoretically this would allow naive lympho-
cytes with antitumor specificity to encounter
tumor antigens in the context of this “second
signal” (B7.1 on the antigen-presenting cell,
CD28 on the lymphocyte) that would promote
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activation over anergy or deletion [68]. A differ-
ent cytokine that tumor cells can be modified to
release is GM-CSF. This localized secretion of
GM-CSF should recruit dendritic cells that will
process the antigen [69]. The GVAX® products
(cell Genesys, South San Francisco, CA) are 
in trial in several cancer subtypes, uses this
strategy [70].

The autologous tumor lysate (aTL) product
was the subject of a randomized phase III adju-
vant trial in Germany for which progression-free
survival results were reported in 2004. For this
vaccine, the tumor cells are in culture for several
hours in media containing interferon-g and toco-
pherol, and then devitalized with freeze/thaw
cycling.The former should induce higher expres-
sion of MHC cell surface molecules, causing 
an enhanced immunogenicity. The reported
results—the only large, randomized vaccine
renal cancer trial conducted in Europe—are con-
sistent with an improvement in time-to-detected
progression [71]. An apparent imbalance of the
attrition in patients randomized to active treat-
ment, and the unreported overall survival data,
among other factors, may limit interpretation of
the clinical outcome data [72].

In common across all of these tumor cell–
derived therapeutic products is a product safety
infrastructure. This includes the need for prod-
uct characterization, irradiation of potentially
live tumor cell material, monitoring for bacterial
or other contaminants, and explicit vaccine
material/patient matching. The decision about
which aspects of the product must be monitored
may be a difficult one. A continued reference to
the huge theoretical potency of specific anti-
cancer immunotherapy is required to justify this
significant infrastructure and expense.

Angiogenic Targeting
Renal cancer specimens are often observed to 
be densely vascularized; reports of difficult-to-
control bleeding during surgery on metastases
(as opposed to nephrectomy, where the renal
vascular stalk is a point of control) are common.
The concept of targeting the blood vessels of the
cancer is appealing for several reasons: low 
toxicity, conversion of the disease to a chronic
pattern, and an independent attack at a funda-
mental vulnerability of the growing tumor. The

genotype of the targeted cell type is theoretically
stable and comparable across cancer subtypes. A
variety of drugs have been validated as members
of the antiangiogenic class, using in vitro and
murine models. The transition to clinical appli-
cation has been slow, but includes some testing
in kidney cancer, in addition to renal cancer
patients who have participated in phase I
studies. In contrast to conventional cytotoxic
drugs, an emphasis could be on nontoxic disease
stabilization rather than on regression. Thalido-
mide and related compounds and Su11248 are
discussed above [73,74].

Vascular endothelial growth factor A (VEGF-
A), which is present in several isoforms [75], is
the ligand of cell surface receptors [VEGF-R1,
( flt-1), VEGF-R2, and ( flk)]. The VEGF levels
may be high in RCC, relating to HRE in the gene 
promoter. Other VEGF gene family members
(VEGF-B, VEGF-C, VEGF-D, VEGF-E) may have
other diverse roles in cancer [76]. The presence
of the (receptors) in tumor blood vessels identi-
fies blocking of the VEGF/VEGFR pathway as an
appealing target. Depletion of free VEGF occurs
with bevacizumab (AvastinTM, Genentech, South
San Francisco, CA), a 93% humanized antibody,
approved for colorectal cancer [77]. The VEGF-
TRAP drug, a synthetic protein composed of
domains of the immunoglobulin Fc, and extra-
cellular domains of flt-1 and flk, appears to have
the same general mechanism of action [78].

In a randomized phase II trial of bevacizumab
for progressive, refractory renal cancer, a high
frequency of stable disease was identified in the
high-dose arm (64% at 4 months, versus 20% 
for the placebo group). Major responses were
observed in four of 40 patients (10%), and mul-
tiyear stabilizations were identified as well [79].
Clinical testing of combinations with interferon
and IL-2 will be of interest, as the optimal use of
bevacizumab for renal cancer is developed. A
cooperative group trial of interferon with or
without bevacizumab is open [80]. Side effects
observed in the experience to this point include
risk of bleeding and hypertension. The beva-
cizumab plus erlotinib trial is cited above.

Vascular Targeting
Vascular targeting drugs employ a different
strategy. A transient direct attack on the tumor



213

Novel Therapies for Renal Cell Cancer

endothelium may result in tumor infarction.
Combretastatin is one member of this group that
targets endothelial cell microtubules, for which
phase I trials have been completed [81,82]. Mea-
surement of tumor blood flow, for example by
dynamic contrast magnetic resonance imaging
(DC-MRI), may provide a method to identify the
occurrence of vascular blockade by this class of
drugs. Another member of the class for which
phase I testing was completed is ZD6126
(AstraZeneca, Wilmington, DE), and ABT-751
(Abbott, Chicago, IL), which is orally available,
was tested in a phase II company-sponsored
renal cancer trial. A review of many of these
agents suggests that one may anticipate their
development for renal cancer [83]. The vascular
targeting drugs remain in an early stage of devel-
opment.

A natural product drug, Neovastat (AE-941,
Aeterna Laboratories, Quebec city, Quebec,
Canada) may affect VEGF-related signaling 
and inhibit matrix metalloproteases. For
classification purposes, the mechanism of action
for this cartilage-derived substance can be con-
sidered as a multifunctional antiangiogenesis. A
favorable subset analysis from a multidiagnosis
trial that had 22 evaluable renal cancer patients
suggested that a higher dose was consistent with
a survival benefit. [84,85]. A randomized phase
III Kidney cancer trial has completed accrual
and was negative, but again a subject for which
favorable outcome from the drug was identified.

Conclusion
The process of developing a concept, transla-
tional testing, verification of targets, and clinical
trials takes years. The complex intracellular and
immunological targets and numerous classes 
of drugs seem to define an unending array 
of testable strategies. Development strategies
depend both on conceptual priorities and on
practical (economic) realization issues of phar-
maceutical companies. Renal cancer, therefore, is
often not the initial development target, and a
significant amount of experience in other his-
tologies with a particular strategy may accrue
before any formal testing is done in renal cancer.
Conversely, early responses observed in renal
cancer have been met with enthusiastic, sig-
nificant trial infrastructure investment, includ-

ing for CCI-779, sorafenib, bevacizumab, and Su-
111248. Besides biological theory, there will be
the relevance of this other experience, obviously
more appealing in the case of positive trials,
weighing on the decision process.

For patients seeking to decide on a treatment
trial, the absence of a nontoxic, frequently effec-
tive standard therapy puts investigational vac-
cines, compounds, and combinations in the
forefront.A practical approach is to canvas avail-
able treatments, using Web sites and personal
contacts, and to then try to reach a rapid deci-
sion. Despite an understandable ambition to get
a chance at access to every promising drug, the
therapeutic plan must integrate logistic issues
and the uncertain appeal of theoretical mecha-
nisms of action. Patients, even those with slowly
progressing disease, may have relatively limited
realistic options for participation in clinical
trials.

Among isolated pharmaceutical compounds,
key compounds in later phase trials in 2005
include sorafenib, CCI-779, Su11248, and 
bevacizumab. Some immune manipulations are 
similarly centered on single drugs, such as the
MDX-010 antibody or IL-12. Older drugs, such
as high-dose IL-2 (still the only regimen with
occasional long-term disease-free survivors),
IL-2 and interferon combinations, and phase I
drugs, are typically part of the discussion as 
well.

Many immune manipulations are more com-
plex, such as nonmyeloablative transplant or
combinations of vaccines or immune modula-
tors with IL-2 or interferon. Trials frequently
focus on never-treated or once-treated/now-
progressing subsets. Conversely, the prevalent
patient population interested in new therapy is a
group more heterogeneous for comorbidities,
extent of pretreatment, and distribution of
metastatic disease, especially brain metastasis.

From where will the next breakthrough treat-
ment for renal cancer come? Notwithstanding
the uncertainty of enthusiasm derived from
single-arm trials, the targeted drugs appear to be
a frontrunner category. Any one additional drug
with an indication for renal cancer will almost
certainly have a toxicity profile better than
cytokine (IL-2, interferon) approaches and may
change the face of therapeutic planning for
metastatic RCC. One may remain hopeful that
the paradigm shift toward targeted, tolerated,
durable metastatic RCC management can



214

Urological Cancers: Science and Treatment

emerge from the many contemporary
approaches to the problem.
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Part IV
Testicular Cancer



Germ cell tumors (GCTs) are the most common
malignancy in young adult males between the
ages of 15 and 40 presenting predominantly in
the testis [1]. They arise by transformation of a
germ cell (GC) that during its normal life span
undergoes series of proliferative and differenti-
ation events that culminate in the formation of
gametes [2]. Transformed GCs uniquely exhibit
the potential to initiate molecular pathways in
part resembling those occurring during normal
human development, as evidenced by the array
of histologies observed within tumor specimens
[3]. Occasionally within well-differentiated 
components, further malignant transformation
occurs. leading to the appearance of a non-GC
malignancy [3]. More than 90% of newly diag-
nosed patients are cured, with 70% to 80% of
advanced cases being cured with cisplatin-based
chemotherapy [1]. Thus, GCTs are an ideal
system in which the molecular mechanisms
underlying this exquisite sensitivity can be
studied. This chapter discusses the current state
of knowledge of the genetics and biology of GC
transformation, differentiation, and response to
cisplatin.

Pathobiology of Male Germ
Cell Tumors
Adult GCTs are broadly classified into two mor-
phologically distinct groups: seminomas and
nonseminomas [3]. The first recognizable lesion

in the testis is intratubular germ cell neoplasia
(ITGCN), where transformed GCs are evident
within the seminiferous tubules. Although it
morphologically more closely resembles semi-
nomas than nonseminomas, ITGCN is generally
accepted as the precursor of all invasive GCTs
[3]. Seminomatous GCTs frequently express
protein markers of GCs early in development
such as placental alkaline phosphatase, KIT, RET
(GDNF receptor), and POU5F1 (OCT3/OCT4),
and retain the morphology of undifferentiated
spermatogonial GCs [4–6]. They exhibit low
mitotic and apoptotic indices, low metastatic
potential, and are generally cured by a combina-
tion of orchiectomy and radiation therapy [1,3].
Nonseminomas display an array of histologies
mimicking different patterns of embryonic and
extraembryonic differentiation that normally
occur during human development. Embryonal
carcinoma (EC) resembles zygotic cells early in
embryonic development and display the highest
mitotic and apoptotic indices of all GCT histo-
logical components [3,7]. Teratomas exhibit
somatic differentiation normally seen in the
developing three germ layers of the embryo
proper resembling incomplete differentiation
(immature teratoma) or well-differentiated
tissues (mature teratoma), and tend to have both
low mitotic and apoptotic indices [3,7]. On 
occasion, mature teratomas undergo malignant
transformation of one of the histological 
components, necessitating similar treatment to
that of the malignant tissue counterpart [8].
a-Fetoprotein (AFP) and human chorionic
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gonadotrophin (HCG) are differentiation
markers of yolk sac tumors and choriocarcino-
mas, respectively, that exhibit morphologies
resembling extraembryonically differentiated
tissues [3]. In the majority of cases, nonsemino-
mas are cured combining surgery and cisplatin-
based chemotherapy [1]. Nonseminomatous
GCTs of pure histology are rare, and are usually
a mixture of two or more histological compo-
nents. Combinations of seminomatous and non-
seminomatous components are also frequently
observed.

Genetic Basis of Adult Male
Germ Cell Transformation
Conventional karyotypic analyses of GCT
metaphase chromosomes identified an isochro-
mosome of the short arm of chromosome 12
[i(12p)] in 85% of specimens [9,10]. Sub-
sequently, fluorescence in situ hybridization
(FISH) using a 12p painting probe revealed the
presence of tandem duplications of 12p either in
situ or in other chromosomes in GCTs that did
not exhibit an i(12p) [11]. Thus, extra copies of
the short arm of chromosome 12 is diagnostic 
of GCTs, and FISH analysis for this marker in
interphase and metaphase tumor cells is used
routinely for diagnostic purposes, especially in
the classification of some mediastinal tumors of
uncertain histogenesis [12]. Although there is
debate as to when this marker first appears either
in ITGCN or associated with invasion, many
studies have aimed at identifying the target gene
of this chromosomal abnormality.An initial can-
didate gene approach identified one of the D-
type cyclins, CCND2, as a possible target [13].
Together with cyclin-dependent kinases 4 and 6,
the D-type cyclins regulate 
transition of the G1-S phase of the cell cycle,
and proto-oncogenic roles for cyclins D1 to D3
have been described in multiple tumor systems.
Abnormal GCs within ITGCN aberrantly
expressed cyclin D2, whereas seminoma and EC
also exhibited elevated expression [13]. Within
teratomas, the levels of cyclin D2 reflected those
reported for the normal tissue counterpart.
Expression of this gene is rarely detected in sper-
matogonial cells of normal human adult testis,
but is abundantly expressed in mitotically divid-
ing spermatogonial cells in the murine neonate

[2]. Thus, analogous to cyclin D1 in breast cancer,
elevated expression of cyclin D2 as a result of
increased 12p copy number may have oncogenic
potential in a cell that has previously expressed
this D-type cyclin during its life span. However,
12p comprises approximately 35 mega–base pair
(Mbp) of DNA, and microarray-based studies
have now provided a platform in which many
expressed sequences mapped to 12p can be
assayed for overexpression in GCTs. Compiling
both published and unpublished microarray
data using complementary DNA (cDNA)/
EST arrays [14,15] and oligonucleotide arrays
(our unpublished data), the expression of
247 cDNAs/Expressed Sequence Tags, (ESTs)
mapped to 12p have been evaluated in GCT spec-
imens relative to that of normal testis to date. Of
these, 24 showed overexpression in >70% of
tumors evaluated within a specific study and
included CCND2 (Fig. 19.1). Additional func-
tional studies are required to evaluate the roles
of these genes in GC biology and transformation.

In addition to extra copies of the entire short
of chromosome 12, some GCTs (predominantly
seminomas) also exhibit a high-level
amplification of the 12p11-p12.2 region [16,17].
Molecular cytogenetic and global genomic
screening methods have been employed to
define the structure of the amplicon and identify
potential candidates for the target gene(s)
[14,15,18]. These studies indicated that the
amplicon encompasses the region from approx-
imately 20 to 30 Mbp [14,18], and the structure
varies between tumors [18]. Some seminomas
showed amplification of the entire 10-Mbp
region, whereas others exhibited amplification
predominantly at the telomeric or centromeric
borders. Yet others showed amplification at 
the two borders with a decline in the level of
amplification in the center of the amplicon.
These data are suggestive of two independently
amplified subregions, each possibly with a
specific target gene. The expression of several
candidate genes was evaluated, and only a few
correlated with amplification, so the functional
target genes of amplification remain to be
identified [14,15].

Overall, GCTs are hypertriploid in chromoso-
mal content and exhibit other frequent chromo-
somal abnormalities as revealed by extensive
cytogenetic and molecular genetic studies.
Comparative genomic hybridization of micro-
dissected ITGCN lesions revealed the gain of
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genetic material derived from chromosomes 1, 5,
7, 8, 12q, and X and loss of chromosome 18 mate-
rial, while adjacent invasive tumors exhibited
additional sites of gain including 2, 3, 4, 6, 13q,
14q, 17q, 18q, 20, and 21 and additional losses
including 1p, 4, 6q, 9, 11, 13q, and 19 [19,20]. For
one region, 17q, microarray-based expression
studies have now indicated that GRB7 and JUP
may be the target genes for gain [21]. The GCTs
display recurrent chromosomal abnormalities,
some of which are associated with histological
subtype [22,23]. Deletions/rearrangements of
12q, 1p32-p36, and 7q, and deletion at 6q13-q25
are the frequently observed nonrandom chro-
mosomal aberrations, with breakpoints involv-
ing 1p32-p36 and 7q11.2 significantly associated
with a teratomatous histology, and 1p22 with
yolk sac tumors. Comprehensive loss of het-
erozygosity analyses of the chromosomal com-
plement of GCTs has indicated a number of sites
that may contain tumor-suppressor genes [24].
Several include those of known tumor-suppres-
sor genes (RB1, DCC, and NME), of previously
known regions (1p, 3p, 5q, 9p, 10q, 11p, 11q, and
17p), and of several novel sites (1q, 2q, 3q, 5p, 9q,
12q, 18p, and 20p). There is molecular genetic
evidence for two putative tumor-suppressor
genes on the long arm of chromosome 12 at
12q13 and 12q22, where the minimally deleted
regions have been narrowed down to less than 
1 Mbp [25,26]. For 5q, there appears to be three

common sites of loss (5q14, 5q21, and 5q34-
qter) [27]. In both cases, identity of the respec-
tive tumor-suppressor genes remains unknown.
Hypermethylation of the promoter of tumor-
suppressor genes represents an additional mech-
anism by which silencing of expression can be
achieved. In GCTs, several studies have examined
the methylation status and expression of sev-
eral candidate tumor suppressor genes [28–31].
For most genes studied, seminomas displayed 
a much lower level of promoter methylation 
than nonseminomas, reflecting an epigenetic
modification associated with differentiation
rather than tumorigenesis. Although methyla-
tion status did not always correlate with expres-
sion, it was evident that expression of MGMT at
10q is regulated by methylation in two inde-
pendent studies [29,30]. Thus, MGMT may be the
candidate tumor-suppressor gene at this locus.
The methylation status and associated expres-
sion of RASSF1A, the candidate for 3p, were in-
consistent between studies [30,31].

Somatic mutations of KRAS2 [32], KIT [33],
and SMAD4 [34] have anecdotally been reported
in GCTs, but recently activating somatic muta-
tions at codon 816 in KIT were found to be 
predictive of bilateral GCT [35]. Activating
mutations were identified in 57 of 61 bilateral
tumors (93%), but in only three of 224 unilateral
tumors (1.3%). Since approximately 2.5% to 5%
of GCT patients develop a GCT in the contralat-

Fig. 19.1. Candidate overexpressed comple-
mentary DNAs (cDNAs)/ESTs[DK1] mapped to
12p. All adult male germ cell tumors (GCTs)
exhibit extra copies of the entire p arm of chro-
mosome 12 (approximately 35 Mbp) presenting
as an isochromosome [i(12p)] in about 85% of
cases. To date, 247 transcripts (�) mapped to
12p have been evaluated for expression in GCTs
using microarray technology and are shown
according to physical position on 12p. Of these,
194 were overexpressed relative to normal testis
in <50% of cases within a study, 29 in 50% to
70%, and 24 in >70%. The names of the tran-
scripts overexpressed in more than 70% of GCTs
are listed. The transcripts underlined are those
for which the relative overexpression has been
confirmed in an independent assay.
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eral testis, screening of tumor DNAs for this
mutation may be useful in identifying patients
at risk for a second tumor. Epidemiological
studies have shown that there is a 6- to 10-fold
increase in risk for GCT development for a first-
degree male relative of an affected individual,
and approximately 2% of GCT patients have
another affected family member, suggesting in
these families a genetic predisposition for GC
transformation. The majority of the families
involve two affected family members, being
mostly sibling pairs, with rare reports docu-
menting three or more affected individuals.
Genome-wide linkage searches for genes that
predispose to GCT formation have identified
Xq27 as a site for a GCT susceptibility locus,
though the precise gene has yet to be cloned
[36].

Germ Cell of Origin of Adult
Male Germ Cell Tumors
Two models have been formulated for the stage
in the life span of a GCs at which transformation
occurs leading to postpubertal presentation of
these tumors (Fig. 19.2). Pediatric GCTs present-
ing prior to puberty, are commonly thought to
arise by transformation of a GC in utero. The
genetics and biology of these prepubertal GCTs
are distinct from those for adult GCTs and have
recently been reviewed [37]. For adult GCTs, one

model proposes that gonocytes in the develop-
ing embryo escape normal development into
spermatogonia, undergo abnormal cell prolifer-
ation mediated through a paracrine loop involv-
ing KIT and its ligand (SCF), leading to ITGCN
(Fig. 19.2) [38,39]. Gonocytes derailed in their
normal development are then suggested to be
susceptible to invasive growth mediated by post-
natal and pubertal gonadotrophin stimulation.
This model is based on the types of abnormal
GCs seen in developmental disorders that pre-
dispose to GCTs, shared expression of many
genes between ITGCN-aberrant GCs, and pri-
mordial germ cells (PGCs) or gonocytes, and 
the epidemiology of GCT incidence [38,39]. In
the second model, it is postulated that a
zygotene/pachytene spermatocyte with a dupli-
cated chromosomal complement and undergo-
ing homologous recombination during meiosis
is the cell of origin (Fig. 19.2) [2,40]. During this
phase initiated at puberty, an aberrant recom-
binational event could lead to a chromosome
abnormality, which in the specific case of 12p
results in aberrant expression of cyclin D2,
reinitiation of mitosis, and genomic instabil-
ity causing tumor formation. This model is
based on similarities between GCTs and
zygotene/pachytene spermatocytes including
the triploid-tetraploid chromosome comple-
ment of GCTs, and the abundant expression of
wild-type p53 [22,23,41]. The development of a
mouse model for human GCT based on targeted
gene expression alterations at specific stages of

Fig. 19.2. Diagrammatic representation of a
normal germ cell (GC) life span and GCT forma-
tion. During the life span of a normal GC, a series
of proliferative and differentiation events occur,
as depicted on the left. Two models for GCT for-
mation have been proposed as shown on the
right and described in the text.
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the GC life span, may permit distinction between
the two models for GC transformation.

Genetic and Biologic Basis 
of Extragonadal Male Germ 
Cell Tumors
The majority of adult GCTs present in the testis,
with less than 10% presenting at extragonadal
sites including the retroperitoneum, the medi-
astinum, sacrococcygeal region, and the pineal
region [1]. Retroperitoneal lesions are generally
thought to represent metastatic lesions from
primary testicular lesions. The GC of origin of
extragonadal tumors presenting at other sites
has been proposed to be a PGC misplaced during
the normal migration of GCs through the devel-
oping embryo to the genital ridges [38]. This
hypothesis, though, does not take into account
several embryological and cytogenetic observa-
tions: misplaced PGCs have not been detected in
developing human embryos; misplaced PGCs in
murine embryos undergo apoptosis; extra-
gonadal GCTs exhibit an increase in 12p copy
number and overall nonrandom chromosomal
abnormalities similar to primary testicular GCTs
[42]. These observations suggest that gonadal
and extragonadal GCTs have a common GC of
origin. In an alternative model based on GC
migration and biology during development and
upon patterns of metastasis seen in patients with
gonadal GCTs, it has been suggested that a GC
transformed in the testis can undergo reverse
migration to the regions such as the thymus 
and pineal regions [42]. Although such regions
would not support normal GC development and
differentiation, they may support transformed
GC growth. Extragonadal tumors are predomi-
nantly nonseminomas and clinically exhibit a
lower cure rate than testicular lesions [1].

Genetic and Biologic Basis 
of Male Germ Cell Tumor
Differentiation
Male GCTs display patterns of differentiation
that resemble stages normally evident in the
developing zygote [3]. Thus, transformed GCs

have the ability to activate extraembryonic and
embryonic patterns of differentiation actively
suppressed in normal GCs until fertilization
with the acquisition of genetic and epigenetic
contributions of a maternal complement. Semi-
nomas appear to have retained the ability to 
suppress the initiation of postfertilization 
developmental programs, given their morpho-
logical resemblance to undifferentiated sper-
matogonial cells. Nonseminomas, on the other
hand, have lost this ability and have undergone
conversion into a pluripotent cell capable of
differentiation along embryonic (EC, teratoma)
and extraembryonic lineages (yolk sac tumor,
choriocarcinoma). As mature lineages appear,
pluripotentiality of the transformed GC is lost as
evidenced by the loss of expression of genes such
as KIT and POU5F1 (4,6), and loss of pluripo-
tency of derived EC cell lines upon differentia-
tion in vitro (43). It is unknown whether
initiation of these developmental decisions in
GCTs has an underlying genetic basis, or is due
to a lack of the temporal and spatial signaling
cues that would normally occur in the zygote
and developing embryo. Genome-wide allelic
loss in GCTs has shown an overall higher loss in
the highly differentiated teratomas compared
with the less differentiated ECs, suggesting that
genes mapped to these loci may be involved in
induction of differentiation or lineage decision
[24]. Understanding the molecular processes
involved in these decisions has obvious biolo-
gical and therapeutic interest. Both isolated
human stem cells and EC-derived cell lines are
resources for such studies, each with specific
advantages/disadvantages [43,44]. For EC-
derived cell lines, they are easily maintained in
vitro in an undifferentiated state, exhibit vary-
ing potential for spontaneous or morphogen-
induced differentiation along multiple lineages,
and have expression signatures with many sim-
ilarities to stem cell lines [43,45]. Comparison at
the genetic and expression levels between these
cell lines and other EC cell lines that lack 
the potential for differentiation permits the
identification of molecular regulators of cell pro-
liferation versus cell fate/lineage decisions. In
addition, microarray-based expression studies
are defining the transcriptional programs 
associated with cell fate/lineage decisions as
exemplified by all-trans-retinoic acid (RA)-
induced neuronal differentiation of the multi-
potential EC cell line NTera2/Clone D1 (NT2/D1)
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[46,47]. These studies identified distinct stages
in the transition from an EC cell to neuroprog-
enitor cells expressing patterning markers com-
patible with posterior hindbrain fates, and to
immature postmitotic neurons with an evolving
synaptic apparatus [46]. Comparison of this
transcriptional program with that induced in the
same cell line by other morphogens along other
pathways such as bone morphogenetic proteins-
2 and -4 along an epithelial pathway, should yield
molecular clues as to how both agents effect a
decrease in proliferation but two different
somatic cell fates. Thus, EC cell lines represent an
in vitro system wherein the functional involve-
ment of candidate genes in human cell fate/
lineage decisions can be studied.

Genetic and Biologic Basis of
Chemoresistance
Germ cell tumors are a good model for a curable
malignancy. Over 90% of newly diagnosed GCT
cases are cured, and in patients with advanced
disease requiring initial cisplatin-based
chemotherapy, 70% to 80% are cured. The
molecular basis for this exquisite sensitivity
probably resides in the inherent biological fea-
tures of GCs involved in cell growth, cell death,
differentiation pathways, and cellular response
to DNA damage. Immunohistochemical analyses
of GCTs for the expression of markers of cell
proliferation, of susceptibility to apoptosis and
resistance, and for the evaluation of spontaneous
apoptotic cell death have indicated a clear dif-
ference in the balance of cell growth and death
between histological subtypes of GCTs [7,48,49].
However, excluding one recent study of ECs [50],
these analyses have not led to the identification
of specific markers or combinations of markers
that predict response to treatment. As evidenced
both in vivo and in vitro, the process of cellular
differentiation in GCTs is associated with the
acquisition of a resistant phenotype. Teratomas
are relatively unresponsive to chemotherapy, and
surgical resection is often required to remove
this component [1]. Likewise, induction of dif-
ferentiation of pluripotent EC cell lines in vitro
is accompanied by loss of a cisplatin-sensitive
phenotype [51]. Differences in response to treat-
ment within nonseminomas are clinically
known and may reflect the inherent sensitivity
of the normal tissue counterparts. The mole-

cular determinants of these differences are
unknown, and must be taken into consideration
when using global screening expression
methods to look for molecular markers of
resistance.

A number of molecular clues involved in the
sensitive phenotype and acquisition of resist-
ance by GCTs has come from examination of
the response of GCT-derived cell lines to DNA-
damaging agents. Few reports have attributed
the sensitivity of GCTs to the reduced ability to
repair DNA lesions induced by cisplatin result-
ing from either shielding lesions in DNA by
high-mobility group domain proteins unique to
GCs [52] or decreased levels of XPA involved in
DNA damage recognition and facilitation of the
DNA repair complex assembly [53]. Unlike other
tumor systems, the tumor-suppressor gene TP53
is rarely mutated in GCTs, but mutations and
deletions were found in a subset of clinically
resistant GCTs [54–56]. A cell line derived from
a resistant GCT contained the same TP53 muta-
tion as the original specimen and was unable to
activate an apoptotic response to cisplatin treat-
ment compared with a GCT cell line with wild-
type TP53 [56]. Thus, inactivating mutations
within TP53 may comprise one molecular means
by which GCTs circumvent the usually rapid
apoptotic response to DNA-damaging agents
exhibited by most transformed GCs and normal
GCs. In another study, one GCT cell line with
mutant TP53 did not display a resistance to cis-
platin in culture, indicating that perhaps in a
minority of GCTs, TP53 mutation may not lead
to a resistant phenotype [57]. Other studies have
implicated failure to activate caspase-9 [58] or
failure to induce expression of FAS and recruit-
ment of FADD and caspase-8 to FAS [59] as other
possible means by which GCTs subvert the
inherent capacity of these cells to rapidly acti-
vate cell death pathways [reviewed in ref. 60].
Through such studies, identification of the bio-
logical factors that predispose GCs and conse-
quently GCTs to apoptosis are being identified
and ultimately may have relevance in under-
standing the poorer responses of other tumor
types to the same agents.

Clinically, patients are risk-stratified accord-
ing to criteria established by the International
Germ Cell Consensus Cancer Group (IGCCCG),
based on primary site, serum tumor marker
levels, histology, and sites of metastasis [1]. Few
genetic markers predicting resistance have been
reported. As discussed above, mutation/deletion
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of TP53 is one. Another reported by us is high-
level gene amplification, a genetic feature often
associated in other tumor types with a poorer
prognosis [17]. Comparative genomic hybridiza-
tion, (CGH) analysis revealed amplification of
genetic material at multiple sites other than 12p,
in five of 17 GCTs not cured by cisplatin-based
therapy, but not in 17 cured GCTs. Follow-up
studies are currently being performed to iden-
tify candidate target genes of the amplification
events using a combination of array-CGH and
expression array analyses. Additional expression
studies aim at identifying markers of resistance
not restricted to regions identified by molecular
genetic studies and provide an exciting prospect
of utilizing a group of expression identifiers
together with clinical parameters for risk-
stratification of patients.

Genetic Basis of Malignant
Transformation
Occasionally, teratomas exhibit histological evi-
dence of a non-GC malignancy, whose GCT
clonal origin has been confirmed by the presence
of i(12p). Such “malignant transformation” of
teratomas leads to aggressive malignancies 
displaying histological differentiation along
mesenchymal lineages such as sarcoma (in 
particular, rhabdomyosarcoma), hematopoietic
lineages such as myeloid leukemia, epithelial 
lineages such as carcinoma, and neurogenic 
lineages such as primitive neuroectodermal
tumor (PNET) [1]. In addition to the 
cytogenetic/genetic abnormalities displayed by
the original GCT, the transformed malignancy
contains abnormalities characteristic of the dif-
ferentiated malignant phenotype [61,62]. Sarco-
matous transformation is the most common
form exemplified by one case described by us
where a posttreatment mediastinal mass com-
prised a teratomatous cystic region and an
embryonal rhabdomyosarcoma solid region
[62]. Upon karyotypic analysis, both regions
exhibited i(12p), with the embryonal rhab-
domyosarcoma component exhibiting addi-
tional chromosomal abnormalities including a
translocation involving 2q37 and a deleted 6q
[62]. Of note, breakpoints in 2q have frequently
been reported for de novo embryonal rhab-
domyosarcomas. Both tumor regions exhibited a
common TP53 deletion, implying acquisition of

this genetic lesion prior to malignant trans-
formation [56]. Comparative genomic hybri-
dization, (CGH) analysis revealed high-level
amplification only in the transformed compo-
nent, implying acquisition of this genetic lesion
during or after malignant transformation [17].
For one of the sites (7q31), follow-up array-CGH
and Southern hybridization has implicated 
MET as the candidate amplified target gene, for
which a role in metastasis and response of
rhabdomyosarcoma to radiochemotherapy has
recently been described [63]. Molecular interro-
gation of these tumors has overall been limited,
and future studies will yield information regard-
ing GCT biology as well as transforming events
of other non-GC malignancies.
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The last 30 years have seen extraordinary ad-
vances in the management of metastatic germ
cell cancer of the testis. Prior to the advent of
cisplatin-containing chemotherapy in the mid-
1970s, chemotherapy was highly toxic, and gave
poor results, with cure unusual in those with
advanced disease. Following the introduction of
cisplatin, and subsequently etoposide, progress
has been rapid, not least in the development of
ancillary drugs (e.g., 5-hydroxytryptamine [5-
HT3] antagonists and growth factors). Modern
therapy is now usually curative, tolerable, and
has few long-term side effects. Indeed, the
current dearth of randomized trials for most
subgroups of these patients is largely a testimony
to the advances taking place during this period.

This chapter describes the evolution of this
therapy to the present, virtually worldwide con-
sensus, emphasizing data derived from random-
ized trials. It is assumed throughout that patients
with nonseminomatous germ cell cancer and
residual masses postchemotherapy will, wher-
ever possible, have these resected surgically. The
emphasis is on failure-free survival and survival,
the preferred trial end points in these diseases.

