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Preface

Urological cancer is a significant part of modern oncology and
urological practice. Urological Cancers in Clinical Practice is a
companion to Urological Cancers which has been recently pub-
lished by Springer and provides a working guide to the modern
management of urological tumours. This is an area where there
have been significant changes in treatment in recent times. These
changes, which cross the broad spectrum of urological oncology,
encompass a huge area of pharmacological development. I hope
that Urological Cancers in Clinical Practice provides a summary
of these developments that enables the practising physician and
surgeon to apply the best of the most modern approaches to
everyday medical practice.

Jonathan Waxman
London, October 2006
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Radical Radiotherapy for
Prostate Cancer

Mererid Evans and Malcolm D. Mason

Key Points

1. There have been no randomised trials comparing brachyther-
apy or IMRT with conventional radiotherapy.

2. ADJUVANT radiotherapy has recently been shown to improve
progression-free survival after radical surgery in patients with
tumour at excision margins or infiltrating seminal vesicles.

3. Hormone therapy improves outcomes (progression free
survival and survival) after radical radiotherapy for locally
advanced disease.

Introduction

The incidence of prostate cancer is rising worldwide 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 propor-
tion 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 relative merits of radiotherapy in comparison to the
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other management options for early prostate cancer and sum-
marizes the staggering technological 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 dysfunction, 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 randomly 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 prostatectomy 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 rele-
vant to contemporary practice. Unfortunately, a United Kingdom
Medical Research Council (MRC) trial (PR06) randomizing
patients to radical prostatectomy, radical radiotherapy, and
watchful waiting was closed in 1997 because of poor recruitment,
which was attributed to an unwillingness among participants and
clinicians to accept randomization.
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A number of nonrandomized, retrospective studies have com-
pared the outcomes of the different treatment modalities for early
prostate 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 prostatectomy 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 radio-
therapy to dose levels 272 Gy; however, the outcome of patients
who received lower-dose radiotherapy was less favorable. There
are many problems with retrospective comparisons like these,
including differences in case selection and length of follow-up,
and the inherent disadvantages of analyzing past rather than con-
temporary practice.

At least two large randomized trials are currently in progress,
although their results are not yet available. The United States
Prostate Cancer Intervention Versus Observation Trial (PIVOT)
is comparing radical prostatectomy and watchful waiting for
localized prostate cancer [5]; it opened in 1994 and has now
closed to recruitment. 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 watch-
ful waiting. The issue of randomization 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 indi-
vidual 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 con-
sider treatment for men with a life expectancy of 5 years or more
if the tumor is poorly differentiated. Treatment-related mor-
bidity and quality-of-life issues are important considerations
and patients should be counseled appropriately. Prostatectomy
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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 prostatectomy 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 inappropriate.

Pretreatment Assessment

The primary tumor is assessed by digital rectal examination, cys-
toscopy, and transrectal ultrasound (TRUS). Staging of systemic
disease usually comprises bone scanning and pelvic lymph node
imaging (with computed tomography [CT] or magnetic reso-
nance 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 capsular invasion, seminal vesicle involvement, and
periapical extension, and can aid treatment planning.

Treatment Planning

Computed tomography planning is now standard 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 cys-
tourethrogram, putting barium in the rectum and taking orthog-
onal 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 1.5cm to allow for microscopic spread and for variations
in treatment setup (Fig. 1.1). 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 should
be included in the treatment volume or not. Simple formulas for
predicting the probability of microscopic seminal vesicle involve-
ment based on the T stage, Gleason score, and pretreatment PSA
level can be helpful.
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Fig. 1.1. 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).

Inconsistencies in treatment volume definition occur among
clinicians [7], especially in outlining the prostatic apex, superior
aspect of the prostate projecting into the bladder, seminal vesi-
cles, 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 symphysis
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. 1.2).

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 2Gy per day, to a total
dose upwards of 64 Gy.

There is evidence that the 0/ ratio for prostate cancer may be
as low as 1.5, comparable to late-responding normal tissues,
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Fig. 1.2. 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.

probably because of the slow turnover rate of prostate tumors [8].
This suggests that prostate cancers may be particularly sensitive
to hypofractionation and that using larger fraction sizes could
result in greater cell kill. In addition to the possible radiobiolog-
ical gains, other benefits to hypofractionation include shorter
overall treatment 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
(50Gy in 16 daily fractions) has been analyzed [9]. The 5-year
biochemical-free survival rates for good, intermediate, and poor
prognostic groups were 82%, 56%, and 39%, respectively, which
are comparable to published results using conventional fraction-
ation, and normal tissue toxicity rates were not increased. The
results of the first randomized study of hypofractionated radio-
therapy for localized prostate cancer were presented at the
45th annual meeting of the American Society for Therapeutic
Radiology and Oncology (ASTRO) [10]; 936 patients with T1/T2
prostate cancer were randomized at 16 Canadian centers to
receive either 66 Gy in 33 fractions over 6'/, weeks or 52.5Gy 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
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hypofractionated arm than in the conventional arm, but there was
no significant difference between the two groups in biopsy posi-
tivity 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 reac-
tions. 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 management 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 incontinence (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 colos-
tomy (risk <1%).

Efficacy

The outcome of patients treated with modern, high-dose radio-
therapy is comparable to surgery, 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
>75Gy [11]. Pretreatment PSA level, Gleason score, tumor stage,
radiation dose (<70Gy or 270Gy), and treatment year are all
significant prognostic factors. The posttreatment PSA nadir has
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been found to be highly predictive of outcome; in one study, 75%
of patients with a PSA nadir of <0.5ng/mL had PSA disease-free
survival (DES) at 8 years compared to only 12% of patients with
a PSA nadir >4ng/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 confor-
mal radiotherapy techniques, 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. 1.3).

Does Conformal Radiotherapy Reduce Toxicity?

A randomized study comparing conventional and conformal
radiotherapy at a standard dose of 64 Gy [13] showed a signifi-
cant 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 function after treatment.
After a median follow-up of 3.6 years, there was no significant dif-
ference between groups in local tumor control: conformal 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 accept-
able toxicity.

>

Fig. 1.3. (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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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 (70 Gy) or high-dose (78 Gy) conformal radiotherapy 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). Subgroup analysis suggested that the benefit of dose
escalation was limited to patients with a pretreatment PSA of
=10ng/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 <10ng/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 metas-
tasis rate at 6 years in patients with PSA levels >10ng/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 tox-
icity 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 >70Gy, and it was suggested by the authors that the
rectal volume receiving 270Gy 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 demon-
strated low levels of toxicity [15], and the study has continued
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 pro-
vided 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 RTO01 trial, which random-
ized men to standard-dose (64Gy) or high-dose (74Gy) con-
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formal radiotherapy in addition to neoadjuvant androgen sup-
pression, 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 intensities 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 pre-
scribed 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% compared to the
rate of 14% previously reported at the same center for patients
receiving 81Gy 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.
Preliminary results using hypofractionated IMRT (70Gy at
2.5Gy/fraction) show similar rates of late toxicity and biochemi-
cal 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 UK., 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]. Con-
ventional radiotherapy plans were compared to 3D-CRT and
IMRT plans for 10 patients. The mean percentage volume of
small bowel receiving >45Gy for the conventional radiotherapy,
3D-CRT, and IMRT plans were 21%, 18%, and 5%, respectively,
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(p <.001). The rectal and bladder volumes irradiated with doses
=45Gy were also reduced by IMRT. The reduction in critical
pelvic organ irradiation seen with IMRT may reduce side effects
and allow modest dose escalation. 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 physicians, physicists, and radio-
therapists, the risk of errors due to the complexity of planning
and delivery, and the complexity of quality assurance. An addi-
tional concern is that IMRT may lead to an increase in the inci-
dence of second malignancies. There are two reasons for this: (1)
IMRT involves the use of more fields than conventional radio-
therapy 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 conventional 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 modali-
ties. The surrounding normal tissues are spared because of the
rapid dose falloff with distance from the source (inverse square
law). The evolution of TRUS imaging, a closed transperineal
approach, and the increasing sophistication of computerized
planning have resulted in a worldwide resurgence of interest in
this treatment technique. Its appeal lies in its speed and conven-
ience (it can be done as an outpatient procedure) and the low
long-term risk of proctitis; impotence is also less likely than after
radical prostatectomy. Brachytherapy to the prostate can be deliv-
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ered 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 local-
ized 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 biochemical disease free survival, and (2) to
identify patients who will have a good functional outcome.
Patients who are likely to have a good outcome from brachyther-
apy alone have an initial PSA level <10ng/mL, Gleason score
<6, and low-volume disease with a low risk of extracapsular
spread (stage T1/T2). If the prostate is large (>50cm’), 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 incontinence following brachytherapy from 1% to
~12.5%. An alternative procedure may also be preferable in
patients with significant pretreatment lower urinary tract obstruc-
tive symptoms who are more likely to develop urinary retention
after brachytherapy.

Two isotopes are used as the radioactive seed source, iodine
(**I) and palladium ('”Pd), although only "I is readily obtain-
able in the U.K. Both isotopes have low energy but different half-
lives (59.4 days for '*°1, 16.97 days for '”Pd) and initial dose rate.
'%Pd 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 '’
and 100Gy with '”Pd, 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 45Gy
in 25 fractions given by EBRT followed by 110Gy via an
'»I-brachytherapy implant [20].
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A two-stage technique is most commonly used for permanent
implantation in the U.K. The initial stage requires a preplanning
TRUS examination performed with the patient in the lithotomy
position, done either as an outpatient or day-hospital procedure
under general anesthesia. The TRUS images are digitized to
produce a 3D model of the prostate on the planning computer,
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 percuta-
neously into the prostate through a perineal template to a precal-
culated 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 containing 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 variable intensity
which may last for ~3 months. Symptoms may be helped by alpha-
blockers and nonsteroidal antiinflammatory drugs. A minority
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 occasionally 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 comparing brachyther-
apy with other interventions for early prostate cancer (though a
trial randomizing patients to brachytherapy or radical prostate-
ctomy is now open, under the auspices of the American College
of Surgeons). Most results come from single centers reporting ret-
rospective series [e.g., 21]. These results are extremely promising,
but what is difficult to 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.
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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 (**’Ir),
which has higher emission energies than '*I and '“Pd. The
greater range may be more suitable for the treatment of patients
with bulkier tumors and the possibility of extracapsular exten-
sion. 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 10Gy x 2) prior to,
during, or after EBRT (45 to 50Gy) 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 treatment of prostate cancer may be
beneficial for two reasons. First, by combining two effective
modalities, there is hope that the anticancer effects will be addi-
tive. 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., bicalu-
tamide) 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 1.1).
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 evidence 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
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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 metas-
tases 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 inves-
tigating 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 deprivation 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 cardiovascular disease. There is no evidence yet that
long-term hormone therapy increases non-prostate cancer mor-
tality, 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 1.1 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 com-
bined modality therapy are due to the combination of radiother-
apy and androgen ablation or the androgen ablation per se. The
MRC PRO2 study [34] did include a hormones-alone arm and ran-
domized 277 patients with T2 to T4 prostate cancer and no bone
metastases to orchidectomy alone, radiotherapy alone, or a com-
bination of the two. The study was too small to detect a statisti-
cally 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 hor-
mone therapy in patients with nonmetastatic locally advanced or
poor prognosis organ-confined prostate cancer.
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Adjuvant or Salvage Radiotherapy After Surgery

Following radical prostatectomy, patients with positive resection
margins, extraprostatic extension (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 immedi-
ately following prostatectomy (adjuvant RT) or may be postponed
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 radiother-
apy and early salvage radiotherapy are equivalent. Most retrospec-
tive studies, however, show that both are generally well tolerated.

Adjuvant radiotherapy is given postoperatively 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 ele-
vated PSA after surgery. Retrospective studies show that it
reduces the local and biochemical recurrence rates in high-risk
patients after radical prostatectomy, but there is 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 observation (with salvage radia-
tion on recurrence) following 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 recurrence. 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 recur-
rence, 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 fol-
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lowing prostatectomy from Johns Hopkins University, in which
the median time from biochemical failure to detection of metas-
tases 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 explanation for the enormous difference between studies.
Factors that predict a favorable outcome after salvage radio-
therapy include low preradiation PSA level, low Gleason grade,
absence of seminal vesicle involvement, and biochemical failure
to be consistent >1 year after prostatectomy [37]. Presalvage PSA
appears to be the most consistently reported prognostic variable,
and salvage rates are low for patients with pre-RT PSA >2ng/mL.
The increasing sensitivity of PSA testing means that salvage
radiotherapy can now be started at much lower PSA levels (0.01
to 0.1ng/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 radio-
therapy compared to adjuvant radiotherapy, and this needs to be
considered in their interpretation.

The role of hormone therapy in combination with postopera-
tive radiotherapy is currently unknown. Two RTOG studies
currently in progress are addressing this issue: RTOG P-0011 is
comparing adjuvant radiotherapy alone versus adjuvant com-
bined 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
(>0.2ng/mL and <4ng/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 population 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 clarify-
ing these and other issues.
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Controversies and Outstanding Issues

1. Does radical radiotherapy prevent progression to metastatic

disease?

2. Does increasing the radiotherapy treatment dose increase

local control rates?
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Surgical Treatment of
Prostate Cancer

Mark R. Feneley and Roger S. Kirby

Key Points

1. Surgery is evolving and new technologies, such as robotics,
may offer some patients specific advantages.

2. Surgery may offer patients a survival advantage compared
with watchful waiting.

3. Patients with localised poorly differentiated cancers are likely
to do better with surgery than radiotherapy.

4. Surgery should be carried out in specialised centres by expe-
rienced surgeons.

Introduction

Surgery for prostate cancer has evolved, with the main pur-
pose 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 consider-
ably during the 20th century through developments in anatomi-
cal knowledge and surgical experience. It is now a routine
surgical procedure in urological oncology carried out through a
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range of surgical approaches, each with its own advantages 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 morbid-
ity and mortality. In 1905, Hugh Hampton Young [1] at the Johns
Hopkins Hospital, Baltimore, Maryland, 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 des-
cription enabled surgeons to carry out prostatectomy for cure of
prostate cancer with substantially lower mortality than previ-
ously possible (17%), and a 5-year cure rate of 62% [2]. Inconti-
nence, stricture, fistula, and erectile impotence were nevertheless
common and bothersome complications.

Retropubic Prostatectomy

The retropubic approach to radical prostatectomy 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
surgeons had hitherto become familiar [3]. During the ensuing
years, the perineal and retropubic approaches for radical prosta-
tectomy each had its advocates. Radical prostatectomy neverthe-
less remained a formidable procedure, particularly the retropubic
approach, with the risk of uncontrolled hemorrhage from San-
torini’s plexus. In spite of encouraging cancer-specific outcomes
in patients undergoing radical prostatectomy for organ-confined
cancer, the surgical difficulties persisted, and rudimentary under-
standing of surgical anatomy precluded any substantial progress.
Complications related, first, to the undocumented course of the
periprostatic veins and bleeding consequent to unreliable control,
and second, to the unrecognized functional significance of the
neurovascular bundles posterolateral to the prostate. Both were
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described 40 years after Millin’s contribution, 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 landmark 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 urethral preservation were essen-
tial steps toward future technical refinements.

Walsh et al’s [5-7] second pivotal contribution was the
anatomical description of the neurovascular bundles and the
importance of their formal surgical preservation for postopera-
tive recovery of potency. Walsh et al. showed that the bundles
could be separated from the prostate by dissection of the prosta-
tic fascia, along an anterolateral plane, thereby avoiding their
injury (by traction or disruption). Applying these two discover-
ies, Walsh [8] described and subsequently refined the anatomical
surgical technique routinely used today. The technique for exci-
sion 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 perineal 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 assessment or removal of
pelvic lymph nodes; however, when this is considered important,
pelvic lymphadenectomy may need to be carried out as a prior
open or laparoscopic procedure. Perineal prostatectomy, there-
fore, may not be ideal in patients at high risk of a non—organ-
confined pathological stage.
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Laparoscopic Prostatectomy

Laparoscopic radical prostatectomy has developed within the
past 10 years, recognizing the many potential benefits of laparo-
scopic surgery. It was first described by Schuessler et al. [10]
in 1992, and at that time presented significant challenges [11].
Reduction in the extent of surgical incisions, postoperative pain,
and analgesic requirement, and shorter convalescence including
reduced hospital stay contribute to its potential advantages. Dis-
advantages relate to the considerable specific skills and experi-
ence 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 prostatectomy 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 pro-
vides an excellent magnified visual field via a monitor, although
two-dimensional, and a technological approach to precise oper-
ative 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 prophylaxis,
and may be increased with prolonged operative 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 anasto-
mosis. The anastomosis 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 functional recovery.
Mobilization of the bladder as part of the surgical dissection may
also contribute to an apparently more rapid return of urinary
continence, and some surgeons have 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
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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 intro-
duced 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 stimu-
lated further advances in surgical technology with the develop-
ment robotic systems such as AESOP™ (Computer Motion,
CA now Intuitive Surgical Corp., Sunnyuale, CA), DaVinca™
(Intuitive Surgical Corp., Sunnyuale, CA) and Zeus™ (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 instruments via portals
without some of the physical constraints of a laparoscopic envi-
ronment [14,17,18]. They provide capabilities for precise and
remote surgical manipulation, and three-dimensional vision.

Using the robotic approach, extremely favorable early results
have been reported from the Vattikuti Institute of Prostatectomy
(VIP). Hospital 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 neu-
rovascular bundles are freed by an anterior dissection of the pro-
static fascia, creating on each side a block of tissue referred to as
a “veil of Aphrodite.” The limited urethral dissection employed
may contribute 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 par-
ticular continence and erectile function. In some countries, inter-
est 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, neurovascular bundles are rou-
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tinely preserved and bilateral excision is rarely necessary, giving
optimal opportunity for maintaining quality of life and func-
tional 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 biochem-
ical recurrence rates less than 30% can be expected in men with
clinically localised cancer, and progression to metastatic disease
is rare even without secondary treatment (<10%). Radical pros-
tatectomy 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 following radical prosta-
tectomy is predicted strongly by pathological stage [24]. Although
pathological 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 cor-
relates 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].

Wide surgical excision of one neurovascular bundle can some-
times be considered for improved cancer control, and by sparing
the contralateral bundle potency may be maintained [9]. Wide
excision may be beneficial in a small proportion of cases overall,
and rarely necessitates 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
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control may be improved [30]. The decision to excise one or both
bundles depends on both preoperative and operative findings,
including palpable 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 contro-
versies [33,34]. A recently published randomized trial of radical
prostatectomy versus watchful waiting for clinically organ-
confined cancer showed a significant effect reducing metastatic
progression and cancer-specific survival by 8 years (Fig. 2.1) [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 sur-
vival difference in this study, the findings imply that the value of
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Fig. 2.1. Metastasis—free survival in patients randomized to either radical pro-
statectomy or watchful waiting [35]. Reproduced with permission from Holmberg L,
Bill-Axelson A, Helgesen F, Salo JO, Folmerz P, Haggman M et al. A randomized trial com-
paring radical prostatectomy with watchful waiting in early prostate cancer. N Engl J
Med 2002;347(11):781-789. Copyright © 2002 Massachusetts Medical Society.
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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. Uncon-
trolled or unrecognized hemorrhage can be life threatening and
can lead to local or systemic complications. 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 procedures and reconstruction. Other significant com-
plications may include infection, lymphatic leak and rarely rectal
injury, deep venous thrombosts, and pulmonary embolism.

Erectile Function

In spite of advances in anatomical understanding 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 erec-
tions 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
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
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too small for visualization during surgery, even with a micro-
scope. To aid their identification, preoperative electrical stimula-
tion 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 experienced surgeons negative responses lack spe-
cificity [39]. Small variations in surgical technique have been
shown to influence potency rates, and a critical review of an
intraoperative videotape may identify factors that in the sur-
geon’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 unilat-
eral sparing is influenced by age, and may respond to oral phos-
phodiesterase inhibitors as neural pathways are at least partially
intact. Bilateral excision, however, invariably 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 obser-
vational 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 func-
tion, in cases where neurovascular bundle preservation is not fea-
sible, is intriguing 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 nec-
essary to determine the contribution of the graft to nerve regen-
eration after controlling for various factors that may also
influence functional recovery.

Urinary Continence

Urinary incontinence following radical prostatectomy is far less
common than erectile dysfunction, but when present may have
significant implications for the patient. Its true incidence varies
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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. Occasional 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 ure-
thral or bladder neck support, periurethral fibrosis, and less fre-
quently 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 corroborating evidence of any advan-
tage, 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 contribute
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 surgical
practice. The impact of surgery is sudden, recovery may be slow
and additional therapy may be required. Changes in sexual func-
tion other than potency are inevitable, including changes in per-
ception 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 baseline
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differences in patients’ age, comorbidity, and erectile function
[36]. For such reasons, published results based on a surgical series
or single centers may not be truly representative of wider out-
comes [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 instru-
ments, which may influence outcome perceptions [43]. Also of
concern, factors that determine quality of life and sexual func-
tioning seem to have less than precise relationships with disease
and treatment-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 outcomes 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 sur-
geons [48]. Outcomes may be biased by many factors, and those
established clinical and operative considerations discussed in pre-
vious sections of this chapter should be included for prospectively
useful analysis. Individual training and the environment of pro-
fessional 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. Out-
comes do vary among individual patients, and although the relia-
bility of auditing this variability relates to case numbers, there may
be nonuniformity of institution-, 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 experienced surgeons prac-
ticing in institutions of excellence.

Conclusion

Excellent cancer control and quality of life outcomes can be
achieved by radical prostatectomy. The key, historical develop-
ments emphasize the importance of early diagnosis and consis-
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tency 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 mor-
bidity. 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 localized
prostate cancer.

Controversies and OQutstanding Issues

1. Can we better select patients for surgery on the basis of bio-
logical markers?

2. Can we improve imaging techniques to better predict cure fol-
lowing surgery?

3. Can we better standardise clinical practice by centralising
surgery and thereby improve surgical outcomes?

4. Can we standardise adjuvant radiotherapy policies?
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Hormone Therapy for
Prostate Cancer

Gairin J. Dancey and Jonathan Waxman

Key Points

1. Combination therapy with an antiandrogen and an LHRH
agonist leads to improvement in median survival of 7 months
as compared with monotherapy.

2. Intermittent therapy remains a treatment option for patients.

3. Patients with recurrence will respond to further hormonal
manipulation.

4. Hormonal therapy has side-effects, some of which can be
treated prophylactically.

Introduction

Prostate cancer is now the most prevalent of all male malignan-
cies 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 3.1 [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.
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Table 3.1. 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].

Since that time there have been refinements of treatment 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 sur-
vival. Our hope for the future is that new developments and ther-
apeutic options will result from our increased understanding 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



Hormone Therapy for Prostate Cancer 41

patients, and there was an increased risk of death in the watch-
ful 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 appar-
ent 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 combination with radiotherapy for
localized prostate cancer. In summary, there have been 20 such
studies, 14 retrospective and six prospective. Virtually 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. Eigh-
teen 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 Radi-
ation Therapy Oncology Group (RTOG) is summarized in Table
3.2. 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

Table 3.2. 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.
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surgical study in this radiotherapy trial, with the significant
improvement in survival confined to those patients with high
Gleason grade tumors (Table 3.3). The second study published,
in the same year and conducted by the European Organization
for Research and Treatment of Cancer (EORTC), randomized
patients to radiotherapy with or without 3 years’ treatment with
goserelin. 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 published in 2000 an update of this trial with actual sur-
vival figures (Table 3.4) [5].

Table 3.3. 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.

Table 3.4. Eortc radiotherapy and adjuvant hormonal therapy trial: the update

Patients: 415 (412)
Median FU: 5.5yrs
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% CI 72-86%) RT
specific survival: 94% (95% Cl 90-98%) RT + AA

Source: Lancet 2002:360;103.
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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 urologists argued from the surgical viewpoint
that 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 treat-
ment 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 pituitary 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 substitution leads to
greater stability of the molecule, such that the pituitary arymili-
dases 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 independent
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].



44 Urological Cancers in Clinical Practice

Combined Antiandrogen Treatment

Labrie, a French Canadian, has made a great contribution to
prostate cancer treatment, and suggested that in a disease that
is androgen sensitive it is important to eliminate all sources
of androgen. 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 antiandrogen,
such as flutamide, potentially has the benefit of acting synergis-
tically with GnRH agonist. Labrie’s early work was not based on
any randomized 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 combi-
nation therapy as compared with monotherapy at 5 years. This
would appear to be a bizarre time point to use as an assessment,
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 inter-
mittently. There is no evidence whatsoever that intermittent treat-
ment is less successful than continuous therapy. Indeed, if one
examines the effects of hormonal treatment on prostate cancer
cells growing in culture, then a single exposure to antiandrogen
therapy is seen 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 advo-
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cate 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 presented 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 intermittent 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) pro-
gression 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 pro-
gression. The androgen receptor is a transcription factor that
binds to coactivators and co-repressors together with heat shock
proteins, and by this process initiates gene transcription. 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 responsible for tumor progression
(Fig. 3.1).