Prognostic Factors
Since the publication of the International Germ
Cell Consensus Classification (IGCCC) data 
in 1997 [1], there has been virtually complete
acceptance that patient management and clini-
cal trials should be derived from the three prog-

nostic groups of good, intermediate, and poor
that were described in this study. Prior to 
this period, a wide variety of often conflicting
parameters were used to allocate patients to two
or three prognostic groups. It is beyond the
scope of this text to describe each of these
classifications in detail, and readers are referred
to the original publications in each of the refer-
ences for further detail.

In most modern studies, patients with semi-
noma requiring chemotherapy (a minority
group) are combined with those with nonsemi-
noma. Patients with seminoma are a median of
10 years older than patients with nonseminoma,
which may have important implications for
therapy. Those few studies specifically design for
seminoma are considered separately.

Bleomycin, Etoposide,
and Cisplatin (BEP): 
The Evolution of 
a Standard Therapy
The first effective steps in the development of
effective chemotherapy for metastatic testicular
cancer were the combination of vinblastine with
infusional bleomycin and then incorporation of
cisplatin to form the PVB regimen [2]. The Royal
Marsden Hospital substituted etoposide (at a
dose of 360 mg/m2 given over 3 days per course)
for vinblastine, resulting in the “European BEP”
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or BEP360 regimen given for four courses at 3
weekly intervals, resulting in a highly effective
regimen that became widely adopted in the
United Kingdom [3]. International acceptance of
BEP was to come when the Indiana Group, in a
seminal study across all prognostic groups, com-
pared four cycles of PVB and BEP500 (etoposide
and cisplatin given over 5 days with etoposide at
a total dose of 500 mg/m2) [4]. A total of 244
evaluable patients were randomized, and BEP500

was found to improve survival in the poor prog-
nostic group and to be associated with much
improved tolerance. Bleomycin, given to a total
dose of 360,000 IU in both arms resulted in five
toxic deaths from bleomycin lung, and six
patients died of infectious complications. Since
this study was published, BEP, in many guises,
has dominated the international therapy of
metastatic germ cell cancer. Multiple attempts
have been made to reduce its toxicity in patients
with a good prognosis, and many studies have
used BEP as a comparison against more inten-
sive regimens in patients with a poor prognosis.
These studies will now be described.

Treatment of Metastatic
Disease
Good Prognosis Disease

Substitution of Carboplatin for Cisplatin

Platinum analogues have been one of the key ele-
ments in the successful evolution of germ cell
cancer chemotherapy. Cisplatin is highly effec-

tive in combination, but universally associated
with emesis, neurotoxicity, auditory toxicity,
and renal toxicity. Carboplatin, although more
myelotoxic, is associated with none of these
problems and can be delivered easily on an out-
patient basis. Initial studies suggested a high
efficacy for this drug, particularly in seminoma
(where it was widely adopted in Europe as a
single agent for metastatic disease [5,6], but also
in combination in nonseminoma [7], where
comparative studies were designed to evaluate
its role.

Seminoma

Two series from the Royal Marsden Hospital [5]
and Germany [6] evaluated single-agent carbo-
platin in metastatic seminoma, both using a dose
calculated from body surface area, rather than
the more widely accepted area under the curve
(AUC) dosing, giving 400 mg/m2 of this drug
every 3 to 4 weeks. The results from these two
studies were remarkably similar, with failure-
free survival rates of 71% and 77% and survival
rates of 91% and 93%, respectively.

These two studies prompted two randomized
trials (Table 20.1). The Medical Research
Council (MRC) randomized 130 patients with
metastatic seminoma between intravenous car-
boplatin and cisplatin/etoposide [8]. The trial
was closed prematurely as recruitment had
slowed following a negative assessment of car-
boplatin in metastatic nonseminoma in another
trial. Carboplatin was associated with a 10%
inferior progression-free survival (71% vs. 81%)
with a nonsignificant survival difference favor-
ing the cisplatin combination (84% vs. 89%).

Table 20.1. Randomized trials in seminoma comparing carboplatin against cisplatin combinations

Median FFS (%) Survival (%)
follow-up

Carbo PEI EP Carbo PEI EP CommentAuthor Number (months)

Horwich 130 54 71 — 81 84 — 89 Trial closed 
et al. (8) prematurely; NS 

differences; EC 
recommended

Clemm et al. 280 52 74 95 — 87 95 — Significant FFS benefit 
(9) (p = .01); NS overall

survival difference

FFS, failure-free survival; NS, nonsignificant; Carbo, carboplatin; PEI, cisplatin, etoposide, and ifosfamide; EC, etoposide and
cisplatin.
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This study, however, was not adequately statisti-
cally powered.

A similar German study compared single-
agent carboplatin against cisplatin, etoposide,
and ifosfamide [9]. Published only in abstract
form, the results were remarkably comparable
(Table 20.1). A total of 280 patients were ran-
domised, with 251 eligible for the study. Relapse-
free survival favored the cisplatin-based
combination (95% vs. 74%), although overall
survival was not significantly different. It was
recommended, as a result of this study, that car-
boplatin should not be used as a single agent in
this setting. A subsequent meta-analysis evalu-
ated data from the U.K., France, and Germany,
and compared carboplatin- with cisplatin-
containing drug combinations [10]. Data from
566 patients with seminoma was available. Once
again progression-free survival for carboplatin
was inferior (73% vs. 88% at 5 years) with no dif-
ference in survival (86% vs. 88%).

The authors of these studies felt unable to 
recommend single-agent carboplatin for general
use in patients with metastatic seminoma. How-
ever, there can be no doubt that this treatment is
occasionally useful in patients with seminoma
unsuited to a more intensive cisplatin based
schedule.

Nonseminoma/Mixed Populations (Table 20.2)

Two large studies have been reported comparing
cisplatin against carboplatin combinations in
this setting.

In a multiinstitutional study Bajorin et al. [11]
compared cisplatin and etoposide given every 3
weeks against carboplatin (initially 350 mg/m2

and then 500 mg/m2) and etoposide given every
4 weeks in a mixed seminoma/nonseminoma
group with metastatic disease (Table 20.2).
Twenty-two percent of randomised patients 

had seminoma. The study showed equivalent
response rates and survival but inferior event-
free survival for the carboplatin group, and it
was concluded that carboplatin should be
excluded from routine clinical use.

The MRC/European Organization for the
Research and the Treatment of Cancer (EORTC)
conducted a much larger, although comparable,
study comparing European BEP360 with BEC,
substituting carboplatin at a dose of AUC 5 for
cisplatin [12]. All patients in both arms received
three weekly doses of bleomycin to a total dose
of 120,000 IU intravenously. Failure-free survival
and survival were inferior in the carboplatin arm
(Table 20.2). However, it should be noted that the
European BEP360 arm delivered a creditable 97%
3-year survival.

There can be little doubt that carboplatin
doses were less than ideal in the studies
described above. In addition bleomycin was
either omitted [11] or given at lower doses [12]
than is conventional today. However, outside
high-dose chemotherapy regimens and excep-
tional clinical circumstances, carboplatin is no
longer used in the treatment of metastatic germ
cell cancer.

Bleomycin: What Dose If Any? (Table 20.3)

Bleomycin is clearly a highly active drug in germ
cell cancer. However, a 2% mortality rate and
approximately 4% incidence of long-term
dyspnea were repeatedly described in early
studies. The Memorial Sloan-Kettering Cancer
Center group has for many years omitted
bleomycin from its treatment schedules for good
prognosis testis cancer, preferring to rely on four
cycles of EP (etoposide and cisplatin) [13], rather
than three cycles of BEP, as has been widely
adopted elsewhere. In a retrospective overview
of its data in 195 patients, the group reported a

Table 20.2. Randomized trials comparing cisplatin against carboplatin drug combinations in nonseminoma/mixed population

Author Regimen Number FFS (%) Survival (%) Comment

Bajorin et al. EC 131 76 NS EC inferior; comparable CR
(11) EP 134 87 NS rate but more relapses

Horwich et al. CEB 260 77 90 Bleomycin given every 3 weeks;
(12) BEP 268 91 97 CEB significantly inferior

FFS, failure-free survival; NS, nonsignificant; EC, etoposide and carboplatin; EP, etoposide and cisplatin; CEB, carboplatin,
etoposide and bleomycin; BEP, bleomycin, etoposide, and cisplatin.
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compete response (CR) rate of 91% and a long-
term survival rate of 86%, with even better
results when a retrospectively derived IGCCC
good prognosis group alone was evaluated [13].

Two randomised trials have directly evaluated
the role of bleomycin in BEP (Table 20.3). De 
Wit and colleagues [14] from the EORTC 
randomised 419 good prognosis nonseminoma
patients (using EORTC criteria) to European
BEP360 given with or without bleomycin
(bleomycin total dose 360,000 IU). BEP was
clearly more toxic, resulting in two deaths from
bleomycin lung, a higher incidence of dyspnea,
impaired pulmonary function, and all the cases
of Raynaud’s phenomenon. No significant dif-
ferences were found in mortality (which was
low), although there were more cancer-related
deaths in the EP arm. They concluded that BEP
was the treatment of choice, resulting in 10-year
survival of 97%.

In a particularly fascinating study the Eastern
Cooperative Oncology Group [15] randomized
178 patients with minimal or moderate metasta-
tic disease (Indiana criteria) to three cycles 

of American BEP500 (bleomycin 270,000 IU), by
then the standard treatment for this patient
group (vide infra), versus three cycles of EP. The
failure-free survival rates (86% vs. 69%) favored
BEP and resulted from both a worse complete
remission rate and a much higher relapse rate.
Overall survival was less dramatically affected
(91% vs. 86%) and not significantly different.
Significant bleomycin toxicity was not seen in
the BEP group. This study clearly indicated the
threshold beneath which chemotherapy reduc-
tion can potentially cause loss of life. Further
studies reducing therapy below three cycles of
American BEP500 have not been initiated since
this study report.

Number of Cycles of Treatment (Table 20.4)

From the early days in the development of plat-
inum containing chemotherapy for germ cell
cancer, four courses of chemotherapy (initially
with PVB, later with BEP) were recommended.
Following the development of effective prog-
nostic factor classifications, new studies have

Table 20.3. BEP vs. EP in good prognosis seminoma

Author Regimen Number FFS (%) Survival (%) Comment

De Wit EP ¥ 4 195 90 94 NS difference; 2 bleomycin related deaths 
et al. (14) BEP ¥ 4 200 93 97 in BEP arm; 4 vs. 8 cancer deaths BEP 

vs EP
Loehrer EP ¥ 3 85 69 86 Signifcantly inferior FFS/survival in EP 

et al. (15) BEP ¥ 3 86 86 95 arm; study discontinued prematurely

FFS, failure-free survival; NS, nonsignificant; EP, etoposide and cisplatin; BEP, bleomycin, etoposide, and Platinol (cisplatin).

Table 20.4. Comparison of number of BEP cycles in patients with good prognosis non-seminoma

Author Regimen Number FFS (%) Survival (%) Comment

SECSG BEP ¥ 3 88 92 91 NS difference; initial results updated 
(16,17) BEP ¥ 4 96 92 93 at 10 years; 98% survival when 

HCG < 1000
MRC/EORTC BEP ¥ 3 406 90.4 97 Bleomycin total dose 270,000 IU all 

(18,19) BEP ¥ 3 406 89.4 97.1 patients; NS difference between 
EP ¥ 1 trial arms

BEP 3 day 339 88.8 96.4
BEP 5 day 342 89.7 97.5

FFS, failure-free survival; NS, nonsignificant; EP, etoposide and cisplatin; BEP, bleomycin, etoposide, and cisplatin; HCG, human
chorionic gonadotropin.
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attempted to reduce the number of chemo-
therapy courses in patients with a good prog-
nosis, with the aim of reducing early and late
treatment-related toxicity.

The first study in this group was published in
1989 from the South East Cancer Study Group
(SECSG) [16]; subsequently cases entered from
Indiana were updated in a separate publication
in 1998 [17]. Patients with minimal or moderate
extent (Indiana criteria) metastatic germ cell
cancer were randomized to either three or four
courses of American BEP500. A total of 184 pa-
tients were randomised, and 92% in both arms
remained failure free. This study was powered 
to show a 10% or greater reduction in response
rates, and concerns were expressed about the
potential size of an undetectable difference in
efficacy.

In view of these concerns, a much larger
EORTC-MRC trial was designed and imple-
mented [18,19]. This used the then recently 
published IGCCC criteria for prognosis, incor-
porating the good prognosis group only. The
study was designed as a 2 ¥ 2 study comparing
three against four cycles of BEP and also the
administration of chemotherapy over either 3 or
5 days. A total of 812 patients were entered into
the first randomisation and 681 into the second.
The bleomycin dose was limited to 270,000 IU 
for all patients. The study showed no difference
in progression-free survival between any of the
four arms. A quality of life study published sep-
arately demonstrated increased gastrointestinal
toxicity and tinnitus in patients receiving four
cycles of chemotherapy over 3 rather than 5 days
[19]. Otherwise no significant treatment differ-
ences were found.

Comparative BEP Regimen Studies 
(Table 20.5)

Two studies fit best into this group. The first
compared four cycles of European BEP360 with
three weekly bleomycin doses, as described
above [12], with three cycles of American BEP500.
The study took place in Australasia, where both
regimens were in widespread use at this time
[20]. A comparative study was thereby deemed
of interest.

A total of 166 patients of a planned 260 were
randomized. The study used a modified Memor-
ial Hospital New York, NY definition of good
prognosis. Subsequent reanalyses using IGCCC
criteria found 17% of patients had an intermedi-
ate or poor prognosis with an imbalanced excess
randomisation to European BEP360. Recruitment
was suspended after an interim analysis sug-
gested superior survival for three cycles of
American BEP500. Overall, significantly improved
survival was apparent in this group with a total
of one versus nine cancer-related deaths.

The second study in this group has this far
been published only in abstract form [21]. This
French study defined good prognosis using a
mathematical model from the Institut Gustav
Roussy and randomized 270 patients between
three cycles of American BEP500 and four cycles
of the same regimen without bleomycin (EP).
Adverse events (toxic death, relapse from
favourable response, incomplete response, and
surgical CR) occurred more commonly in the
four-EP group such that 4-year event-free sur-
vival, (EFS), was 89% in the 3-BEP arm and 84%
in the 4-EP arm (p = .09). Overall survival was
not significantly different. The authors con-

Table 20.5. Comparative studies of BEP regimens

Author Regimen Number FFS (%) Survival (%) Comment

Toner et al. BEP360 ¥ 4 83 77 84 Study discontinued prematurely;
(20) BEP500 ¥ 3 83 81 96 American BEP500 significantly better 

survival (p = .008)
Culine et al. BEP500 ¥ 3 131 89 96 Significant failure-free survival 

(21) EP ¥ 4 127 84 92 advantage for American BEP500 (p =
.037); no overall survival difference;
American BEP500 better tolerated

FFS, failure-free survival; NS, nonsignificant; EP, etoposide and cisplatin; BEP360, bleomycin, etoposide (360 mg/m2 per cycle),
and cisplatin; BEP500, bleomycin, etoposide (500 mg/m2 per cycle), and cisplatin.



235

Chemotherapy for Testicular Cancer

cluded that three cycles of BEP should be stan-
dard therapy.

Which BEP for Good Prognosis Disease?:
Conclusions

The remarkable series of trials described above
have effectively examined BEP in all its guises.
The excellent outlook of patients with good
prognosis disease in modern oncology practice
(anticipated failure-free survival [FFS] 90% and
overall survival 95% to 98%) make it almost
impossible to construct a reasonable-sized trial
to confirm the equivalence of any two regimens.
A number of these trials have thereby reported
number of “adverse events,” that is, failure of
therapy, resection of cancer postchemotherapy,
or toxic death rather than overall difference in
FFS. Although not entirely satisfactory, these
analyses all point to three cycles of American
BEP500 as the preferred standard therapy. This
treatment should be easily delivered to a sub-
stantial proportion of patients, with alternatives
(particularly EP ¥ 4) reserved for those at
increased risk of bleomycin lung toxicity by
virtue of age or preceding lung or renal dys-
function. Carboplatin should rarely be used
either as a single agent (seminoma) or in com-
bination. However, despite inferior progression-
free survival in seminoma and (probably) overall
survival in nonseminoma, regimens containing
this drug can still cure a majority of patients.

Intermediate Prognosis Disease

Only a single study has been designed for this
IGCCC group. The EORTC/MRC have an

ongoing study comparing standard American
BEP500 (four cycles) with T-BEP (BEP500 given
together with paclitaxel at a dose of 175 mg/m2

per course) supported by filgrastim. This study
has completed an initial phase II evaluation, and
subject to the results has now proceeded to a
phase III trial.

Poor Prognosis Disease (Table 20.6)

This is a comparatively uncommon group, and
trial accrual has historically been slow. In
general, studies in this group have used 
four cycles of American BEP500 as a control, com-
paring this with a more intensive treatment in
the remaining arm of the study.

In an early intergroup study from Indiana
University, 159 patients with advanced metasta-
tic disease by Indiana criteria were randomised
to receive four cycles of American BEP500 or the
same regimen with double-dose cisplatin 
(40 mg/m2 IV daily for 5 days) [22]. This 
modest-sized trial was designed to detect a 20%
improvement in outcome but failed to do so. At
the time of analysis the results from the two
arms were essentially identical (Table 20.6). Cis-
platin dose escalation resulted in unacceptable
neurotoxicity and has not been used since this
study.

In a second and larger intergroup trial of 304
patients with advanced stage GCT (Indiana cri-
teria), four cycles of BEP500 were compared with
four cycles of VIP (etoposide, ifosfamide, and
cisplatin) [23]. This study was initially published
in 1998 and subsequently updated in 2003 [24].
Remarkably at the time of the update and after

Table 20.6. Randomized studies in poor prognosis disease

Group Regimen Number FFS (%) Survival (%) Comment

SWOG (22) BEP20 78 61 74 NS difference; markedly increased 
BEP40 76 63 74 toxicity with high-dose cisplatin 

arm
Intergroup BEP500 ¥ 4 139 58 67 Updated results ≥7 year follow-up;

(23,24) VIP ¥ 4 142 64 69 NS difference; BEP arm less toxic 
and recommended

MRC/EORTC BEP500/EP ¥ 6 190 60 76 NS difference; BEP/EP less toxic 
(25) BOP/VIP-B 190 53 71 and recommended

FFS, failure-free survival; NS, nonsignificant; EP, etoposide and cisplatin; BEP500, bleomycin, etoposide (500 mg/m2 per cycle),
and cisplatin; VIP, etoposide, ifosfamide, and cisplatin; BOP/VIP-B, bleomycin, vincristine, cisplatin, etopside, ifosfamide.
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reclassification of prognostic factors, 36% of the
patients were found to have an IGCCC good or
intermediate prognosis rather than a poor prog-
nosis. This study showed no significant benefit
from the use of the more myelotoxic VIP
regimen in any patient group but did demon-
strate that this regimen was an effective alterna-
tive when doubts about bleomycin pulmonary
toxicity existed.

The MRC and EORTC have also conducted a
trial in patients with poor prognosis disease
incorporating 380 patients and using MRC/
EORTC prognostic factor data [25] (Table 20.6).
The trial randomised patients to receive six
cycles of American BEP500/EP500 or six cycles of
BOP/VIP-B, comprising an initial dose-intense
induction with bleomycin, vincristine, and 
cisplatin given every 10 days, followed by 
three cycles of VIP with bleomycin. As in 
the American VIP study, when patients were
reclassified by IGCCC criteria 39% fell into 
the good/intermediate prognosis group. No
significant difference was detected between
BEP500 and BOP/VIP-B, with 1-year FFS rates in
the two original groups of 60% (BEP/EP) and
53% BOP/VIP-B. A subset of patients in this trial
were also randomised to filgrastim or no growth
factor support [26]. This study showed that
filgrastim increased the ability to deliver full-
dose chemotherapy and also reduced treatment-
related mortality in the BOP/VIP-B arm.
However, no benefit was seen in the patients
receiving BEP500/EP500, and filgrastim support
was not recommended for patients receiving
BEP in the future.

In an additional analysis, the EORTC evalu-
ated the impact on survival of patients in the
study by treating institution [27]. Patients
entered into the study from centers accruing
fewer than five patients had worse survival than
did patients from those centers entering more
patients (p = .01, hazard ratio 1.85). The data sug-
gested that the underlying reasons were the less
intensive treatment delivery and less surgical
intervention postchemotherapy at the smaller
treatment centers.

Nonrandomized Trials and Ongoing Phase
III Trials

There are currently no large randomized trials
in progress in patients with good prognosis
metastatic germ cell cancer. For patients with

intermediate prognosis disease, the EORTC is
currently comparing BEP with T-BEP (see
above).

In patients with poor prognosis disease, two
main approaches have been tested in phase II
trials and are currently undergoing phase III
evaluation. High-dose therapy with autologous
bone marrow support is one such approach that
was initially introduced as a salvage therapy. The
achievement of cure in some heavily pretreated
patients (in conjunction with the advent of
peripheral stem cell harvest and the develop-
ment of growth factors) has led to the applica-
tion of this approach in poor prognostic group
patients early in their disease course [28]. In a
our U.S. intergroup study, patients with poor
prognosis teratoma were randomized between
four cycles of American BEP500 versus two 
cycles of BEP500 and two cycles of high-dose
chemotherapy with peripheral stem cell support.
Trial analysis is awaited.

In Europe, a slightly different approach has
been developed, initially in Germany [29,30].
Following an initial cycle of VIP and stem cell
harvest, three further cycles of this chemother-
apy are given at high dose (etoposide 1.5 g/m2,
ifosfamide 10 g/m2, and cisplatin 100 mg/m2)
over 5 days at three weekly intervals with growth
factor and stem cell support. This regimen is cur-
rently being randomised against four cycles of
American BEP500 in an EORTC study.

Two further treatment regimens warrant
mention: POMB ACE [31] and C-BOP BEP [32]
are intensive cycling regimens devised in the
U.K. and predominantly evaluated in intermedi-
ate/poor prognosis patients. Both have produced
impressive results in a single institution setting,
but to date neither has been evaluated in ran-
domized trials.

Which BEP for Intermediate/Poor
Prognosis Disease?

Patients with intermediate or poor prognosis
disease should always be classified using IGCCC
criteria. No comparative evaluation of BEP regi-
mens or numbers of treatment courses have been
carried out in this group. Wherever possible
patients should be treated in large treatment
centers with a specialist interested in germ cell
cancers, and should be entered into randomized
trials where these are available. World standard
therapy for this group still remains four cycles of
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American BEP500. Many clinicians prefer to
restrict the total bleomycin dose to 270,000 IU in
this subgroup as well as in patients with a good
prognosis, particularly if patients are to go on 
to receive abdominal or thoracic surgery after
induction chemotherapy. The results of the
EORTC and American randomized trials
described above are awaited with interest.

Adjuvant Chemotherapy
Following the development of effective
chemotherapy regimens for the treatment of
metastatic germ cell cancer, a number of studies
have gone on to evaluate the role of chemother-
apy in the adjuvant setting following surgery for
stage I disease.

Nonseminomatous Germ Cell Cancer

Approximately 40% of men presenting with tes-
ticular nonseminomatous germ cell cancer have
stage I disease (normal staging on a computed
tomography [CT] scan, normal tumor markers,
or markers that normalize following orchidec-
tomy) with an anticipated risk of systemic
relapse of 25% for patients followed by surveil-
lance. Histopathological examination of the
resected testis enables stratification of patients
with stage I disease into two groups at low or at
high risk of relapse. Combined data from MRC
surveillance studies have shown that lympho-
vascular invasion by tumor is the major risk
factor for relapse [33,34]. Its identification (in
approximately 25% of orchidectomy specimens)
predicts a increased risk of relapse in the order
of 40%.

Risk adapted adjuvant treatment in patients
with high-risk stage I nonseminomatous germ
cell cancer has been evaluated in a number of
small studies and one large prospective trial 
conducted by the MRC [35–40]. The MRC trial
prospectively evaluated the efficacy and long-
term toxicity of two cycles of BEP360 chemother-
apy in 114 high-risk patients. After a median
follow-up of 4 years, the relapse-free rate at 2
years was 98%, substantially less than the 40% to
50% relapse rate predicted by previous studies of
surveillance [33,34]. Clinically significant long-
term toxicity was not encountered in this study,
although individuals will have been exposed to
significant short-term side effects (e.g., myelo-

suppression, alopecia, nausea). It is noteworthy
that although adjuvant BEP360 chemotherapy
may substantially reduce an individual’s risk of
relapse, 60% of high-risk patients are cured by
surgery alone and therefore receive chemother-
apy unnecessarily. Moreover, patients managed
by surveillance who develop systemic disease
almost invariably relapse with good prognosis
disease, and for such patients three cycles of BEP
results in failure-free survival of at least 90% [1].
Therefore, the use of adjuvant chemotherapy 
in stage I nonseminomatous testicular cancer
should remain a matter of choice for patients.

Testicular Seminoma

For men presenting with stage I testicular semi-
noma, surveillance studies demonstrate that
approximately 15–20% of individuals relapse
systemically following orchidectomy and go on
to require radiotherapy or systemic chemo-
therapy treatment for metastatic disease [41].
Relapse may occur late and is less commonly
associated with tumor marker elevation than
nonseminomatous tumors. As such, surveillance
relies heavily on prolonged radiological (CT)
follow-up and is not commonly used.

Radiotherapy has been shown to decrease the
risk of relapse and has remained standard adju-
vant therapy for this group of patients for many
years. A number of MRC randomized clinical
trials have focused on decreasing both the extent
(TE10) [42] and dose (TE18) [43] of radiother-
apy. On the basis of these trials, the current prac-
tice is to treat patients with para-aortic nodal
strip radiotherapy at a dose of 20 Gy in 10 frac-
tions over 2 weeks, with an expected 3-year
failure-free survival of 96%.

Although the use of radiotherapy is effective
in reducing the risk of systemic relapse, treat-
ment is associated with a small but definite
increase in second malignancies [44,45].
Metastatic seminoma is an extremely chemosen-
sitive disease, and with the aim of reducing treat-
ment-related morbidity, a number of phase II
trials have evaluated the use of single-agent car-
boplatin as an alternative approach to adjuvant
therapy for this patient group [46–49]. These
early trials suggested carboplatin to be a well-
tolerated and effective adjuvant therapy, and as
such, a confirmatory, prospective MRC phase III
trial was set up to formally compare a single
dose of carboplatin (AUC 7) against adjuvant
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para-aortic strip radiotherapy. A total of 1477
patients were recruited into this trial, which
closed to recruitment in March 2001. A median
follow-up of 3 years has now elapsed, and pre-
liminary results were presented in abstract form
at the American Society of Clinical Oncology
(ASCO) 2004 meeting. This trial has shown that
adjuvant radiotherapy and carboplatin are of
equivalent efficacy. Carboplatin can thereby be
regarded as an equivalent (and probably pre-
ferred) management approach.

Long-Term Toxicities of
Chemotherapy for Germ 
Cell Cancers
The majority of patients with testicular germ cell
cancer are cured by surgery alone or surgery in
combination with cisplatin-based chemotherapy
and/or radiotherapy. In general, patients cured
of their disease have a long life expectancy, and
therefore the potential long-term toxicities of
treatment are of considerable importance. A
number of studies have evaluated the long-term
toxicities of platinum-based chemotherapy.

Fertility and Gonadal Function

Spermatogenesis is impaired in a substantial
proportion of patients presenting with germ cell
cancer. In normospermic men who undergo
combination BEP chemotherapy, a reduction in
fertility is apparent postchemotherapy, although
for most individuals sperm counts will recover
over a period of years [50]. Of note, a good
prechemotherapy sperm count is associated
with a increased likelihood of recovery of sper-
matogenesis. With regard to hormonal function,
a comparison of patients treated with surgery
alone or surgery plus chemotherapy suggests
that standard-dose BEP chemotherapy does not
seem to contribute additionally to a significant
impairment in Leydig cell function [51]. In con-
trast, higher doses (≥400 mg/m2 cisplatin) may
be associated with a significant and persistent
impact in Leydig cell function with a consequent
reduction in mean testosterone levels.

Pulmonary Function

As discussed earlier, the use of bleomycin has
long been associated with pulmonary toxicity,
with studies recording a 4% to 6% incidence of
demonstrable lung toxicity with a 1% to 2%
mortality rate. Toxicity is predominantly fibrotic
in nature. Standard lung function tests are gen-
erally unhelpful in predicting toxicity and treat-
ments (such as steroids) for established toxicity
of unproven benefit. A number of pretreatment
parameters do predict for bleomycin-induced
toxicity, and these include poor renal function,
age greater than 40, cumulative bleomycin dose
greater than 300,000 units, and stage IV disease
[52]. Careful consideration of bleomycin dose
and close monitoring of patients presenting with
one or more of these risk factors is of consider-
able importance.

Cardiovascular Morbidity

A number of studies have suggested a higher
than expected incidence of cardiovascular
disease (CVD) in patients receiving chemother-
apy for metastatic disease. The largest of these
studies has suggested that after a median of 10
years’ follow-up, there may be a twofold or
greater risk of developing CVD in such patients
when compared to (stage I) matched patients
followed by surveillance alone; the absolute risk
is 6.7%, and the age-adjusted relative risk is 2.59
(95% confidence interval [CI], 1.1 to 5.8) [53].
A variety of potential mechanisms could ac-
count for an increased risk of CVD following
chemotherapy, including vascular endothelial
damage, renal impairment, hypertension, hyper-
lipidemia, and an increase in body mass index.
Although no clear relationship was established
for any of these risk factors in this study,
other studies have demonstrated a relationship
between chemotherapy and an increased inci-
dence of classical CVD risk factors such as
plasma lipid profiles and raised blood pressure
[54].

Secondary Malignancies

Large population-based studies have suggested a
small but significant increase in the subsequent
risk of acute leukemia in patients who have
received cisplatin/etoposide-based chemother-
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apy for metastatic testicular cancer. The risk
appears to be dose related, but for conventional
dose treatment (three to four cycles of BEP), the
relative risk may be increased by approximately
threefold or more [55]. However, it is noteworthy
that in absolute values, this translates to an
extremely small increase in incidence in the
region of 1.6 per 1000 patients treated. Clearly,
the huge survival advantage provided by
chemotherapy far outweighs this small absolute
risk of a secondary leukemia.

Neuropathy

Cisplatin-induced sensory neuropathy is com-
monly encountered following BEP chemother-
apy. Approximately 15% to 20% of individuals
experience persisting neuropathy following
treatment, with prevalence, severity, and dura-
tion of neuropathy being related to increasing
cisplatin dose [56]. Additionally, persistent
symptomatic ototoxicity (manifested by high-
tone hearing loss and tinnitus) may been seen in
approximately 20% receiving standard-dose BEP
chemotherapy with prevalence increasing to
around 60% in those patients receiving higher
(≥600 mg) cumulative doses of cisplatin [57].
Following completion of chemotherapy, cis-
platin-induced neuropathy and ototoxicity 
generally improve over time and may resolve
completely for a substantial number of individ-
uals. However, severe neuropathy related to high
cumulative doses of cisplatin may persist long
term.

Conclusion
The last 30 years has seen a revolution in the
chemotherapy treatment of germ cell cancer,
and the vast majority of patients with metas-
tatic disease can now expect to be cured.
Worldwide, BEP remains the gold standard
chemotherapy treatment for all groups of
patients presenting with metastatic germ cell
cancer. For patients presenting with good prog-
nosis metastatic disease, cure rates now
approach 98% and the research focus has
switched from improving outcome to reducing
treatment-related morbidity. For patients with
intermediate and poor prognosis metastatic
disease, further improvements in treatment out-
comes remain a research priority through the

use of novel agents or the safe delivery of dose-
intensified treatments. In the adjuvant setting,
short-course BEP has established itself as a treat-
ment option for high-risk stage I nonseminoma;
for seminoma, the use of single-agent carbo-
platin seems likely to replace para-aortic nodal
strip radiotherapy as the standard adjuvant
treatment for stage I disease. The long-term
morbidities of BEP chemotherapy are now more
clearly defined and allow for an informed 
discussion with patients about to embark on
chemotherapy and appropriate surveillance of
individuals thereafter. It would be optimistic to
predict that the next 30 years will yield as many
advances in the treatment of this disease as have
been witnessed since the mid-1970s; however,
with our ever-increasing understanding about
the natural history and biology of this disease,
we should remain determined in our efforts to
maximize cure and minimize morbidity in all
patients presenting with germ cell cancer.
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Testicular germ cell tumors are highly curable,
even when metastatic at presentation. Although
this is largely because of their sensitivity to 
platinum-based chemotherapy, well-timed sur-
gical intervention is also crucial in achieving a
high cure rate. The diagnosis is usually estab-
lished by inguinal orchidectomy, and orchidec-
tomy alone represents adequate treatment for
many patients. Operative removal of metastatic
disease, usually after chemotherapy, is also
highly effective and may be curative. Thus the
importance of surgical treatment for testicular
cancer should not be underestimated.