These mutations have a practical significance. This significance
is that the tumor has changed from being responsive to antian-
drogen treatment to becoming dependent on it. In this situation
withdrawal of the antiandrogen leads to a transient response, and
this is seen in 20% to 40% of patients [8]. Upon further progres-
sion, treatment with low-dose steroids leads to a transient
response in 10% to 20% of patients. It is very doubtful whether
there is any benefit from other agents, such as ketoconazole,
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Fig. 3.1. The androgen receptor pathway in prostate cancer. (Courtesy of Dr. Charlotte
Bevan, Prostate Cancer Research Group, Department of Cancer Medicine, Faculty of
Medicine, Imperial College London, Hammersmith Campus, London, England.)
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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 mechanisms. There is no evi-
dence to date that these agents have activity in prostate cancer,
though there has been interest recently in the combination of
such agents with cytotoxic chemotherapy, 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 par-
adigm 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 treatment to a standard therapy option,
and then finally the side effects of the new treatment are reported.
This has been the case with the hormonal treatment of prostate
cancer. The initial reports of estrogen activity have been followed
by overwhelming evidence of toxicity. This includes a 40% inci-
dence of gastrointestinal toxicity, gynecomastia that is not pre-
vented by the irradiation of breast buds, and cardiovascular
toxicity that is not prevented by low-dose anticoagulation [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, parkin-
sonism, 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 physiologically is osteoporosis, with
a loss of bone mass of nearly 10% per annum. Although bispho-
sphonates 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].
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Conclusion

Over the years the treatment of prostate cancer has certainly
become more humane. The most significant area of interest in
this disease remains the exploration of the molecular basis for
response and relapse. In understanding this, our hope is to
provide more effective treatment for prostate cancer.

Controversies and Outstanding Issues

1. Can we extend remission?

2. Can we predict those patients who will benefit from second
line therapy on the basis of androgen receptor mutations?

3. Can we limit the side-effects of hormonal therapy, identi-
fying tissue-specific hormonal treatment comparable to the
SERMS?
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Chemotherapy in
Prostate Cancer

Srikala S. Sridhar and Malcolm J. Moore

Key Points

1. Mitoxantrone and prednisone combination therapy offers
symptom palliation but no survival gain.

2. Docetaxel chemotherapy is the first treatment to offer a sur-
vival advantage to patients with progressive disease.

3. The use of adjuvant chemotherapy may improved upon the
results of hormonal treatment.

Introduction

Prostate cancer is now most frequently diagnosed 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, under-
scoring the urgent need for new therapeutic approaches [4].
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Historically, the role of aggressive systemic chemotherapy in
HRPC had been questioned because elderly patients with poor
marrow reserve, concomitant illnesses, and poor performance
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 sig-
nificantly 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
provided 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 conventionally measurable lesions. This chap-
ter discusses 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 testosterone 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, het-
erogeneity of enrolled patients, and lack uniform response crite-
ria [5]. Overall there have been very few recent phase III trials
completed in HRPC (Table 4.1) 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 compres-
sion, or painful urinary obstructive symptoms. In patients with
more widespread bone disease, radioisotopes such as strontium-
89, rhenium, or samarium may provide some pain 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 bisphosphonates. These are stable
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analogues of calcium pyrophosphate that inhibit osteoclast activ-
ity in bone, and are approved by the Food and Drug Administra-
tion (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 clo-
dronate, 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 bisphospho-
nate, appears to significantly reduce SRE and therefore 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 asympto-
matic with a PSA that is starting to rise. The increase in median
surviv-al seen in recent HRPC chemotherapy trials when com-
pared with older studies, may thus be less reflective of more effec-
tive 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 entry is now being defined as the appear-
ance 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 settings PSA changes do not show good
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correlation with firm end points such as survival, leading to the
suggestion that the PSA may require validation for the specific
clinical setting and therapeutic 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 radi-
ographic disease progression). This definition is based on pre-
vious studies that suggest a statistically significant survival
advantage 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
IIT level.

Measures of response such as PSA do not necessarily 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 incorpo-
rate 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 pred-
nisone 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 comprising 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, inducing strand
breaks; and (3) inhibit topoisomerase II activity. Clinically,
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mitoxantrone is well tolerated, but due to structural similarity
to doxorubicin, it shares the dose-limiting side effect of car-
diotoxicity. 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
analgesic usage or both (neither could get worse). In the mitox-
antrone 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 demon-
strated. These patients also reported improvements in physical
and social functioning, global quality of life, anorexia, drow-
siness, constipation, and other symptoms [18]. The use of
mitoxantrone was also associated with a higher PSA response rate
and time to progression. There was no survival benefit of
chemotherapy, although a crossover to mitoxantrone in patients
who progressed on prednisone was allowed and may have
impacted on the survival analysis. An economic analysis of
this study by Bloomfield et al. [19] further suggested 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 mitoxantrone arm, but no improvement in overall
survival (the primary end point). The toxicities of mitoxantrone
included neutropenia, thrombocytopenia, and cardiac dysfunc-
tion, 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 symptomatic patients with HRPC. Its use in
earlier stage asymptomatic HRPC patients was recently evaluated
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 introduced by including these early-stage
patients.



56 Urological Cancers in Clinical Practice

Estramustine/Taxane-Based Therapy

Estramustine phosphate, a conjugate of estradiol and nitrogen
mustard, with hormonal and nonhormonal cytotoxic effects in
vitro, has also been evaluated in HRPC [22]. Unlike other alky-
lating agents, estramustine does not directly damage DNA but
depolymerizes cytoplasmic microtubules and microfilaments,
binds to microtubule 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 etoposide, which showed
in vitro activity, was initially attractive because both drugs target
microtubules 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 estramustine, has also been evaluated. Hudes et al. [26],in a
phase III trial, compared estramustine plus vinblastine with vin-
blastine alone. Response rates in the combined arm were 25.2%
versus only 3.2% in the vinblastine alone arm. There was accept-
able toxicity, and no survival advantage with the combined
arm, but this study was underpowered to detect slight survival
improvements. A similar PSA response rate, 24.9%, was reported
in a recent study by Albrect et al. [27] for the combination of
estramustine and vinblastine. But this was less than the response
rate for single-agent estramustine, which was 28.9%. Further-
more, toxicity in the combined arm in this trial was felt to be
unacceptable. The difference in tolerability between the trials
could be explained by differences in estramustine dosing, or the
inclusion of more advanced, poorer performance status patients
in the latter trial. Nonetheless, it illustrates the difficulties
encountered 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 encouraging results when combined
with estramustine (Table 4.2). By binding to tubulin, the taxanes
induce microtubule stabilization, G2/M phase cell cycle arrest,
and apoptosis. They also induce apoptosis through activation of
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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 improve-
ment in overall quality of life. This combination is now being
evaluated in phase III trials.

Despite lowered doses, toxicities due to estramustine, prima-
rily nausea and thromboembolism (requiring prophylactic anti-
coagulation) continue to be a problem. Berry et al. [28], with the
U.S. Oncology Group, conducted a phase II randomized trial com-
paring 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
thromboembolic complications in the paclitaxel only arm, indi-
cating that single-agent paclitaxel may be an option for patients
with a history of thromboembolic problems.

Another member of the taxane family that is more potent than
paclitaxel and easier from a dosing standpoint is docetaxel. Petry-
lak et al. [29] treated chemonaive HRPC patients with a combi-
nation 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 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, doc-
etaxel 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 4.3).

Two phase III studies comparing docetaxel-based regimens
with mitoxantrone and prednisone have recently been reported.
The TAX 327 trial, a prospective, nonblinded, three-arm study,
randomized more than 1000 patients to receive docetaxel plus
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prednisone (a weekly regimen or every 3 weeks) or the current
standard, mitoxantrone and prednisone. End points included
overall survival, PSA response, and palliative response. Docetaxel
every three weeks led to superior survival (18.9mo vx. 16.5mo)
and improved rates of response in terms of pain, serum PSA,
and quality of life as compared with mitoxantrone plus
prednisne [32a]. The Southwest Oncology Group (SWOG) 9916
phase III study randomized 674 patients to receive estramustine
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 sur-
vival (17.5mo 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 pred-
nisone 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—estramustine,
etoposide, and paclitaxel; paclitaxel, estramustine, and carbo-
platin; 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.

Chemotherapy in Hormone-Sensitive
Disease

Neoadjuvant Chemotherapy

The use of systemic chemotherapy earlier in the course of treat-

ment, an effective strategy in some malignancies, has been
explored to a small degree in prostate cancer. The objectives of
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neoadjuvant chemotherapy are to downstage the cancer, decrease
the incidence of positive surgical margins, and eliminate micro-
metastases. 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 fea-
sible approach (Table 4.4). 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 prostatectomy
(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 etopo-
side and estramustine. 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 estramustine, the CALGB
has initiated a phase III randomized study in patients with high-
risk disease [42,43]. Other neoadjuvant combinations being
studied are docetaxel with mitoxantrone [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 con-
comitant 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%) compared with his-
torical controls. In a study by Oh et al. [47], neoadjuvant liposo-
mal doxorubicin chemotherapy prior to androgen ablation
plus radiotherapy for high-risk disease showed no activity and
significant toxicity.

Although preliminary data suggest that neoadjuvant
chemotherapy can be safely administered, larger randomized
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controlled trials are necessary to determine its actual benefit.
At the present time there is no indication for neoadjuvant
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 4.5). The National
Prostate Cancer Project has conducted two randomized trials.
Patients postsurgery or post-external beam irradiation were ran-
domized to observation or cyclophosphamide 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, mitoxantrone and prednisone,
or to androgen deprivation alone. RTOG 9902 randomizes
patients post-external beam radiotherapy to combined androgen
blockade plus four cycles of paclitaxel, etoposide, and estramus-
tine or to combined androgen blockade alone. A third
nonrandomized 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 cyto-
toxic 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.

Suramin

One of the first biological agents to be studied in prostate cancer
was suramin, a polysulfonated aromatic compound initially syn-
thesized as an antiparasitic agent. Suramin was later shown also
to interfere with cell signaling, DNA replication, and angiogene-
sis, and it showed promising cytotoxic activity against prostate
cancer cells in vitro [49]. In the clinical setting, patients failing
antiandrogen therapy were treated with suramin, which was
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coadministered with a steroid to prevent adrenal suppression.
The original clinical trials suggested this was an active com-
pound; 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 vari-
ables when designing clinical trials in HRPC, became readily
apparent when each of these maneuvers independently demon-
strated PSA response rates of 20% to 30%. This likely contributed
to the inflated response rates of 70% seen initially in the uncon-
trolled 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
biological therapies remains to be determined [12]. Suramin has
significant neurological and other side effects owing to its large
volume of distribution and long terminal half-life, raising the
important issue of appropriate dosing of biological therapies
[12]. In summary, the low response rate, lack of survival advan-
tage, and toxicities of suramin have halted its further develop-
ment, 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 Epidermal 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 mitox-
antrone 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].
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Angiogenesis Inhibitors

Targeting angiogenesis is another novel approach. 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 degradation of the basement mem-
brane, migration of endothelial cells into the interstitial space,
and subsequent endothelial proliferation and differentiation into
mature blood vessels [52]. Several agents targeting angiogenesis
have been tested in prostate cancer, including suramin, thalido-
mide, matrix metalloproteinase inhibitors, endostatin, angio-
statin, 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 immunotherapy, 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 prosta-
tic 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 evaluated. 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 immuno-
logic 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.
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Combinations of Targeted and Cytotoxic Therapy

Targeted therapy in combination with chemotherapy is another
area of active research. Several trials have assessed the combina-
tion of targeted therapies such as thalidomide, calcitriol, and
exisulind with docetaxel. Thalidomide glutarimide is a synthetic
glutamic acid derivative that was initially used for morning sick-
ness but was taken off the market due to teratogenicity and neu-
ropathies. Thalidomide has antiangiogenesis effects, inhibits
cytokines including tumor necrosis factor-o, 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 anticoagulation.
Larger trials incorporating palliative 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 supraphysiological concentrations, is a
natural ligand for the vitamin D receptor and its analogues and
has several mechanisms of action. Calcitriol causes GO/G1 arrest,
changes in p21 (Wafl) and p27 (kip1) expression, dephosphoryla-
tion of retinoblastoma protein, downregulation of bcl-2, inhibi-
tion of angiogenesis, induction of apoptosis, and changes in
several growth factor systems including EGF, transforming growth
factor-P (TGF-B), and insulin-like growth factor (IGF). Preclinical
studies suggest it enhances cytotoxic activity of docetaxel, pacli-
taxel, 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 guanosine monophosphate (cGMP)
phosphodiesterase, leading to a sustained increase in cGMP, acti-
vation 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].
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Trials are also currently underway evaluating the drug G3139
with docetaxel. G3139 is an antisense 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 tolerated [58]. Other trials using
antisense technology are also being initiated.

Taken together, targeted therapies either alone or in combina-
tion 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. Certainly, advancing chemotherapy may eliminate
hormone-resistant clones early, thereby slowing the natural pro-
gression of this disease. Of the various cytotoxic agents currently
under study, the taxanes show the most promise, combining
encouraging PSA response rates with tolerability. Targeted ther-
apies both alone or in combination may also prove effective, espe-
cially 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.