Inguinal Orchidectomy
Timing of Orchidectomy

Inguinal orchidectomy is the first step in the
management and staging of most patients pre-
senting with testicular cancer. Certainly, well
patients presenting with a solid testicular mass,
the most common presentation, should undergo
inguinal orchidectomy as soon as possible fol-
lowed by radiological staging and referral to an
oncologist. In the less common situation of an 
ill patient with metastases typical of a germ 
cell tumor and elevated b-human chorionic
gonadotropin (bHCG), a-fetoprotein (a-FP), or
lactate dehydrogenase (LDH), orchidectomy can
be scheduled for after completion of chemother-
apy as prognosis may be adversely affected by
delaying chemotherapy. Orchidectomy of the

affected testis should be performed even if the
tumor appears to resolve after chemotherapy, as
the testis can be a sanctuary site for persistent
active tumor.

Surgical Approach

An inguinal, rather than scrotal, incision should
be employed to avoid tumor contamination of
the scrotal skin and exposure of the inguinal
lymph nodes to the risk of metastasis. In a meta-
analysis, scrotal violation increased the risk of
local recurrence from 0.4% to 2.9% [1]. The
excess risk applied mainly in cases where gross
tumor spillage had occurred.

Surgery may be carried out under general or
regional anesthesia. A skin crease incision is
made over the external inguinal ring, the size
depending on the size of the tumor. For a very
large tumor, the medial end of the incision can
be curved down onto the scrotum allowing
resection of a tumor of any size.

The subcutaneous tissues are divided and the
external oblique opened to the external ring. A
self-retaining retractor aids exposure. The ilioin-
guinal nerve should be preserved if possible. The
cord is mobilized in the inguinal canal. If there
is uncertainty about the diagnosis of tumor, a
noncrushing bowel clamp or a soft Penrose drain
may be used to clamp the cord at this stage. In
most cases, however, the preoperative diagnosis
of tumor is effectively certain and the cord may
be clamped with an artery forceps or ligated at
this stage. The cord should be mobilized up to
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the internal ring, where it should be both ligated
and transfixed with nonabsorbable suture mate-
rial. This ensures clearance of all distal cord
structures so that if later retroperitoneal lymph
node dissection (RPLND) is required the
inguinal canal is already empty and does not
require further clearance. The use of a non-
absorbable suture (e.g., Prolene) to transfix or
ligate the cut end of the divided cord facilitates
identification of the distal end of the cord at
RPLND. The testis is then mobilized from the
scrotum. Gentle pressure from below and trac-
tion on the cord deliver the testis into the inci-
sion. The gubernacular attachments can then be
divided using the hand-held diathermy spatula
with careful attention to hemostasis. Intraoper-
ative local anesthetic infiltration of wound edges
and nerves aids postoperative analgesia. Wound
lavage with water may be tumoricidal. An
inguinal orchidectomy specimen is shown in
Figure 21.1.

Complications

Inguinal orchidectomy is generally well tolerated
by patients and can be performed as a day 
case procedure. The most serious complication
is scrotal or retroperitoneal hematoma. The 
risk can be minimized by careful attention 
to hemostasis and meticulous transfixion and 
ligation of the divided cord at the internal
inguinal ring.

Testicular Prostheses

A testicular prosthesis can be inserted at the
time of orchidectomy if the patient wishes.
Testicular prostheses were previously manufac-
tured using a solid shell containing a silicon gel
core. Concerns were expressed in the early 1990s
about such designs in breast prostheses, and a
possible association with autoimmune diseases.
No causal relationship has been established,
although histological and serological evidence 
of silicone shedding has been identified [2,3].
Currently manufacturers employ either (solid)
silicone elastomer or a saline filled silicone shell.

Strict asepsis is essential during insertion and
many surgeons administer prophylactic broad-
spectrum antibiotics during the procedure. The
prosthesis is placed in the scrotum via the
inguinal incision. An anchoring suture may be
employed, but care should be taken to ensure an

appropriate lie and position, and symmetry of
size selection. An inguinal approach should be
used for delayed as well as immediate insertion
of a prosthesis, as erosion through scrotal inci-
sions is well recognized.

The most troublesome complication is infec-
tion, which often necessitates removal of the
prosthesis. In the long term, satisfaction with
testicular prostheses is variable. Encapsulation
resulting in hardening can occur with time,
resulting in a less natural texture. In one series
27% of men were dissatisfied and felt that they
had an average or poor cosmetic result [4]. In
another series, 20% of patients felt uncomfort-
able in sexual encounters and only 58% were
happy with their sex life [5]. Patients therefore
should be counseled appropriately preopera-
tively and many will opt simply to have an
orchidectomy without prosthesis.

Fig. 21.1. A: Inguinal orchidectomy specimen. B: Inguinal
orchidectomy specimen bivalved to demonstrate tumor.

A

B
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Partial Orchidectomy
Partial orchidectomy may be considered in
patients with a tumor in a solitary testis or bilat-
eral tumors. The advantage is that it may allow
the patient to avoid hormone replacement
therapy and, in some cases, to preserve fertility.
In a series of 73 men who underwent partial
orchidectomy for testicular cancer (primarily
seminoma), 85% avoided the need for subse-
quent hormone replacement. In 82% of patients
there was associated carcinoma in situ (CIS)
treated with local irradiation (18 Gy). One
patient died of systemic tumor progression.
There were no local recurrences in the men with
CIS who received radiotherapy. There were four
local recurrences in patients not irradiated, but
all were treated successfully with inguinal
orchidectomy. Of 10 men who postponed radio-
therapy for fertility reasons, five fathered a child
after organ-sparing surgery [6]. The procedure
does require specialist expertise, and patients
should be referred to a center with experience
with partial orchidectomy. Specialist techniques
that may be involved are preoperative scrotal
magnetic resonance imaging (MRI), intraopera-
tive ultrasound, and frozen section. Intraopera-
tive cooling can be helpful, as Sertoli cells will be
morphologically altered after 30 minutes of
warm ischemia. Preoperative counseling is vital
regarding the potential need for completion
orchidectomy, the risk of local recurrence, and
the possibility of requiring hormone replace-
ment therapy. Preoperative semen storage
should be offered, and patients must be able to
comply with intensive follow-up.

Contralateral Testicular Biopsy
Carcinoma in situ (intratubular germ cell neo-
plasia [ITGCN]) consists of atypical cells located
in a single row at the basement membrane of
seminiferous tubules. It is universally detected in
the tissue surrounding germ cell tumors [7].
These cells are the uniform precursor of all germ
cell neoplasms of the testis (other than sperma-
tocytic seminoma) and develop during embryo-
genesis. Cellular proliferation then probably
occurs during and after puberty [8]. Usually all
spermatogenic cells are replaced as the CIS cells
spread longitudinally along the tubules, leaving

only CIS cells and Sertoli cells in a multifocal dis-
tribution. Fifty percent of men with ITGCN
progress to invasive cancer in 5 years [9,10]. It is
unknown whether nonseminomatous tumors
develop via a stage of seminoma or progress
directly. In view of the high progression rate to
invasive tumors, it is desirable to detect CIS by
biopsy so that it can be treated before progres-
sion occurs.

The following are risk factors for CIS of the
residual testis in men with germ cell tumors:

• Age less than 30 years
• Small volume testes (<12 mL)
• Gonadal dysgenesis syndromes
• History of cryptorchid testis (2–3% have CIS)
• Extragonadal germ cell tumor (42% men with

primary retroperitoneal disease have CIS)
• Abnormal spermatogenesis (oligozoospermia

on semen analysis) (0.4–1.1% of infertile men
have CIS)

• Microcalcification (remains controversial)

The potential drawbacks of contralateral tes-
ticular biopsy include a 15% to 20% complica-
tion rate, with the possibility of impaired
hormone production or fertility as a conse-
quence. If CIS is confirmed, radiotherapy does
result in irreversible infertility. Most patients
who do develop metachronous tumors can be
cured with inguinal orchidectomy at the time 
of recurrence. Thus the potential advantages of
preventing second tumors in those with CIS have
to be weighed against the possibility of damag-
ing residual testicular function in patients
without CIS who have nothing to gain from a
biopsy. Most units, therefore, adopt a selective
approach to biopsies of the contralateral testis
carrying out biopsies in the groups at increased
risk. Patients with negative biopsies do require
follow-up despite the negative result, as there is
a small false-negative rate (0.3%).

Surgical open (stab) biopsy should be under-
taken laterally in the upper pole to avoid intrat-
esticular vasculature. The sample should be fixed
immediately to preserve architecture ideally in
Bouin’s solution although formalin suffices. A 3
¥ 3 ¥ 3 mm biopsy will almost certainly detect
CIS if it is present in at least 10% of the tubules.
Eighteen-gauge core needle biopsies are proba-
bly comparable and take deeper cores [11]. The
biopsy may be synchronous with the initial
orchidectomy or deferred depending on the 
clinical scenario.
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Retroperitoneal Lymph 
Node Dissection for 
Testicular Tumors
Germ Cell Tumors

For a long time it has been recognized that the
primary location for the spread of nonsemino-
matous germ cell of the testis (NSGCT) is the
chain of lymph nodes in the retroperitoneum
surrounding the aorta and inferior vena cava
(IVC). Back in 1897 removal of inguinal lymph
nodes at the time radical orchidectomy was rec-
ommended [12]. However, when surgeons sub-
sequently became more aware of the lymphatic
drainage of the testis, RPLND was advocated and
was performed at the same time as radical
orchidectomy for testis cancer [13,14]. The loca-
tion of nodal metastases from the testis was later
mapped out in precise detail in men undergoing
RPLND for metastatic testis cancer. The most
common location for nodal metastases emanat-
ing from the right-sided tumors was found to be
the aortocaval groove area, whereas left-sided
tumors initially spread to the left para-aortic
region [15,16]. The RPLND procedure has been
a popular treatment for clinical stage II NSGCT
and also as a staging procedure (and sometimes
of therapeutic benefit) for clinical stage I
NSGCT. However, in the modern era the major
role for surgery in the treatment of testis cancer
has been to establish the diagnosis by radical
orchidectomy. Since the advent of platinum-
based chemotherapy, many patients with
metastatic testis cancer have been cured after
orchidectomy by chemotherapy alone. About
25% of men with stage II to IV NSGCT have a
residual mass after an intensive course of plat-
inum-based chemotherapy [17].When the resid-
ual mass is greater than 1 to 2 cm in diameter,
then postchemotherapy RPLND (PC-RPLND) is
indicated as well as excision of residual masses
from other sites such as the chest, liver, and
brain. When an active tumor recurrence devel-
ops after PC-RPLND, further chemotherapy is
warranted, and in certain circumstances autolo-
gous bone marrow transplantation may be nec-
essary to allow further high-dose chemotherapy.
In a few cases further relapse may occur when
the disease becomes resistant to chemotherapy,

and then “desperation” RPLND (D-RPLND) may
be indicated [18].

RPLND for Stage I NSGCT

There has been a trans-Atlantic division of
opinion on the role of RPLND for clinical stage
I NSGCT. It is usual practice to perform RPLND
for clinical stage I NSGCT in some centers in the
United States [19]. The rationale behind this is
that approximately 30% to 35% of clinical stage
I patients are in fact pathological stage II [20]. In
men with tumor within the nodes, up to 60%
may be cured by RPLND alone, and those who
do relapse do so away from the retroperitoneum.
Furthermore, because the sympathetic nerve
fibers that subserve ejaculation are now
identifiable and the anatomy well recognized
[21], it is possible to perform nerve-sparing
RPLND in men with such low-volume lymph
nodes, hence preserving ejaculation. The alter-
natives to RPLND for stage I disease are long-
term surveillance or adjuvant chemotherapy.
Chemotherapy would normally be considered
only in high risk patients with malignant ter-
atoma undifferentiated (MTU) in the primary
tumor and vascular invasion within the
testis/cord. Surveillance is the most popular
option in most countries; in a survey of 273 urol-
ogists in the United Kingdom all patients with
clinical stage I NSGCT were referred to major
cancer centers for surveillance [22]. Comparison
between surveillance and RPLND for stage I
disease reveals similar mortality figures.
However, it has been argued that primary
RPLND is more likely to preserve fertility
because fewer patients require chemotherapy,
and retroperitoneal relapse in the surveillance
group may also necessitate PC-RPLND, which
may compromise ejaculation if the sympathetic
nerves cannot be preserved [23].

RPLND for Stage II NSGCT

Since the advent of the platinum-based
chemotherapy era, most men with clinical stage
II NSGCT are treated with chemotherapy.
However, the Indiana University group has advo-
cated primary RPLND for stage II NSGCT and
has compared the results with similar patients
treated with platinum-based chemotherapy.
Both treatments were curative as monotherapy
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in 67%; survival was 98% in those treated by
RPLND and 96% who had primary chemother-
apy. Late relapse and toxicity rates were greater
in the chemotherapy group [24,25]. However, in
spite of the findings in Indianapolis, the favored
primary treatment for stage II testicular NSGCT
is chemotherapy.

Postchemotherapy RPLND

After an intensive course of platinum-based
chemotherapy for stage II to IV NSGCT of the
testis, a residual mass will be apparent within the
retroperitoneum on computed tomography (CT)
or MRI scans (Fig. 21.2) in 25% or more cases
[26]. It is now established practice to excise such
residual masses in order to increase the chance
of cure [27]. However, when the mass is <1 cm in
diameter, it most likely contains necrotic tissue
only [28] and can be safely observed [29].
Patients with malignant teratoma intermediate
that contains differentiated teratoma (MTI) are
at risk of the tumor masses becoming cystic 
and enlarging during chemotherapy. Enlarging
masses with falling tumor markers are charac-
teristic of “growing teratoma syndrome,” which
requires surgical removal of all tumor masses.
All patients with MTI should have a CT scan
after two or three courses of chemotherapy as
masses in “growing teratoma syndrome” can
become inoperable and there may be only a
limited window of opportunity in which to plan
successful surgery. Patients who relapse after an

initial response to chemotherapy should always
be worked up to locate any tumor masses that
might be resectable. Development of new
masses, enlargement of previously known
masses, or positivity on positron emission
tomography (PET) scan can indicate the masses
most likely to contain active tumor. Resection of
all apparent disease with subsequent fall of
tumor markers to normal can avoid further
chemotherapy in a proportion of patients.

The objective of PC-RPLND in men with
residual masses is to excise all the remaining
tissue. Incomplete excision is associated with a
considerably worse prognosis [27]. After PC-
RPLND, decision making regarding follow-up
and further therapy depends on the result of his-
tological examination of the resected tissue. In
the authors’ personal series of 303 cases of PC-
RPLND for NSGCT performed between 1993 and
2004, the overall survival rate is over 90%. This
series includes a number of patients who had
recurred after previous PC-RPLND performed
at other hospitals; this has been shown to worsen
the long-term chance of survival [30]. Approxi-
mately half of the resected specimens contained
differentiated teratoma (TD); just over one fifth
contained necrosis/fibrosis only; and the
remainder contained active malignancy (MTU,
yolk sac tumor, choriocarcinoma, sarcoma,
neuroectodermal tumor, or carcinoma). These
findings are similar to those of other large series
of PC-RPLND [27]. Factors that increase the
chance of finding active tumor in the resected
specimen are persistent elevation of tumor
markers, large size, failure to serially decrease in
size, and history of relapse. Factors that increase
the chance of finding differentiated teratoma are
presence of MTI initially and heterogeneous or
cystic masses on CT scans.

Nearly all patients with necrosis/fibrosis in the
specimen are cured but should be followed up in
the long-term (Fig. 21.3). Those men with TD in
the specimen have a >95% chance of cure, pro-
vided that all residual tissue has been removed.
Malignant tissue within the PC-RPLND speci-
men confers a worse prognosis. The majority of
these patients are best treated with further
chemotherapy, sometimes a high-dose regimen
including Taxol with autologous bone marrow
transplantation. When a further recurrence
occurs after a second course of chemotherapy,
then desperation RPLND can be considered and
is likely to be of benefit in up to 50% [31]. All

Fig. 21.2. Computed tomography (CT) scan showing residual
retroperitoneal nodal mass after chemotherapy for stage II germ
cell tumor of the testis.
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men who have undergone PC-RPLND should
remain under follow-up because there is a 2%
risk of developing a contralateral tumor, and
recurrence can occur beyond 15 years after 
PC-RPLND [32].

Seminoma
Patients with seminoma may have residual
masses following chemotherapy. These masses
are often associated with a fibrous reaction that
makes retroperitoneal surgery more difficult. In
the majority of cases, these masses are best
observed due to the difficulty of removing them
and the high chance that they will not contain
active tumor. Patients with a seminomatous
element in their germ cell tumors do have a
higher rate of intra- and postoperative compli-
cations than patients with pure NSGCT under-
going postchemotherapy RPLND. Additional
procedures such as nephrectomy and vascular
interventions are more commonly required [33].

Stromal Tumors
Stromal tumors of the testis (e.g., Leydig, Sertoli,
and granulosa cell tumors) are uncommon,
accounting for about 2% of adult testicular
tumors. Most do not behave in a malignant
fashion and can be cured by orchidectomy, but
approximately 10% have metastatic potential. In
contrast with treatment for germ cell tumors,
treatment for metastatic stromal tumors is not
very effective. Patients with a malignant stromal
tumor that metastasizes survive on average only
3 years from diagnosis. In addition, it is difficult
to identify high-risk patients who might benefit
from more intensive treatment or surveillance,

as there are no consistently reliable histolog-
ical indicators of malignant potential. Although
several adverse features have been described,
accurate prediction of aggressive tumor behav-
ior in individual cases remains difficult. Experi-
ence with these tumors and the potential for
clinical trials are limited by the small numbers
of patients and there is therefore no consensus
on the best treatment. A number of studies have
suggested that there is a role for prophylactic
RPLND in stage I stromal tumors [34–36]. Early
results suggest that the procedure is safe in this
group of patients, although the long-term effect
on survival is not yet known.

Surgical Technique
In all stage I cases it is possible to perform
RPLND through a midline abdominal incision,
and the same applies to men undergoing low
volume PC-RPLND. A thoracoabdominal ap-
proach (Fig. 21.4) affords excellent exposure 
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Fig. 21.3. Cause specific survival after
postchemotherapy retroperitoneal lymph node
dissection (RPLND) for nonseminomatous germ
cell of the testis (NSGCT) of the testis according
to histology of the resected specimen. TD, differ-
entiated teratoma; NEC, necrosis; GCT, germ cell
tumors.

Fig. 21.4. Thoracoabdominal incision for postchemotherapy
RPLND.



249

Surgery for Testicular Cancer

for resection of large-volume disease. The thora-
coabdominal incision is also advantageous when
there is residual disease within both the retro-
peritoneum and thoracic cavity, as it allows 
synchronous excision of pulmonary metastases
(Fig. 21.5) [37] and intrathoracic lymph nodes
[38].

Complete bilateral RPLND has in the past
been shown to lead to loss of ejaculation due to
excision of sympathetic nerve fibers surround-
ing the aorta and IVC [39]. We now know much
more about the distribution of nodal metastases
from testis cancer [16] and the anatomy of the
sympathetic nerves [21], which together have
resulted in the development of modified tem-
plates for RPLND. In the case of left-sided
tumors, a template nodal excision is performed
in an area bounded by the left renal vein, aorta,
left common iliac artery, and the left ureter. The
midaorta, right common iliac artery, right ureter,
and right renal vein bound the right-sided 
template. Although it may not be possible to 
preserve all sympathetic nerve fibers during
RPLND, the use of a modified template should
reduce damage to contralateral sympathetic
fibers and hence prevent anejaculation after
surgery [40].

The objective in PC-RPLND is to remove all
the residual mass, and this may also necessitate
excision of adjacent structures such as the
kidney [41], the aorta, and the IVC [42]. Hence,
it advisable that the surgeon performing RPLND
be able to undertake such procedures or call 
for assistance from another surgeon at short
notice.

Complications
The operative mortality of RPLND is low at less
than 1% [43]. In one large series of primary
nerve sparing RPLND for stage I NSGCT, only
5.4% of patients developed complications that
prolonged hospital stay by more than 2 days.
Antegrade ejaculation was preserved in most
patients (93.3%) [44]. The postoperative com-
plication rate of postchemotherapy RPLND is
reported as around 7%, with most patients 
tolerating surgery well and recovering unevent-
fully [45]. Postchemotherapy patients may have
diminished pulmonary, renal, and nutritional
reserves, and are more likely to have a large
disease burden necessitating longer and more
extensive surgery with a higher risk of
additional procedures such as nephrectomy,
bowel resection, and vascular repair. The 
most common perioperative complications are 
wound infection and prolonged ileus. Acute
renal failure, pancreatitis, ascites, and pul-
monary complications are also recognized.
Ejaculatory dysfunction is the main long-term
complication.

Conclusion
The ability to cure the great majority of men
with testis cancer has generally been attributed
to platinum-based chemotherapy. However, the
role of RPLND should not be underestimated.
In low-stage NSGCT, surveillance (stage I) and
primary chemotherapy (stage II) have in most
centers replaced primary RPLND, and PC-
RPLND is a crucial adjunct to chemotherapy,
enabling a very high cure rate for more advanced
stages of NSGCT. The best chance of cure is when
complete excision of the residual masses after
chemotherapy is achieved, and this is most likely
to be the case in a specialized cancer center
[27,30].
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Human germ cell tumors (GCTs) are at the cross-
roads of developmental and tumor biology.
Therefore, they are an interesting target for
investigation, both from a pathobiological as
well as a developmental point of view. However,
with regard to some aspects, this can also be a
limiting factor, because the observed findings
can be either due to the process of tumorigene-
sis, or just a reflection of normal development.
This is, for example, highlighted by the finding
of overall sensitivity of GCTs for DNA damaging
agents, and the specific resistance of the mature
teratomas, with or without malignant trans-
formation (see below). Most likely, this also
accounts for the telomerase activity, as found in
a selection of these tumors [1,2]. Often, this dis-
tinction is not easy to make. Therefore, under-
standing of the pathobiology of GCTs is required
for proper understanding of clinical and experi-
mental findings. This chapter discusses the
current knowledge of the pathobiology in the
context of the biological basis for treatment
strategies in GCTs.

Pathobiology of Human Germ
Cell Tumors
Germ cell tumors can be found along the midline
of the body, possibly related to the migration
route of the primordial germ cells (PGCs) from
the yolk sac to the genital ridge during intrauter-
ine development [3]. In some of these tumors the

germ cell origin is supported by their VASA
staining [4]. This protein is specific for the
germline [5]. Histologically, GCTs mimic
intrauterine development to a certain extent,
including both somatic and extraembryonic
tissues [6, for review]. Based on histology, GCTs
can be subdivided in a limited number of vari-
ants. These are the seminoma-like tumors (i.e.,
classic seminoma of the testis and the medi-
astinum, in the ovary known as dysgerminomas,
in the brain known as germinomas; and sper-
matocytic seminoma of the testis), and the 
different variants of nonseminomatous GCTs.
The nonseminomas can be composed of somatic
tissue: mature and immature teratomas, as well
as extraembryonic tissues (i.e., yolk sac tumors
and choriocarcinomas). Within this group of
histological variants, a number of pathologically
and clinically relevant entities can be identified.
The most obvious group includes the spermato-
cytic seminomas. These tumors are rare, and 
relatively benign, affecting predominantly elderly
males [7,8]. Spermatocytic seminoma can spe-
cifically be distinguished from classic seminoma
based on morphology, and more recently also
using (immuno)histochemistry [9–11] and
chromosomal constitution [12]. They originate
most likely from a spermatogonial germ
cell/spermatocyte. In the latest World Health
Organization (WHO) classification system, these
tumors are therefore distinguished from classi-
cal seminomas and are referred to as type III
tumors. The second, more complex distinction
concerns the various types of nonseminomatous
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GCTs. Although histologically correct, the sub-
division of the nonseminomas into embryonal
carcinomas, teratomas, yolk sac tumors, and
choriocarcinomas ignores the existence of a
clinical and pathobiological heterogeneity. In
fact, the nonseminomas include two entities:
type I, the teratomas and yolk sac tumors of
neonates and infants; and type II, the non-
seminomatous GCTs of adolescents and young
adults. The latter entity also encompasses the
seminomas/dysgerminomas/germinomas, which
resemble PGCs/gonocytes. The type I and II
GCTs are characterized by the histology of the
tumor, age of the patient at clinical presentation,
clinical behavior, as well as chromosomal con-
stitution [13–16]. The type I teratomas and yolk
sac tumors can be found in the gonads, the
sacrococcygeal region, neck, and the hypothala-
mic/hypophyseal region. No consistent chromo-
somal anomalies have been found so far in the
type I teratomas [17], with the exception of an
isochromosome 1q [18]. In contrast, the type I
yolk sac tumors are aneuploid, with recurrent
chromosomal changes [17,19,20]. They consis-
tently lack the characteristic overrepresentation
of the short arm of chromosome 12p, most often
as an isochromosome 12p as found in the type
II GCTs (see below and Chapter 19), supporting
a separate pathogenesis of these tumors [21,22,
for review]. The precursor lesion of the ter-
atomas and yolk sac tumors is not yet identified,
although it is reported in the representative
mouse model, giving rise to teratocarcinoma
[23]. Clinically, teratomas show a benign behav-
ior without metastasizing, but they can progress,
when incompletely surgically removed, to yolk

sac tumors, which have the potential to dissem-
inate and therefore must be treated with
chemotherapy [14,24].

The type II GCTs include the seminomas/
dysgerminomas/germinomas and the nonsemi-
nomatous elements—embryonal carcinomas,
teratomas, yolk sac tumors, and choriocarcino-
mas. Note that a pure or mixed teratoma–yolk
sac tumor can also be a type I GCT. The type II
GCTs of the adult testis, here referred to as
TGCTs, are consistently aneuploid [20,25], with
the characteristic gain of 12p, mostly as isochro-
mosomes [i[12p]] [26] (see also Chapter 19).
Pure seminomas are seen in about 50% of cases
and occur at a median age of 37 years. Non-
seminomas develop earlier (median age 27
years) and account for 40% of cases. The rest are
so-called combined tumors, according to the
British Classification system [27], which contain
both seminoma and nonseminoma components,
and occur in patients aged somewhere in
between those with seminomas and nonsemino-
mas. Embryonal carcinoma cells are pluripotent
stem cells of nonseminomas, which can differ-
entiate into the other histologies [28,29].
Pluripotency of embryonal carcinoma is also
demonstrated by the expression of OCT3/4, a
factor exclusively expressed by potentially
pluripotent cells [30,31].

No representative animal model has been
reported for TGCTs, significantly hampering
pathobiological and preclinical studies. The
classification system for GCTs distinguishing
type I, II, and III (spermatocytic seminomas)
was recently accepted by the WHO, and is sum-
marized in Table 22.1.

Table 22.1. Overview of the three types of testicular germ cell tumors, including age at clinical diagnosis (years), histology, supposed
cell or origin, and chromosomal anomalies

Age Histology Cell of origin Chromosomal anomalies

0–5 Teratoma Embryonic germ cell Unknown
Yolk sac tumor Aneuploidy

Gain 1q,20q,22
Loss 6q

15–45 Seminoma/nonseminoma Primordial germ cell 
or gonocyte Aneuploidy:

Gain 7,8,12p,
Loss 4,5,11,13,18,Y

50 and older Spermatocytic seminoma Spermatogonia or Diploid/aneuploid:
spermatocyte Gain 9
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Diagnosis and Treatment 
of Carcinoma in
Situ/Intratubular Germ Cell
Neoplasia Unclassified
Carcinoma in situ (CIS) [32], also known as
intratubular germ cell neoplasia unclassified
(ITGCNU) [33] or testicular intratubular neo-
plasia (TIN) [34], is the common precursor of
all histological types of TGCTs, both the semi-
nomas and type II nonseminomatous tumors.
The gonadoblastoma is the counterpart of
CIS/ITGCNU of the dysgenetic gonad [35]. The
precursor lesion of the normal ovary, medi-
astinum, and brain has not yet been identified.
The incidence of CIS/ITGCNU in the general
male Caucasian population is similar to the 
lifetime risk to develop a TGCT [36], being up 
to about 1% in, for example, Switzerland and
Denmark [37]. This indicates that CIS/ITGCNU
does not regress spontaneously, and that eventu-
ally all patients with CIS/ITGCNU develop an
invasive TGCT. In about 50% of the patients this
happens within 5 years, and after 7 years the
incidence is 70% [38]. Because of the sensitivity
of TGCT to the available treatment strategies 
and presence of defined risk-populations (see
below), development of strategies for early
(molecular) diagnosis is of clinical interest. This
might help to prevent overtreatment and under-
treatment with the risk of progression of the
tumor to treatment resistance (see below).

Carcinoma in situ/ITGCNU resembles early
germ cells, most likely PGCs/gonocytes [39, for
review]. This is illustrated by various phenotyp-
ical and ultrastructural characteristics [40–42,
for review], as well as the presence of glycogen
[43], placental/germ cell alkaline phosphatase
(PLAP) [44,45], the stem cell factor receptor 
c-KIT [46–48], and most recently, the transcrip-
tion factor OCT3/4 (POU5F1) (Fig. 22.1) [30,31,
49]. This suggests an intrauterine initiation of
TGCTs, of which a maturation block of PGCs/
gonocytes to more differentiated gametes is a
hallmark. This model is also supported by epi-
demiological data [50], as well as specific risk
factors (see below).

The aforementioned (immuno)histochemical
markers are informative for the diagnosis of
CIS/ITGCNU, although they may result in false-
positive findings in early neonatal life [51], as

well as in the case of disturbed germ cell matu-
ration [Friedemann et al., J Path, 2004] and
gonadal dysgenesis [52]. Various risk factors for
CIS/ITGCNU have been identified, including
familial predisposition, cryptorchidism, infertil-
ity, a previous TGCT, and various forms of
gonadal dysgenesis (in particular related to the
Y chromosome) [53, for review]. Early diagnosis
of CIS/ITGCNU is clinically relevant. Currently,
a surgical biopsy is the method of choice [54, for
review]. This policy is applied to all patients with
unilateral TGCT in Germany and Denmark. A
negative biopsy finding, however, does not com-
pletely exclude development of an invasive
TGCT [55–57]. Because of possible complica-
tions, a biopsy is currently not recommended for
all patients with unilateral disease [58]. There-
fore, better selective parameters are needed to
identify individuals with an increased risk for
the presence of CIS/ITGCNU, both initially, and
after diagnosis of a unilateral TGCT. Some
improvement has been made recently in this
context.

Although 1% out of the general subfertile
population has CIS/ITGCNU, we demonstrated
that if bilateral microlithiasis, diagnosed using
scrotal ultrasound, is present, the risk for the
presence of CIS/ITGCNU is 20 times higher,
reaching up to 20% of this population [59]. This
finding has recently been supported by the
higher incidence of microlithiasis in patients
with a proven unilateral TGCT, and contralateral
CIS/ITGCNU [60], and this knowledge can help
to reduce the number of unnecessary biopsies in
the future.

Another population suitable for CIS/ITGCNU
screening are patients with unilateral TGCTs;
about 2.5% to 5% of these patients develop bilat-
eral disease [55,61]. About 50% of patients with
CIS/ITGCNU in the contralateral testis develop
an invasive TGCT within 5 years after diagnosis
[62]. Testicular atrophy has been found to be a
strong indicator for contralateral CIS/ITGCNU,
although still 60% of CIS/ITGCNU occurs
without atrophy [55]. Development of a second
invasive TGCT leads to castration of the major-
ity of patients, resulting in the need for hormone
supplementation and psychological burden.
About half of the contralateral tumors are diag-
nosed within the first 5 years after the initial
diagnosis, although 25% of patients present with
the second tumor 10 years after diagnosis of the
first, and the latency period can be up to 20 years
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Fig. 22.1. OCT3/4 in germ cell tumors (GCTs). The transcription factor and marker for pluripotency OCT3/4 is a useful diagnostic tool
for GCTs and offers insights in the histological heterogeneity of this cancer. OCT3/4 protein is visualized as a brown nuclear signal by
immunohistochemistry on formalin-fixed, paraffin-embedded tissue sections. A: Parenchyma of a patient with a GCT showing, normal
spermatogenesis, carcinoma in situ (CIS)/intratubular germ cell neoplasia unclassified (ITGCNU), and intratubular seminoma. Note that
tubules containing normal spermatogenesis are negative, whereas tubules containing CIS/ITGCNU (left lower corner) and intratubu-
lar seminoma (center) are positive. B: Fetal testis, 15 weeks of gestational age. Note OCT3/4 signal in normal immature germ cells
(gonocytes) in a number of tubules. In contrast to CIS/ITGCNU, which are almost exclusively found in close contact to the basal mem-
brane (A), these immature germ cells are also seen in a central localization within the tubules (arrow).C: Nonseminoma showing mixed
histology: tumor areas showing teratomatous differentiation to the left are negative, embryonal carcinoma cells to the right are 
positive for OCT3/4. D: Nonseminoma showing embryonal carcinoma cells positive for OCT3/4. Note the centrally located tropho-
blastic giant cell that is negative for OCT3/4. E: Seminoma cells positive for OCT3/4 surrounding a tubule containing normal sperma-
togenesis (negative for OCT3/4). F: Spermatocytic seminoma (type III tumor, according to WHO classification), negative for OCT3/4.
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[61,63,64]. This means that surveillance must
sometimes be continued for decades.