Controversies and Outstanding Issues

1. Is adjuvant therapy of benefit?

2. Which patient groups will respond to adjuvant chemotherapy?

3. Can we identify patients who will respond to chemotherapy
for metastatic disease?

4. Can we produce more effective chemotherapy treatment for
patients in relapse?
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Treatment Options in
Superficial (pTa/pT1/CIS)
Bladder Cancer

Jeremy L. Ockrim and Paul D. Abel

Key Points

1. There are substantial differences in recurrence and progres-
sion rates denoted by prognostic factors.

Intravesical adjuvant therapy reduces local recurrence.

BCG is likely to be the best adjuvant intravesical agent.

A case can be made for maintenance therapy with BCG.
There is no good evidence that BCG improves overall survival.

A

Introduction

Bladder cancer is the fourth most common cancer in men and the
eighth most common cancer in women worldwide, and the inci-
dence continues to rise. In the United Kingdom, 13,600 new cases
per annum contribute 5% to the national cancer burden [1]. Over
100,000 diagnostic, check, and interventional cystoscopies each
year are performed in surveillance protocols in attempting to
monitor for disease progression. In the United States, there were
approximately 57,500 new cases and 12,500 deaths in 2003, result-
ing in an annual expenditure ($2.2 billion/year) almost twice that
for prostate cancer [2]. These figures reflect the lifelong commit-
ment to surveillance and intervention for recurrent and progres-
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sive disease. The difficulties involved in this complex process were
emphasized in McFarlane et al’s [3] seminar in 1996, where con-
siderable divergence of opinion was noted among clinicians pre-
sented with a variety of clinical scenarios. This chapter provides
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 classification is based on
the International Union Against Cancer (UICC) revision of 1997
[4]. Superficial bladder cancer is the term used to describe tran-
sitional 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 pTl 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”
(pTla), “into muscularis mucosae” (pT1b), and “beyond muscu-
laris mucosae” (pT1lc) [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 themselves,
but also with themselves over time [10]. One study has demon-
strated that pathologists often overstage but undergrade
bladder specimens [11]. The importance of good-quality resec-
tion specimens, including the underlying detrusor muscle (see
Role of Transurethral Resection and Tumor Surveillance, below)
and of good liaison between urologist and uropathologist (which
ideally should be centralized within a multidisciplinary setting)
is clear.
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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 under-
standing of the natural history of the disease is essential 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, contemporary 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 limi-
tation in mind.

Grade

Many series have shown the importance of tumor grade in rates
of recurrence and progression. The National Bladder Cancer Col-
laborative Group (NBCCG) trial [12] reported progression rates
for World Health Organization tumor grades I, II, and III of 2%,
11%, and 45%, respectively, 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 presump-
tion that bladder cancer develops through a logical sequence of
biological events from superficial to invasive disease, pTa and
pT1 tumors show substantial 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 pro-
gression is closely correlated with mortality. The 5-year mortal-
ity rate for pTa tumors is less than 1%, whereas the 5-year
mortality for pT1 tumors is as high as 24% [5,15]. As such,
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a) Suggested Protocol for Management of Newly Diagnosed pTa Tumours

‘ Solitary tumour — recheck 3-4 months ‘ Multiple tumours — recheck 3-4 months ‘

v v v v

No tumour — New pTa tumour — No tumour — recheck annually
recheck 12 months recheck 3-4 months when 3 years tumour-free,

discharge
No tumour —
discharge
No tumour — recheck annually New pTa tumour — consider
when 5 years tumour-free, discharge [ intravesical therapy — recheck 3-4 months

b) Suggested Protocol for Management of Newly Diagnosed pT1 Tumours

G3
re-resect at 2-4 weeks

G1/G2
recheck 3-4 months

No tumour — New tumour — No tumour — Tumour present
recheck 6 monthly pTa (see table above) Check 3-4 months pTa (see Table

for 12 months, then pT1 - recheck 3-4 above)
annually. When 5 years months and consider pT1 - consider
tumour-free, discharge intravesical therapy radical therapy
A

If pT1 TCC, consider
radical therapy,
especially if no response
to intravesical agents

Fig. 5.1. Suggested surveillance protocols for newly diagnosed superficial bladder
cancers. (From Abel PD. Follow-up of patients wih a “superficial” transitional cell carci-
noma of the bladder: the case for a change in policy. Br J Urol 1993;72(2):135-142,
Blackwell Publishing Ltd.)

separate protocols for pTa and pT1 cystoscopic surveillance have
been proposed [15] (Fig. 5.1).

Frequency of Recurrence

The intervals between tumor recurrences are of central impor-
tance. Recurrence rates steadily decrease with the length of
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disease-free interval, such that the risk of further disease is
less than 10% after 5 years of negative cystoscopic examination
[16,17]. Fitzpatrick et al. [18] demonstrated that the first
check cystoscopy also pointed to future tumor activity; 80% of
those with a clear 3-month cystoscopy remained disease free,
whereas those with recurrent disease at 3 months had only a 10%
chance of remaining 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 substantially affected by the early clin-
ical response; over 75% of those with rapidly recurrent lesions
developed subsequent recurrences. It is important to recognize
that early tumor recurrence may also be related to surgical tech-
nique (see Role of Transurethral Resection and Tumor Surveil-
lance, 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 progression rates
[19,20]. Tumor sizes greater than 3cm and 5cm have also been
correlated with poorer outcome [12,20].

Carcinoma in Situ (CIS)

Carcinoma in situ is defined as a flat (nonpapillary) high-grade
transitional cell carcinoma that has not penetrated the basement
membrane of the epithelium. Such lesions are considered distinct
entities from papillary (pTa/pT1) tumors, with profound impli-
cations for prognosis. Clinically, CIS can be divided into diffuse
(velvety erythematous elevations) or focal (thickened 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 papil-
lary tumor development. These two subsets of CIS have marked
differences in invasive potential. In Lamm’s [21] review, an
overall progression rate of 54% was reported for untreated CIS.
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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. More-
over, with diffuse CIS, occult disease of the distal ureters and pro-
static 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 ortho-
topic 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 cysto-
scopic surveillance protocols and adjuvant therapy. The relative
importance of the prognostic factors was measured by multi-
variate 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 recurrence 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 chemotherapy protocol based on these
two factors alone. In the EORTC-GU analyses, the relative risk of
disease progression was assessed [20]. The 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 calculation. 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 5.1). Although these tables
are interesting research tools, most clinicians assess risk accord-
ing to all the available clinical and histological information
(Table 5.2), applied on an individual basis, and according to the
needs of the patient.
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Table 5.2. Suggested prognostic factors influencing management of superficial
bladder tumors

Low risk (conservative High risk (surgical

management) management*)

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

pTlc)

Small (less than 1.5cm) Large (greater than 1.5cm) tumor

Solitary tumor Multifocal tumors

Absence of associated Presence of carcinoma in situ
carcinoma in situ (especially if distant to papillary

tumor site)

Second endoscopic resection Second endoscopic resection
showing no residual tumor showing residual tumor (at 3
(at 3 months) months)

Good response to intravesical Poor response to intravesical
chemotherapy/ chemotherapy/immunotherapy
immunotherapy

No tumor recurrence during the  Early recurrence less than 6
first year of surveillance months after initial resection
cystoscopy

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

Molecular Markers

The search to find alternate prognostic factors on which to base
treatment decisions (conservative 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, EGER, 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 correlated 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 predictive value of p53,
including nearly 4000 patients, failed to find to any significant
correlation that could be applied in daily clinical practice. More-
over, p53 expression has not been useful in predicting response
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to adjuvant (bacille Calmette-Guerin [BCG]) therapy [29]. As yet,
the potential of molecular makers remains unfulfilled.

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) biop-
sies of macroscopically normal urothelium to identify dysplasia
are not useful, as less than 10% of normal-appearing urothelium
in either pTa or pT1 disease will show an abnormality [31].
Moreover, significant variations in the interpretation of histolog-
ical samples may in fact hinder rather than benefit therapeutic
decisions [32].

It was previously assumed that the incidence of recurrence is
low following cystoscopic extirpation 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 presentations),
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



84 Urological Cancers in Clinical Practice

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

It is accepted that conventional light cystoscopy is an insensi-
tive method of visualizing all superficial tumors and areas of
subtle urothelial abnormality. Up to one third of tumors may be
missed using conventional light sources, and inadequate resec-
tion is commonplace [36].In one series of pT1 disease [37], recur-
rent tumor was detected in 43% of those subjected to repeat
resection of the original resection site, emphasizing the im-
portance 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 limitations 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 high-
light the importance of scrupulous TUR technique to all operat-
ing clinicians.

Role of Intravesical Therapy in
Tumor Prophylaxis

The purpose of intravesical adjuvant therapy is threefold: to erad-
icate residual tumor, to reduce the rate of recurrence, and to
reduce the risk of tumor progression. Many different topical
instillation 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 alkylat-
ing agents thiotepa and mitomycin C (MMC), and the mycobac-
terium bacille Calmette-Guerin (BCG).
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Intravesical Chemotherapy and
Recurrence/Progression Rates

Intravesical chemotherapy agents were traditionally adminis-
tered as delayed bladder instillations initiated at least 1 week fol-
lowing transurethral resection of the tumor and continued 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 recurrence rates (within 1 year) for low-
grade (Gl 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 prolonged tumor sur-
veillance. 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 followed 5 years or
more, the recurrence rate increased to that achieved using
transurethral extirpation alone [44]. Neither has this figure
improved significantly by protracted maintenance therapy
[45,46]. The cumulative data from such studies suggests that
the overall reduction in recurrence rates using intravesical
chemotherapy is approximately 12% to 15% [47]. Even more dis-
appointing 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 Inmunotherapy and
Recurrence/Progression Rates

Intravesical immunotherapy using BCG was first proposed by
Morales et al. [49] in 1976. Conventional prophylactic regimes of
6 weekly instillations, 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
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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 approximately
30%) [51]. In contrast, trials comparing MMC directly with BCG
have been less consistent in outcome, and passionately debated.
Of the published comparative MMC-BCG studies, three have sug-
gested 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 inconsistencies (inclusion cri-
teria) and the interpretation of clinical and pathological factors
have compounded 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 unpublished MMC-BCG
comparative studies, seven of the 11 trials demonstrated superi-
ority 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 Urological Association (AUA) guidelines (published in
1999) still recommend the use of either MMC or BCG for the pro-
phylaxis of pT1 and high-grade pTa disease [59].

Despite many studies, definitive evidence that BCG
immunotherapy improves the overall survival 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 progres-
sion are shown in Table 5.3. These studies can be criticized for
their inclusion 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 evidence that suggests that BCG therapy may
delay stage progression or delay the necessity for radical
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(cystectomy or radiotherapy) intervention 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 orig-
inal 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 reimplantation. Longitudinal studies have shown that
tumor recurrences occur in two time-dependent peaks. The
groups with early recurrence peaks are sensitive to chemother-
apy, whereas those with delayed recurrences are generally resis-
tant [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 con-
ventional 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 advantage
being lost within the first 24 hours [62]. Immediate bladder instil-
lation 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 involv-
ing 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” regi-
mens of continued weekly, biweekly, or monthly instillations [66],
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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-induction 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 maintenance
instillations at 3 and 6 months and every 6 months thereafter over
3 years. However, only 16% of the 243 patients were able to toler-
ate 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 cumu-
lative 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 analysis
of their own and other studies [19,70,71] suggests that the toxic-
ity 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 main-
tenance 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
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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 main-
tenance 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 Association of Urologists (EAU)
guidelines recommend a second course for patients who fail
primary therapy, and consideration of radical intervention
(cystectomy) thereafter [73].

Treatment Options in G3pT1 Disease

G3pT1 forms the watershed of therapeutic intervention, with
advocates of conservative and radical intervention equally per-
suaded in their 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 treat-
ment 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) treat-
ment 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),
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but also to the interdependence of other factors such as con-
comitant CIS, tumor multifocality, tumor size, and previous
recurrence rates. The nonstandardization of BCG treatment pro-
tocols has also limited direct comparisons of data. Historical
reports of response rates following BCG therapy have varied from
25% to 75% for recurrence 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 indica-
tors 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 summarized
on Table 5.4.

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 randomized 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 accumulation 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]. 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 preser-
vation of the bladder in situ, even as a temporized objective, could
be considered a worthwhile benefit to some patients.
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Other Imnmunomodulators

The relative success of BCG has stimulated interest in other
immunomodulators for use as adjuvant intravesical agents. Inter-
ferons (IFNs) are key components of the cytokine response,
causing increased expression of major histocompatibility
complex antigens on transitional cells, activating T cells, lym-
phokine activated killer cells, and natural killer cells. Intravesical
IEN-02b 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 (recur-
rence 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-o and standard intravesical agents may have
a synergistic effect [82]. Pilot studies have already shown a syn-
ergistic action of IFN-o. with epirubicin [83], MMC [84],and BCG
[85], whereas the combination of BCG and IFN-o 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 neces-
sary. Atten-tion to and accurate documentation of relevant clini-
cal 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, cytotoxic chemotherapy imme-
diately following resection is the first choice. High-risk lesions
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including G3pT1 disease and CIS should be treated with intra-
vesical 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 prognosti-
cators is promising, although their potential is dependent on
further large-scale study.