Early diagnosis allows low-dose irradiation
(18 Gy) to eradicate CIS/ITGCNU while at the
same time preserving the hormonal function in
most patients [54, for review]. However, this
inevitably results in infertility. In contrast,
platin-based chemotherapy has only a temporal
effect on spermatogenesis [65]. The risk of devel-
opment of an invasive TGCT from CIS/ITGCNU
is only reduced, not excluded [64].

We demonstrated recently that bilateral
TGCTs are associated with a mutation within
codon 816 of c-KIT [66]. This allows accurate
identification of patients with a unilateral TGCT
who are at risk to develop contralateral disease.
These patients have to undergo a surgical biopsy
for confirmation of the presence of CIS/
ITGCNU. Moreover, the presence of specific
mutations within c-KIT might allow develop-
ment of alternative treatment strategies using
small molecules, specifically interacting with the
mutated receptor, as has been reported for gas-
trointestinal stromal tumors (GIST) and the
specific tyrosine kinase inhibitor STK 571 [67,
for review]. This treatment option might also be
of interest for patients with extragonadal GCTs,
whose tumors have activating c-KIT mutations
in a significant proportion of the cases [68].
However, it is highly unlikely that this approach
will benefit patients with nonseminomatous
disease, either primary or as a late recurrence
(see below).

Patients with extragonadal GCT, in particular
localized in the retroperitoneal area, have an
increased risk for development of a metachro-
nous TGCT [69]. Therefore, thorough inves-
tigation for the presence of CIS/ITGCNU is
mandatory. On the other hand, patients with
extragonadal GCTs not localized in the retro-
peritoneum, are not at risk to have CIS/ITGCNU
[70]. These data support the contention that
retroperitoneal GCTs usually are metastases
from an occult or burned-out TGCT.

Treatment of Invasive Germ
Cell Tumors
Overall, type II GCTs are highly curable malig-
nancies. Important improvements in the staging
and treatment of this disease have significantly

altered overall cure rates. Risk-adapted thera-
peutic strategies, related to known prognostic
variables, are of importance in the treatment of
GCTs, as therapeutic options are highly variable
and include surveillance, irradiation, high-dose
chemotherapy, and surgery. Therefore, a thor-
ough knowledge of the underlying pathology
and patterns of spread of disease is required.

Clinically, the consensus classification of the
International Germ Cell Cancer Collaborative
Group (IGCCCG), applicable to both seminoma
and nonseminoma, has proven useful and
should form the basis for treatment decisions
and the design of clinical trials in patients 
with metastatic disease [71]. With the introduc-
tion of cisplatin (cis-diamminedichloroplatinum
[CDDP]) in the early 1970s, cure rates of patients
with metastatic of TGCTs dramatically improved
[72]. Today, approximately 70% of metastatic
TGCT patients are cured after initial CDDP-
based combination chemotherapy and possibly
secondary surgery. With effective salvage
therapy, including high-dose chemotherapy, a
significant proportion of poor-risk patients 
can be cured in a relapse situation, resulting in
longtime survival of more than 80% of patients
with metastatic disease. In the following section,
pathologic findings found to have a prognostic
importance are discussed. In addition, the
current knowledge on the underlying patho-
biological basis of overall high sensitivity to
chemotherapy, and the infrequent but mostly
lethal occurrence of resistant phenotypes are
described.

Biological Basis for Treatment

Histopathology

The pathological findings play a central role in
patient management, as different histologies 
not only show different sensitivity to treatment
modalities like radiation and chemotherapy,
but also correlate with prognosis. Therefore, a
central review by a pathologist with experience
in GCT pathology is advised [73]. Seminomas
are highly sensitive to both radiation and
chemotherapy. Nonseminomas are less suscep-
tible to radiation but show an overall high sensi-
tivity to combination chemotherapy. Combined
tumors must be treated as nonseminomas, and
in fact, in contrast to the British Classification,
are diagnosed as nonseminoma by the WHO
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classification system [33]. Pathological findings
in the primary tumor do not necessarily predict
those at metastatic sites, although they often do
correlate [74].

The pluripotency of embryonal carcinoma, as
indicated by OCT3/4 (see above) does not seem
to be linked to treatment sensitivity, as no 
difference in expression was found between
chemosensitive and chemoresistant type II GCTs
[30]. Mature teratoma elements (either as a com-
ponent of type II or as part of the type I GCTs)
do not share the general chemosensitivity of
GCTs to cisplatin-based chemotherapy (see also
below). Therefore, residual mature teratoma is
found in about 30% to 40% of remnants of initial
metastases after chemotherapy. A predictive
model for the histology of a residual retroperi-
toneal mass, based on primary tumor histology,
prechemotherapy markers, mass size, and size
reduction under chemotherapy, has been devel-
oped [75]. Absence of teratoma elements in the
primary tumor has been identified as the most
powerful predictor for benign residual tissue
(i.e., absence of teratoma or viable cancer cells)
[74,76]. Nevertheless, some caution is warranted
because small teratoma areas may be missed in
the primary tumor, and absence of teratoma ele-
ments does not exclude occurrence of malignant
cells in residual masses. As type II teratomas
show a similar genetic constitution as other vari-

Fig. 22.2. Histologies of patients showing relapse of a TGCT. A:
Tumor tissue of a 41-year-old patient with TGCT with a non-
seminoma including teratoma at primary diagnosis. The illustra-
tion shows the histology of the resection of a residual lesion
(para-aortic localization) after completion of chemotherapy. The
lesion shows vital tumor, mostly mature teratoma, with epithe-
lial and mesenchymal components. B: Same patient, tumor at
relapse (retrocarinal lymph node) 6 months later. Apart from
mature teratoma (not present in this section), areas showing
neural differentiation were detectable. The tumor was therefore
diagnosed as a secondary non–germ cell malignancy. The
strands of epithelioid cells were immunohistochemically positive
for neural markers like S100, neurofilament, and NSE (not
shown). C: Third relapse of a TGCT in a 44-year-old patient,
showing a nonseminoma of mixed histology at primary diagno-
sis. The illustration shows histology of the resection of a tumor
mass (paravertebral localization) more than 5 years after first
diagnosis.The lesion shows yolk sac tumor differentiation with a
micro- and macrocystic pattern, and was immunohistochemi-
cally strongly positive for a-fetoprotein (AFP; not shown). Other
areas of the tumor (not included in this section) show a more
solid, hepatoid differentiation.

ants of type II GCTs [77,78], most likely other
mechanisms, for example, epigenetic phenom-
ena, are underlying the intrinsic chemotherapy
resistance of this histology. Regardless of their
relatively benign behavior, radical resection of
residual lesions containing teratomas after
chemotherapy of a nonseminoma is warranted,
and may be more critical than postoperative
chemotherapy in the setting of viable malignant
nonseminoma (Fig. 22.2) [79–81].
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Based on these considerations, the pathology
report must include all histological subtypes
encountered in the tumor, including the obser-
vation of CIS/ITGCNU if present. Any secondary
non–germ cell malignancy, mostly developing
within mature teratoma, should be noted. Par-
ticular attention must be given to the presence
or absence of vascular invasion, as a predictor of
metastatic spread and occult metastases [82].
The distinction between venous or lymphatic
does not add information to the risk of occult
metastasis. Besides vascular invasion, high 
proliferative activity (assessed with the MIB-1
monoclonal antibody), and to a lesser extent 
the presence of embryonal carcinoma in the
primary tumor and a high pathologic stage,
were predictors of systemic spread in clinical
stage I nonseminoma [83, for review]. Neverthe-
less, the predictive value of the present model is
still somewhat limited, as the group defined as
high risk in fact has a risk of approximately 50%
for occult metastasis, and the low-risk group a
risk of approximately 16%, which means gross
overestimation of risk for the first and some
underestimation for the latter group. Further-
more, for clinical stage I nonseminomas, risk
factors for relapse have been assessed prospec-
tively [84]. Again, vascular invasion was most
predictive of stage in multifactorial analysis.
With the addition of two other risk parameters
(MIB-1 score >70% and embryonal carcinoma
≥50%) the positive predictive value could be
improved to 63.6%. However, this means that
even with an optimal combination of prog-
nostic factors and reference pathology, more
than one third of patients predicted to have
pathologic stage II or relapse during follow-up
will not have metastatic disease and will be
overtreated with adjuvant therapy. On the other
hand, patients at low risk can be predicted with
more accuracy (86.5%), suggesting that sur-
veillance for highly compliant patients of this
cohort may be a valuable option. Recently,
cluster analysis was used to discover a prog-
nostic subgroup within a particular histology 
of GCT, namely embryonal carcinoma [85]. One
subgroup with a specific tumor biology profile
(high proliferation, assessed with Ki-67, low
apoptosis, and low TP53) showed better survival
than the overall patient group. This illustrates
the potential usefulness of multivariate cluster
analysis to identify subgroups within the exist-
ing prognostic categories.

Tumor Localization

In about 5% of type II GCTs, the tumor develops
at extragonadal locations along the midline of
the body [86]. The recent finding of the presence
of activating mutations affecting the c-KIT both
in bilateral TGCTs and extragonadal GCTs sug-
gests a common pathogenetic mechanism,
possibly related to an altered survival and 
proliferation of migrating germ cells during the
intrauterine period [66,68]. Whereas patients
with extragonadal GCTs showing pure semi-
noma histology have a long-term chance of cure
similar to patients with a testicular primary
tumor, patients with a mediastinal nonsemi-
noma show a significantly inferior outcome. In
fact they constitute the group with the poorest
prognosis of all “poor prognosis” patients
(IGCCCG classification), and outcome is even
worse than in patients with multiple metastases
[87].

Relapses

Another relatively rare but clinically meaningful
phenomenon is the occurrence of relapses of
GCTs after CDDP-based therapy. A number of
predictive variables, both clinical and histologi-
cal, such as platinum or absolute platinum
refractoriness, primary mediastinal nonsemino-
matous histology, progressive disease before
high-dose chemotherapy, and high levels of
human chorionic gonadotropin (HCG), have
been described in this group and allowed the
formulation of a prognostic score [88]. This
score not only can help to identify factors that
influence outcome after high-dose chemother-
apy, but also allows an estimation of the risk 
of relapse. With an overall incidence of about
10%, relapse occurs within 2 years after initial
therapy, and long-term disease-free survival can
be achieved in approximately 30% to 50% of
cases with salvage treatment, preferably high-
dose chemotherapy and stem cell support
[89–92]. Late relapses occurring more than 2
years after an initial diagnosis of seminoma 
or nonseminoma have been reported in 1% to
5% of patients [93]. Cytogenetic comparison of
a primary nonseminoma and a late relapse
showing yolk sac differentiation revealed that
these tumors were related, but the progression
was accompanied by net loss of chromosomal
material [94]. Whereas isolated mature teratoma
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can usually be cured by complete excision, a high
proportion of patients with marker-positive
findings seem to suffer from chemotherapy-
resistant disease and show a less favorable
response to additional chemotherapy [95,96].
Historically, in late relapses response rates to
chemotherapy have been reported to be less than
30%, with an even lower long-term survival [93],
yet more recent data seem to indicate that
chemotherapy may have a role to play in the
management of this disease [97,98]. Further-
more, late relapses can present as secondary
non–germ cell malignancies (also called ter-
atoma with malignant transformation), which
develop from nonseminomatous histology,
mostly teratomas (Fig. 22.2) [98]. These compo-
nents often show adenocarcinoma-histology and
are characterized by relative resistance to CDDP-
based chemotherapy and an adverse prognosis
(see below). Currently, the underlying pathobio-
logical changes leading to the occurrence of
relapse and the mechanisms involved in refrac-
toriness to chemotherapy in this particular
group of patients are poorly understood and
need further investigation.

Biological Basis of Drug Response

Notwithstanding the overall good prognosis,
10% to 30% of patients diagnosed with metasta-
tic nonseminomatous GCT do not achieve a
durable complete remission after initial treat-
ment, either due to incomplete response or
relapse. Based on this clinical background,
understanding of the mechanisms of chemosen-
sitivity and resistance of GCTs is becoming more
important to further improve therapeutic
outcome. An improved prediction of treatment
outcome could help to avoid both under- and
overtreatment. The rapid development of tar-
geted therapy with the aim of influencing
specific cellular pathways may potentially facili-
tate reversing or overcoming individual resist-
ance mechanisms and help to cure more patients
in the future. Recently, a number of reviews have
been dedicated to sensitivity and refractoriness
of GCTs [99–101]. The currently available data
on the molecular basis of chemotherapy
response in these tumors is reviewed below.
Special attention is given to cisplatin (CDDP),
presumably the most active drug in the treat-
ment of this disease, as the introduction of this

agent into combination treatment has yielded
unprecedented improvement in survival of
patients with metastatic disease. The course of
the drug from entering the cell to the execution
of apoptosis is followed (summarized in Fig.
22.3). Furthermore, different models that have
been put forward to explain the unusual overall
chemosensitivity of GCTs and findings in refrac-
toriness are discussed, including a brief section
on possible explanations for the intrinsic resist-
ance observed in mature teratoma and second-
ary non–germ cell malignancies.
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Fig. 22.3. Schematic representation of mechanisms potentially
involved in cisplatin (CDDP) resistance in GCT cells. A: Model of a
CDDP-sensitive tumor cell. Lack of potential resistance mecha-
nisms leads to initiation and execution of apoptosis. B: Model of
a CDDP-resistant cell. Note that multiple factors can potentially
be involved in drug resistance, ranging from mechanisms that
lower free intracellular CDDP levels to increased DNA repair,
failure to execute apoptosis, and induction of cell cycle arrest
rather than cell death after DNA damage. ABC, ATP binding 
cassette; Ctr1, copper transporter; FAS L, FAS ligand; GSH,
glutathione; LRP, lung resistance protein. (Modified from Mayer
et al. [107].)
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Factors Involved in Drug Sensitivity

Cisplatin (CDDP) exerts its effect by damaging
DNA. In principle, different processes leading to
binding of a drug to DNA can be distinguished:
whereas mechanisms such as influx and efflux of
a drug across the cell membrane can affect intra-
cellular concentration, other factors influence
drug activation, detoxification, or DNA binding
itself. Most findings, however, suggest that
crucial determinators of drug sensitivity in GCTs
lie downstream of DNA binding, for example, in
the intrinsic or extrinsic pathways of apoptosis
or DNA repair.

Drug Influx, efflux, and DNA Binding

The mechanism by which CDDP enters a cell are
not fully understood yet, and different models,
including a passive or facilitated diffusion, have
been described [102]. In the latter case, reduced
uptake could hardly play a role in drug resist-
ance. Recent data suggest a role of the copper
transporter CTR1 in cellular CDDP uptake,
which might be responsible for at least a part of
the CDDP entering the cell [103]. No differences
were observed in the intracellular accumulation
of CDDP in different cell lines, including those
derived from GCTs, which makes a critical role
of active membrane transport an unlikely factor
for sensitivity [104]. Members of the adenosine
triphosphate (ATP)-binding cassette (ABC)
superfamily of transporters show affinity for
CDDP, in particular when conjugated to glu-
tathione. Overexpression of these pumps can
result in resistance to the drug, as has been
demonstrated for different tumor cell lines
[105]. Exerting a comparable effect by unrelated
means, overexpression of the lung resistance
protein (LRP) can also lead to elimination of
CDDP [106]. For GCTs, data on export pumps are
scarce. In one small series, GCTs were found to
rarely express LRP [107]. In a second study com-
paring GCT specimens from patients with resist-
ant or sensitive disease, multidrug resistance
(MDR)-related protein (MRP2) and LRP were
hardly detectable in invasive components, with
the exception of sporadic refractory cases [108].
However, the differences found between
chemosensitive and refractory tumors did not
reach statistical significance. The ABC trans-
porters were not found to be involved in induced

CDDP resistance of the GCT-derived cell line
GCT27, in contrast to an ovarian cancer and a
colon cancer derived cell line [109].

In addition to the facilitation of drug export
by ABC transporters, conjugation to glutathione
limits the toxic effect of CDDP [110]. For GCT
cell lines, a correlation between loss of CDDP
activity and an increased glutathione [111] 
or metallothionein [112] content has been
described.

However, conflicting data have been reported
regarding an inverse correlation between resist-
ance and metallothionein or total amount of
sulfhydryl groups both in cell lines and clinical
samples of GCTs [104,113]. In GCTs, different
isoforms of glutathione-S-transferase (GST)—
the enzyme transferring glutathione to toxins—
have been investigated, demonstrating a clear
dominance of the isoform p, covering over 80%
of the total GST activity, and a low enzyme activ-
ity of all isoforms together [114]. The authors
suggested that the chemosensitivity of GCTs
could be related to these findings. In a different
study, GST p was detected only in mature ter-
atomas, but hardly in other histological tumor
components. A clear staining was only seen in a
few of the refractory cases; however, the differ-
ences between refractory and responsive tumors
were not significant [108].

In conclusion, most invasive GCTs lack export
pumps with affinity for CDDP and show low
levels of GST activity. It is conceivable that these
features contribute to their chemosensitivity. On
the other hand, even though it is probably not a
common resistance mechanism, overexpression
of selected transporters or GST p and/or an
increased content of glutathione may contribute
to chemotherapy resistance in individual cases
of GCTs.

Some data are available on the binding of
CDDP to DNA in different cell lines, including
GCTs [115–117]. A wide range of CDDP-DNA
adducts is seen in cancer cells of different origin
following exposure to the drug. As GCT cell lines
do not show higher numbers of DNA adducts
compared to other cell lines, it can be concluded
that none of the steps described above is partic-
ularly more effective in GCTs than in other
tumors.

Therefore, explanations for the unique sensi-
tivity of GCTs are more likely to be found in the
response to DNA damage than in factors affect-
ing DNA binding.
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DNA Repair Pathways

Nucleotide Excision Repair

It has been suggested that embryonic stem cells
are equipped with efficient defense mechanisms
to cope with damaged DNA, either by removal 
of damage by repair mechanisms, or by elimina-
tion of irreparably damaged cells via apoptosis
[118,119]. Similar importance of this control
mechanism can be expected for germ cells,
which share many properties of embryonic stem
cells, in order to limit the risk that mutations are
being passed on to the next generation. The role
of DNA repair pathways in sensitivity and resist-
ance of GCTs has been addressed in different
studies. Of the various DNA repair mechanisms,
the nucleotide excision repair (NER) pathway is
supposed to be of major importance when
CDDP exposure has resulted in covalent DNA
lesions that distort the DNA helix [120]. The
CDDP is removed slowly from the genomic DNA
in different GCT-derived cell lines, indicating a
low capacity of the respective DNA repair
pathway (i.e., NER) [116]. However, in two
CDDP-resistant sublines the DNA repair capac-
ity was unchanged compared to their parental
line [121]. The low intrinsic capacity of the NER
demonstrated in GCT cell lines has been attrib-
uted to low levels of xeroderma pigmentosum
complementation group A protein (XPA) [122].
Yet, in another study, the XPA levels found in
GCT cell lines were not substantially lower than
in other tumor cell lines investigated, and no
correlation between XPA and sensitivity to
CDDP was seen in three GCT cell lines [123].
Furthermore, with regard to the clinical situa-
tion, data from experiments with cell lines must
be interpreted with some caution, as has been
shown by the study cited above, as no differences
in XPA expression in tumors were found by
immunohistochemistry between samples of
GCTs refractory or sensitive to chemotherapy
[123]. Therefore, low XPA levels cannot serve as
a universal explanation for the sensitivity to
chemotherapy, and XPA has no predictive value
in these tumors. Alternatively, it has been pro-
posed that the DNA adducts could be concealed
by testis-specific high mobility group (HMG)-
box proteins preventing damage detection and
repair by NER factors [124]. Given the circum-
stance that many factors are involved in NER, it
is conceivable that factors other than XPA can

contribute to the overall low repair activity,
thereby influencing the chemosensitivity of
GCTs [100].

Base Excision Repair

Small base alterations that do not distort the
DNA helix are eliminated by the base excision
repair (BER) pathway. In the treatment of GCT,
this type of damage is found after use of ioniz-
ing radiation or bleomycin [125]. In vitro over-
expression of Ape1/ref1 in GCT-derived cell lines
resulted in a twofold resistance to bleomycin
[126]. Again, these data from in vitro experi-
ments are difficult to interpret with regard to
their clinical value, as the majority of GCTs
investigated displayed a strong immunohisto-
chemical staining for this factor, and bleomycin
is never used as a single agent in the therapy of
metastatic disease. Therefore, a major effect of
mere protein levels of Ape1/ref1 in determining
chemotherapy resistance is unlikely.

Mismatch Repair

The DNA mismatch repair (MMR) pathway
seems to act as a link between damage recogni-
tion and initiation of apoptosis after cisplatin
treatment [127]. Defects of MMR factors lead to
instability of short repetitive DNA sequences
called microsatellite instability (MSI), which can
provide information about the functional capac-
ity of the MMR system. Losses or defects of
MMR factors can confer resistance to a whole
range of cytotoxic agents, including CDDP,
alkylating agents, methotrexate, and the topoi-
somerase II inhibitor doxorubicin [128,129].
Possibly, resistance can be explained by the
acquisition of secondary mutations (e.g., in
effectors of apoptosis due to genetic instability).
Alternatively, assuming a critical role of the
MMR in linking the detection of damage to
apoptosis, respective defects would directly
result in failure to initiate the apoptotic cascade.
On the other hand, patients with colorectal
cancer showing MSI did not only have a better
prognosis, but also showed better treatment
response to 5-fluorouracil–based chemotherapy,
indicating that MSI can have different effects 
in different tumor entities [130]. Interestingly,
MMR-deficient cells have shown an abrogated
G2/M cell cycle checkpoint and decreased apop-
tosis following DNA damage [131,132]. Germ
cell tumors have been found to be microsatellite
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stable in previous studies [128,133]. This was
confirmed in a series of 100 unselected GCTs,
where only 6% of the cases showed MSI in at
most one out of eight investigated loci. In con-
trast, five of 11 (45%) tumor samples from
patients with refractory disease had unstable
microsatellites, four of them in at least two loci.
This suggests that failure to initiate apoptosis
due to defects in MMR might contribute to
resistance in a significant number of GCT [134].
Interestingly, yeast knockout cells for sky1, a
serine/arginine-rich protein-specific kinase,
shown to be a cisplatin-sensitivity gene [135],
also show this mutator phenotype. Indeed, cis-
platin-resistant GCT show a significant lower
SRPK1 (the human counterpart of sky) com-
pared to sensitive GCTs [136]. Yet, further inves-
tigations of this topic are warranted to validate
this finding in a larger number of refractory
cases and to confirm the clinical relevance and
the potential predictive value of these findings.

The Role of TP53 in Germ Cell Tumors

TP53 is known to play a dual role in stress
response. On the one hand, it mediates a G1/S-
phase cell cycle arrest via transactivation of p21,
allowing time for DNA repair. Furthermore,
TP53 can lead to apoptosis via the mitochondr-
ial (intrinsic) pathway, for example, by induction
of BAX [137, for review]. In contrast to other
solid tumors, p53 is hardly ever found to be
mutated in GCTs, even though GCT cell lines do
not have an overall lower frequency of muta-
tions, both spontaneous and induced, compared
with other cell lines [138]. At the same time,
TP53 can be detected immunohistochemically in
most GCTs. Therefore, a high level of wild-type
TP53 in GCTs has commonly been regarded as
the biological explanation for the chemosen-
sitivity of this entity. However, experimental 
evidence supporting this idea is partly based on
studies in mouse teratocarcinoma cell lines
[125,139], whereas data on human cell lines are
conflicting [117,140].

In two studies, the TP53 status in tumor
samples from refractory patients was analyzed.
In relapsed GCTs, p53 mutations were detected
in four of 28 tumors; three of them were mature
teratomas, and the remaining one a secondary
non–germ cell malignancy derived from a ter-
atoma [141]. All mutation-containing tumors,
therefore, belonged to intrinsically chemother-

apy resistant histological subgroups, making it
difficult to assess the contribution of the TP53
status to the clinical behavior. In another study,
no p53 mutations were found in a group of 18
refractory cases, except in one sensitive case, and
TP53 levels were comparable to those of sensi-
tive and unselected cases [142]. For the majority
of refractory GCT patients p53 mutations are
unlikely to be the cause of treatment failure.
In conclusion, the level of TP53 alone cannot
explain the chemotherapy sensitivity of GCTs
and has no predictive value with regard to
chemotherapy resistance. Another level of com-
plexity is introduced by the fact that the TP53
pathway can be influenced by a number of other
factors, such as phosphorylation, acetylation,
sumoylation, and binding to other proteins
[143]. Therefore, inactivation of TP53 might
occur at different levels. For example, a specific
role of p73, a family member of the p53 gene
family interacting with TP53, has been reported
in the response to ionizing radiation of the testis,
and p63, another member of the same family,
has been found in GCT of a certain histological
subtype [144]. Future research has to elucidate
the importance of these factors for chemother-
apy response of GCTs.

Execution of Apoptosis

The rapid induction of apoptosis following
exposure to CDDP has been interpreted as an
inherent property of the cell of origin (i.e., an
early germ cell) to undergo programmed cell
death [101]. In view of the potentially disastrous
consequences of passing on genetic defects to
the next generation, it is tempting to speculate
that the extreme sensitivity of germ cells to
apoptotic stimuli serves as a kind of quality
control.Although this might be one of the factors
explaining the overall sensitivity of GCT, it is
conceivable that resistance can emerge from
failure to execute apoptosis in the rare case of
refractoriness.A number of findings point to dif-
ferent levels of disruption of the apoptotic
pathway, including the BCL2/BAX family, the
CD95 death pathway, and downstream effectors
like caspases.

In GCT-derived cell lines the sensitivity for
etoposide—after CDDP the second most com-
monly used drug for GCTs—was ascribed to a
high ratio of proapoptotic BAX to antiapoptotic
BCL-2, both members of the BCL-2 family acting
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downstream of p53 [145]. No such correlation
was found in four different GCT cell lines treated
with CDDP.After exposure to the drug, no induc-
tion of BCL2 and BAX was observed [146]. Two
studies on GCT samples have confirmed the high
BAX/BCL2 ratio in invasive components.
However, in both studies, no correlation of BAX
or BCL2 with clinical outcome was evident
[108,147]. When BCL2 was overexpressed in
GCT cells, the somewhat unexpected finding of
increased sensitivity to cytotoxic drugs was
explained by the reciprocal downregulation of
another proapoptotic protein, BCL-XL [148].

A role for the “extrinsic” death pathway
involving FAS/FAS-L has been described in
paracrine signaling regulating apoptosis of germ
cells [149,150]. However, data on expression of
FAS and FASL in GCT is controversial [151,152].
The fact that treatment with CDDP results in
activation of this system, and the observation
that the CD95 apoptotic pathway is lost in a
CDDP-resistant GCT cell lines indicates a poten-
tial role in CDDP sensitivity in GCT [153].A high
frequency of FAS inactivating mutations has
been observed in TGCTs, and has been inter-
preted as an early step in the pathogenesis of this
cancer [154]. Using direct sequencing of multi-
ple TGCTs, we have not been able to confirm this
finding (unpublished observations).

Finally, CDDP resistance in a GCT cell line 
has been shown to be mediated by a failure to
activate caspase-9 [155]. This indicates that
alterations of downstream effects in the mito-
chondrial, “intrinsic” pathway can also lead to a
resistant phenotype. The importance of these
findings has yet to be confirmed in samples from
patients with GCTs to assess their relevance in
clinical resistance.

Extracellular Factors Influencing the
Efficacy of Chemotherapy

So far, only cellular factors affecting platinum
activity have been discussed. Yet, as a drug first
has to reach the tumor cell in order to exert its
action, a number of extracellular factors are
likely to be involved in therapy resistance. An
increased diffusion distance from vessels to
tumor cells by changes in the extracellular
matrix may cause reduced intracellular CDDP
concentration. Microvessel density or the com-
position of the extracellular matrix will addi-

tionally determine the efficacy of treatment.
Large metastases in patients with GCTs will at
least be partly hypoxic as indicated by extensive
necrotic areas in many of these tumor masses. A
range of cytotoxic agents have recently been
tested under hypoxic conditions in GCT cell
lines [156]. The relative effect of hypoxia in
decreasing apoptosis was mainly dependent on
the cell line and to a lesser extent on the drug,
but without exception, all drugs were less effec-
tive under hypoxic conditions. This indicates
that hypoxia, either due to poorly perfused
tumors, or lowered oxygen concentration in the
blood, for example, as a consequence of anemia,
could contribute to the occurrence of resistance
in GCTs. In the clinical setting, this model has led
to the design of treatment strategies that aim at
preventing anemia by the concomitant use of
erythropoietin, a hematopoietic growth factor,
with chemotherapy (C. Bokemeyer, personal
communication).

Cell Cycle Arrest and the Intrinsic
Cisplatin-Resistance of Mature
Teratoma and Secondary Non–Germ
Cell Malignancies

Teratomas

Mature teratomas are clinically resistant to
effects of chemotherapy. This is somewhat 
surprising, as no genetic differences between
mature teratoma and the invasive components of
GCTs could be demonstrated so far [157]. There-
fore, their resistant phenotype must be due to
subtle or so far unidentified genetic changes.
Alternatively, and more likely, intrinsic resist-
ance of somatic tissue, possibly related to epige-
netic gene-expression regulatory events, is
underlying the resistance of these tumors. In
contrast to invasive GCT components, epithelial
tissues of mature teratomas were found to
express MDR, MRP2, BCRP, and LRP by
immunohistochemistry. Furthermore, the pres-
ence of GST p has been demonstrated in tissue
of mature teratoma. A further difference can 
be observed in the expression of the cell cycle–
associated proteins p21 and RB. In contrast to
other invasive components of GCTs, mature ter-
atomas have been found to express RB and p21,
suggesting the ability of these components to go
into G1/S cycle arrest [108]. In fact, several
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studies have reported on a deregulated G1/S
checkpoint in GCTs. For example, a significant
lack of the cell cycle regulator RB has been
described for both seminomas and nonsemino-
mas [158]. Interestingly, cells lacking p21 were
found to have a reduced ability to repair CDDP-
induced DNA damages and showed an increased
sensitivity to this agent [159]. Because embry-
onal carcinoma is the precursor of the more 
differentiated nonseminomatous elements, this
phenomenon is most likely not due to a genetic
inactivation of the cell cycle checkpoint. Alter-
natively, this could be related to the embryonic
origin of these tumors: expression of RB and
p19ink4d, a cyclin-dependent kinase inhibitor, is
lacking both in human fetal gonocytes and
CIS/ITGCNU [160]. This finding has been inter-
preted as yet another indicator that the precur-
sor lesion of TGCTs arises from an early,
developmentally arrested germ cell [42]. In addi-
tion, unlike the other invasive GCT components,
mature teratomas show a low BAX/BCL2 ratio
[108]. Further evidence that induction of differ-
entiation plays a role in treatment resistance of
GCTs comes from in vitro analyses of the embry-
onal carcinoma cell line Tera-2 [161]. Using all-
trans-retinoic acid, increased differentiation of
these cells was accompanied by reduced sensi-
tivity to CDDP due to reduced apoptotic suscep-
tibility. Taken together, these findings suggest
that mature teratomas may respond to CDDP-
induced DNA damage by upregulating p21 and
induction of cell cycle arrest rather than under-
going BAX-mediated apoptosis, possibly related
to their loss of embryonic characteristics.

Teratomas with Malignant Transformation
or Secondary Non–Germ Cell Malignancies

This rare but clinically significant occurrence in
GCTs refers to the transformation of a somatic
teratomatous component in a nonseminoma to
histologies resembling tumors of a primary
somatic origin [162]. The clonal GCT origin 
of these lesions can be confirmed by the
identification of isochromosome 12p or excess
12p copy numbers, the genetic hallmark of type
II GCTs [77,98]. Most frequently found histolo-
gies are rhabdomyosarcomas, primitive neurec-
todermal tumors, enteric adenocarcinomas, and
leukemias. The latter occur virtually only after
mediastinal nonseminomas. If the malignant
transformation is confined to lesions that are

resectable by radical surgery, this treatment
approach can offer definitive cure. However, if
complete resection is not possible, for example,
due to disseminated disease or infiltration of vital
organs, prognosis is poor, with a median survival
of less than 3 years [163]. Recently, a chart review
of a series of more than 60 patients with second-
ary non–germ cell malignancies from one single
institution has been published [98]. It was
reported that with chemotherapy, dictated by the
transformed histology, some responses could be
achieved, indicating that systemic treatment
might confer benefit for a minority of these
patients. Limited by the small size of this study,
this analysis shows that the histological sub-
types primitive neuroectodermal tumor and
rhabdomyosarcoma seem to respond better to
chemotherapy than malignancies in patients pre-
senting with adenocarcinoma or leukemias as
transformed histology of their GCT. It is an inter-
esting observation that chemotherapy strategies
adapted from somatic tumors for these malig-
nant transformations (e.g., 5-fluorouracil treat-
ment for adenocarcinoma), showed some effect,
whereas CDDP-based therapy (usually the most
effective treatment in GCTs) has no role in this
situation [98]. Given that clonality with GCT was
cytogenetically proven in a number of these
tumors, it is tempting to speculate on epigenetic
changes occurring during somatic differentiation
decrease sensitivity to DNA damage and could be
a major factor explaining cisplatin-resistance in
GCTs.

In summary, the available data indicate that
the chemotherapy-resistant phenotype of ma-
ture teratomas and secondary non–germ cell
malignancies results from the concerted expres-
sion of different resistance factors in the line of
somatic differentiation, affecting multiple cellu-
lar functions like drug export, cell cycle control,
and regulation of apoptosis.

Conclusions and Perspectives
In recent years significant progress has been
made regarding our knowledge about different
factors and pathways involved in GCT sensitiv-
ity and resistance. Yet the overall picture is just
beginning to evolve. The exquisite chemosensi-
tivity of GCTs seems to be the consequence of an
inherent property of germ cells and embryonal
cells to readily undergo cell death upon apop-
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totic stimulation. This might be due to a favor-
able combination of factors including a lack of
drug export and detoxification mechanisms, low
DNA repair capacity, and sensitive DNA damage
detection systems with effective subsequent ini-
tiation and execution of apoptotic pathways in
the vast majority of cases.

As the phenotype of mature teratomas is most
likely a consequence of somatic differentiation
rather than a tumor specific alteration, it is 
conceivable that it will be difficult to develop 
a systemic treatment approach that is able to
eliminate mature teratomas without at the same
time affecting regular somatic tissues showing
identical histological differentiation. Any such
treatment will elicit unacceptable toxicities.
Complete surgical resection of residual teratoma
after chemotherapy therefore remains the ade-
quate treatment approach to date.

No uniform explanation for the development
of a resistant phenotype in invasive GCT com-
ponents can be offered yet. A significant propor-
tion of these cases may be caused by defects in
the MMR system resulting in microsatellite
instability. Whether the observed resistance is
the direct consequence of failure to detect DNA
damage caused by CDDP and to subsequently
initiate apoptotic pathways, or an indirect con-
sequence of the accumulation of mutations
affecting apoptotic effectors remains to be deter-
mined. On the other hand, overexpression of
export pumps or enzymes detoxifying drugs
might confer resistance in only a small number
of cases, but does not account for the majority of
patients suffering from chemotherapy resistant
GCTs.

In view of the variety and complex interac-
tions of pathways resulting in or preventing cell
death, methods with the ability to investigate
multiple factors at the same time are probably
necessary to further elucidate the mechanisms of
resistance and possibly be able to predict the
response to chemotherapy in the future.
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Penile Cancer



Penile cancer is a relatively rare disease in devel-
oped countries. The incidence in Europe is 1 per
100,000 men per year with a mean age at diag-
nosis of 60 years. Higher incidence rates have
been reported in Africa, Asia, and in parts of
South America [1–3]. Approximately 95% of all
penile cancers in developed countries are squa-
mous cell carcinomas (SCCs); the remaining 5%
are nonsquamous primary neoplasms such as
sarcomas, melanomas, basal cell carcinomas, and
lymphomas. Penile carcinomas include several
different histological subtypes. The majority 
are well-differentiated keratinizing SCCs; the
second most common subtype is verrucous 
carcinoma, and less prevalent types include
basaloid carcinomas and warty carcinomas. A
further subtype is the giant condyloma of
Buschke-Löwenstein (GCBL). There is confusion
in the literature with regard to this tumor, be-
cause some investigators believe that GCBL is
simply a clinical variant of verrucous carcinoma;
in contrast, others regard these lesions as dis-
tinct entities. Although the GCBL tumor shows
none of the histological criteria for malignancy,
it behaves like a carcinoma, with a tendency to
compress and displace deeper tissues by down-
ward growth rather than by infiltration or metas-
tasis. Invasive penile cancer initially occurs on
the glans (48%), the prepuce (25%), the glans
and prepuce (9%), the coronal sulcus (6%) and
the penile shaft (2%) [4].

Three preneoplastic lesions of the penis 
have been described: erythroplasia of Queyrat,
Bowen’s disease, and bowenoid papulosis. These

lesions have also been referred to as high-grade
penile intraepithelial neoplasia (PIN), dysplasia,
and carcinoma in situ. However, the minor his-
tological differences between bowenoid papulo-
sis and Bowen’s disease and erythroplasia of
Queyrat do not allow for an accurate diagnosis
on the basis of histological findings alone. Essen-
tially, they are distinguished on the basis of clin-
ical features. Bowenoid papulosis and Bowen’s
disease both occur on the penile shaft, whereas
erythroplasia is found on the glans or pre-
puce. Characteristic features include papules in
bowenoid papulosis, crusted and scaly plaques
in Bowen’s disease, and erythematous plaques in
erythroplasia of Queyrat. Bowenoid papulosis
usually presents in men aged 20 to 40 years,
Bowen’s disease at 30 to 50 years, and erythro-
plasia of Queyrat at 40 to 60 years. The incidence
of progression to invasive SCC is more common
for erythroplasia of Queyrat than for Bowen’s
disease, with an incidence varying from 10% to
33% [5,6]. Patients with carcinoma in situ of the
penis are usually uncircumcised.

Etiology
The development of penile cancer is most likely
a stepwise chain of events over a period of years,
from preneoplastic lesions to SCC. The etiology
of penile SCC is probably multifactorial [7]; poor
personal hygiene associated with smegma reten-
tion, and phimosis are the most commonly
incriminated. Other factors that have been asso-
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ciated with this tumor include balanitis xerotica
obliterans (BXO), a history of smoking, and
human papillomavirus (HPV) infection. Men
exposed to psoralens and ultraviolet irradiation
for psoriasis are also at higher risk of develop-
ing penile cancer.

Personal Hygiene and Circumcision

Although there are data suggesting that circum-
cision at birth provides excellent protection
against penile cancer, equally low incidence rates
can be achieved in uncircumcised males who
practice good hygiene. Indeed, the incidence of
penile cancer has been reported to be falling in
uncircumcised men. In one study, a decreasing
penile cancer rate of 0.82/100,000 was found in
Denmark (where circumcision is uncommon)
compared with an incidence of 1/100,000 in the
United States [8].

Phimosis and Balanitis 
Xerotica Obliterans

Phimosis has been reported to be present in 44%
to 85% of men with penile SCC [7]. Balanitis
xerotica obliterans (BXO) of the penis is a well-
recognized inflammatory dermatosis that causes
atrophic and sclerotic changes; this may lead to
secondary problems with phimosis and meatal
strictures. The association of SCC arising on a
background of BXO has not been examined as
fully in males as has lichen sclerosus for vulvar
SCC in females. It is known that about 40% of

penile SCC also have histological changes of
BXO [9,10]. However, the pathogenesis of penile
SCC developing in BXO has never been
described. One study described 86 patients with
penile BXO, three of whom (3%) subsequently
developed SCC [11]. However, phimosis often
accompanies BXO. It therefore remains unclear
whether phimosis is a more important etiologi-
cal factor than BXO itself.

Smoking

A consistent association has been found be-
tween penile cancer and smoking that is dose
dependent [7]. In a multivariate analysis of risk
factors in 503 patients with penile cancer and
age-matched controls, phimosis (odds ratio 7.2),
smoking (odds ratio 1.7), chewing tobacco
(odds ratio 4.1), or the use of snuff (odds ratio
4.2) were shown to be independent variables
[12].

The Human Papillomavirus

Prevalence in Penile Cancer (Table 23.1)

The HPV has been detected in 15% to 80% of
penile carcinoma specimens, depending on the
sensitivity of the detection method and the
selection of the tumor type [13–20]. In studies of
more than 100 patients and utilizing polymerase
chain reaction (PCR)-based techniques, HPV
prevalence in penile carcinoma is 22% to 63%
[15,19,20]. In the largest multicenter study of
patients with penile cancer to date, of 142

Table 23.1. Prevalence of human papillomavirus (HPV) DNA in penile lesions in Europe
and the United States

Overall HPV-DNA High-risk HPV-DNA
Genital lesion positivity (%) positivity (%)

Penile SCC 40 80–90
Verrucous 20 30
Keratinizing 30 80
Basaloid 80 100
Warty 80 100

Penile carcinoma in situ 90 80
Anogenital condylomas 100 5–10

Low-risk HPVs: -6, -11.
High-risk HPVs: -16, -18, -31, -33, -39, -42, -51, -52, -53, -54.
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patients from the United States and Paraguay,
HPV-DNA was detected in 40 (42%) patients
[19]. DNA amplification was performed using a
novel, sensitive, broad-spectrum HPV PCR
assay. There was no significant difference
between HPV prevalence in tumors from
Paraguay and the United States.

A comparison of HPV prevalence rates in
penile, cervical and vulvar carcinoma indicate
that the etiology and the pathogenetic pathways
of penile SCC may parallel the pathogenetic
pathways of vulvar, but not cervical, carcinoma.
Indeed, the overall prevalence of HPV-DNA in
penile carcinoma is lower than in cervical carci-
noma (approximately 100%) [21,22] and similar
to that reported for vulvar carcinoma (approxi-
mately 50%) [23]. Moreover, the correlation
between HPV-DNA detection and histological
tumor subtypes is similar in vulvar and penile
carcinoma. In one study, the basaloid subtype 
of penile carcinoma was HPV-DNA–positive in
80% (12 of 15) cases and was associated with
HPV-16 [19]; in another study, HPV-16 was
detected in 82% (nine of 11) cases of the basa-
loid subtype [24]. With regard to the warty
subtype of penile carcinoma, overall HPV-
DNA positivity was 100% (five of five) [19] 
and HPV-16 positivity was 60% (three of five)
[24].

The HPV status of verrucous carcinomas of
the penis has been assessed in several reports; of
26 cases, only three have been found to be posi-
tive for HPV-DNA (12%), and all were positive
for low-risk HPVs [13,15,25–28]. Some authors
advocate that screening for HPV may be a useful
adjunct in differentiating GCBL from verrucous
carcinoma. Indeed, published reports suggest
that GCBL is always associated with HPV infec-
tion. However, in view of our current under-
standing, the presence or absence of specific
HPV types cannot be used to predict malignant
transformation.

Prevalence in Carcinoma in Situ

Approximately 90% of carcinoma in situ are
HPV-positive, of which around 80% are high-
risk HPVs; HPV-16 is the most frequently
detected [13,19]. These findings suggest that 
carcinoma in situ may be a precursor lesion 
to only a subset of invasive carcinomas,
which would include the basaloid and warty 
subtypes.

Oncogenic Effect of Human
Papillomavirus
High-Risk and Low-Risk Human
Papillomavirus

The ability of genes to extend the life span of
cells in culture indefinitely is termed immortal-
ization. By contrast, transformation requires the
acquisition of at least some of the properties
characteristic of malignant cells, in particular
autonomous proliferation. So-called low-risk
HPV subtypes 6 and 11 have a strong tendency
to induce anogenital condylomata, but are rarely
associated with genital cancer. They do not have
immortalizing or transforming properties. In
contrast, so-called high-risk HPV subtypes 16,
18, 31, 33, 39, 42, 51, and 54 are linked with genital
carcinoma. Immortalizing activities of HPV-16
and HPV-18 DNA have been demonstrated 
in cultures of primary human keratinocytes,
cells that resemble the normal target of the virus
[29].

High-risk HPVs exert their oncogenic effect
by expressing the oncoproteins E6 and E7, which
bind to and inactivate the p53 and retinoblas-
toma (Rb) tumor-suppressor products, respec-
tively. These activities obviate the need for
(epi)genetic alterations, leading to disturbance
of the p14ARF/MDM2/p53 and p16INK4A/cyclin
D/Rb pathways. Alteration of these pathways is
among the most common alterations seen in
human carcinomas, and it has been firmly estab-
lished that inactivation of these pathways is
essential for the genesis of the great majority of
human malignancies [30].

HPV-E7 Viral Oncoproteins and
p16INK4A/Cyclin D/Rb Pathway

The protein product of the Rb tumor-suppressor
gene and other Rb family members, including
p107 and p130, can block cell cycle progression
from the G1 to the S phase. In its active state, Rb
is hypophosphorylated and binds to a number of
transcription factors, most notably members of
the E2F family. Cyclin-dependent kinase (CDK)
phosphorylation of Rb inactivates Rb. As a con-
sequence, transcription factors are released from
Rb, allowing them to mediate transcriptional
activation of S-phase genes. The binding of
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HPV-E7 proteins to Rb and Rb-related proteins
equates with functional inactivation of Rb;
higher affinity binding can be detected for E7
proteins of high-risk HPVs than for those of
low-risk HPVs such as HPV-6 and HPV-11.
Additionally, the E7-induced ubiquitin-mediated
degradation of Rb appears to be essential to
efficiently overcome cell cycle arrest. E7 may also
degrade Rb family members [31].

There is substantial genetic evidence that only
one component in the p16INK4A/cyclinD/Rb path-
way needs to be inactivated for neoplastic clonal
expansion [32,33]. Evidence from studies in 
lung cancer suggests that there are important
phenotypic differences between cells that have
inactive Rb but active p16 function, as compared
to cells with active Rb and inactive p16 [32,34].
For example, Rb undergoes mutational inactiva-
tion in the genesis of 90% of small cell lung
cancers, whereas in non–small-cell lung cancer,
the preferential target is p16. In many SCCs 
that do not reveal viral involvement, the
p16INK4A/cyclinD/Rb pathway is commonly dis-
rupted through mutation, deletion, or hyperme-
thylation of the p16 gene, resulting in reduced or
absent p16 expression [35,36]. Data from func-
tional studies in mice suggest that overexpres-
sion of the polycomb group (PcG) gene BMI-1
can provide a further alternative mechanism to
downregulate p16 [37]. In contrast, where the 
Rb protein is functionally inactive either as a
consequence of gene mutation or binding of
high-risk HPV-E7 proteins, p16 is released from
negative feedback by Rb, and is expressed at
enhanced levels in these tumors [38]. P16 is a
negative regulator of the cell cycle; its primary
action is to inhibit interaction between CDKs 4/6
with cyclin D1. It also simultaneously releases
free p27Kip1, which can now transfer to form
inhibitory CDK2/cyclinE/p27 complexes.

HPV E6 Viral Oncoproteins and
p14ARF/MDM2/p53

The p53 tumor-suppressor gene is located on
chromosome 17p13.1 and functions as a nega-
tive regulator of cell growth. In response to DNA
damage, it can induce G1 arrest or apoptosis. It
is known that the p53 protein is a transcription
factor that blocks cell proliferation and mediates
G1 arrest via the induction of the p21 gene
(WAF-1). The 21-kd protein product of this gene

encodes for an inhibitor of the cyclin-dependent
kinases, CDK2 and CDK4; consequently, via
hypophosphorylation of Rb and subsequent E2F
binding, the cell cycle is prolonged in the G1
phase.

Mutations in the p53 gene are very common
in almost all solid tumors, with the exception of
anogenital carcinomas [39]. This suggests that
HPV targeting of p53 protein is an alternative to
p53 gene mutation as a mechanism for p53 inac-
tivation. The carcinogenic effect of HPV may be
explained, in part, by the transforming viral
protein E6, which binds to and induces the
degradation of p53 protein through the ubiqui-
tin pathway [40]. It has been proposed that 
the existence of a common polymorphism of the
p53 gene at codon 72, which results in trans-
lation to either proline (p53Pro) or arginine
(p53Arg), could play a critical role in the devel-
opment of mucous and cutaneous SCC [41]. One
study has shown that the protein E6 from HPV-
16 and HPV-18 is more effective at degrading
p53Arg than p53Pro in vivo; HPV-11 E6 is less
active toward p53Arg and inactive with p53Pro
[42].

High-Risk HPV-E6 Viral Oncoprotein
and p53-Independent Activities

Activation of Telomerase

The E6 protein has been implicated in the acti-
vation of the enzyme telomerase—a potential
mechanism for HPV-induced immortalization
[43]. Mammalian telomeres are structures at the
chromosomal tips consisting of multiple repeats
of TTAGG, which shorten as a function of divi-
sion in vivo as a consequence of an intrinsic
inability to replicate the 3’ end of DNA. Telom-
erase replaces the telomeric repeats and is not
normally expressed in somatic cells. Activation
of telomerase enables cells to escape from the
senescence signaled by telomeric shortening.
Regulation of telomerase activity has been
shown to occur primarily through the level of
expression of the human telomerase reverse
transcriptase (hTert) gene, encoding the cat-
alytic subunit. The precise mechanism of telom-
erase activation by E6 protein is unknown; the
current favored mechanism is transcriptional
activation of the promoter of the hTert gene 
[44].
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Interaction with PDZ Domain-Containing
Proteins

High-risk E6 proteins interact with several PDZ
domain-containing proteins like hD1g [45],
MUPP1 [46], and MAG-1, -2, -3 [47], resulting 
in their ubiquitin-mediated degradation. PDZ
domains consist of approximately 90 amino acid
long protein–protein interaction units located at
areas of cell–cell contact, such as synaptic junc-
tions in neurons and tight junctions in epithelial
cells. It is suggested that PDZ proteins act as
molecular scaffolds.

p14ARF/MDM2/p53 and
Pathways in Human
Squamous Cell Carcinoma of
the Penis
In the largest study to date, the frequency of p53
gene mutations was 33% (seven of 21) in SCC of
the penis [48]. This included only 22% (two of
nine) HPV-positive tumors, and 42% (five of 12)
HPV-negative tumors. In a study of 45 French
men with penile SCC, the p53 Arg/Arg genotype
was not a risk factor for the development of SCC,
and no correlation was found between p53 poly-
morphism at codon 72 and the presence of HPV-
DNA [49].

Nuclear immunopositivity for p53 has been
detected in 26% to 41% of cases [48,50,51]. This
difference could be attributable to the different
antibodies used in these series. The simultane-
ous presence of p53 protein accumulation and
DNA of high-risk HPV types appears to be a
common finding in cervical and penile lesions.
In one study, p53 immunopositivity was detected
in 40% (17 of 42) penile carcinomas, most of
these being also HPV-DNA positive [50]. P53
immunoreactivity is an independent prognostic
factor for lymph node metastasis in penile car-
cinoma [51].

In contrast, two studies have compared the
clinical outcomes of patients with HPV-positive
versus HPV-negative penile carcinomas. Both re-
ported no difference in lymph node metastasis
rates or survival [52,53].

p16INK4A/Cyclin D/Rb Pathways
in Human Squamous Cell
Carcinoma of the Penis
In a recent study, alterations pointing to a dis-
turbed p16INK4A/cyclin D1/Rb pathway are com-
monly present in penile carcinomas [54]. Three
alternative mechanisms of disruption were
identified (Fig. 23.1); activity of high-risk HPV
and the resulting increase in p16INK4A expression
was the most frequently detected mechanism,
followed by p16INK4A hypermethylation and BMI-
1 overexpression. Strong p16 immunostaining
was found in 65% of the tumors containing
HPV-DNA; this frequency increased to 81%
when only the high-risk HPV-positive cases 
were considered, and 92% when the analysis 
was restricted to the HPV-16–positive cases with
E6/E7 expression. In contrast, in tumors without
HPV-DNA, only 6% stained strongly for p16. The
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Fig. 23.1. Simplified models depicting effect of alterations in
the p16INK4A/cyclin D/Rb pathway on cell cycle progression and
p16 protein expression. A: Effect of p16 gene alteration. B: Effect
of HPV-E7 oncoprotein binding to Rb.
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frequency of p16INK4A promoter methylation was
higher in HPV-DNA–negative tumors (21%)
than in HPV-DNA–positive cases (10%). The
suggestion again is that penile carcinoma is eti-
ologically heterogeneous, with only a proportion
of cases attributable to HPV infection.

Conclusion
The great majority of penile carcinomas diag-
nosed in Europe and the United States are of
a nonbasaloid, nonwarty histological type. At
present, an etiological relationship with HPV
seems most plausible for penile carcinomas of
the basaloid or warty subtypes; the precursor
lesion is likely to be carcinoma in situ. In con-
trast, the precursor lesion for keratinizing SCC
or verrucous carcinoma of the penis is not well
established. Moreover, a further assessment of
BXO in the absence of phimosis, or after cir-
cumcision, is needed to determine its role as an
independent risk factor for the development of
invasive penile cancer. It is also becoming clear
that the mere presence of HPV is insufficient to
have prognostic implications. Demonstration of
HPV-mediated alterations in signaling pathways
appears to be necessary. Currently, detection of
elevated p16 expression appears to be a poten-
tial biomarker of HPV-mediated Rb inactivation
in penile SCC.
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Epidemiology and Etiology

Penile malignancies are uncommon in most
parts of the world, but there is a striking geo-
graphical variation around the world. While the
age-adjusted incidence rate is less than 1 per
100,000 in Europe and North America, in parts
of South America, Africa, and India, the inci-
dence is as high as 12 per 100,000 men [1]. Even
within a country, there are marked regional vari-
ations. In Brazil the incidence of penile cancer is
as high as 28 and 50 per 100,000 men in the cities
of Sao Paulo and Recife, respectively [2]. Within
Africa, the highest incidence has been reported
from Uganda, where it is the most common
cancer in males [3]. In India the disease is more
common in the rural population with an inci-
dence of 3 per 100,000 people accounting for
more than 6% of all cancers in rural men [4].

In a review of risk factors for the development
of penile cancers, strong risk factors identified
with an odds ratio of more than 10 were phimo-
sis, chronic inflammatory conditions such as bal-
anoposthitis, lichen sclerosis et atrophicus, and
treatment with psoralen and ultraviolet A [5]. A
three- to fivefold increased risk was found for
smoking, sexual history, and condyloma. Cir-
cumcision in the neonatal period was associated
with a threefold decreased risk of penile cancer.
Human papillomavirus (HPV) DNA has been
identified in 40% to 50% of invasive penile car-
cinoma and 70% to 100% of carcinoma in situ
[5].

Natural History, Histology, and
Clinical Presentation
Penile cancers are diagnosed often in the fifth to
seventh decade in the West [3], but in high inci-
dence areas, the disease often manifests one to
two decade earlier [2,6,7]. The disease starts
from the glans, corona, or prepuce, but in certain
parts of the world where delayed presentation is
common, the majority of patients have tumor
extension to penile shaft or groin nodes at the
time of diagnosis [7]. A vast majority of these
invasive cancers are squamous carcinomas or
their variants such as verrucous or basaloid car-
cinoma, and other histologies are very rare [3].
The natural history of penile in situ carcinoma
has not been studied as extensively as cervical
intraepithelial neoplasia. Some reports suggest
more aggressive behavior for in situ penile car-
cinoma with recurrence within 5 years in most
cases, with carcinoma in situ at the resection
margin [8]. Carcinoma in situ or dysplasia has
been reported in one fourth of patients with
invasive penile carcinoma [9]. Certain premalig-
nant lesions of the penis have been identified,
which may progress to invasive penile cancer
over a variable length of time (e.g., leukoplakia,
erythroplasia of Queyrat, Bowen’s disease,
Buschke-Löwenstein tumor, balanitis xerotica
obliterans, etc.). The nomenclature of precancer-
ous lesions in this fashion is quite confusing and
the use of terms penile intra-epithelial neoplasia
grade I, II, III or squamous intraepithelial lesions
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of low and high grade are recommended to avoid
such confusion [10].

Local Spread

Penile carcinomas arise from the mucosa of the
glans or coronal sulcus and sometimes from 
the foreskin of uncircumcised men. The clinical
manifestation depends on the histological type
of the tumor and any time lag before the diag-
nosis. The initial lesion may be warty or verru-
cous, ulcerative, proliferative, ulceroproliferative,
or sometimes like a plaque over the glans. The
tumor then invades deeply to involve the corpus
cavernosa and spongiosum, urethra, and skin of
the shaft, and in very advanced cases it involves
the perineum, scrotum, or prostate.

One of the most elegant studies of clinico-
pathological correlation in penile carcinoma
was reported by Cubilla et al. [11] in 1993. On
the basis of a detailed examination of whole
organ sections of 66 penile resections, they
described the following clinicopathological vari-
ants: (a) verrucous carcinoma (18%): these pap-
illary exophytic tumors of low histological grade
are locally aggressive but vascular or perineural
invasion and lymph node metastases are rare;
(b) superficially spreading carcinoma (42%): this
commonest variety presented with centrifugal
or radial growth to large areas of the epithelial
compartments such as the glans, coronal sulcus,
and the foreskin; (c) vertical growth carcinoma
(32%): these unifocal tumors are characteristi-
cally aggressive, infiltrating deep anatomical
structures, and have a higher histological grade
and a higher propensity for lymph node metas-
tases; and (d) multicentric carcinoma (8%): an
uncommon variety in which there is normal
epithelium in between the multiple foci of
carcinoma. The pattern of spread of the

superficially spreading carcinoma and multi-
centric carcinomas suggests that glans mucosa,
coronal sulcus, and foreskin may be considered
as a single field susceptible to malignant 
transformation.

Nodal Metastasis

Like all squamous carcinomas, penile cancers
have a propensity for lymphatic spread to the
draining lymph nodes in the superficial and
deep inguinal region and later to the iliac chain.
Skip metastasis to the iliac nodes is very unusual
[12,13]. Lymphatic spread is uncommon in the
verrucous cancers of the penis [9,11]. For inva-
sive squamous carcinomas, the risk of nodal
metastases increases with increasing depth of
invasion [12–14], higher T stage, and histologi-
cal grade [12,15]. Early cancers without corporal
invasion and low or intermediate histological
grade have a 6% incidence of nodal metastasis
as opposed to 66% risk in tumors with corporal
invasion or high grade as shown in Table 24.1.
Solsona et al. [13] identified three risk categories
for nodal metastases. The frequency of nodal
metastasis in low risk (T1 G1) was 0/19; inter-
mediate risk (T1 G2/3 or T2/3 G1) was 8/22
(36%); and high risk (T2/3 G3) was 20/25 (80%).
However, tumor infiltration of the corpora cav-
ernosa, urethra, and adjacent structures was not
confirmed as a predictor of nodal metastasis in
a multivariate analysis of 145 Brazilians [19].
Venous and lymphatic embolization was the
only significant predictor of lymph node metas-
tasis in this study.

Metastatic spread to bones, lung, or other
organs at presentation is rare. However, during
follow up, 5% to 10% of patients may develop
distant metastases, generally in the setting of
uncontrolled locoregional disease [3].

Table 24.1. Incidence of nodal metastasis for different T stage and histological grades of penile carcinoma

Nodal metastasis (%) in patients 
with T1, well or moderately Nodal metastasis (%) in patients with

Author [reference] well differentiated tumors corporal invasion

Solsona et al. [13] 1/17 (6%) 27/42 (64%)
Fraley et al. [16] 1/19 (5%) 26/29 (90%)
Theodorescu et al. [17] 2/18 (11%) 12/18 (67%)
Heyns et al. [18] 5/91 (5%) 15/32 (47%)
Total 9/145 (6%) 80/121 (66%)
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Pretreatment Evaluation and
Pitfalls in Staging
For optimum management using the most
appropriate treatment approach and ensuring
best outcome, a simple but systematic pretreat-
ment evaluation is mandatory. A careful history
and interview should also include a history of
sexual practices, sexually transmitted disease,
chronic inflammatory penile conditions, and 
the likely psychosexual impact of a penectomy 
if recommended. The location, type, size, and
extension of the tumor, presence of any prema-
lignant or inflammatory condition, infection, or
phimosis should be documented after examina-
tion by a clinician familiar with this disease.
Clinical evaluation of the primary tumor may
not detect subclinical infiltration in 10% of
cases, whereas in 16% of patients tumor edema
and infection may be mistaken for infiltration
[20]. In small penile tumors, ultrasound was not
found accurate enough in distinguishing inva-
sion of subepithelial connective tissue and inva-
sion into the corpus spongiosum [21]. However,
in more advanced tumors, ultrasound was found
to be more accurate than clinical examination in
estimating the extent of penile tumor, thereby
allowing preservation of a longer penile stump
during partial penectomy [22]. Magnetic 
resonance imaging (MRI) with its multiplanar
imaging and sharp contrast between different
penile structures can identify corporal involve-
ment and local extension with more than 80%
accuracy [23].

Evaluation of groin nodes is best done by
careful palpation of the groin, fine needle 
aspiration cytology (FNAC) from any palpable
nodes, and computed tomography (CT) scan in
cases of clinically suspicious nodes or very obese
individuals. Clinical examination of the groin
may be fallacious, especially in patient popula-
tions that frequently have reactive groin nodes
due to chronic infections or those with infected
fungating tumors. Palpable nodes may be patho-
logically negative in 60% cases if the clinical
node size is <2 cm and in 10% cases if they
measure ≥2 cm [12]. In contrast 15% to 20% of
patients with clinically negative groin have
unsuspected pathological nodal metastases on
groin dissection [24]. In a study comparing
various methods for evaluation of nodal metas-
tasis, FNAC, CT scan, and lymphangiography all

showed 100% specificity but sensitivity was best
for FNAC (71%) as opposed to 36% for CT and
31% for lymphangiography [20].

The first widely used staging systems for
penile carcinoma was proposed by Jackson [25]
in 1966. After the Union Internationale Contre le
Cancer (UICC) tumor, node, metastasis (TNM)
staging was published in 1978 and subsequently
revised in 1987 [26], Jackson’s staging system is
now going out of favor. Of the three staging
systems shown in Table 24.2, the Jackson and
UICC 1978 staging is based on clinical examina-
tion, whereas the UICC 1987 system is essentially
a pathological system. The Jackson staging is
based on the involvement of the penile shaft or
adjacent structures and the operability of groin
nodes. These findings are not only clinically dis-
tinguishable but also useful for treatment deci-
sion making. However, the main disadvantage of
this system is that it groups together tumors with
different sizes and different extents of infiltra-
tion without considering their prognostic and
therapeutic implication. It is also ambiguous
about primary tumors confined to the glans but
with nodal involvement. In the UICC 1978
system, the T stage is based on tumor size and
extent of infiltration and the N stage is based on
the laterality and mobility of regional nodes. In
the latest revision in the UICC TNM staging of
1987, which has been retained in the 2002
version, the T stage is based on the invasion of
the corpus cavernosa and spongiosum, and the
N stage is based on the number, laterality, and
site (inguinal or iliac) of nodal involvement.
Although this provides more refined prognos-
tic information, it is essentially a pathological
staging system and not suitable for patients who
do not undergo a penectomy. Similarly, although
it makes a prognostically very important 
distinction between inguinal and iliac nodal
involvement, it has discarded the previous crite-
ria of node operability, a very important deter-
minant of survival. With inherent limitations of
each of the three staging systems, the UICC 1978
system is perhaps most appropriate for the
initial staging of all cases and as the only staging
of patients not undergoing penectomy or groin
dissection. The UICC 1987 version is useful as a
pathological staging system for patients who
undergo penectomy and ilioinguinal node dis-
section. Replacing the clinical staging system by
a pathology-based staging by the UICC has been
criticized by most authorities [26].
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Biopsy

Histological confirmation of malignancy is
mandatory before planning definitive treatment.
Patients with small lesions restricted to the
prepuce or the penile skin may undergo wide
excision of the same with a healthy margin all
around, which will be both diagnostic and ther-
apeutic in some cases. Lesions involving the
glans, however, require a deep punch or incision
biopsy to confirm malignancy and its histologi-
cal subtype, grade, and invasiveness. In case of a
phimotic preputial sac, a dorsal slit or circum-
cision may be required to obtain an adequate
biopsy sample.

Treatment Options,
Techniques, and Outcome
With a variety of available treatment options for
various stages of the disease, there is no 
evidence-based consensus regarding the best ther-
apeutic approach, especially for early cancers.
Although the relative rarity of the disease in the

developed countries where most randomized
trials are conducted is partly responsible, an
equally important reason for the lack of
evidence-based consensus is the strong bias
among specialists treating this disease.A national
survey in the United Kingdom revealed that irre-
spective of the extent of cancer, the majority of
urologists preferred penectomy, whereas clinical
oncologists preferred radiotherapy [27].

The management of the primary tumor and
nodes has to be considered separately, as the
treatment of the primary is always therapeutic
but treatment of the nodes may be either pro-
phylactic or therapeutic, sometimes using dif-
ferent treatment modalities for the primary and
nodes.