Controversies and OQutstanding Issues

1. Can we identify biological markers for response to BCG?

2. Can we develop new agents for the treatment of superficial
bladder cancer?

3. Can we identify agents that are better tolerated than BCG?

4. Can we identify molecular markers which predict the natural
history in an individual patient?
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Chemotherapy for
Bladder Cancer

Matthew D. Galsky and Dean F. Bajorin

Key Points

—

Bladder cancer is a chemotherapy-responsive tumour.

MVAC was the standard, but is toxic.

3. Cisplatin and gemcitabine combination therapy is the new
standard.

4. There is a role for consolidation surgery in select patients with
unresectable or metastatic disease after chemotherapy.

5. Possible additive benefit to adjuvant therapy given with

surgery for locally advanced disease.

>

Introduction

Transitional cell carcinoma (TCC) of the urinary bladder is the
second most common genitourinary 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 pre-
sumed localized 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 survival rate, intense efforts over the past two decades have
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focused on the development of active chemotherapeutic regi-
mens 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 man-
agement 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 evaluating single-agent cisplatin were initi-
ated in patients with advanced TCC, yielding overall response
(OR) rates ranging from 26% to 65%. Although uncommon, com-
plete response (CR) rates were also observed (5% to 16%). Sub-
sequently, additional single agents demonstrated activity in
urothelial TCC. The most active of these included methotrexate
(OR 30%), doxorubicin (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 com-
bination 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 compared to single-agent
cisplatin [5] and CISCA (cisplatin, cyclophosphamide, and
Adriamycin) [6].
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Limitations of MVAC

Despite the superiority of MVAC in phase III trials, the limita-
tions of this regimen were readily apparent. Although
many patients responded to MVAC, median survivals were con-
sistently 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 toxicities such as febrile neutrope-
nia (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 investigators 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 receiv-
ing the every-2-week schedule there was no significant difference
in the overall survival distributions. 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 con-
ventional regimen given at 4-week intervals remains the standard
of care.
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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 independ-
ent 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 strat-
ify patients in phase III trials comparing new regimens to stan-
dard 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 demon-
strate moderate activity as both first-line and second-line
therapy, more favorable 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 exploring the combination of gemcitabine
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and cisplatin 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 6.1) [14], in which 405 chemotherapy-
naive patients were randomized 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 associated 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 equiva-
lence 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 administration,
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 175mg/m* and cisplatin 75mg/m’ 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 moderate, with
neutropenia (without fever) and neurotoxicity being most
common.

Trials evaluating the combination of docetaxel 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 com-
paring DC with MVAC plus GCSF conducted by the Hellenic
Cooperative Oncology Group have recently been reported (Table
6.1) [18]. Although DC was associated with less hematologic tox-
icity and febrile neutropenia, response rates and survival favored
the MVAC arm. The reported toxicity of the MVAC arm, admin-
istered with GCSE, was less than in previous phase III trials
employing MVAC without GCSE.
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New Cisplatin Triplets

The combination of ifosfamide, paclitaxel, and cisplatin (ITP) has
been studied in a phase II trial [19]. Myelosuppression was the
predominant toxicity (45% grade 3 to 4 neutropenia), although
the risk of febrile neutropenia was low (3.3% of all cycles). Grade
3 neuropathy and 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 sur-
vival 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 survival time had not been reached at the time of the
report. This regimen is currently being compared with gemc-
itabine plus cisplatin in an international randomized phase III
trial conducted by the EORTC.

New Carboplatin Doublets

Given the renal, neurologic, and auditory toxicity associated with
cisplatin, it was hoped that carboplatin would prove to be equiv-
alent to cisplatin 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 combina-
tion of paclitaxel and carboplatin. Phase II trials have been per-
formed with wide variations in the doses of paclitaxel (150 to 225
mg/m?) 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 6.1). Because the study
was terminated after 2'/, years of slow accrual [28], only 85 of the
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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 carboplatin 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 pre-
liminary form. Overall and complete response rates favored the
cisplatin-containing regimen (Table 6.1) [32]. A phase III trial
comparing the gemcitabine plus carboplatin regimen to the
three-drug regimen of carboplatin plus methotrexate plus vin-
blastine has been initiated by the EORTC in patients who cannot
tolerate cisplatin therapy.

New Carboplatin Triplets

Several carboplatin triplets have been studied including: pacli-
taxel plus carboplatin plus methotrexate [33], paclitaxel plus
carboplatin plus gemcitabine [34], and methotrexate plus carbo-
platin plus vinblastine (M-CAV) [35]. In general, these regimens
have been associated with slightly higher response proportions
and slightly increased toxicity compared with historical trials of
carboplatin doublets. No phase III trials have explored the activ-
ity of these triplets relative to standard therapy.

Carboplatin Compared to Cisplatin

Despite the similar response proportions of single-agent carbo-
platin compared to single-agent cisplatin, controversy still exists
regarding the relative value of carboplatin in TCC, particularly in
combination regimens. The randomized phase II trials exploring
combination regimens with cisplatin compared to carboplatin
consistently report higher overall and complete response rates for
the cisplatin-containing regimens [32,35,36]. Consequently, in
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patients with advanced TCC without absolute contraindications
(e.g., poor creatinine clearance, solitary kidney, poor perform-
ance status), cisplatin-based therapy should be considered the
treatment of choice.

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 gemc-
itabine [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, hematologic toxicity was prominent, par-
ticularly 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 regi-
mens in TCC, the majority of patients still succumb to their
disease, necessitating further exploration in approaches to treat-
ment. One novel approach is the administration of sequential
dose-dense chemotherapy based on the Norton-Simon hypothe-
sis, a mathematical 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 Ifosfamide, pacliTaxel,
and cisPlatin (ITP) regimen, a pilot study of sequenced therapy
with Adriamycin (doxorubicin) and gemcitabine (AG) followed
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]. Importantly, the sequential use
of ITP increased complete and partial response rates after the
initial AG doublet.
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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 paclitaxel, carboplatin, and gemc-
itabine [44]. The selective EGFR tyrosine kinase inhibitor
ZD1839, in combination with either gemcitabine/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 analy-
ses [45-47]. In a series of 203 patients treated on five trials with
MVAC, 50 patients underwent postchemotherapy surgery for sus-
pected or known residual disease [45]. Seventeen patients had no
viable tumor found at postchemotherapy surgery. In three
patients, the residual disease was unresectable. In the remaining
30, residual TCC was completely resected, resulting in a complete
response to chemotherapy 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 candidates 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 chemotherapeutic 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 development of a rational approach to the
treatment of individual patients (Fig. 6.1). Based on phase III
data, GC or MVAC is recommended for patients with metastatic
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Fig.6.1. Memorial Sloan-Kettering Cancer Center’s algorithm for the management of
patients with advanced/metastatic transitional cell carcinoma based on baseline prog-
nostic factors and renal function. CrCl, creatinine clearance; Mets, metastases; PS, per-
formance status.

TCC who can tolerate cisplatin-based therapy and who have
potential for long-term benefit.

Perioperative Chemotherapy for
Transitional Cell Carcinoma

Despite potentially curative surgery, approximately 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 cis-
platin-based therapy followed by definitive surgery, 91% of
patients who responded to chemotherapy (defined as pathologic
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stage <T1) were alive at a median follow-up of 25 months com-
pared to 37% of nonresponders [48].

Several randomized trials have explored neoadjuvant
chemotherapy in TCC (Table 6.2). 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 chemothera-
peutic 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 cystectomy 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 com-
pared to 46 months, p = .06) and 5-year survival (57% compared
to 43%, p = .06) favored the neoadjuvant MVAC arm.
Although approximately one third of patients treated with
MVAC developed grade >3 hematologic or gastrointestinal
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 vinblastine (CMV)
(491 patients) or no neoadjuvant chemotherapy (485 patients)
[57]. Management of the primary tumor involved cystectomy,
radiation therapy, or both. An 8% improvement in time to pro-
gression 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 approx-
imately 7 years, a statistically significant improvement in survival
was observed for patients who received neoadjuvant chemother-
apy (HR = 0.85; 95% CI, 0.72-1.0; p = .048) [54]. This trial, well
powered and with adequate follow-up, demonstrated both a sur-
vival benefit and improved locoregional control with neoadjuvant
chemotherapy.
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A recent meta-analysis reviewed data from 2688 patients
treated on 10 randomized trials evaluating neoadjuvant
chemotherapy for invasive TCC [58]. Of note, this analysis did not
include data from Intergroup 0080. Compared to local treatment
alone, neoadjuvant platinum-based combination chemotherapy
was associated with a significant benefit in overall survival (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 sur-
vival increased from 45% to 50%). When trials utilizing single-
agent cisplatin were included, the survival benefit did not achieve
statistical signi- ficance (HR = 0.91; 95% CI, 0.83-1.01; p = .084).

Adjuvant Chemotherapy

As with neoadjuvant chemotherapy, administration of chemo-
therapy 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 overtreat-
ment of patients who are estimated to have a reasonable out-
come 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 treat-
ment 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 adju-
vant chemotherapy following cystectomy for muscle-invasive
TCC (Table 6.3) [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 prog-
nosis. 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 neoadjuvant chemotherapy. In an effort
to definitively address this issue, two large cooperative group
trials are under way. The EORTC is randomizing patients with
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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 cri-
teria are randomized to either the sequential doublet of AG-TP
(doxorubicin plus gemcitabine followed by paclitaxel plus cis-
platin) or a conventional GC regimen.

Recommendations for Treatment of
Locally Advanced Transitional
Cell Carcinoma

Two large randomized trials and a meta-analysis support the
concept that neoadjuvant chemotherapy 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 cystectomy. For patients who have not received neoadju-
vant 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.

Controversies and Outstanding Issues

1. Is cure for metastatic disease possible?

2. Is there a role for gemcitabine and cisplatin neoadjuvant
therapy?

3. Do we need radiotherapy at all, or can chemotherapy be used
for localised disease?
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Cytokine and Angiogenesis
Inhibitors

Simon Chowdhury, Martin Gore, and
Timothy G. Eisen

Key Points

—

Cytokines are modestly effective.

Prognostic factors delineate response rates to cytokines.

3. There is a survival advantage to nephrectomy in patients with
metastastic disease who go on to receive immunotherapy.

4. The response to interferon is usually transient.

5. Complete responses to interleukin-2 are rare but may be
durable.

6. Kinase inhibitors have significant benefits.

>

Introduction

Renal cell carcinoma is an important malignancy 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 pres-
entation approximately 50% of patients have locally advanced or
metastatic disease [3]. The outlook for these patients remains
poor, with a 5-year survival of less than 10% [2].
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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
chemotherapy alone in the treatment of renal cell carcinoma, but
there have been improvements in survival as a result of the devel-
opment 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 management as well as cate-
gorizing patients in clinical studies, thus aiding trial interpreta-
tion. 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 7.1):

1. ECOG performance status (performance status 1, 2, and 3
counting as one, two, and three risk factors respectively)

. Recent diagnosis (<1 year)

. More than one metastatic site

. Recent weight loss

. Prior cytotoxic chemotherapy

U s W

Other studies analyzing prognostic factors in patients with
metastatic renal cell carcinoma have defined different parame-
ters, but consistently performance status and a measure of disease
extent appear to be important indicators of survival [6-8].

A retrospective study by Motzer and colleagues [9] looked at
the relationship between pretreatment clinical features and sur-
vival in 670 patients with advanced renal cell carcinoma treated
in Memorial Sloan-Kettering Cancer Center clinical trials
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Table 7.1. 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].

between 1975 and 1996. The following five pretreatment features
were associated 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 (=10mg/dL)

5. Absence of prior nephrectomy

Using these factors the authors stratified patients into three sep-
arate risk groups (Table 7.2). A recent study from the same group
has analyzed prognostic factors in previously treated patients
with metastatic renal cell carcinoma [10]. More patients are
entering second-line trials of therapy, and thus stratification of
these patients is becoming increasingly important. A total of 251
patients treated in 29 consecutive 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 prognostic factors for this group of
patients, who had all received prior cytokine therapy (interferon
and/or interleukin-2), and thus establish prognostic 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
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Table 7.2. 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].

calcium (=10mg/dL). Although these and the previously men-
tioned prognostic factors are useful in aiding management
decisions and subsequently in interpreting trial results, they
are not prescriptive, and each patient should be assessed
individually.