Management of the Penile
Primary Tumor
The management of penile primary tumor has
gradually evolved in the form of surgery, radio-
therapy, and laser excision/ablation. The treat-
ment modality best suited for a patient depends

Table 24.2. Different staging systems for carcinoma penis

Jackson staging, 1966 [25]

Stage 1: Limited to glans and or prepuce
Stage 2: Extending into the shaft or corpora but without nodal metastases
Stage 3: Confined to the shaft with malignant but operable inguinal nodes
Stage 4: Invasion beyond shaft, inoperable regional nodes or distant metastases

UICC TNM staging, 1978 [26]

T stage N stage

T1: Tumor <2 cm, superficial or exophytic N0: No nodal involvement
T2: Tumor 2–5 cm or minimal extension N1: Movable unilateral regional nodes
T3: Tumor >5 cm with deep extension or involvement of urethra N2: Movable bilateral regional nodes
T4: Infiltrates neighboring structures N3: Fixed regional lymph nodes

UICC TNM staging, 1987 [26] (not changed in the UICC TNM 1997 version and AJCC TNM 2002 version)

T stage N stage

T1: Subepithelial connective tissue N0: No nodal involvement
T2: Corpus spongiosum or cavernosum N1: One superficial inguinal node
T3: Urethra, prostate N2: Multiple or bilateral superficial inguinal nodes
T4: Other adjacent structures N3: Deep inguinal or pelvic nodes
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on the patient’s age, the size and extension of the
tumor, the probability of cure and salvage, and
the expected psychosocial impact of amputative
surgery. In the absence of any randomized trial
or even large comprehensive prospective single-
arm studies, and considering the known strong
bias for their own specialty among urologists
and radiation oncologists [27], one has to exer-
cise great caution in interpreting the avail-
able literature. The treatment approach can be
broadly categorized as penile conservative ther-
apy (PCT) or penile amputation.

Penile Conservative Therapy

Because amputative surgery for penile cancer
may lead to major psychosexual dysfunction,
various attempts have been made to devise con-
servative treatment modalities based on careful
oncological, anatomical, and technical consider-
ations. Judicious use of conventional or micro-
graphic surgery, laser ablation, or radiotherapy
can allow preservation of a functioning phallus
in appropriately selected patients with early
cancers. However, there are no comparative
studies and no consensus regarding the best
modality for PCT. The type of cases suitable 
for a particular PCT modality depends on the
size, site, extent of the tumor, and presence 
or absence of invasive carcinoma. Circumcision
has been reported mostly for cancers limited to
the prepuce, conventional/micrographic wide
excision for very small superficial invasive 
carcinoma, laser excision/ablation for in situ or
very select superficial invasive carcinoma, and
radiotherapy for all variants of early penile
cancer. In contrast to 97% to 100% local control
rates with partial penectomy for early penile
cancer, penile control rate with all these PCT
modalities is in the range of 80% to 90% even in
appropriately selected cases. Fortunately, almost
all penile failures after PCT can be successfully
salvaged with a penectomy, thereby allowing
preservation of the phallus and better sexual
functioning in the vast majority of patients, as
shown in Table 24.3.

Wide Excision

For small noninvasive or minimally invasive
lesions confined to the prepuce, circumcision
may be adequate. Wide excision, with con-
firmation of an adequate free resection margin

by intraoperative frozen section examination, is
recommended for small noninvasive or mini-
mally invasive lesions away from the urethra.
Strict case selection is imperative because an
improper selection of patients for conservative
procedures may lead to high local recurrence
rates [33–36]. Although Horenblas et al. [37]
have reported local recurrence in only two of the
11 patients after wide excision or circumcision,
excessive local recurrence rates of 56% for T1
and 100% for T2 tumors was seen after organ-
preserving surgical procedures in another study
from Heidelberg [38]. Conservative treatments
warrant cautious evaluation because of the rela-
tively small number of treated patients and the
lack of good-quality comparative data. Besides,
the functional and aesthetic results are not
always excellent.

Mohs’ Micrographic Surgery

This special surgical technique allows for preser-
vation of maximum normal penile tissue and
gives results comparable to more radical proce-
dures in patients with small lesions involving
distal portion of the glans [38,39]. It entails
removal of diseased tissue in thin layers, accu-
rate construction and mapping of excised tissue,
and confirmation of negative margins by frozen-
section examination of horizontal tissue sec-
tions, and it has the capacity to trace out deeper
unsuspected extension of the disease. However,
when employed for larger lesions, it is rather
time-consuming besides resulting in a mis-
shapen glans or meatal stenosis, with an occa-
sional need of correction or reconstruction of
the same. Strict case selection is crucial as Mohs
reported a 100% local control rate for lesions less
than 1 cm but only a 50% local control rate for
lesions larger than 3 cm in size.

Laser Therapy

There are many reports of laser therapy, using
carbon dioxide and/or neodymium:yttrium-
aluminum-garnet (Nd:YAG) lasers for in situ
and early invasive penile cancer. In appropriately
selected cases laser therapy has the potential for
preservation of normal penile tissue and func-
tion and local control rates comparable with
more radical procedures. Bandiermonte et al.
[40] reported CO2 laser treatment of patients
with T1 lesions, with a 15% relapse rate. Subse-
quently, the Nd:YAG alone or in combination
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with CO2 laser has been successfully used either
for complete destruction of the lesion or for laser
coagulation of the base after partial excision of
the tumor, resulting in satisfactory cosmetic
results as well as good local control [37,41–44].
Following laser photocoagulation of the tumor
base, healing by secondary intention is usually
completed by 8 weeks [37]. However, laser
therapy has the disadvantages of having uncon-
trolled depth of excision, not providing adequate
tissue for pathological examination, and entail-
ing the need for close follow-up to identify local
relapse. Laser therapy is appropriate initial treat-
ment for carcinoma in situ of the penis and
select cases of recurrent carcinoma in situ.
However, these patients need to be carefully fol-

lowed to detect local relapse and should also
practice self-examination [44].

Radiation Therapy

External beam radiotherapy (EBRT) using
megavoltage telecobalt gamma rays or 6 MV
photons from linear accelerators or interstitial
implantation [28] or surface applicators [45] of
radioactive iridium 192 (brachytherapy) has
been used successfully in the treatment of early
penile cancers for more than 50 years. The type
of radiotherapy best suited for a patient depends
on the tumor location, size, thickness, and its
proximity to the urethra. Small, superficial
tumors anywhere over the glans can be treated

Table 24.3. Treatment results of major radiotherapy studies

Author [reference]
institute, mean Treatment modality, Initial Eventual Urethral
follow-up in years, median radiation dose local local control Penectomy stricture
study period (number of patients) control after salvage for necrosis rate

Rozan et al. [28], Implant alone, 63 Gy 218/259 16/259 19/259 79/259
French (184 patients) (84%) (6%) (7%) (31%)
multicenter, 11.7 Implant, 50 Gy + surgery or 
years, 1959–1989 external radiotherapy 

(RT), 40 Gy (75 patients)
Delannes et al. [29], Implants, 60 Gy 42/51 48/51 8/51 21/51

Toulouse, France, (51 patients) (82%) (94%) (16%) (41%)
6.9 years,
1971–1989

Ravi et al. [30], EBRT, 50 to 60 Gy 101/156 152/156 10/156 37/156
Cancer Institute, (128 patients) (65%) (97%) (6%) (24%)
Adyar, India, Implants/molds, 60 to 70 Gy
11.6 years, (28 patients)
1959–1988

Sarin et al. [31] EBRT, 60 Gy (56 patients) 39/69 62/69 2/69 10/69
Royal Marsden, Implants, 60 Gy (13 patients) (57%) (90%) (3%) (14%)
UK, 5.2 years,
1960–1990

Chaudhary et al. Implant, 50 Gy 18/23 22/23 Nil 2/23
[32], Tata (78%) (96%) (9%)
Memorial, India,
2 years,
1988–1996

Present study Accelerated EBRT, 54 to 18/23 23/23 Nil Nil
[unpublished], 55 Gy in 16–18 fractions (78%) (100%)
Tata Memorial,
India, 2.5 years,
1996–2003

EBRT, external beam radiotherapy.
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with surface mold therapy, localized small
tumors away from the urethra can be treated
with interstitial implant, and any tumor can be
adequately treated with EBRT. Although EBRT
has universal applicability and can be success-
fully delivered in all radiotherapy departments,
excellent tumor control without severe compli-
cations with brachytherapy mandates strict case
selection and expertise with the specialized 
procedure [28]. Thus even for small localized
tumors, external radiation may be preferable if
the requisite expertise and facilities for penile
brachytherapy is not available.

In EBRT, the glans and the distal 2 to 5 cm of
penile shaft is irradiated using bilateral mega-
voltage beams. For immobilization and reposi-
tioning of the penis during treatment and for
providing surface buildup of radiation dose, a
special device such as a wooden jig [30], wax
block [45], or transparent Perspex device [31] is
used. A transparent device allows visualization
of the penis and maximum sparing of the penile
shaft in tumors confined to the glans. A variety
of fractionation schedules have been described
in the literature with variable results. In addition
to the conventional fractionation of 60 Gy in 
30 daily fractions over 6 weeks [30,31], other
hypofractionated accelerated regimens such as
50 to 55 Gy in 16 daily fractions over 3 weeks [46]
and 50 to 55 Gy in 20 to 22 daily fractions over 4
weeks [45] have been used. At the Tata Memor-
ial Hospital we traditionally used a hypofrac-
tionated accelerated regimen of 55 Gy in 16 daily
fractions over 3 weeks. This provided excellent
local control in early cancers without any symp-
tomatic late sequelae. However, the acute radia-
tion mucocutaneous reaction over the glans and
penile shaft healed after a median period of 12
weeks. After we slightly modified the fractiona-
tion to 54 Gy in 18 daily fractions in 31/2 weeks,
the median healing time for acute reaction has
been reduced to 6 weeks, without affecting the
tumor control rate. This is comparable to the
healing time following laser photocoagulation
[37]. The main advantage of the accelerated 3- to
4-week regimen over the more protracted 6-
week regimen is that it allows the completion of
radiotherapy before the onset of the inevitable
brisk radiation reaction. Brisk radiation reaction
during radiotherapy can cause treatment inter-
ruption of a protracted regimen, and this has
been shown to adversely affect tumor control
due to tumor repopulation [31].

Local tumor control following radiotherapy is
largely determined by the tumor stage, with
better results for T1 and selected T2 tumors and
universally poor local control in more advanced
tumors [28,30–32,47]. Results of brachytherapy
series [28,32] are superior to external radiother-
apy series [30,31], but this may be largely due to
the selective use of brachytherapy for smaller
and noninfiltrative tumors. Due to successful
surgical salvage, the eventual local control rates
are comparable between the implant and EBRT
series. However, severe complications such 
as radiation necrosis requiring penectomy or
symptomatic urethral strictures are also higher
with brachytherapy (Table 24.3). In the ongoing
prospective study of accelerated external radia-
tion at our institute, at a median follow-up of 30
months local recurrence has occurred in only
one of 17 patients with tumor confined to the
glans as compared to four of six patients with
signs of shaft infiltration. All five penile recur-
rences have been successfully salvaged by partial
penectomy. Local failure rates as high as 35% to
40% have been reported in the two largest
external radiotherapy series using a more pro-
tracted 6-week regimen [30,31]. However, in
both these studies, the vast majority of penile
recurrences were surgically salvaged, thereby
achieving local control in 90% to 98% of
patients (Table 24.3). These results support the
policy of radical radiotherapy, with surgery
reserved for salvage in early-stage disease. The
European Board of Urology has endorsed this
treatment strategy of organ conserving therapy
and watchful waiting for early-stage disease
[48]. Because the results of radiotherapy alone
are poor in more advanced tumors [30,31],
initial penectomy is the treatment of choice for
such tumors.

Penile Amputation

Amputation of the penis is the most widely used
and undoubtedly the safest treatment approach
in all stages of the disease. Though it has been
considered as the gold standard of local treat-
ment by some [3], due to the associated psycho-
sexual dysfunction amputative surgery should
be reserved for patients not suitable for PCT due
to tumor infiltration or if sexual dysfunction is
unlikely do be of concern to the patient, or due
to expected noncompliance with close follow-up
after PCT.
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Partial penectomy is indicated for lesions
involving the glans, corona, and distal shaft,
where after adequate surgical excision the resid-
ual penile stump ensures upright micturition
without scrotal soiling and for sexual function.
Traditionally, a 2-cm disease-free margin has
been advocated. However, Hoffman et al. [49]
reported no recurrence in any of their patients
with microscopic margins up to 10 mm. Similar
findings have also been reported by Agrawal et
al. [50], who feel that a 10-mm margin may be
adequate for grade I and II lesions and 15 mm for
grade III lesions. This approach would qualify
more patients for conservative surgery or partial
penectomy rather than total penectomy, and the
residual penile length would then be cosmeti-
cally and functionally more acceptable. Patients
undergoing partial penectomy can be offered
penile augmentation or reconstructive surgery
at a later date, if they wish to have the normal
length of the penis restored.

Total penectomy with perineal urethrostomy
is indicated when the lesion extends to involve
the proximal shaft or the base of the penis.
Sometimes, limited extension to the scrotum or
the skin overlying the pubis may also require
wide excision of these structures. With local
spread and bone invasion, local bone resection
may also be required. The risk of local recur-
rence after an appropriate amputative surgery
should be negligible [3,6,31,35,37]. Urethra-
sparing total or subtotal penectomy followed by
delayed penile reconstruction has been reported
for invasive penile lesions involving only the
dorsum of the penis [51].

Management of 
Ilioinguinal Nodes
Lymph node metastasis in patients with penile
cancer is the main determinant of survival,
and optimal management of regional nodes is
challenging as well as controversial. Superficial
and deep inguinal nodes are the first-echelon
nodes, with skip metastasis in the pelvic lymph
nodes being very rare. The diagnostic and ther-
apeutic approach for the ilioinguinal nodes
depends on the index of suspicion for nodal
metastasis in a clinically negative groin, and the
laterality, size, and mobility of any clinically
manifest nodes.

Impalpable or Clinically Insignificant
Groin Nodes

In patients with impalpable or clinically insig-
nificant groin nodes with a negative FNAC,
there is no consensus regarding selection of
patients for close surveillance, sentinel node
biopsy, or groin node dissection. Because clini-
cal examination, imaging, and FNAC may miss
subclinical nodal metastasis in up to 20%
patients [3,24], special diagnostic procedures
such as sentinel node biopsy or limited surgery
to identify occult metastases and prophylactic
node dissection have been evaluated by various
investigators.

Surveillance

Due to the morbidity of prophylactic node dis-
section, a procedure that will be an overtreat-
ment in 80% of patients, and pitfalls in special
diagnostic procedures such as sentinel node
biopsy, a policy of close surveillance with node
dissection reserved for clinically manifest nodal
metastases seems attractive. However, the safety
of such a policy is questionable in patients who
are at a high risk of harboring subclinical nodal
metastases or those who may not comply with a
very strict surveillance program.Various clinical
and histological parameters can help to stratify
patients at an increased risk of harboring occult
inguinal nodal metastasis. Tumor size, histolog-
ical grade, infiltration of the corpora cavernosa
and spongiosum, and lymphovascular emboli
have been found as the main predictors of occult
nodal metastases in most studies [11,13,16–18].
Of these the most important factors are the T
status and histological grade, as shown in Table
24.1 and discussed earlier. Thus patients who are
at low risk of occult nodal metastases and reli-
able for close follow-up are ideal candidates for
the policy of surveillance and therapeutic lym-
phadenectomy for metastatic lymphadenopathy
detected at follow-up. Delayed therapeutic 
lymphadenectomy for clinically positive nodes
detected during active surveillance does not
seem to jeopardize long-term survival [17].
Because most inguinal node metastases occur
within 2 to 3 years following initial therapy,
the surveillance must cover this period with
repeated examinations at 1- to 3-month inter-
vals. In patients with infiltrating or poorly dif-
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ferentiated tumors, the long-term safety of sur-
veillance is not known.

Sentinel Node Biopsy

This approach, which addresses the concern that
delayed node dissection may affect survival,
has gained credence due to its potential 
for significantly reducing the morbidity of
ilioinguinal lymphadenectomy. Cabanas [52]
described sentinel node biopsy (removal of a
node in the superomedial to saphenofemoral
junction in the region of the superficial epigas-
tric vein) and advocated formal lymph node dis-
section if the node was proved metastatic.
He hypothesized that in the absence of sen-
tinel node metastasis, metastasis in the
inguinofemoral or iliac nodes is not possible.
Scappini et al. [53] suggested aspiration cytology
under lymphangiographic guidance. However, a
significant false-negative rate of sentinel node
biopsy manifesting as subsequent nodal relapse
has been noted in several studies [54–56].
However, studies have shown that occult lymph
node metastases in penile cancer can be detected
with a sensitivity of over 80% by dynamic sen-
tinel node biopsy, including preoperative lym-
phoscintigraphy, vital dye, and a gamma ray
detection probe [57–59]. The dynamic sentinel
node procedure is a promising staging technique
to detect early metastatic dissemination of
penile cancer based on individual mapping of
lymphatic drainage, and enables identification 
of patients with clinically node negative disease
requiring regional lymph node dissection [57].
Recently, Lont et al. [60] evaluated the clini-
cal outcome of clinically node-negative penile
cancers managed by surveillance or further
diagnosed by dynamic sentinel node biopsy with
subsequent resection of inguinal nodes. They
concluded that early detection of lymph node
metastases by dynamic sentinel node biopsy and
subsequent resection in clinically node negative
T2–3 penile cancers improves survival compared
with a policy of surveillance (91% vs. 79% at 
3 years).

Limited Surgery for Identifying 
Occult Metastases

Due to significant false-negative rates of sentinel
node biopsy noted in a few studies, limited
surgery for identifying occult metastases has
been evaluated by a number of authors. Senthil

Kumar et al. [61] evaluated the relative value of
FNAC, sentinel node biopsy, and medial inguinal
node biopsy. They concluded that FNAC is accu-
rate and specific if the nodes are palpable; if
the nodes are impalpable, a preliminary medial
inguinal node biopsy followed by sentinel node
biopsy if medial inguinal node biopsy is negative
will accurately select all patients with metastases
in the groin nodes. Superficial or modified
inguinal lymphadenectomy followed by a deep
inguinal and pelvic lymphadenectomy if super-
ficial nodes are positive on frozen section 
avoids the pitfalls of sentinel node biopsy
without significantly increasing the morbidity
[19,62].

Prophylactic Lymphadenectomy

Early adjunctive prophylactic lymphadenectomy
has been employed in patients who on the basis
of the clinical and histological criteria discussed
earlier are considered to be at a high risk of har-
boring occult metastasis. When prophylactic
lymphadenectomy is being performed with the
aim of curing patients who may have occult
metastasis, one has to bear in mind the likely
survival benefit and morbidity attributable to
the procedure. The cure rates after inguinal lym-
phadenectomy in the presence of limited nodal
metastasis may be as high as 80%. The propo-
nents of lymphadenectomy in patients with clin-
ically nonpalpable inguinal nodes claim that
because the curative benefit of lymphadenec-
tomy in the presence of palpable metastatic
nodes is well established, it seems logical that
lymphadenectomy performed in the setting of
occult nodal disease would confer an even
greater advantage. Some authors have reported 
a significant reduction in survival in patients
undergoing delayed therapeutic rather than pro-
phylactic lymphadenectomy, thereby suggesting
that the best results can be obtained in the pres-
ence of a low tumor load [16,63,64] and that
delaying lymphadenectomy may be inappro-
priate [16,17,35,65,66]. Some earlier studies,
however, did not find any significant adverse
impact on survival of a delayed therapeutic
groin node dissection for metastatic nodes on
follow-up, with survival rates equivalent to those
obtained with initial therapeutic lymphadenec-
tomy for metastatic nodes at presentation
[67–69]. These studies, however, reported on
lymphadenectomy for clinically palpable nodal
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disease and do not exclude the possibility that
lymphadenectomy for clinically occult nodes
may yield a better survival. Randomized trials
proving the benefit of prophylactic over delayed
therapeutic lymphadenectomy are needed to
incorporate routine prophylactic lymphadenec-
tomy into clinical practice. Moreover, the
significant early and delayed morbidity of the
lymphadenectomy and the lack of therapeutic
benefit in nearly 75% of patients undergoing this
procedure has prevented routine prophylactic
lymphadenectomy from being the standard
treatment for all patients with clinically nonpal-
pable nodes.

Clinically Significant or Cytologically
Confirmed Groin Nodes

In patients with operable nodes, surgery is the
mainstay of treatment and often curative, espe-
cially for those with limited nodal metastasis. In
planning the most appropriate treatment, these
patients should be evaluated clinically for oper-
ability and with a contrast-enhanced CT scan,
especially for pelvic nodes. Various authors have
reported that 20% to 67% of patients with clini-
cally palpable metastatic inguinal lymph node
metastasis will be disease free at 5 years after
lymphadenectomy [35,63–67]. The extent and
level of lymph node metastases have been shown
to be important predictors of survival
[16,24,63–67,70].

Extent of Lymphadenectomy

Bilateral ilioinguinal lymphadenectomy is
mandatory for patients with bilateral lymph
node metastases. Bilateral lymphadenectomy is
also recommended for patients with unilateral
significant lymphadenopathy at presentation
because clinically occult contralateral groin
metastases can be present in over 50% of such
patients [54,75]. Node dissection on the con-
tralateral side may be limited to superficial node
dissection if no histological evidence of metas-
tasis is found in the contralateral superficial
nodes. In patients who develop metachronous
unilateral lymph node metastasis while on sur-
veillance, it may be sufficient to perform a uni-
lateral lymph node dissection, especially if the
metastasis-free interval is longer than 1 year.
This is especially so because the patients selected
for surveillance have a very low rate (approxi-

mately 10%) of metachronous metastasis,
and the chance of developing contralateral 
node metastasis subsequently is extremely low.
Enlarged metastatic groin nodes that are adher-
ent to the overlying skin or ulcerating through it
require wide excision of the skin around the
node mass, with closure of the consequent skin
defect using myocutaneous flap.

Modified or extended sentinel node dissection
also has been advocated for patients with limited
inguinal node disease in order to reduce the
morbidity of radical ilioinguinal lymphadenec-
tomy. However, one study reported that five of
the 14 patients who underwent a therapeutic
modified superficial inguinal dissection relapsed
with incurable groin metastases within 2 years
[55]. Hence, radical ilioinguinal lymphadenec-
tomy is the procedure of choice in patients with
metastatic nodes.

The therapeutic benefit of pelvic lym-
phadenectomy in the presence of metastatic
inguinal nodes is still undetermined. Iliac lymph
node metastases are found in approximately
15% to 30% of patients with metastatic inguinal
lymph nodes [63,71], the incidence being higher
for a greater number of positive inguinal lymph
nodes, presence of perinodal extension, and
bilaterality of disease [24,63]. Although Srinivas
et al. [63] reported that none of their 11 patients
with iliac lymph node metastasis survived 3
years, others have reported fair survival with
positive pelvic nodes [52], with improvement 
in survival documented after iliac node dissec-
tion [34]. Lopes et al. [19], in their small series,
reported that ilioinguinal lymphadenectomy
may have a significant role in increasing the sur-
vival of patients with metastases to only one iliac
lymph node. In view of this, it seems reasonable
to extend the lymph node dissection to include
the iliac nodes. A laparoscopic approach may
also be used to complete the pelvic node dissec-
tion [72].

Complications of Ilioinguinal
Lymphadenectomy

Although perioperative mortality consequent to
ilioinguinal lymphadenectomy is rare, the mor-
bidity of the procedure is quite significant. Skin
flap or edge necrosis and wound breakdown
along with persistent lymphorrhea are the com-
monest early complications reported in up to
80% of patients [65,66]. This may lead to pro-
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longed hospitalization or may require secondary
reconstruction with skin grafts or pedicled flaps.
Routine transposition of the sartorius muscle to
cover the femoral vessels has almost completely
eliminated the risk of femoral vessel blowout.
The commonest delayed complication is debili-
tating lower extremity or penoscrotal lym-
phedema seen in nearly one third of patients.
In light of this, a lot of attention has recently
focused on reduction of morbidity by modi-
fication of the surgical procedure.

Modifications of surgical incisions have been
explored at a number of centres. Fraley and
Hutchens [73] employed two parallel incisions in
the groin, one above and one below the inguinal
ligament to reduce the skin flap or edge necro-
sis. Similarly, a technique of a transverse incision
below the inguinal ligament for the inguinal
lymphadenectomy and a midline infraumbilical
incision for bilateral extraperitoneal pelvic node
dissection has been described with significant
reduction in the skin loss. However, the choice of
incision has little or no bearing on the lower
extremity edema. The technique of saphen-
ous vein preserving modified inguinal lym-
phadenectomy was first described by Catalona
[74], with consequent reduction in the incidence
of debilitating limb edema. He also redefined the
lateral boundary of the dissection as the femoral
artery and dispensed with the mobilization and
transposition of the sartorius muscle. Iliac node
dissection was also not carried out in the
absence of inguinal nodal metastases. These
modifications seemed suitable in patients with
negative inguinal nodes and resulted in reduc-
tion in the rate of wound breakdown and 
skin loss to less than 20%. This saphenous
vein–sparing approach has gained credibility
especially in patients undergoing prophylactic
lymphadenectomy. Coblentz and Theodorescu
[75] also employed the saphenous vein–sparing
approach along with thick skin flaps during pro-
phylactic inguinal lymphadenectomy for high-
risk disease. Early follow-up of their patients
indicates that the nodal control rates are compa-
rable to those in similar patients reported in 
the literature treated with classic lymphadenec-
tomy technique. However, the value of these
modifications in the context of metastatic lym-
phadenopathy, which warrants a complete radi-
cal lymphadenectomy, is questionable.

Jacobellis [76] described a technique of
modified radical inguinal lymphadenectomy,

wherein to avoid damage to the vessels of the
groin region that run parallel to the inguinal lig-
ament and lie in the fat of the superficial layer
of the superficial fascia, dissection is done
beneath this layer (deep to Scarpa’s fascia), he
saphenous nerve is preserved and the sartorius
is left in situ so as not to disturb the collateral
lymphatic drainage. He reported no skin necro-
sis, infection, or deep vein thrombosis, and only
moderate lymphedema in four patients at a
follow up of 6 to 104 months in his series of 10
patients.

At the Tata Memorial Hospital, we practice
routine excision of the skin overlying the
inguinal nodal area in all patients undergoing
radical ilioinguinal lymphadenectomy, even
when the skin is not infiltrated by the nodal
disease and we perform immediate reconstruc-
tion using a tensor fascia lata myocutaneous flap
or anterolateral thigh flap [70,77]. We have had
no major problems of skin loss or wound break-
down since the time we began employing 
this procedure. In addition, the incidence of
lower extremity lymphedema has also been
significantly reduced with a long follow-up in
these patients. With the majority of patients
having no significant physical impairment and
with preservation of a good quality of life, this
may represent a significant advance in the reduc-
tion of morbidity of ilioinguinal lymphadenec-
tomy. Alternatives to these flaps are the rectus
abdominis flap or the gracilis flap.

Chemotherapy
Chemotherapy for penile cancer has been evalu-
ated in two distinct clinical settings. Topical
application of 5-fluorouracil cream [78] and
more recently imiquimod 5% cream [79] has
been found useful in selected patients with car-
cinoma-in-situ [1]. There are very few studies 
of systemic chemotherapy in invasive penile
cancer. In early invasive T1–2 N0 penile can-
cer, concurrent daily bleomycin chemotherapy
regimen with radiotherapy has been reported to
show a local control rate of 80%. However, with
good results of modern radiotherapy alone,
there is no role for chemotherapy along with
radiotherapy in early-stage disease now. Review
of the published literature reveals that cisplatin-
based chemotherapy is the most commonly used
regimen in advanced penile cancer [80], with
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nearly 70% response rates. It seems to allow
approximately 40% patients with regionally dis-
seminated penile cancer to undergo complete
inguinal lymphadenectomy and about 23% to
achieve a durable long-term disease-free sur-
vival [81–85]. In a Southwest Oncology Group
study, 45 patients with locally advanced or
metastatic penile carcinoma, were treated with
cisplatin 75 mg/m2 day 1, methotrexate 25 mg/m2

days 1 and 8, and bleomycin 10 U/m2 on days 1
and 8 with a cycle length of 21 days. Although
the response rate was only 32%, five toxic deaths
and six life-threatening toxic episodes were seen
[83].

Prognosis
In patients with early-stage disease, there are few
deaths due to penile cancer and the long-term
overall survival rates are often determined by the
comorbid conditions in an elderly population
[28,31,86]. Depending on the proportion of cases
in different stages, 5-year penile cancer–specific
survival rates of 66% to 88% have been reported
[28,31,86]. Of the few large studies with multi-
variate analysis of prognostic factors, nodal
metastases [9,19,31], higher T stage or invasion
[9,31,48], and high histological grade [31,48]
were identified as independent adverse prognos-
tic factors for survival. The substratification of
nodal status such as three or more nodes, bilat-
eral disease, extranodal extension, and iliac node
metastases predict an especially poor prognosis
[6,24,34,63,65].

Quality of Life and
Psychosexual Issues
These issues, unfortunately, have been entirely
neglected in most reports on penile cancer. This
is surprising considering the possible major psy-
chosexual impact of a penectomy. There are only
a few small, mostly retrospective studies evalu-
ating the quality of life and psychosexual issues
(2,88,89). The expected quality of life, particu-
larly sexual functions after treatment, should be
specifically discussed with the patient. It is an
expansive concept that involves vast and pro-
found evaluation. The Overall Sexual Func-
tioning Questionnaire (OSFQ), first used by

Opjordsmoen et al. [2,87], is a useful tool and
should be used to assess sexual quality of life
before and after treatment (Table 24.4). This tool
can be very useful to compare different treat-
ment modalities like surgery and radiotherapy
in deciding the best approach for early cancers.
In a Norwegian study [88] moderate to severe
sexual dysfunction was observed in only two of
10 patients after radiotherapy compared to four
of five after wide excision, seven of nine after
partial penectomy, and all four after total penec-
tomy. We have previously reported that of the 29
patients treated with penectomy, one committed
suicide and another had a failed suicide attempt
[31]. In an Italian study of 17 patients treated
with amputative surgery, anxiety was evident in
30% and depression was evident in one patient,
and the global sexual function was compromised
in 76% [89].

In our ongoing prospective study of acceler-
ated radiotherapy at the Tata Memorial Hospi-
tal, of the 18 patients with intact penis (five
underwent penectomy for residual/recurrent
disease), 16 men have retained their pretreat-
ment erectile function, coital satisfaction, and
frequency. The remaining two patients have
reported mild sexual dysfunction after 
radiotherapy.

Table 24.4. Overall Sexual Functioning Questionnaire (OSFQ)
[2,87]

Parameter Score

1. Sexual interest 0 (No sexual interest) to 
4 (normal)

2. Sexual ability 0 (Lack of ability) to 4 
(no problems)

3. Sexual satisfaction 1 (lacking) to 4 
(no change)

4. Relationship with 1 (very distressed) to 4 
partner (unchanged, good)

5. Sexual identity 2 (very much changed) to 
4 (normal)

6. Frequency of coitus 1 (no sexual intercourse) 
to 4 (no reduction)

Global score of overall sexual function (five categories).
I No sexual functioning score, 5–8.

II Severely reduced score, 9–14.
III Moderately reduced score, 15–19.
IV Slightly reduced score, 20–22.
V Normal score, 23–24.
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Conclusion
Penile cancers, though uncommon in developed
countries, pose a significant oncological chal-
lenge in some parts of the world. With the avail-
able treatment options, the aim of treatment
should be organ and function preservation
whenever possible, without compromising the
chances of survival. Early-stage cancers in men
who wish to preserve organ and function and are
expected to be compliant with a close follow-up
program should be offered an appropriate penile
conservative therapy. More advanced tumors 
are difficult to control with radiotherapy; hence
initial penectomy is the treatment of choice.
Management of the groin still remains contro-
versial, especially regarding the indication,
timing, and extent of lymphadenectomy. On 
the basis of the available evidence, surveillance
of a clinically negative groin in an early-stage
primary tumor and surgery for the rest seems
appropriate. Strong specialty-oriented bias
among urologists and clinical oncologists [27] is
unfortunate when patients with eminently
radiocurable early cancers are subjected to an
unnecessary penectomy and is hazardous when
patients with advanced disease are treated pri-
marily with ineffective radiotherapy. There is a
need for evidence-based guidelines for this
disease [90], and outcome reports in the future
should incorporate psychosexual impact of vari-
ous treatment approaches.
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Part VI
Unusual Urological Tumors



International agreement was reached on the 
histological classification of renal epithelial neo-
plasms with the new World Health Organization
(WHO) classification of the tumors of the
urinary system and male genital organs [1]. This
classification defines malignant neoplasms as
clear cells renal carcinoma, papillary renal carci-
noma, chromophobe renal carcinoma, collecting
duct carcinoma, and unclassified renal cell 
carcinoma. Benign neoplasms are papillary
adenoma, renal oncocytoma, and metanephric
nephradenoma or adenofibroma. Over the past
few years new or rare distinctive kidney tumors
have been described. This chapter presents
examples of recently recognized tumor entities
and discusses molecular alterations, which are
important for the differential diagnosis. The fol-
lowing tumors are described and discussed:
oncocytoma, mixed epithelial and stromal renal
tumors, primary renal synovial sarcomas, renal
primitive neuroectodermal tumors (PNETs),
and mucinous tubular and spindle cell carcino-
mas. It is important to distinguish these tumor
entities from the well-known frequent renal
tumors because of different biological behavior
and different therapeutical approaches.

Oncocytoma
Oncocytoma comprises approximately 5% of all
neoplasms of renal tubular epithelium and is a

benign epithelial tumor [2–4]. The name comes
from the predominant cell type, the so-called
oncocyte (swollen cell). Oncocytes are round-
to-polygonal cells with densely granular cyto-
plasm. Sporadic oncocytomas have a typical
mahogany-brown cut surface and a central 
stellate scar (Fig. 25.1). Hemorrhage is present in
up to 20% of cases [3]. Necrosis is extremely
rare. The majority of oncocytomas present by 
an incidental discovery during a radiographic
workup of unrelated conditions. Oncocytomas
have a typical ultrastructure with numerous
mitochondria in the cytoplasm [5]. Oncocytoma
is composed of large cells with mitochondria
ridge eosinophilic cytoplasm. It has been sug-
gested that oncocytomas arise from the distal
tubular system. Most oncocytomas occur spo-
radically, although there are several cases that
have been reported in the context of inherited
tumor syndromes, e.g., the Birt-Hogg-Dubé syn-
drome. There are also cases with a large number
of oncocytic lesions with a spectrum of mor-
phological features, including oncocytic tumors,
oncocytic change in benign tubules, microcysts,
and a lining of oncocytic cells and clusters of
oncocytes within the renal interstitium. Such
cases are called oncocytomatosis. The majority
of the mitochondria are of normal size and
shape. Somatic genetic alterations include
translocation of t(5;11)(q35;q13). Some of the
cases show loss of chromosome 1 and 14 [6–8].
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Mixed Epithelial and Stromal
Renal Tumors
The new WHO classification of tumors includes
the entity of mixed epithelial and stromal
tumors. This is a complex renal neoplasm com-
posed of a mixture of stromal and epithelial ele-
ments. some of these cases have been reported
under different names, including cystic hamar-
toma of the renal pelvis or adult mesoblastic
nephroma [9–11]. The new WHO classification
accepts the term mixed epithelial and stromal
tumor [1]. Importantly, there is a 6 : 1 predomi-
nance of women over men, and all of the women
are perimenopausal. There are histories of estro-
gen therapy in most of the reported cases [11].
Surgery has been curative in all cases. The
tumors are composed of large cysts, microcysts,

and tubules. The large cysts are lined by colum-
nar epithelium, which forms small papillary
tufts (Fig. 25.2). Epithelium with müllerian char-
acteristics has also been described. Areas of
myxoid stroma and fascicles of smooth muscle
cells may be prominent. By immunohistochem-
istry, the spindle cells, which look like smooth
muscle, have strong reactions with antibodies to
actin and desmin. The nuclei of these spindle
cells express also estrogen and progesterone
receptors (Fig. 25.3). The epithelial elements 
are positive for antibodies to a variety of
cytokeratins [12].

Little is known about the genetics of these
tumors. The tumors lack the translocation
t(12/15) and trisomies for chromosome 11,
which are typical for mesoblastic nephroma
[13]. Therefore, there is no genetic relationship
between mesoblastic nephroma and mixed

Fig. 25.1. Oncocytoma. Mahogany-brown cut surface with central stellate scar (left). Small eosinophilic cells (oncocytes (right).

Fig. 25.2. Mixed epithelial-stromal tumor. Large tumor with contact to renal pelvis (left). Not glancing inner surface of the cystic
tumor (right).
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epithelial stroma tumors, although the morphol-
ogy is very similar. The tumors should not be
called adult mesoblastic nephroma. It has been
suggested that the tumors evolve by long-term
hormone exposure.

Primary Renal 
Synovial Sarcomas
Synovial sarcoma of the kidney is characterized
by a specific morphology and specific cytoge-
netic characteristics [14]. It consists of spindle
cells and frequently has large cysts. Many cases
show local recurrence after nephrectomy. Most
cases are diagnosed between the ages of 20 and
50 years. Microscopically, tumors are character-
ized by monomorphic plump spindle cells (Fig.
25.4). The cysts are lined by mitotically inactive
epithelial cells without striking cellular atypia.
The tumors have been previously described as

embryonal sarcoma of the kidney. There is a
slight male predilection (1.6 : 1). No bilateral
tumors were identified yet [15,16].

The spindle cells are immune reactive for
epithelial membrane antigen (EMA), CD56,
and sometimes CD99. They are nonreactive for
desmin, actin, S100, and cytokeratins. The cyst
epithelium is cytokeratin positive. Synovial
sarcoma is cytogenetically characterized by the
translocation t(X;18)(p11.2/q11.2), generating a
fusion between the SYT gene on chromosome 
18 and one member of the SSX family of genes
(SSX1, SSX2, SSX4) on chromosome X [17,18].
Molecularly confirmed primary synovial sar-
comas of the kidney have demonstrated the
characteristic SYT-SSX gene fusion (Fig. 25.4). In
contrast to soft tissue synovial sarcoma, where
the SYT-SSX gene fusion is more common than
the alternative SYT-SSX2 form, the majority of
renal synovial sarcomas have so far demon-
strated the SYT-SSX2 gene fusion. There is a 
tendency for a predominance of monophasic

Fig. 25.3. Mixed epithelial and stromal tumor. Spindle cell stroma with smooth muscle differentiation (left). Spindle cells react with
antibodies to estrogen and progesterone (right).
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spindle morphology of these tumors in the
kidney, and there are more rarely biphasic
tumors.

Although prognostic data are limited, there
are case reports describing tumors that have
responded to chemotherapy. However, recur-
rence is common.

In summary, primary renal synovial sarcoma
is a distinctive tumor entity that should be con-
sidered in renal tumors consisting of spindle
cells, especially in young adults.

Primitive Neuroectodermal
Tumors of the Kidney
Primitive neuroectodermal tumors (PNETs) of
the kidney are rare and of highly aggressive
malignancy [19–21]. The tumors are composed
of small uniform round cells, characterized by 
a translocation resulting in a fusion transcript 
of the EWS gene and the ETS-related family of
oncogenes (Fig. 25.5). The neoplasms are rare.
The age of the described patients range from 4
to 69 years [22].

The mean age is 27 years. There is a predilec-
tion for males. Most patients present with fever,
weight loss, and bone pain. The tumors are
mostly more than 10 cm in diameter with
replacement of the kidney. The weight of some

of these tumors is 1 kg or more. The tumor in the
kidney is no different from the more common
counterpart in the soft tissues. The immunophe-
notype of PNET is the expression of vimentin
and the surface antigen of CD99 or HBA-71.

Some tumors also express pancytokeratin.
Virtually all of the reported PNETs of the kidney
had the translocation t(11;22)(q24;q12) with the
fusion transcript between the EWS gene (22q12)
and the ETS-related oncogene FLI1 (11q24) 
(Fig. 25.6). However, there are also other vari-
ant translocations [22]. The diagnosis of renal
PNETs must be considered in young patients
with renal neoplasms, particularly those with
advanced disease at presentation. Achieving an
exact diagnosis has important clinical conse-
quences because polychemotherapy and high-
dose chemotherapy may lead to dramatic tumor
reduction or even complete remission. In the
past, aggressive multidrug chemotherapy has
resulted in an improvement in the clinical
outcome [23].

Mucinous Tubular Spindle 
Cell Carcinoma
Mucinous tubular spindle cell carcinoma are
low-grade polymorphic renal epithelial neo-
plasms with mucinous tubular and spindle cell

1 2 3

1 2 3 4 M

SYT-SSX

b-globin

100 bp

300 bp
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B

Fig. 25.4. Synovial sarcoma of the kidney. Cystic change (upper left). Monomorphic small spindle cells (lower left). SYT-SSX fusion due
to translocation t(X;18) (right). A: Taql-Digestion of PCR-Products (SSX1; SSX2; Positive Control); B: SSCP-Analysis (SSX1; SSX2; Positive
Control).
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Fig. 25.5. Primitive neuroectodermal tumor (PNET) of the
kidney. Note geographic necrosis and sheet-like growth
pattern (left). CD99 expression (right).

Fig. 25.6. PNET of the kidney. EWS-FLI1 translocation. A: Balanced chromosomal translocation t(11;22)(q24;12) in PNET of the
kidney (upper left); B: EWS-FLI-1 fusion (t(11;22)(q24,12) or EWS-ERG fusion (t(21;22)(q22;12) (less common) are observed in
PNETs; C: CT scan of a young patient showing a renal PNET (upper right); D: Nested PCR with primers that specifically detect
EWS/FLI-1 and EWS-ERG chimeric transcripts (lower right).
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features. The new WHO classification has in-
cluded this new tumor subtype [1]. The tumors
usually present as a symptomatic masses, often
found on ultrasound [24]. There is a wide age
range from 17 to 82 years and a male to female
rate of 1 : 4 [25,26]. Macroscopically mucinous
tubular and spindle cell carcinomas are well 
circumscribed and have gray or light tan cut 
surfaces (Fig. 25.7). The tumors are composed 
of tightly packed, elongated tubules separated 
by mucinous stroma. Sometimes the tumors
simulate leiomyoma or sarcoma. Many of these
tumors had been previously diagnosed as
unclassified sarcomatoid carcinomas or as duct
Bellini carcinomas. The tumors have a complex
immunophenotype and stain for cytokeratin
and EMA. Markers of proximal nephron such as
CD10 are absent. On comparative genomic
hybridization and fluorescence in situ hybridiza-
tion, there is a characteristic combination of

chromosome losses, generally involving chro-
mosome 1, 4, 6, 8, 13, and 14 [27,28]. The prog-
nosis seems to be favorable.

It has been postulated that these tumors 
are related to the loop of Henle. However, the
immunohistochemical and cytogenetic analysis
showed complex immunophenotypes, but could
not prove a derivation from the loop of Henle.
There was no genetic relationship to clear cell
renal carcinomas [28].

Renal Cell Carcinoma in
Children and Young Adults
In childhood, by far the most common renal
neoplasms are nephroblastomas. Renal cell 
carcinomas are rare in children. The new 
WHO classification includes new tumor types

Fig. 25.7. Mucinous tubular and spindle cell carcinoma composed of spindle cells and cuboidal cells forming cords and tubules. Note
extracellular mucin.
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that occur predominantly in children and 
young adults. Such tumors include renal cell 
carcinomas with the ASPL-TFE3 gene fusion 
and carcinomas with a PRCC-TFE3 gene 
fusion. Collectively, these tumors have been
termed Xp11.2 or TFE3 translocation 
carcinomas [29].

Renal carcinomas associated with Xp11.2
translocations have a distinctive histopathologi-
cal appearance, which is that of a carcinoma with
papillary architecture composed of clear cells.
Some tumors have a more nested architec-
ture and often feature cells with granular
eosinophilic cytoplasm. The translocation 
carcinomas are characterized by cells with 
voluminous clear to eosinophilic cytoplasm and
prominent nucleoli [30]. Psammoma bodies are
sometimes extensive (Fig. 25.8).

The tumors have the distinctive immunohis-
tochemical feature with nuclear immunoreactiv-
ity for TFE3 protein. Only about 50% express
epithelial markers such as cytokeratin and EMA.

The carcinomas are defined by several dif-
ferent translocations involving chromosome
Xp11.2, all resulting in gene fusions involving the
TFE3 gene, which is a member of the basic helix-
loop-helix family of transcription factors. Both
the PRCC-TFE3 and ASPL-TFE3 fusion proteins
retain the TFE3 DNA-binding domain. This
domain localizes to the nucleus and can act as
transcription factor [31,32].

Very little is known about the clinical behav-
ior of these carcinomas. They usually present at
an advanced stage. However, their clinical course
thus far appears to be indolent. Most of these
tumors show no virtual mutations [33].

Summary
New tumor entities have been described, which
are characteristic for children or young adults.
The predominance of TFE translocation carci-
nomas in the first decades of life demonstrates
that renal cell carcinomas in young patients
contain genetically and phenotypically distinct
tumors with further potential for novel renal cell
carcinoma subtypes. The far lower frequency 
of clear cell carcinomas with VHL alterations 
in childhood compared to adults suggests that
renal cell carcinomas in young patients have a
unique genetic background.

Other tumors with apparent predilection for
young age groups include clear cell carcinomas
in the context of von Hippel–Lindau disease, car-
cinomas in combination with nephroblastomas,
and renal cell carcinomas associated with 
neuroblastomas.
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Lymphomas of the Testis,
Bladder, and Prostate
Approximately one third of lymphomas arise 
at an extranodal site (primary extranodal lym-
phomas), and both primary nodal lymphomas
and leukemias not infrequently infiltrate extran-
odal tissues secondarily during their course. The
genitourinary tract is the site of less than 5% 
of primary extranodal lymphomas [1]. Among
these the testis is the most frequent site. Post-
mortem studies indicate that the genitourinary
tract is secondarily involved by lymphoid neo-
plasms in up to 50% of patients, and such invol-
vement may be clinically apparent in up to 10%
of patients [2].

Lymphoid neoplasms are currently classified
according to the World Health Organization
(WHO) Classification of Tumors of the
Hematopoietic and Lymphoid tissues [3]. In 
this globally accepted classification, devised 
by an international panel of pathologists, hema-
tologists, and oncologists, lymphomas and
leukemias are categorized into discrete entities
according to morphological, immunohistologi-
cal, genetic, and clinical features. Although some
lymphomas are defined by their sites of origin,
there are no lymphoid neoplasms that arise only
in the genitourinary tract. In the clinical setting,
the correct identification and then subclassi-
fication of lymphoid neoplasms by urologists
and urological pathologists is crucial, as many 
of the entities defined have distinctive clinico-

pathological features, therapeutic needs, and
prognoses, and all require specialist manage-
ment. Another major determinant of treatment
choice and outcome is the stage of lymphoma at
presentation. In this regard, lymphomas of the
genitourinary tract are, like lymphomas arising
elsewhere, staged according to the Ann Arbor
staging system.

Lymphoma of the Testis

Clinically apparent lymphoma of the testis is
rare, representing only approximately 1% of all
lymphomas and 5% of all testicular tumors [4,5].
Unlike germ cell tumors, testicular lymphoma
typically occurs in older patients, being the com-
monest testicular neoplasm in men over 60 years
of age [4]. Lymphoma may arise primarily in the
testis, or may manifest in the testis secondarily
(albeit often early) during the course of systemic
disease. It may sometimes be impossible to dis-
tinguish these scenarios, even in patients with
limited (stage I/II) disease, but in most studies
primary testicular lymphoma is defined prag-
matically as that in which a testicular mass was
the predominant site of clinical disease at pres-
entation [6–9]. There are no established predis-
posing factors for the development of testicular
lymphoma, although there is an increased inci-
dence among men infected with HIV [4].

The majority (approximately 80% to 90%) of
primary testicular lymphomas are diffuse large
B cell lymphomas (DLBCLs) [10–13]. Other sub-
types, including mature T/natural killer (NK)

26
Small Cell Tumors, Lymphomas, and Sertoli Cell
and Leydig Cell Tumors of the Bladder, Prostate,
and Testis
Chris M. Bacon and Alex Freeman

309



310

Urological Cancers: Science and Treatment

cell lymphomas, follicular lymphomas, Burkitt
lymphomas, and plasma cell neoplasms, are rare
primary testicular tumors. Most non-Hodgkin
lymphomas may secondarily involve the testis,
as may chronic lymphocytic leukemia (CLL) 
and precursor B- or T-cell acute lymphoblastic
leukemia (ALL), the latter especially in children.
Involvement of the testis by classical Hodgkin
lymphoma is exceptional. These different types
of lymphoproliferative disorder are biologically
and clinically distinct, and are thus considered
separately below.

Testicular Diffuse Large B Cell Lymphoma

Clinical Features

Testicular DLBCL typically presents with unilat-
eral painless scrotal swelling in men whose
median age is 60 to 70 years [6–9,12]. Both testes
are involved at presentation in up to 15% of
patients [6–8], and 5% to 15% present with sys-
temic (“B”) symptoms [6–9,13]. Approximately
50% of patients present with stage I disease
(testes only), 20% with stage II disease (regional
lymph node involvement), 5% with stage III
disease, and 25% with stage IV disease (dissem-
inated) [6–8,12]. Characteristic sites of distant
organ involvement include the central nervous
system (CNS) (especially), Waldeyer’s ring, skin,
bone and bone marrow, kidneys, adrenal glands,
and lungs [4,6–8]. Compared to nodal DLBCL,
testicular lymphoma is associated with presen-
tation at an earlier stage and a greater propen-
sity for spread to other extranodal sites.

Pathology

Macroscopically, testicular DLBCL usually forms
an ill-defined, firm or soft, gray, tan, or pink
mass, sometimes with areas of hemorrhage or
necrosis [4,10]. The lymphoma extends into
paratesticular structures in up to 50% of cases.
Microscopically, a diffuse infiltrate of atypical
lymphoid cells dissects between seminiferous
tubules, or sometimes effaces testicular architec-
ture (Fig 26.1). In many cases lymphoma cells
show at least focal intratubular growth, and
tubules often show suppressed spermatogenesis,
or atrophy. Interstitial sclerosis is present in 
a third of cases [4,10,11]. Testicular DLBCL 
is cytologically and immunophenotypically
similar to DLBCL arising in lymph nodes. The
neoplastic cells are typically medium-sized to

large, with vesicular nuclei and prominent nucle-
oli, although there is variation in morphology
between cases [3]. They express pan–B-cell anti-
gens such as CD20, and many express detectable
immunoglobulin. In most cases, lymphoma cells
express the antiapoptotic protein Bcl-2, and a
high proportion of cells (>40%) express the cell
cycle protein Ki67, indicating that they are in cell
cycle. Similar to nodal DLBCL [14], the germinal
center–associated proteins Bcl-6 and CD10 are
expressed by approximately 80% and 50% of
testicular DLBCL, respectively (unpublished
observations).

Biology and Genetics

Although relatively few studies have specifically
examined the biomolecular features of testi-
cular DLBCL, available evidence suggests that
the pathobiology of testicular DLBCL is similar
in many ways to DLBCL arising elsewhere.
Both primary testicular DLBCL and DLBCL 
in general are clonal proliferations of mature 
B cells whose immunoglobulin genes have 
undergone VDJ (variable-diversity-joining
region) rearrangement and, in most cases,
somatic hypermutation [15,16]. Because the
latter is a mechanism for diversification of
immunoglobulin genes that occurs during 
the germinal center reaction of an immune
response, it is believed that DLBCLs arise from
germinal center or postgerminal center B cells.
Hyland et al. [15] showed that testicular DLBCLs
display ongoing somatic hypermutation, clonal
diversification, and a pattern of immunoglo-
bulin gene mutation suggestive of a role for
ongoing antigen selection in the evolution of
the lymphoma [15]. Pasqualucci et al. [17] de-
monstrated that more than half of DLBCLs 
show aberrant somatic hypermutation activity
resulting in mutation of several known proto-
oncogenes, including MYC [17]. Thus, aberrant
hypermutation may contribute to genomic
instability in DLBCLs.

There is now considerable evidence that
DLBCL is both biologically and clinically het-
erogeneous. In landmark studies, Alizadeh et al.
[18] and Rosenwald et al. [19] performed large-
scale DNA microarray-based gene expression
analyses of DLBCLs and demonstrated that
DLBCLs showed diverse gene expression pat-
terns, but could be divided into subgroups with
germinal center B-cell–like profiles, in vitro 
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activated B-cell–like profiles, or poorly defined
heterogeneous type 3 gene expression profiles.
Interestingly, these subgroups showed differ-
ences in biochemistry and genetics (see below)
and in clinical outcome. Patients whose tumors
had germinal center B-cell–like gene expression
profiles had a significantly better 5-year overall
survival than those whose tumors did not. Two
studies have used DNA microarray technology
to identify genes whose expression correlates
with the outcome of DLBCL [19,20]. Many of the
genes implicated are associated with cell prolif-
eration, apoptosis, B-cell receptor signaling,
germinal center B-cell phenotype, or lymph
node stromal and immune cells, or are major
histocompatibility complex (MHC) class II
genes, highlighting the importance of both
intrinsic properties of the lymphoma cells 
and host–tumor interactions in the behavior of
DLBCLs. Some of the differentially expressed

genes were used to successfully formulate prog-
nostic algorithms or outcome predictors for
DLBCLs [19,20].

Several studies have used immunohistochem-
istry to subclassify DLBCLs into those with a
germinal center cell phenotype and those with a
postgerminal center cell phenotype according to
the presence or absence of proteins expressed
predominantly by germinal center B cells (Bcl-6
and CD10) or postgerminal center B cells (IRF-
4/MUM-1) [21–24]. Some of these studies have
shown germinal center–type protein expression
to be associated with a favorable overall survival
[21,23,24], whereas others have failed to demon-
strate any significance [21,22].

Although many DLBCLs exhibit complex
cytogenetic abnormalities, several recurrent
genetic alterations have been identified. In 15%
to 30% of cases, the BCL2 gene is translocated to
the immunoglobulin heavy chain gene locus 

Fig. 26.1. A diffuse large B-cell lymphoma of the testis (A, H&E) showing positive immunohistochemical staining for CD20 (B), Bcl-2
(C) and nuclear BCL-6 (D). Original magnification: A, 100¥; B–D, 200¥.
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as a result of a t(14;18)(q32;q21) translocation,
with resultant dysregulation of its expression
[25–27]. The t(14;18) is seen almost exclusively
in DLBCLs with a germinal center cell phenotype
[27,28]. However, the Bcl-2 protein is expressed
in approximately 50% to 60% of DLBCLs, and is
not restricted to those with a germinal center cell
phenotype [22–24,28]. In many t(14;18)-negative
cases this may result from amplification of the
BCL2 gene locus [29]. Although most studies
have failed to show that the presence of a t(14;18)
has any prognostic impact [25–27], many have
demonstrated that the expression of Bcl-2
protein is associated with an adverse clinical
outcome [22–26]. Lambrechts et al. [30] showed
that the Bcl-2 protein is consistently expressed
by testicular DLBCLs, suggesting that the 
antiapoptotic functions of Bcl-2 may play an
important role in the pathogenesis of these lym-
phomas. However, t(14;18) was not detected in
any of the 29 cases studied [15,30]. The BCL6
gene at 3q27 is dysregulated by translocation
(often to the immunoglobulin heavy chain gene
locus) in 25% to 40% of DLBCLs [25,31], and by
mutation of its 5¢ regulatory region in a further
15% of cases [32]. Because the Bcl-6 protein is a
transcriptional repressor that controls the 
terminal stages of B-cell differentiation, these
mutations may promote lymphomagenesis by
altering B-cell terminal differentiation. Muta-
tions in the P53 gene are found in approximately
20% of DLBCLs and are associated in most
studies with an adverse clinical outcome [33].
The MYC gene is translocated in up to 10% of
cases [25]. Amplification of 2p12–16, which
includes the REL proto-oncogene, a nuclear
factor (NF)-kB family member, is observed in
approximately 20% of DLBCLs (including one of
two testicular DLBCLs studied) [34]. Activation
of NF-kB appears important in the pathogenesis
of DLBCLs, particularly those with an activated
B-cell–like gene expression profile [35].

Differences in host–tumor interactions have
been identified between testicular and nodal
DLBCL. Although a small subset of nodal
DLBCLs is associated with defective expression
of human leukocyte antigen (HLA) class I and II
molecules, this appears particularly prevalent in
testicular DLBCL, in which loss of HLA class I/II
molecules was detected in 61% of cases as a
result of homozygous and hemizygous deletions
in the HLA locus and genetic aberrations in the
b2-microglobulin gene [36,37]. This may repre-

sent a mechanism by which testicular DLBCLs
can evade a host antitumor immune response. It
is interesting that primary DLBCLs of the CNS,
a site to which testicular DLBCL characteristi-
cally disseminates, show similar defects in HLA
molecule expression [36]. The characteristic
pattern of extranodal spread displayed by testic-
ular DLBCL may also reflect differences in adhe-
sion molecule expression compared to DLBCL at
other sites [38].

Treatment and Outcome

Although the treatment and outcome of testicu-
lar DLBCL has varied over the years, most recent
studies show 5-year overall survival rates of 37%
to 48%, and median survival times of 32 to 58
months [6,12,39]. Stage I/II testicular DLBCL
has a considerably worse outcome than stage I/II
nodal DLBCL (5-year overall survival approxi-
mately 45% to 58% vs. 75% to 80%) [6,40]. The
most consistent prognostic factor for testicular
DLBCL is Ann Arbor stage [4,7,12,39]. In the
large series of Zucca et al. [6], the 5-year overall
survival and median survival respectively were
as follows: stage I, 58%, 6.1 years; stage II, 46%,
3.9 years; stage III/IV, 22%, 1.1 years. Other
prognostic factors identified include age, Inter-
national Prognostic Index, presence or absence
of B symptoms, and presence or absence of
microscopic sclerosis within the lymphoma
[4,6,10]. Despite exceptional cures (which
provide evidence for true primary testicular
lymphoma), the vast majority of patients, even
with stage I disease, relapse and die of disease
after treatment by orchidectomy alone [4,6].
Likewise, although locoregional radiotherapy
provides good local control, more than 70% of
patients with stage I/II disease treated by
orchidectomy and locoregional radiotherapy
alone relapse distally and succumb to lym-
phoma [4]. More recent treatment protocols
have employed adjuvant anthracycline-based
combined chemotherapy regimens, and several
studies have found such chemotherapy to be
associated with improved progression-free and
overall survival at all stages of disease
[4,6–8,41].

Although 70% to 90% of patients achieve an
initial complete response, 30% to 80% subse-
quently relapse [6–9,12,13,39]. It is characteris-
tic of testicular DLBCLs that the majority
(approximately 80%) of relapses involve extran-
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odal sites, including the CNS, contralateral testis,
bone and bone marrow, skin, lung, and adrenal
glands [4,6–8]. Although most relapses occur in
the first 2 years after treatment, testicular DLBCL
is also unusual in a significant incidence of late
relapses—up to 14 years after treatment in some
studies [6,8,13]. A CNS relapse occurs in approx-
imately 15% to 30% of patients with testicular
DLBCL, including many with stage I/II disease
[6,7,12,13,39]. This high rate has led many
centers to give intrathecal chemotherapy as CNS
prophylaxis to all patients, but the efficacy of
such an approach remains unproven [6,8,39].
This may be in part due to the propensity for
parenchymal, rather than meningeal, relapse
seen in most studies [6,8,13,39]. Another char-
acteristic site of relapse, seen in 5% to 15% of
patients, is the contralateral testis [6–8,12,13].
This may be effectively prevented by prophylac-
tic irradiation of the contralateral testis at first
treatment [4,6,8]. Thus, current treatment proto-
cols at many centers now include orchidectomy,
combination anthracycline-based chemother-
apy, prophylactic radiotherapy to the contralat-
eral testis, and CNS prophylaxis, with the
possible addition of regional radiotherapy in
patients with disease in regional lymph nodes
[2]. Addition of the therapeutic anti-CD20 anti-
body Rituximab, as used successfully against
DLBCLs at other sites [42], may also be 
considered.

Other Lymphoproliferative Disorders
Involving the Testis

Testicular Lymphoproliferative Disorders 
in Childhood

The testis is involved in approximately 5% of
childhood lymphomas, most commonly in dis-
seminated Burkitt lymphoma, an aggressive
mature B-cell lymphoma associated in all cases
with translocation of the MYC gene. [43]. With
modern combination chemotherapy protocols,
testicular involvement at diagnosis does not
appear to confer a worse prognosis [43]. The
testis is also not infrequently involved during the
course of precursor B- or T-cell ALL (more com-
monly precursor T-cell ALL). It is rarely clini-
cally involved at presentation, although up to
25% of boys have occult testicular disease at
diagnosis without adverse prognostic effect [44].

However, 5% to 10% of patients experience overt
testicular involvement at relapse, either alone or
with simultaneous bone marrow disease [45].
Again, with modern treatment protocols, these
patients fare no worse than those without testic-
ular disease at relapse. Rarely, primary follicular
lymphomas of the testis arise in children. To
date, these have all been stage I tumors, with
WHO grade 3 morphology with or without areas
of DLBCL, and have shown indolent clinical
behavior. Inasmuch as they have been uniformly
negative for Bcl-2 protein expression and
t(14;18), they may represent a clinicopathologi-
cal entity distinct from usual adult follicular
lymphoma [46].

Plasma Cell Neoplasia

Extraosseous plasmacytomas represent only
approximately 0.1% of all testis tumors, and tes-
ticular involvement is seen in only approxi-
mately 2% of myeloma patients [47,48]. They
present as a painless mass at a median age of
approximately 55 years. Microscopically, the
testis is infiltrated by nodules of atypical mono-
clonal plasma cells with a predominantly inter-
stitial pattern of infiltration [47]. More than half
of these patients have preceding or concurrent
plasma cell myeloma, and the vast majority of
the remainder develop myeloma in the follow-
ing 2 to 3 years [48]. Cases of solitary testicular
plasmacytoma not followed by myeloma are
exceptional, but appear to have a favorable 
prognosis.

Mature T/NK Cell Lymphomas

Mature T/NK cell lymphomas of the testis are
very rare, and have been documented primarily
as case reports. The majority are extranodal
NK/T cell lymphoma, nasal type, an aggressive
angiocentric and angiodestructive Epstein-Barr
virus–associated lymphoma of NK-cell or 
cytotoxic T-cell origin. All have had a rapidly
fatal outcome [49]. There have also been occa-
sional reports of peripheral T-cell lymphoma,
unspecified, and other subtypes presenting in
the testis.

Lymphoma of Paratesticular Tissues

Lymphomas of the epididymis and spermatic
cord most often occur as a result of spread from
the testis, or sometimes as a site of dissemina-
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tion of systemic lymphoma. Primary paratestic-
ular lymphoma is very rare [50,51]. Patients with
primary lymphoma of the spermatic cord have a
mean age of approximately 55 years, and present
with hard masses in the groin resembling
inguinal hernias. The lymphomas are mostly
DLBCLs, and show clinical features and a poor
prognosis similar to testicular DLBCLs [50,51].
Primary epididymal lymphoma has been
reported in patients with a wide age range (20 to
73 years). Although the older patients mostly
developed DLBCL, follicular lymphomas and 
an extranodal marginal zone lymphoma of
mucosa-associated lymphoid tissue (MALT lym-
phoma), with a more indolent course, were seen
in the younger patients [50,51]. Extraosseous
plasmacytoma may also occasionally be seen in
paratesticular tissues [50].

Lymphoma of the Bladder

The majority of lymphomas affecting the lower
urinary tract involve the bladder. Lymphoma
arising within, and localized to, the bladder
(primary bladder lymphoma, stage I) is very
rare, representing only approximately 0.1% to
0.2% of all extranodal lymphomas [1]. More
common is secondary involvement of the
bladder by previously diagnosed lymphoma
arising elsewhere. In a postmortem series, the
bladder was involved in 13% of patients who
died of advanced lymphoma [52]. A third, rare
group of patients presents with urinary
tract–related symptoms, but has lymphoma
beyond the bladder at diagnosis [53]. A propor-
tion of these patients, in whom the bladder con-
tains the bulk of the disease, may also represent
primary bladder lymphoma, stages II to IV.

Clinical Features

Primary lymphoma of the bladder affects pre-
dominantly adult women (male/female ratio
approximately 1 : 5), at a median age of app-
roximately 65 years (20 to 85 years) [53–55].
Secondary involvement of the bladder occurs
equally in men and women, at a similar age
[53,55]. The most common presenting symp-
toms are painless hematuria, dysuria, urgency,
frequency, and nocturia [53,54]. Systemic (“B”)
symptoms, regional pain, and obstructive fea-
tures are more frequent in those with advanced
disease. The cystoscopic appearance is usually

that of a single or sometimes multiple, submu-
cosal, sessile, or polypoid mass protruding into
the lumen, typically without ulceration [53].
Diffuse thickening of the bladder wall may also
be seen. Approximately 20% of patients with
primary bladder lymphoma have a clinical
history of prior chronic cystitis [53,54,56].

Pathology

Studies have shown that almost all low-grade
primary lymphomas of the bladder, although
rare, are MALT lymphomas [53,55,56]. These
tend to remain localized to the bladder (stage 1)
[53,56]. A smaller subset of primary bladder
lymphomas are DLBCLs, perhaps arising by
transformation of MALT lymphoma in some
cases [53,55].Very occasional cases of T-cell lym-
phoma, plasmacytoma, and Burkitt lymphoma
in an HIV-positive person have been reported.
Secondary involvement of the bladder is usually
by DLBCL, followed by follicular lymphoma,
MALT lymphoma, Burkitt lymphoma, mantle
cell lymphoma, and classical Hodgkin lym-
phoma [53,55]. In a postmortem series, 16% of
patients who died of CLL and 26% of those who
died of ALL had infiltration of the bladder by
leukemia [52]; this is usually subclinical.