It is also important to be aware that histologically renal cell car-
cinoma is a diverse group of tumors, including clear cell, papil-
lary, chromophobe, collecting duct and unclassified cell types.
Of these, clear cell is the most common subtype, accounting
for approximately 70% of cases. The importance of distinguish-
ing between these different histologies is shown by the fact
that metastatic non-clear cell carcinoma is characterized 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 recognized 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 spon-
taneous regression 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 immunotherapy, some important issues need to be
addressed:
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+ 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 demonstrated T cell [12,13] and dendritic cell
dysfunction [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 discoveries
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 interven-
tion planned to enhance a particular branch of the immune
response could actually lead to suppression. Another difficulty is
in providing adequate dose levels and maintaining them over a
clinically significant period.

Despite these difficulties, cytokine therapy has become an inte-
gral part of biological therapy for metastatic renal cell carcinoma.
Their activity is shown in separate survival analyzes by Fossa et
al. [8] (Table 7.3), Jones et al. [7] (Table 7.4), and Motzer et al. [9].
In the analysis by Motzer et al., cytokine therapy (interferon-o
[IFN-o] and/or interleukin-2 [IL-2]) was shown to have a statis-
tically 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 favorable
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Table 7.3. The impact of interferon-alpha on survival in renal cancer

Prognostic Median survival Median survival

group ECOG (months) IFN-o (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 7.4. 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].

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 carci-
noma treated by cytokines. They looked at the records of 782
patients enrolled in trials using cytokine regimens by the Groupe
Francais d’Immunotherapie. Four independent factors predictive
of rapid progression under cytokine treatment were identified:
hepatic metastases, short interval from primary to metastases (<1
year), more than one metastatic site, and elevated neutrophil
counts. Patients who had at least three of these factors have =80%
probability of rapid progression despite treatment, and this may
well influence treatment choices.
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The Role of Nephrectomy Before
Cytokine Therapy

The role of nephrectomy in metastatic renal cell carcinoma
remains controversial. Distant metastases 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 associated with small to
moderate volume metastatic disease. Local symptoms such as
pain and hemorrhage are well palliated by nephrectomy.
Nephrectomy has a lower morbidity than radiotherapy or
embolization and may also improve or completely reverse sys-
temic constitutional symptoms by substantially reducing the
tumor burden.

2. Large asymptomatic primary tumor associated with small
metastatic disease, where it is likely that the patient will develop
local symptoms before symptoms related to metastases occur. We
have called this “prophylactic palliation.”

3. Patients with a solitary metastasis, where prolonged sur-
vival can occur following a combination 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 nephrectomy prior to cytokine
therapy in the setting of metastatic disease. Certain immunother-
apy trials have required patients to have a nephrectomy prior to
trial entry. The rationale for this approach is that reduction of
tumor burden may increase the likelihood of response. This bio-
logical 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]. Improvements in human immune responses have also
been demonstrated postnephrectomy [23]. Removal of the
primary also gives the possibility of harvesting tumor infiltrat-
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ing lymphocytes and tumor cells for use in experimental
therapies.

The role of cytoreductive surgery in relation to cytokine
therapy for metastatic renal cell carcinoma has been addressed
by three studies. In the first of these studies Pantuck and col-
leagues [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%, respec-
tively). 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 random-
ized 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-o prolonged survival. A total
of 246 patients with metastatic renal cell carcinoma were ran-
domized to radical nephrectomy followed by IFN-a or to IFN-o
alone. This trial showed that nephrectomy prior to systemic IFN-
o gave a significant survival benefit (median survival: IFN-o
alone: 8.1 months; nephrectomy followed by IFN-o 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 Treatment of Cancer (EORTC) that randomized 85 patients
into the same treatment arms as SWOG 8949 [26]. Again nephrec-
tomy preceding treatment with IFN-o. significantly improved sur-
vival (median survival: IFN-o alone: 7 months; nephrectomy
followed by IFN-o 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-o. versus 7.8 months for IFN-o.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-o. This effect was independent of performance
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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
distribution (bone, liver, contralateral kidney), extent of metas-
tases, non-clear cell histology, and patients at risk of rapid wors-
ening 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 selection 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 institution. Authors
from both studies recommend nephrectomy before immunother-
apy as a standard 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 carci-
noma especially those of lower performance statuses and other
negative prognostic features.

A concern especially when considering postnephrectomy sys-
temic therapies is the morbidity associated with surgery.
Improved surgical techniques mean that a high proportion of
patients will proceed to systemic therapies postoperatively. For
example, in the EORTC study only one patient randomized to
surgery failed to receive postoperative IFN-o. 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 identified as a family of
proteins produced by cells in response to viral infection or stim-
ulation with double-stranded RNA, antigens, or mitogens [29].
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They have a wide range of actions including immunomodulatory
activity, antiviral activity, 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 GO/G1 phase of the cell cycle. This heteroge-
neous group of glycoproteins are classified into o, B, and v
types.

The majority of clinical research has centered on IFN-c, as
it appears to have the greatest activity. Most studies have
reported response rates of 15% to 20% with IFN-o. and median
response durations of 6 to 10 months [29]. A dosing range of 5 to
10 million IU/m* given intramuscularly or subcutaneously has
been most commonly used, although an optimum treatment
regimen or duration has not been defined. An alternative form is
pegylated interferon (PEG-IFN) where IFN-o is modified by the
addition of a branched polyethylene-glycol (PEG) molecule. This
results in sustained absorption and prolonged half-life after sub-
cutaneous administration, allowing weekly administration,
although it may cause longer duration side effects. Two recent
multicenter 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-o. improved survival. A
Medical Research Council (MRC) study addressed this issue by
comparing subcutaneous IFN-ot (10mU subcutaneously [sc]
three times per week for 12 weeks; n = 174) with oral medrox-
yprogesterone 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-o group (hazard ratio 0.72; 95% CI, 0.55-0.94;
p = .017). Interferon-o. gave an improvement in 1-year survival
of 12% (MPA 31%, IFN-o. 43%) and an improvement in median
survival of 2.5 months (MPA 6 moths, IFN-o. 8.5 months). A
reanalysis of the mature data confirms the survival advantage in
patients treated with IFN-o. (2-year survival improvement 9%;
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13% MPA and 22% with IFN-o) [33]. As the authors suggest, the
small benefit of IFN-o should be weighed against potential tox-
icity. However, IFN-o. 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-
o 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
survival was 2.6 months. The reviewers concluded that IFN-o
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 interferons 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, gastrointestinal complaints, liver dysfunction,
neurological complaints, and fatigue, and are highly dose
and schedule dependent. It is possible to alleviate some
symptoms by administration at night and by the use of parac-
etamol and/or nonsteroidal antiinflammatory drugs prior to
administration.

The benefit observed with IFN-o appears to be greatest in
patients with good or moderate prognostic disease [17]. Table 7.
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 non-
biological therapy trials.

Attempts have been made to augment the activity of IFN-
o, 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 car-
cinoma cell lines [35]. An initial phase II trial showed a promising
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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-o alone [37]. Response proportion and
survival did not increase with the combination, and so this
cannot be recommended in the treatment of metastatic renal cell
carcinoma.

A trial of IFN-y versus placebo in metastatic renal cell carci-
noma showed similar response rates in both groups (4.4% inter-
feron 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 difference in median survival (12.2
months with interferon versus 15.7 months with placebo; p =.52).
The addition IFN-y to IFN-o has also been tested in a random-
ized phase III trial [39]. An interim analysis showed a response
rate of 13% (7/53; two CR and five PR) in the IFN-o, monother-
apy arm and 4% (2/45; one CR and one PR) in the combination
arm (p =.17). These results show that not all cytokines have activ-
ity in metastatic renal cell carcinoma and demonstrate 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 stimulate 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 Institute 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 visceral metastases, and in patients with
large tumor burdens. The major response duration for all com-
plete responses has yet to be reached, but is at least 80 months
(range 7 to 131 months). Median duration of response for partial
responders is 20 months. Median survival for all 255 patients is
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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 multiorgan
dysfunction. The most common major toxicities seen are
hypotension and oliguria, which often require vasopressor
support (in the previous reported series =50% of the 255 patients
required vasopressors). This toxicity limits the number of
patients who are suitable for treatment 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 compara-
ble: 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 stan-
dard high-dose IV bolus IL-2; however, at present the response
duration and survival data remain preliminary, 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 com-
pleted and a median follow-up of 7.4 years [43]. After randomly
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 subcutaneous 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 throm-
bocytopenia. 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
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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 1V, 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 subcutaneous was significant (p =
.033). Response durations indicated a trend toward more com-
plete 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 completely
responding to high- and low-dose IV IL-2 differs significantly (p
= .04). Although the small numbers of patients who achieve a
complete 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 subcutaneously, 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
administration, 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 published trials using CVI IL-
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2,aresponse 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 metastatic 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 tolerance 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 associated with a prolongation of
survival in patients with good or moderate prognostic disease
(Table 7.4).

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
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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 cause tumor regres-
sion. 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 subgroup of 23 patients, who received
CD8" TILs, the overall response rate was 43.5%. In view of this
encouraging single-institution study, a randomized multicenter
study was conducted to compare CD8" TILs plus low-dose IL-2
versus low-dose IL-2 alone [48]. All patients underwent nephrec-
tomy 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 randomized 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 initially 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-o.

Synergistic antitumor effects of combining IL-2 and IFN-o 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-o. may
increase the immunogenicity of tumor cells via an enhancement
of their histocompatibility and tumor-associated antigens, thus
increasing their lysis by CTLs, the number of which are increased
by IL-2.
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Clinical trials investigating IFN-o 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 investigated the efficacy
of single-agent versus combination IL-2 and IFN-o [50]. A total
of 425 patients were randomized to receive either IL-2 alone
(18 mU/m’/day CVI on days 1 to 5 and days 12 to 15, as two
induction cycles followed by four maintenance cycles), IFN-o
alone (18 mU sc 3 times/week for 10 weeks), or a combination
of IL-2 and IFN-o (same dose IL-2, but only 6mU IFN-o
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%;
IEN-0i: 7.5%; IL-2 and IFN-oi: 20%; p < .01) and 1-year event-free
survival (IL-2: 15%; IFN-o: 12%; IL-2 and IFN-o: 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-o: 13 months; IL-2 and IFN-
o: 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 involve-
ment, an interval between diagnosis of the primary tumor and
development of metastases 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-o. [51]. A total of 113 patients with pro-
gressive disease after first-line treatment received either IFN-o. (n
=48) or IL-2 (n = 65) as second-line treatment. Only four patients
achieved a PR (one with IFN-q; 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 pul-
monary metastases. Only one patient with confirmed disease pro-
gression after IL-2 subsequently responded to IFN-o. Thus in
patients who progress rapidly during first-line treatment, addi-
tional benefit from further cytokine treatment is unlikely. Further
studies are needed to see whether crossing over from one
cytokine to another is able to increase survival in selected
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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 antitu-
mor 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-o in advanced renal cell carcinoma, 30 patients were
treated with IL-12 and 2 (7%) achieved a partial response,
whereas no responses were seen in the IFN-o arm [52].

Although the activity of IL-12 alone appears low, animal
models have noted a synergy between IL-2 and IL-12. This inter-
action has been shown in a study that assessed in vivo stimula-
tion of IL-12 secretion by subcutaneous low-dose IL-2 in
metastatic renal cell carcinoma [53]. By evaluating IL-12 varia-
tions 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 adminis-
tration. Thus, IL-2 may stimulate release of IL-12, and this is pos-
sibly 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 poten-
tial synergy between chemotherapy and biological therapy has
led to several trials combining cytokines and chemotherapeutic
agents (so-called biochemotherapy) in metastatic renal cell car-
cinoma. One rationale for this approach is that by causing cyto-
toxicity chemotherapy will release tumor antigens, which are
processed by IFN-o-stimulated antigen-presenting cells that
in turn activate IL-2-stimulated CTLs. The counterargument
would be that chemotherapy may downregulate immunological
responses.
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A phase III study involving 160 patients has compared IFN-o
plus vinblastine (VLB) with vinblastine alone [54]. This study
showed a significant benefit for biochemotherapy both in terms
of median survival (IFN-o. + VLB: 67.6 weeks; VLB: 37.8 weeks; p
=.0049) and response rate (IFN-o. + 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 vinblastine in the com-
bination, and it could be argued that the benefit seen is solely due
to IFN-o.. A phase III study by Fossa and colleagues [55] com-
pared IFN-o with or without vinblastine. They found no statisti-
cally significant differences 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 survival (55 versus 47 weeks). The role of vin-
blastine in combination with cytokines requires further investi-
gation; it may contribute only modestly to antitumor activity.