Microscopically, MALT lymphoma consists of
a proliferation of neoplastic small to medium-
sized marginal zone cells between and around
reactive lymphoid follicles, frequently infiltrat-
ing into the muscularis [3,53,55–57] (Fig. 26.2).
These cells show variable cytology, often includ-
ing plasma cell differentiation. In many cases the
neoplastic cells infiltrate the epithelium of cysti-
tis glandularis, or sometimes surface transi-
tional epithelium, in small clusters forming
characteristic lymphoepithelial lesions. Often a
reactive lymphoid infiltrate suggestive of
chronic cystitis is seen in the background. The
neoplastic cells have an immunophenotype
similar to that of normal marginal zone cells
(positive for CD20, immunoglobulins [Igs] M
and A; negative for CD10, Bcl-6, IgD). The histo-
logical features of DLBCLs in the bladder are
similar to those in other organs [3].

Biology and Genetics

MALT lymphoma is thought to arise from the
marginal zone B cells of MALT, acquired as a
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result of chronic inflammation of a mucosa 
normally devoid of lymphoid tissue [3,58].
Examples include Helicobacter pylori–associated
gastritis and Hashimoto thyroiditis. There is evi-
dence to suggest that, at least early in its course,
MALT lymphoma may be partially dependent on
antigen and T-cell–mediated stimulation occur-
ring in such a microenvironment [58]. Although
no studies have specifically investigated the
biology of MALT lymphoma arising in the
bladder, the lack of convincing native lymphoid
tissue in the bladder, the clinical or histological
evidence of antecedent chronic cystitis in many
patients, and the higher incidence in women
than in men of both MALT lymphoma of the
bladder and chronic cystitis suggests a similar
pathogenesis at this site, in which chronic cysti-
tis is a nonobligate precursor for MALT lym-
phoma [53,55–57].

A number of recurrent genetic abnormalities
have been identified in MALT lymphomas.
Thirty to 60% of cases, including one reported
case in the bladder, show trisomy 3 [58,59]. Many
others contain one of three known recurrent
translocations [58,60]: t(11;18)(q21;q21) results
in the formation of a chimeric fusion protein
between the apoptosis inhibitor API2 and the
paracaspase MALT1; t(14;18)(q32;q21) translo-
cates the MALT1 gene to the immunoglobulin
heavy chain gene locus; and t(1;14)(p22;q32)
translocates the BCL10 gene to the immuno-
globulin heavy chain gene locus. MALT1 and
Bcl10 both function in a biochemical signaling
pathway connecting lymphocyte antigen recep-
tor signaling to activation of the transcription
factor NF-kB, and dysregulation of this pathway
is thought to be important in MALT lympho-
magenesis [58]. However, to date, these trans-

Fig. 26.2. A mucosa-associated lymphoid tissue (MALT) lymphoma of the bladder (A, H&E) showing characteristic plasma cell differ-
entiation (top right of each panel). Tumor cells express CD20 (B) and immunoglobulin M (IgM) (C), but not IgD (D). Original
magnification: each 100¥.
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locations have not been reported in MALT lym-
phoma of the bladder.

Treatment and Outcome

Due to its rarity, there is little information
regarding the optimal treatment of primary
bladder lymphoma. Cases of primary MALT
lymphoma of the bladder reported in the 
literature have been variably treated with
transurethral or radical surgery, radiotherapy, or
chemotherapy, alone or in combination. In
keeping with MALT lymphomas at other sites,
the outcome has been favorable in almost all
cases, with very few lymphoma-related deaths
reported [53–57]. Some have recommended
radiotherapy as the treatment of choice for local-
ized cases [2,61]. Interestingly, similar to the
ability of antibiotic-mediated H. pylori eradica-
tion to cure many gastric MALT lymphomas
[58], two primary MALT lymphomas of the
bladder have resolved after Helicobacter eradi-
cation therapy or antibiotics for chronic cystitis
[62,63]. Several case reports and small series
have also reported good outcomes for localized
DLBCL treated with radiotherapy or chem-
otherapy with or without surgical intervention
[54,55]. In contrast, in the largest retrospective
series published, nonlocalized lymphoma
involving the bladder at first diagnosis and lym-
phoma involving the bladder secondarily in the
course of widespread lymphoma had a much
worse prognosis (9-year and 0.6-year median
survival, respectively) [53].

Lymphoma of the Prostate

Primary lymphoma of the prostate is very rare,
representing only approximately 0.2% to 0.8% of
extranodal lymphomas and 0.1% of all prostate
neoplasms [1,64,65]. Secondary involvement of
the prostate by lymphoma or leukemia is more
frequent, being found at postmortem in up to 8%
of “non-Hodgkin” lymphomas and up to 20% of
cases of CLL [66]. However, in most cases this
involvement is not clinically apparent. In a series
of 62 prostatic lymphomas, Bostwick et al. [67]
found 35% to be primary (defined by presenting
symptoms of prostatic enlargement, predomi-
nant involvement of the prostate, and no involve-
ment of lymph nodes, blood, liver, or spleen
within 1 month of diagnosis), 48% to be second-

ary to known systemic lymphoma/leukemia,
and 17% to be unclassifiable as primary or 
secondary.

Clinical Features

Almost all patients diagnosed with prostatic
lymphoma, whether primary or secondary,
present with symptoms of lower urinary tract
obstruction [64,65,67]. Occasional patients
present with pain or hematuria, and some with
systemic disease have “B” symptoms. Serum
prostate-specific antigen is raised in approxi-
mately 20% of patients. On digital rectal 
examination the prostate appears diffusely
enlarged or nodular, and firm. A tissue diagno-
sis is usually obtained by examination of needle
biopsies or tissue obtained by transurethral
resection. Occasionally lymphoma/leukemia is
diagnosed as an incidental finding in a radical
prostatectomy specimen removed for known
prostatic adenocarcinoma. Of note, the urologist
and pathologist may also encounter lym-
phoma/leukemia as an incidental finding in
approximately 0.2% to 1.2% of the pelvic lymph
node resections performed at radical prostatec-
tomy [68,69].

Pathology and Biology

The majority of primary lymphomas of the
prostate are DLBCLs, but primary prostatic
small lymphocytic lymphomas (SLLs), follicular
lymphomas, Burkitt lymphomas, MALT lym-
phomas, and mantle cell lymphomas have also
been reported [64,65,67,70]. A similar spectrum
of lymphomas affects the prostate secondarily
during the course of disseminated disease, and
rare cases of secondary prostatic peripheral 
T-cell lymphoma, myeloma, and classical
“Hodgkin” lymphoma have also been docu-
mented [67]. Histologically, lymphomas within
the prostate gland show patchy or diffuse
stromal infiltration, with compression, but
preservation, of ducts and acini. Intraepithelial
infiltration of neoplastic cells is seen in some
cases. The morphologic and immunophenotypic
features of prostatic lymphomas are similar to
those of extraprostatic disease [3]. No studies
have specifically addressed the genetics of pro-
static lymphomas.

As mentioned above, leukemic cells not infre-
quently infiltrate the prostate, sometimes as the
only site of solid tissue involvement [66]. One
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recent study showed that CLL cells from patients
with prostatic infiltration (but not from those
without) bound to prostatic epithelial cells via
clonally expressed surface IgM [71]. This sug-
gests a mechanism for accumulation of CLL cells
in the prostates of some patients.

Treatment and Outcome

Because of the rarity with which lymphoma
presents in the prostate, little is known of its
prognosis and optimal treatment. In the series of
Bostwick et al. [67], 47% of patients with follow-
up died of lymphoma, with a lymphoma-specific
5-year survival of only 33%; 73% of patients 
with primary prostatic lymphoma developed
extraprostatic disease 1 to 59 months from 
diagnosis. There were no significant differences
in survival between patients receiving dif-
ferent therapies (chemotherapy, radiotherapy,
chemotherapy and radiotherapy, surgery only),
between patients with primary or secondary
prostatic lymphoma, or between patients with
different types of lymphoma. However, patients
in this retrospective study were treated over a 58-
year period, and it is unlikely that these data
reflect the results that would be achieved using
current stage and subtype-specific therapeutic
regimens. Indeed, a number of more recent 
case studies have reported good outcomes for
patients with high-grade prostatic lymphoma
treated with anthracycline-based combination
chemotherapy [65,72], and it remains uncertain
whether the prognosis of lymphoma presenting
in the prostate is significantly worse than that of
equivalent lymphomas presenting at most other
extranodal sites.

Small Cell Tumors of the
Bladder and Prostate
The vast majority of small round blue-cell
tumors of the bladder and prostate prove to 
be either lymphomas or systemic infiltrates in
patients with a known history of leukemia. These
entities have been covered in detail in the pre-
ceding section.

After exclusion of lymphoma, the pathologist
must consider a variety of other tumors that may
rarely arise at these sites, including tumors of
both epithelial and mesenchymal origin. The dif-
ferential diagnosis greatly relies on the clinical

information provided, and in particular on the
age of the patient. In children and adolescents,
the most common small round blue-cell tumor
of the bladder and prostate, other than leukemia
and lymphoma, is embryonal rhabdomyosar-
coma. Although there are reports of other rare
primary or metastatic tumors occurring in the
bladder and prostate, including primitive neu-
roectodermal tumor (PNET), neuroblastoma,
Wilms’ tumor, and desmoplastic small round cell
tumor [73–78], these should be considered only
after exclusion of the more common entities out-
lined above. In adults, the main differential diag-
nosis of nonlymphoid small round blue-cell
tumors includes poorly differentiated carcin-
oma and neuroendocrine tumors such as car-
cinoid and small cell carcinoma. More rarely,
neoplasms such as paraganglioma, synovial
sarcoma, metastatic lymphoepithelioma-like
carcinoma, and small cell melanoma have been
reported at these sites [79–84].

The following section outlines a few of the
more common and clinically relevant entities in
more detail.

Small Cell Carcinoma of the Bladder

Primary small cell carcinoma of the bladder was
first reported by Cramer et al. [85] in 1981 as a
rare aggressive vesical tumor sharing morpho-
logical and ultrastructural features with oat cell
(small cell) carcinoma of the lung [85]. Since
then, only about 150 cases have been described
worldwide [86]. Although they account for less
than 1% of bladder tumors, their importance lies
in the fact that the tumors have a characteristic
histological appearance and are usually associ-
ated with a rapidly progressive course, requiring
adjuvant treatment with a tailored chemother-
apy regimen that often differs from that used to
treat high-grade urothelial carcinoma.

Clinical and Radiological Features

The majority of patients present with urinary
symptoms, including dysuria and hematuria
[87], and over 50% have metastatic deposits at
the time of diagnosis in the lymph nodes, bone
liver, or lung [88]. In rare cases, the secretion 
of neuropeptides by the tumor cells may 
also lead to paraneoplastic symptoms such as
peripheral neuropathy and electrolyte abnorm-
alities including hypercalcemia and hypophos-
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phatemia [89,90]. Radiological studies using
computed tomography (CT) and magnetic reso-
nance imaging (MRI) have shown that these
tumors often are large, broad-based polypoid
intramural masses, and are most frequently
located on the posterior bladder wall or in the
region of the trigone [91,92]. Rare cases are 
also reported as arising within a bladder 
diverticulum.

Pathology

Small cell carcinomas are malignant epithelial
tumors showing neuroendocrine differentiation,
and are composed of small, hyperchromatic 
cells with a coarse “salt-and-pepper” chromatin
pattern, scant cytoplasm, and inconspicuous
nucleoli. The tumor cells show characteristic fea-
tures including the presence of nuclear mold-
ing and encrustation of tumor cell DNA within
blood vessel walls (Azzopardi phenomenon).
Mitoses are frequent and necrosis may be focally
present. Specific criteria for diagnosing these
tumor cells in cytological preparations have also
been described [93]. In a cytological study, from
23 patients with subsequent biopsy and histo-
logical confirmation, a combination of cellular
and nuclear features were used to correctly diag-
nose all the tumors as small cell carcinomas on
the basis of urine cytology alone [94].About 50%
of vesical small cell carcinomas show focal areas
with the morphology of classical urothelial 
carcinoma, and some may contain small foci 
of squamous cell or adenocarcinoma [95]. The
presence of these elements is still considered
compatible with a diagnosis of small cell carci-
noma, if the remainder of the tumor shows the
characteristic histological features mentioned
above.

Ultrastructure and Immunohistochemical
Profile

Tumor cells have been shown to contain neu-
rosecretory granules on electron microscopy
(1). Immunohistochemistry often shows 
positive staining for neuroendocrine markers,
including CD56 (92%), neuron-specific enolase
(87%), and chromogranin A (up to 65%), and
shows dot-like positivity with antibodies against
cytokeratins such as CAM5.2 (60%) [96,97]. A
negative staining pattern for CD45 (leukocyte
common antigen) and CD44v6 enables distinc-
tion from tumors with a similar morphological
appearance, including lymphoma and poorly

differentiated urothelial carcinoma, respectively
[98]. However, separation of a primary bladder
small cell carcinoma from a metastatic small cell
carcinoma of pulmonary origin relies more
heavily on clinical and radiological findings,
as their immunohistochemical profile may be
identical.

Biology and Genetics

The exact origin of small cell carcinoma of the
bladder is unknown, but it has been postulated
that these tumors may arise either from a small
population of resident (“Kulchitsky-type”) neu-
roendocrine cells in the vesical mucosa, from
neuroendocrine metaplasia of urothelial cells, or
from a mucosal stem cell with a capacity for mul-
tipotential differentiation [94,99].

Although relatively little is known about the
genetic alterations in these tumors, on account
of their rarity, studies using comparative
genomic hybridization (CGH) have shown that
vesical small cell carcinomas contain a high
number of genomic alterations (a mean of 11.3
per tumor), including amplification, gains and
deletions at specific loci coding for known onco-
genes, and tumor-suppressor genes [100]. Ele-
vated telomerase levels have also been identified
in exfoliated tumor cells from urine and bladder
washings in patients with small cell carcinoma,
and may be involved in tumor cell immortaliza-
tion, although the significance of this finding is
unclear [101].

Treatment and Outcome

As mentioned above, these tumors pursue an
aggressive clinical course, with early lymphovas-
cular and muscle invasion and are frequently
metastatic at the time of presentation. The
overall 5-year survival of patients with localized
small cell carcinoma may be as low as 8%
[88,102]. Predictors of poor survival include age
greater than 65 years, tumor stage, and presence
of lymphovascular invasion [103]. Treatment
options consist of cystectomy and adjuvant
chemotherapy or radiotherapy, and a large
number of different regimens are in use,
showing varying success rates [104,105].

Small Cell Carcinoma of the Prostate

Small cell carcinoma is a rare variant of prosta-
tic carcinoma, accounting for less than 1% of all
tumors arising in the gland [106]. It behaves in
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an aggressive manner, metastasizes early, and is
unresponsive to some types of chemotherapeu-
tic regimens [107]. Although pure small cell car-
cinoma is rare, the presence of neuroendocrine
differentiation is not uncommonly seen to some
extent in prostatic carcinoma and may take one
of three forms:

• Focal neuroendocrine differentiation in a con-
ventional prostatic adenocarcinoma

• Carcinoid tumor (well-differentiated neuroen-
docrine tumor)

• Small cell carcinoma (poorly differentiated
neuroendocrine carcinoma)

Thus, although virtually all prostatic carcinomas
show focal neuroendocrine differentiation in
terms of scattered neurosecretory cells within
the tumor, only about 5% to 10% contain
significant groups of cells demonstrating neu-
roendocrine markers by immunostaining [108].

Clinical Features

A significant proportion of small cell carcinomas
of the prostate arise in patients with a previous
history of hormonally treated acinar adenocar-
cinoma [109]. These patients subsequently
present with worsening urinary symptoms and
increasing tumor load, in the setting of a per-
sistently low serum prostate-specific antigen
(PSA) level. As the neuroendocrine component
predominates, patients may present with para-
neoplastic symptoms associated with elevated
levels of adrenocorticotropic hormone (ACTH)
or antidiuretic hormone (ADH).

Pathology and Immunohistochemical
Profile

The morphology of small cell carcinoma of the
prostate is identical to that seen in the bladder
(see above) and lung. In about 50% of cases, the
tumors are composed of a mixture of small cell
carcinoma and acinar adenocarcinoma [110].
The small cell component is positive for CD56,
neuron-specific enolase (NSE), and chromo-
granin A, and shows dot-like positivity using
CAM5.2, but is negative for PSA and prostatic
acid phosphatase (PSAP). The acinar component
shows the reverse immunoprofile. It has been
suggested that primary small cell carcinoma of
the prostate may be distinguished from a metas-
tasis from the lung by the absence of staining for
thyroid transcription factor-1 (TTF-1), but there

have been conflicting results with this marker,
and further characterization with this antibody
is required [111,112].

Biology

The histogenesis of these tumors is unclear. One
hypothesis is that they originate from a multi-
potential stem cell in the prostatic epithelium,
whereas others favor either malignant transfor-
mation of normal prostatic neuroendocrine cells
or metaplastic change in a conventional acinar
adenocarcinoma [107]. There is also evidence to
suggest that prostatic tumors with a significant
neuroendocrine component may be largely
androgen-independent and are thus resistant to
conventional forms of treatment, particularly
hormonal deprivation, used to treat classical
acinar prostatic adenocarcinoma [113].

Treatment and Outcome

The average survival for patients with prostatic
small cell carcinoma is less than 1 year. There
appears to be no difference in survival between
patients with a pure small cell carcinoma and
those with a mixed small cell–acinar tumor.
Unlike its counterpart in the lung and bladder,
studies have reported that small cell carcinoma
of the prostate does not appear to respond to
treatment with cisplatin-based chemotherapy
regimens [103]. However, conflicting studies
have suggested that other chemotherapeutic reg-
imens may confer a small survival advantage
[114].

Rhabdomyosarcoma of the Bladder

Rhabdomyosarcoma of the bladder is a rare
malignant mesenchymal neoplasm composed of
tumor cells that recapitulate the morphological
features of skeletal muscle. Most commonly seen
in childhood and adolescence, the majority of
these tumors are of the embryonal subtype in 
the bladder (and are also known as “sarcoma
botryoides”). In contrast, the alveolar subtype,
carrying a distinct chromosomal translocation
(t2:13), is most commonly seen in the deep soft
tissues and rarely arises in the bladder.

Clinical Features

Patients typically present under the age of 10
years, although cases have been reported in ado-
lescents, young adults, and rarely into middle age
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[115,116]. In hollow organs such as the bladder
or vagina, the tumor grows in a polypoid fashion
into the lumen of the viscus, producing a 
characteristic appearance resembling a bunch 
of grapes on endoscopic and ultrasonic exam-
ination [117]. Vesical rhabdomyosarcoma 
commonly presents with urinary symptoms,
including hematuria, dysuria, and obstruction to
urinary flow.

Pathology and Immunohistochemical
Profile

Rhabdomyosarcomas are usually composed of a
mixture of small round cells with hyperchro-
matic nuclei and scant cytoplasm, and variable
numbers of larger elongated cells with abundant
eosinophilic cytoplasm (rhabdomyoblasts). The
tumor cells contain intracytoplasmic cross-
striations that may be visible on routine hema-
toxylin and eosin (H&E)-stained sections, but
are more clearly identified using special stain-
ing techniques. Although classically exophytic,
forming papillary structures with a central
fibrovascular core, these tumors may show focal
accumulation of rhabdomyoblasts under adja-
cent residual vesical mucosa, resulting in a dis-
tinctive subepithelial zone of hypercellularity
(cambium layer). This architectural feature 
may be useful in the distinction of rhabdomy-
osarcoma from other tumors with a similar
morphology such as lymphoma and small 
cell carcinoma. Tumor cells stain positive for
muscle-specific actin, desmin, and nuclear myo-
genin and myoD1, the latter two being specific
markers for skeletal muscle differentiation
[118].

Biology and Genetics

Several studies have been performed to elucidate
the cytogenetic profile of embryonal rhabdomy-
osarcomas, using a variety of techniques includ-
ing CGH and fluorescent in situ hybridization
(FISH). These have identified a number of
chromosomal abnormalities in these tumors,
including gains of regions on chromosomes 2, 7,
8, 11, 12, 13, and 20, and losses of regions on
chromosomes 1, 6, 14, and 17 [119,120]. Further
work is currently aimed at establishing the exact
identity of the oncogenes and tumor-suppressor
genes involved at these sites.

Treatment and Outcome

Rhabdomyosarcomas are aggressive neoplasms,
usually treated with a combination of surgery,
radiotherapy, and chemotherapy [121–123]. The
exophytic botryoid subtype, commonly seen in
the bladder, has the best prognosis, with an
overall 5-year survival of 65% [124].

Sex Cord–Stromal
(Mesenchymal) Tumors 
of the Testis
Sex cord–stromal tumors (SCSTs) are a related
group of testicular tumors that are composed of
neoplastic cells that recapitulate the primitive
sex cord elements and surrounding immature
mesenchyme of the fetal testis. They are thus dis-
tinct from germ cell tumors of the testis, and
only very rare mixed forms occur [125]. The
SCSTs account for approximately 3% to 5% of all
adult testicular neoplasms and are predomi-
nantly either Leydig or Sertoli cell tumors,
although a smaller proportion of granulosa cell
tumors and rare mixed or indeterminate types
may also be seen. They may present at any age
from infancy to old age, but are most commonly
seen in young children (under the age of 10
years), and account for up to 25% of testicular
tumors in this pediatric age group.

Although no specific etiological factors have
been established in the majority of patients,
case reports note the association of Leydig
tumors with tubular atrophy and Leydig 
cell hyperplasia, for example in Nelson’s,
Klinefelter’s, and adrenogenital and androgen
insensitivity syndromes.

In the latter, multiple Leydig-Sertoli hamar-
tomas are found. These underlying conditions,
therefore, should be considered as possible pre-
disposing factors, particularly in cases with an
unusual clinical presentation or in patients with
multiple, bilateral tumors.

As the majority of SCSTs are either of Leydig
or Sertoli type, these are discussed in further
detail below, with particular reference to their
clinical presentation, pathological features, and
treatment options.
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Leydig Cell Tumors

Leydig cell tumors (LCTs) are a group of sex
cord–stromal tumors of the testis composed of
neoplastic cells that recapitulate the appearance
of Leydig cells.

Clinical Features

Leydig cell tumors account for 2% to 3% of all
testicular neoplasms [126], with 20% arising in
young children (ages 5 to 10 years), and the
remaining 80% seen in young or middle-aged
adults (ages 30 to 60 years). These tumors may
present with signs of increased androgen and/or
estrogen production (most commonly as isosex-
ual pseudoprecocity in children [127] or gyneco-
mastia in adults [128,129]) or as a painless
testicular swelling. Around 3% to 5% of tumors
occur bilaterally, either synchronously or
metachronously [130], and up to 10% display
aggressive behavior (malignant LCT) with 
evidence of subsequent local recurrence or
metastatic spread [131,132]. In most instances,
ultrasound examination of the testis reveals a
well-circumscribed hypoechoic mass, but the
radiological appearances are indistinguishable
from germ cell tumor. Furthermore, there are no
firm radiological criteria to determine whether
a particular lesion will behave in a benign or
malignant manner.

Pathology

Most LCTs are small (3 to 5 cm), well-
circumscribed solid masses, with a yellow/brown
cut surface. Commonly, a thin capsule surrounds
the tumor, and focal areas of microcalcification
and hemorrhage may be seen. Up to 10% cases
show extratunical spread, with infiltration of
paratesticular soft tissues by tumor.

The tumor may show a variety of patterns,
including areas with a solid, pseudoglandular,
trabecular, or insular growth pattern. Tumor
cells are large and polygonal, with indistinct cell
borders. Nuclei are round and vesicular and
contain prominent central nucleoli (Fig. 26.3).
The cytoplasm is abundant and eosinophilic,
and focally may be foamy or vacuolated, and up
to 50% of cases contain intracytoplasmic Reinke
crystalloids or lipofuscin pigment [133]. Mitoses
are scarce, and usually amount to no more than
one or two per 10 high power fields. A fine vas-

cularized stroma is present between the tumor
cells, but occasionally this may be hyalinized
(fibrotic) or edematous (myxoid) in appearance.
Rare examples of LCT may show foci of
adipocytic differentiation, calcification, ossi-
fication, and areas with a spindle cell mor-
phology [134].

Malignant Leydig Cell Tumors

About 10% of LCTs behave in a malignant
fashion [132,135]. The following clinical and
morphological features have been reported as
correlating with an increased risk of malig-
nant behavior: age >60 years, tumor size >5 cm,
marked nuclear pleomorphism, increased
mitotic activity (>3/10 high power fields) or pro-
liferation rate (>10% with MIB-1), the presence
of lymphovascular invasion or coagulative
necrosis, infiltrative margins, extension into rete
or tunica, and aneuploidy [127,135–138].

Immunophenotype

The tumor cells are positive for vimentin,
inhibin [139], calretinin [140], and melan-A
[141,142], but negative for placental alkaline
phosphatase (PLAP). Focal cytokeratin and S-
100 positivity has been reported in some cases
[143]. In addition, Leydig cells in the testis 
are noted to be positive for neuroendocrine
markers, such as PGP9.5 [144].

Biology and Genetics

The majority of LCTs are sporadic, and the eti-
ology of these tumors remains largely unknown.
In the minority of cases associated with 
underlying predisposing conditions (mentioned
above), there is an increased risk of Leydig or
mixed Sertoli-Leydig tumors, and these usually
present as multiple lesions bilaterally. It has 
previously been reported that inactivation 
of the luteinizing hormone receptor (LHR)
gene on chromosome 2p may result in Leydig
cell hypoplasia and male hypogonadism [145].
Studies examining a small number of LCTs 
have reported the presence of activating muta-
tions of the LHR gene in these tumors [146,147].
However, their results have not been confirmed
by other studies [148], and thus further valida-
tion of these findings in large-scale studies of
LCTs is required.
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Treatment and Outcome

The mainstay of treatment for LCT is surgery.
This usually involves radical orchidectomy, but
there has been, in recent years, an increasing
trend for testis-sparing surgery, particularly in
children and younger adults, or those with bilat-
eral tumors. In such instances the diagnosis is
made on intraoperative frozen section, allowing
planning of conservative surgery rather than
orchidectomy. Reports of small series of LCT
treated with conservative surgery show a good
response to organ-sparing surgery and success-
ful preservation of fertility in the majority of
cases, provided that there are no clinical (preop-
erative) or histopathological (postoperative) fea-
tures to suggest malignancy and that local
resection is complete [149–152].

A role for laparoscopic retroperitoneal lymph
node dissection in addition to standard radical
orchidectomy has been advocated for selected
patient groups (especially those with clinical or
histopathological features of malignancy or
known small-volume metastatic disease), but its
potential utility remains to be proven in clinical
terms [153,154]. The vast majority (90%) of LCTs
are benign, and potentially cured by local 
excision of the primary mass. In the remaining
10% cases, there is an increased risk of
local recurrence or distant metastasis, and 
these may require further surgery as well as 
adjuvant chemotherapy and/or radiotherapy.
Although metastatic LCTs are often resistant to
chemotherapy [155], there are some cases that
appear to respond to cisplatin-based regimens
[156].

Fig. 26.3. A Leydig cell tumor showing strong cytoplasmic immunohistochemical staining for inhibin (inset) in the majority of tumour
cells. Original magnification: H&E, 400¥; inhibin, 600¥.
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Sertoli Cell Tumors

Sertoli cell tumors (SCTs) are a group of sex
cord–stromal tumors of the testis that are com-
posed of neoplastic cells recapitulating fetal or
adult-type Sertoli cells.

Clinical Features

Although rare, accounting for less than 1% of all
testicular neoplasms, SCTs may arise at any age
(most commonly middle age). They may present
with a painless testicular swelling or with symp-
toms of gynecomastia or impotence. Most are
sporadic tumors, but there is an increased risk of
SCT in patients with Peutz-Jeghers polyposis,
and Carney’s and androgen insensitivity 
syndromes [157,158]. Ultrasound examination
shows a well-circumscribed, hypoechoic mass,
with a variable amount of cystic change [159].
Most cases show no features enabling distinction
from other testicular neoplasms, including germ
cell tumors. A rare variant, the large cell calcify-
ing SCT, however, commonly presents in young
children and adolescents with bilateral tumors
containing large calcified areas, and has a char-
acteristic ultrasound pattern of bright echo-
genicity and posterior acoustic shadowing [160].

Pathology

Sertoli cell tumors are well-circumscribed lobu-
lated lesions with a variable size (ranging from
2 to 20 cm) and a pale white/yellow solid cut
surface. Focal cystic change or hemorrhage may
be seen, but necrosis is usually absent [161].
Most cases are unilateral, except for cases in
patients with Peutz-Jeghers syndrome or those
with a large cell calcifying variant [162,163].

The tumor forms a variety of patterns, com-
monly including areas with a tubular or glandu-
lar pattern of growth. The tubules may show a
central lumen or form solid islands. Tumor cells
have oval, elongated nuclei with small micronu-
cleoli and pale eosinophilic or vacuolated cyto-
plasm [161]. The nucleus may show features of
indentation or nuclear grooving, especially on
cytological preparations [164]. There is minimal
nuclear pleomorphism, and mitotic activity is
not prominent (usually <5 per 10 high power
fields). The surrounding stroma may be focally
cellular and fibrotic or show areas of
hyalinization.

Immunophenotype and Electron
Microscopy

The tumor cells are usually positive for
vimentin, cytokeratin, and inhibin [139,143],
and may focally stain for S-100 [165] and calre-
tinin. A few cases have been reported as show-
ing positivity for epithelial membrane antigen
(EMA) and NSE. There is no staining with anti-
bodies to placental alkaline phosphatase (PLAP),
excluding seminoma, which may be a diagnostic
problem in some cases [166]. Antibodies against
human chorionic gonadotrophin (HCG) and a-
fetoprotein are also negative. Ultrastructurally,
features of steroid-secreting cells are usually seen
in SCT including abundant cisternae of smooth
endoplasmic reticulum. Charcot-Bottcher fila-
ments (perinuclear bundles of fine filaments) 
are considered to be pathognomonic of Sertoli
cells [167].

Variants of Sertoli Cell Tumor

Large Cell Calcifying SCT

This is a rare variant of SCT, characterized by
large cells with abundant eosinophilic cytoplasm
and calcification [162,163,168]. These tumors are
commonly seen in the context of Peutz-Jeghers
or Carney’s syndromes and affect mostly young
children and adolescents, with a mean age 17
years [169]. Most are solitary and benign, but 
up to 40% may be bilateral [170]. Tumor cells 
are large and polygonal, with vesicular nuclei
and prominent nucleoli. Mitoses are scarce.
The stroma is hyalinized, with a prominent 
neutrophilic infiltrate and characteristic large
areas of microcalcification and/or ossification
(Fig. 26.4). Although few cases behave in a 
malignant manner, possible morphological in-
dicators of aggressive behavior include large
size, necrosis, marked nuclear atypia, lympho-
vascular permeation, and mitotic rate greater 
than three mitoses per 10 high power fields
[171–173].

Sclerosing SCT

This is a rare variant seen in young adults (com-
monly 25 to 35 years age) with tubules composed
of neoplastic Sertoli cells entrapped in a dense
sclerotic stroma. Usually these tumors have a
benign outcome [174,175].
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Malignant SCT

Although rare (<10% of cases), a malignant
form of SCT does occur. The following are clin-
ical and morphological features that correlate
with an increased risk of malignant behavior:
large tumor size (>5 cm), marked nuclear pleo-
morphism, increased mitotic activity (>5 per 10
high power fields), necrosis, infiltrative margins,
and the presence of lymphovascular invasion
[161]. Malignant cases may arise at any age,
including childhood (unlike LCT), and more
commonly present with gynecomastia than
benign tumors.

Biology and Genetics

The majority of SCTs are sporadic, and their eti-
ology remains unknown. In patients at increased
risk of SCT, including those with androgen
insensitivity syndrome, there are individual case
reports of patients whose tumors show activat-
ing point mutations of the androgen receptor
(AR) gene [176,177]. However, whether these
findings can be extrapolated to a larger group of
sporadic SCTs, in patients without androgen
insensitivity syndrome, remains to be 
elucidated.

Treatment and Outcome

The majority of SCTs are benign and thus poten-
tially curable by complete local excision of the
primary tumor mass. The minority of SCTs that

behave in a malignant fashion are usually very
aggressive, resulting in a poor prognosis with
median survival of around 1 year. In these, a
combination of retroperitoneal lymph node 
dissection, chemotherapy, and radiotherapy
appears to offer the best palliative treatment
[178]. In the large cell calcifying variant of
Sertoli cell tumor (LCCSCT), the prognosis is
good in the majority of cases, particularly in
younger children, and some authors advocate
conservative treatment with testis-sparing
surgery for cases identified as LCCSCT by ultra-
sonographic criteria [179].
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