The most extensively studied chemotherapeutic agent used in
combination with cytokines in the treatment of renal cell carci-
noma is 5-fluorouracil (5-FU). The administration of IFN-o 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-o 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-q, IL-2, and 5-FU
(bolus). This was first described by Atzpodien and colleagues [57]
and is an outpatient-based regimen of subcutaneous IFN-q, 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 ran-
domized trial comparing IFN-q, IL-2, and 5-FU with oral tamox-
ifen [58]. There was a response rate of 39% in the IFN-a, IL-2, 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-0, 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).
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Several other groups have tested this combination and
response rates vary widely (Table 7.5). This is probably due to dif-
ferences in patient characteristics between study groups and/or
altered dose intensity and scheduling of the drugs [59-63]. A
study by Ravaud and colleagues [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’Im-
munotherapie [65]. Here Negrier and colleagues randomized 131
patients with metastatic renal cell carcinoma to receive subcuta-
neous IL-2 and IFN-o with or without 5-FU. The dose and sched-
ule was the same as that used by Ravaud and colleagues. There
was one PR in the IL-2 and IFN-o, arm and five PRs in the IL-2,
IEN-0, and 5-FU arm (p =.1). Overall survival rates at 1 year were
53% in the IL-2 and IFN-o, arm and 52% in the IL-2, IFN-0o, and
5-FU arm.

The optimal method of scheduling and delivery 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

Table 7.5. Treatment of renal cell carcinoma with interferon-ot (IFN-ot) + 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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(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
IEN-q, IL-2, and 5-FU (PVI) showed an overall response rate of
31% in 55 patients (CR: three patients; PR: 14 patients) [68]. Inter-
estingly, there was a trend toward higher response rates and
longer survival in the poorer prognosis group, although this did
not reach statistical significance. Again this supports the inclu-
sion of fit patients even if they have poor prognostic features in
future studies.

Despite high response rates seen with the IFN-q, IL-2, and 5-
FU combination, the majority of patients relapse. The concept of
continuing immune stimulation in responders is an attractive one
and our own group and Atzpodien’s are investigating the feasi-
bility of this approach.

Capecitabine, which as stated earlier is selectively activated to
5-FU, has been substituted for 5-FU in this regimen. Atzpodien’s
group [69] used oral capecitabine with subcutaneous IFN-o
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 adminis-
tration of capecitabine and low toxicity. Without randomized data
the 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 carcinoma is complete
surgical excision of the primary lesion. As stated earlier, 20% to
30% of patients who initially present with localized disease sub-
sequently 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 com-
pared adjuvant interferon with observation in resected Robson
stages II (perinephric fat involved) and III (tumor extension 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.
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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 postmetastasectomy 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 metastasectomy 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 sur-
vival or overall survival. As the authors concede, a study powered
for an improvement in disease-free survival as large as 30% was
highly ambitious, considering 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-o,, IL-2, and 5-FU
combination in metastatic disease has led the EORTC to under-
take a randomized 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 mm’ depends on angiogenesis, which is nec-
essary for the supply of nutrients and also provides a route for
metastasis. In adults the vascular endothelium is a quiescent
tissue with a low cell division rate, and thus pathological angio-
genesis must occur to allow tumor development. A number of



146 Urological Cancers in Clinical Practice

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 endo-
statin). 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 down-
regulated [74].

Neovascularization provides not only a perfusion stimulus for
tumor growth, but also a paracrine effect, which results from
endothelial-derived growth factors and cytokines that stimulate
growth and migration of tumor cells. This paracrine effect is
thought to operate in both directions; that is, endothelial cell sur-
vival and growth are driven by tumor-derived endothelial factors.
This two-cell compartment model of tumor growth may
influence the design of clinical 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 amplification factor seen in the relationship
between tumor and vascular endothelial cells means that sup-
pression 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. Antiangiogenic therapy is a
relatively slower process than cytotoxic therapy.

2. Antiangiogenic therapy should not be interrupted because
of the ability of microvessels 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].
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Angiogenesis Inhibitors Used in Clinical
Trials to Treat Renal Cell Carcinoma

TNP-470 is a fumagillin analogue and is one of the first angio-
genesis inhibitors to undergo clinical testing. Fumagillin was
originally isolated from Aspergillus fumigatus contaminating
endothelial cell cultures [78] and is a potent inhibitor of endothe-
lial growth in vitro and in vivo. A number of analogues of fumag-
illin were synthesized, and TNP-470 was selected as the least toxic
compound with the greatest antiangiogenic 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 toxici-
ties 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 pretreated, 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 combination of TNP-470
with IFN-o, 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 exposure 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 understood and linked in a biologically coherent fashion.
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This has been shown to a degree by the use of bevacizumab in
the treatment of metastatic 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 inac-
tivated 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 carcinoma of the kidney is increased. The development 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 testing ground for
VEGF inhibition because there is a close relationship between
VHL inactivation and VEGF overproduction through a mecha-
nism involving hypoxia-inducible factor o.

Bevacizumab is a humanized version of a murine monoclonal
antibody against VEGE. Yang and colleagues [81] conducted a
randomized phase II trial comparing placebo with bevacizumab
at low or high dose in patients with metastatic clear cell renal car-
cinoma. The trial was stopped after the interim analysis met the
criteria for early stopping based on the difference in time to pro-
gression 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 progression in the high-dose antibody group as
compared to placebo (hazard ratio 2.55; p < .001). The probabil-
ity of being progression-free for patients given high-dose anti-
body, 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 objective 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.
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There were no significant associations between detectable pre-
treatment levels of VEGF and clinical response or time to pro-
gression 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 VEGEF, 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. Knowledge of the function of the
VHL gene product and its intimate association with hypoxia-
inducible factor o support combination with agents that inter-
rupt 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 sig-
naling through Flk-1, a transmembrane tyrosine kinase, resulting
in decreased angiogenesis. In a phase I trial of 63 patients, stabi-
lization of disease for greater than 6 months was seen in several
tumor types including renal cell carcinoma [82]. A recent study
assessed the activity of SU5416 in 29 patients with renal cell car-
cinoma. 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 antiangiogenic 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 plas-
minogen 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 Neovastat 240mL/day (n = 14) compared
with patients receiving 60 mL/day (n = 8). This difference in sur-
vival was not explained by any significant differences in major
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prognostic factors between the two groups. Neovastat is admin-
istered 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 clinical trials. Two of the most interesting compounds
are angiostatin and endostatin, both of which were isolated
by Folkman and colleagues. Angiostatin is a proteolytic degrada-
tion product of plasminogen and is a specific inhibitor of
endothelial proliferation [86]. It is the first angiogenesis inhibitor
that can cause regression of human cancer xenografts in mice.
A microscopic dormant state in which virtually all neovascular-
ization has been blocked is achieved by prolonged blockade of
angiogenesis [87].

Endostatin, a proteolytic degradation product of collagen type
XVIIL 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 endo-
statin have entered clinical trials that will determine their
efficacy. Initial phase I trials with endostatin have shown it is well
tolerated when treating several malignancies, but little clinical
activity has been demonstrated [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 evalua-
tion of these compounds. Imaging techniques, such as Doppler
(measuring blood flow) and positron emission tomography
(PET) scanning (measuring tumor metabolism) may aid in
assessing response to antioangiogenic treatment. 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 powerful antiangio-
genic activity. Its mechanism of action is complex including
breakdown of messenger RNA (mRNA) of a number of molecules
such as FGF and tumor necrosis factor-o. (TNF-a). Our group’s
phase II study tested low-dose thalidomide (100 mg orally every
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night) in 66 patients with metastatic cancer, including several
with renal cell carcinoma [90]. There were three partial responses
and 13 stabilizations of previously progressive disease (3 for more
than 3 months) in the 18 patients with renal cell carcinoma who
were treated. Treatment 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-o levels was seen (p = .05).

Several other groups have now published studies of thalido-
mide 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 carci-
noma. 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 survival, a phase III random-
ized trial has been initiated by ECOG that compares low-dose
interferon with or without thalidomide.

The exact mechanism of action of thalidomide is unknown
and this requires further investigation. A possible mechanism in
renal cell carcinoma is inhibition of TNF-o, 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 malig-
nancy, 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-o but
have little effect on T-cell activation [96]. The other class of com-
pounds, similar to thalidomide, are not phosphodiesterase 4
inhibitors, but inhibit TNF-o. and IL-6, and stimulate T-cell pro-
liferation and IL-2 and IFN-y production. One of the new
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immunomodulatory analogues, CC-5013, has shown impressive
activity in refractory multiple myeloma [97]. The use of these
novel compounds will help to elucidate the mechanisms that
underlie thalidomide’s activity in renal cell carcinoma.

The combination of thalidomide with immunotherapy is an
attractive one. Our group commenced a phase II study of IFN-o
(9 MU 3 times/week subcutaneously) and thalidomide (400 mg).
Unfortunately, unexpected neurological 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-o.

A recent study has confirmed the feasibility of combining
thalidomide with lower doses of IFN-o [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 thalidomide (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-o 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-o 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 continue 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 thalido-
mide versus IL-2 versus thalidomide is planned.

Conclusion

Patients with metastatic renal cell still have a very poor progno-
sis and there remains the continued need for research. It should
be noted that patients entering clinical trials are often highly



Cytokine and Angiogenesis Inhibitors 153

selected, particularly where protocols of intensive treatments are
involved. Entry criteria to most studies are often those that
predict response and good survival, such as good performance
status and nephrectomy. Results therefore 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 treatments. 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 carci-
noma is ever increasing, allowing new therapeutic options such
as signal transduction inhibitors, antiangiogenesis agents, tumor
vaccines, dendritic cell vaccines, monoclonal antibodies, anti-
sense oligonucleotides, and gene therapy to be developed. The
translation of targeted biological therapy into a front-line treat-
ment, as exemplified by the use of trastuzumab in breast cancer,
remains the ultimate goal for future trials.

Other aims include:

+ The identification of patients most likely to respond to treat-
ment

+ 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 systemic treatment
should be entered into appropriate clinical trials. Standard
therapy for fit patients is single-agent interferon-o. or single-
agent interleukin-2.

Controversies and Outstanding Issues

1. Can we establish any benefit for adjuvant cytokine
therapy?

2. Is there a role for adjuvant kinase inhibitors?

3. Can we select patients for treatment on the basis of biological
markers?
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Novel Therapies for Renal
Cell Cancer

Mayer N. Fishman

Key Points

1. There is now real hope for patients with renal cell cancer

because of effective new treatments.

Minor response rates are seen with chemotherapy agents.

3. There are major responses to the pan growth factor receptor
and angiogenesis inhibitors.

4. Dendritic cell therapy may be effective.

5. Vaccination programs are producing interesting results.

»

Introduction

The discovery of diverse details of the genetics, cell biology, and
pathology of disease and the extensive infrastructure for synthe-
sis 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
interleukin-2 had been the sole medical therapy approved by
the U.S. Food and Drug Administration (FDA) for the treatment
of metastatic renal cancer, and interferon-q, also in widespread
use, has had approval in Europe. More than 100 published
single-arm/single-drug kidney cancer trials, many based on



162 Urological Cancers in Clinical Practice

sound preclinical hypotheses, would seem to be a basis for
pessimism. Partial response and disease stabilization at high
frequency led to the approval of sorafenib and sunitinib.
Whereas progress in conventional cytotoxics has largely
bypassed renal cancer, and immune therapies 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 precarious than the opti-
mistic projections for clinical trial strategies based on the expe-
rience of ex vivo preclinical tests, in vitro testing of cell lines, or
murine models. Favorable results of uncontrolled series must be
confirmed with randomized 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 frustration 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 responders 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 heterogeneous
whether evaluated by conventional histology, prognostic models,
site of metastasis, or novel markers. This leads to difficulty in
selecting promising approaches based on isolated responders in
early-phase trials. Through most of the period of testing, many
of the compounds are available for clinical use only in investiga-
tional trials. Often the trials have entrance criteria that appear
restricted to a fraction of the available, interested population. A
common pattern in 2005 is zero or one previous 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 cri-
tiques of ongoing trials as well as patient-directed conceptual dis-
cussions is cancerguide.org.

Many approaches are in contemporary development (Fig. 8.1).
The major categories considered 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 products derived from tumor material; immune maneu-
vers using leukocytes including T cells, dendritic cells, or stem
cells; and finally, treatments attacking the unique physiology of
tumor-associated blood vessels. Some therapeutic strategies
encompass multiple categories, as do some combination ap-
proaches. Any novel approach is potentially of scientific or clini-
cal 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 improve-
ments of clinical utility.

“Targeted "drugs:
Conventional targets: «Cytoplasm & surface Nonspecific immunity

*DNA receptor tyrosine kinases ~ *IL-2, IFN
*Microtubules «Other enzymatic processes *Retinoids, other cytokines

Tumor vessels
«Anti-angiogenesis
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Fig. 8.1. Diagram illustrating the diverse concepts in preclinical and translational
application to the problem of therapy for kidney cancer.
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Conventional Cytotoxics

Conventional cytotoxic drugs are familiar to the practicing
medical oncologist as a class effective for inducing response or
cure for many histological categories, but for which renal cancer
is the nonresponsive outlier. Although this reputation is gener-
ally 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 antimetabolite 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 combi-
nation of 21-day continuous infusion 5-FU with 30-minute gem-
citabine 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 isolated 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 analogue.

The oral drug capecitabine is converted to 5-FU in a three-
enzyme pathway (carboxylesterase, cytidine deaminase, thymi-
dine phosphorylase [TP]), the last of which is potentially
concentrated in tumor cells, yielding a theoretically better thera-
peutic ratio than the parental drug, as well as the more conven-
ient 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 define a stable point for building a
chemotherapy-based approach to renal cancer.

As for single-agent capecitabine and capecitabine in combi-
nation 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-
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quency of stable disease when capecitabine was combined with
low-dose IL-2 (4.5mIU) or with interferon-o. (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 fre-
quency of stable disease (32/52).

Although platinum-containing drugs are among the conven-
tional cytotoxic identified to have low activity in renal cancer (see
citations [1]), theoretical synergism with gemcitabine was the
basis for a trial using this gemcitabine plus cisplatin combination
in kidney cancer (cancer.gov). Combinations with targeted drugs
and conventional cytotoxic compounds will test if these classes
can be complementary.

Gemcitabine is also part of a two-drug combination with dox-
orubicin that is to be tested in a single-arm phase II study in sar-
comatoid 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 troxacitabine, a stereochemically nonnatural nucleo-
side analogue, is chain termination, interfering with the function
of mammalian DNA polymerases [13]. Additional testing with
this compound may yield a more favorable way to extend the
duration of stable disease, or increase the frequency 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 con-
clusion was reached in single-arm trials of the taxane docetaxel
[15-17]. The epothilone compounds are derived from a soil bac-
terium, Sorangium cellulosum, instead of plant parent com-
pounds. 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 difference may be related to drug efflux or to a non-
microtubule target. Patupilone (EP0906, Novartis East Hanover,
NJ) and Ixabepilone (BMS247550, Bristol-Myers Squib, Princeton,
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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. Tele-
ologically, the kidney is an organ that must resist and expel toxic
substances, and this may be part of the basis for the recalcitr-
ance of renal cancer to conventional 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 compounds that may ulti-
mately have relevance for improving the outcomes for conven-
tional cytotoxic drugs in renal cancer.

Targeted Drugs

Targeted drug therapy has become the watchword of the phar-
maceutical industry in the new millennium. Isolated successes
such as rituximab for non-Hodgkin lymphoma or imatinib mesy-
late 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 com-
bination, with inconsequential toxicity. The targets of renal
cancer remain elusive. Pathophysiological studies highlight the
pathway related to von Hippel-Lindau protein (pVHL), mutated
or silent in over half of cases [20]. Within this pathway, the
impaired degradation of the hypoxia-inducible factor 1o (HIF1o)
protein and the consequent dysregulated (increased) transcrip-
tion 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 activity of HIFla- and HRE-bearing
genes is found in other kidney cancer and many other malig-
nancies. Many investigational approaches in preclinical 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
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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 antibodies or other
drugs that block the external domains of these receptors are in
broad development in oncology. The epidermal growth factor
receptor (EGFR) is targeted by small molecule drugs gefitinib
(ZD1839, Iressa™), erlotinib (Tarceva™), and CI-1033 (also
blocks Her2/neu, EGFR3, and EGFR4 tyrosine kinases), and by
antibodies such as cetuximab (Erbitux™, Bristol-Myers Squib,
C225). Diverse trials of gefitinib monotherapy and in combina-
tion 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 (Tarceva™) 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
exclusively at therapy of the papillary histology subset (South-
west Oncology Group [SWOG] trial 0317). Another trial testing
the combination of erlotinib and the anti-VEGF antibody
bevacizumab was presented positively at the June 2004
American Society of Clinical Oncology (ASCO) meeting and
recently published [25]. Among 59 evaluable patients reported,
15 (25%) had partial response and 36 (61%) had stable disease
or minor response at 8 weeks, with median progression free
survival of 11 months, and 60% survival at 18 months. Rash,
diarrhea, and nausea were the most frequent side effects. A ran-
domized trial of bevacizumab with or without erlotinib has com-
pleted accrual.

The small molecule inhibitor sunitinib malate (also called
Su11248, Su011248, brand name Sutent™, Pfizer, New York, NY) is
an orally available tyrosine kinase inhibitor of VEGFR2, PDGFR,
flt3, and c-kit. A phase III study with randomization versus inter-
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feron has completed accrual. Favorable data were presented at the
June 2004 ASCO meeting and have now been published. The pub-
lished report describes 63 evaluable patients who had progressed
after prior treatment with a single line of immunotherapy; 25 of
them (40%) had a partial response (PR), and 17 more (27%) had
stable disease at least 3 months, and the median time to progres-
sion was reached at 8.7 months [26]. The drug was approved in
January 2006 by the U.S. FDA, based on the experience in this trial
and a second, similar single arm trial.

The proteasome inhibitor bortezimib has also been tested for
renal cancer. The proteasome is the site of degradation of ubig-
uitylated proteins, many of which are involved in the cell cycle.
Proteasome inhibition may have impact on HIFla 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 signal-
ing processes function through mTOR, which interacts with
HIFla, the PI3K/Akt pathway, and cell cycle proteins 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 randomized phase II study in renal
cancer, using dose levels of 25 mg/m?, 75 mg/m?’, or 250 mg/m” 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 additional 26% minor responses.
Most frequent toxicities were rash and mucositis. The median
time to progression and overall survival were 5.8 months and 15
months, respectively. The prognostic 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 inter-
feron in renal cancer has also been presented [31].
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Finally, an exciting development in 2003 that was reported
at the ASCO 2004 meeting was the single-agent phase II study
of sorafenib (brand name Nexavar™, previously called Bay
43-9006) [32]. The small-molecule inhibits (at different levels)
b-raf, c-raf, PDGFRB, 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 [33].

The Bay43-9006 study design originally emphasized colon
cancer until it was evident that RCC appears as the most respon-
sive of the histological types tested. The design has a three-part
plan at the 12-week evaluation: subjects with 25% improvement are
continued on treatment, those with >25% worsening are discon-
tinued for progression, and those with stable disease are offered
randomization between placebo and continued treatment. Among
the 45 patients meeting the rule for randomization, a significant
prolonged time to progression was observed for those assigned to
a second 12 weeks of drug than to placebo. In the pivotal random-
ized, double blind placebo controlled phase III trial comparing
sorafenib to placebo, time to progression was improved with (24
weeks versus 12 weeks, p < .000001 [34]. Seventy-four percent
(versus 20% on placebo) had some tumor shrinkage, but the
“partial response” frequency was lower than in the sunitinib phase
II'trial of A planned intermediate survival analysis (220 events, with
final analysis planned at 540 events) showed hazard ratio of 0.72
(which did not meet the planned early evaluation statistical
significance of .00005) is encouraging that the trial may also
demonstrate a median survival benefit [34]. The eventual survival
comparison will be “contaminated” by crossover from the placebo
to the active treatment when the trial was unblinded based on the
progression free survival data. Side effects of hypertension, rash,
and hand-foot syndrome were observed, but were predominantly
low grade. Sunitinib and sorafenib, representing the first major
kidney cancer drug approvals in over a decade, will have a wide
impact on the treatment of kidney cancer. The best way to bring the
targeted drug paradigm to bear for longer, complete responses in
renal cancer is a task for subsequent empiric experience, in the
hopeful context of several active non-cross-resistant drugs. Com-
bination with other drugs affecting cell surface receptor tyrosine
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-
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mediated resistance to EGFR blockade [25] may be important and
only revealed in combination applications, several of which are in
trials described at cancer.gov.

General Immunity

Although sometimes stereotyped as “the chemotherapy nonre-
sponder,” kidney cancer, particularly the clear cell subtype, is also
considered 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 treat-
ments build on IL-2 or interferon therapy. Specific immunity
vaccine approaches are discussed in the next section. The mech-
anisms of immune evasion by renal cancers, and by cancers in
general, are undoubtedly complex. Some of the cytokines elabo-
rated by tumors are known to have anergy-favoring effects on the
immune systems, including transforming growth factor-f3 (TGF-
B), IL-10, and VEGE The ultimate therapeutic attack may involve
directly negating this effect, or circumventing it through a differ-
ent immune-enhancing maneuver.

The cytokine IL-12 influences dendritic cell function, favoring
promotion of cellular immunity, including possibly useful anti-
tumor immunity. Striking synergy of IL-12 plus IL-2 in murine
models [35] has been encouraging. Practical 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 intervening days, is
open at NCI, and a phase I trial using IL-12 with interferon has
been reported [36]. Hematological and hepatic toxicity were
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 suppressors lymphocytes, also identified as
Treg) had good success in some murine tumor models [37,38],
and an immunologically detectable effect in vaccinated cancer
patients [39]. A phase II single-arm study of MDX 010 (Medarex,
Princeton, 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 combination with other available immune maneuvers and
treatments. One may anticipate that combination development
will be contingent on the single-agent experience.
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Thalidomide is a drug with many proposed mechanisms of
action. The relevant mechanism of action is unknown, but may
be immune modulation or downregulation of cytokines, includ-
ing tumor necrosis factor-o. (TNF-0.), VEGE basic fibroblast
growth factor (bFGF), or IL-12, as well as interfering with some
step of angiogenesis. The antiangiogenic and immune-modula-
tion 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 [40-44]. A safe conclusion
across these series appears to be that at best the impact of the
drug is on a minority of patients, the observed disease stabiliza-
tion 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 com-
bining the drug with IL-2. Amato et al. [45] reported a major
response frequency 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/m’ plus thalidomide 200 mg/d.
Additionally, 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 [46].
In contrast, Olencki et al. [47] found three responders in 33
patients with a regimen of thalidomide 100mg/d and IL-2 at
250,0001U/kg during week 1 and 125,000 1U/kg during weeks 2 to
6. Two related drugs, CC4017 (Actimid™) and CC5013, (Revlim-
id™ and lenolidomide Celgene, Summit, NJ) have potent in vitro
effects on lymphocytes as well as on TNF-o.. These newer ana-
logues appear to lack the teratogenicity risk and neuropathy
problem that have been pervasive in efforts to expand the onco-
logical application of thalidomide. One may anticipate the poten-
tial for testing in kidney cancer; a single-agent phase II renal
cancer study with lenolidomide is open at Baylor University [48]
and other centers.

A cooperative group phase III randomized trial of low-dose
interferon-o2b (3 million units three times a week vs. 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 mechanism.
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
combination arm. There were more thrombotic events (12 vs. 4)



172 Urological Cancers in Clinical Practice

in the combination arm, the median progression-free survival
favored the combination (2.8 vs. 3.8 months, p = .04), and the
overall survival favored (nonsignificantly) the control arm (12.2
vs. 10.8 months) [49].

Finally, pharmacokinetic modifications of IL-2 and interferon
have been developed. The Bayer compound BAY 50-4798 is an ana-
logue 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. Subcutaneous pegylated inter-
ferons have a longer half-life and a higher molecular weight com-
pared to unmodified interferon (molecular weight 19,000 to 20,000
dalton). Available pegylated interferons, with indications for treat-
ment of infectious hepatitis, used in combination with Ribavirin
include PegasysTM (interferon-oi2a, molecular weight 60,000,
manufactured by Roche, Basel, Switzerland) and PegintronTM
(interferon-02b, molecular weight 31,000, manufactured by Scher-
ing-Plough, Kenilworth, NJ) [50,51]. Anticancer testing of inter-
feron-o2a for renal cancer showed five PR (19%) among 27 patients
treated in the phase I testing, [52]; 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 [53]. The report of phase I to II
testing of the trial of pegylated interferon-o2b in renal cancer
determined a dose of 6 mg/kg/week, with the observation that some
patients could tolerate 7.5mg/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 6 of the 44 evaluable previously untreated
renal cancer patients. At 1 year, two CRs and four PRs (overall 11%
of the 57) were ongoing [54], and a total of 44 previously untreated
renal cell cancer patients were evaluable for response.

Leukocyte Products

In the preclinical experience, nucleated blood cells have enormous
potential for therapeutic immune manipulation. Ex vivo isolation,
sorting, expansion, and activation seem to define an untenable
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matrix of testable approaches. Historically tested methods,
including tumor infiltrating lymphocytes (TIL) [55,56] and autol-
ogous lymphocyte infusion (ALT) [55], offer ready contexts for
new variations, such as cell sorting and ex vivo cytokine applica-
tion. 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 [58].

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 apheresis
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 [59] has explored the use of nucleic acid
material to load DCs. The messenger RNA (mRNA) of tumor cells
may encompass tumor-specific antigens, with advantages over
protein-based approaches in that it may be nonspecifically
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 poly-
clonal CTL, in six of seven evaluated patients in a 10-patient clin-
ical 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 apoptotic bodies.
Another vaccine approach, recently reported in non-small-cell
lung cancer patients, is with allogeneic tumor cells, treated with
ultraviolet (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
[60]. The ex vivo fusion of dendritic cells with autologous tumor
cells is a way to introduce cells bearing both the in situ particu-
lar antigen and the HLA repertoire of the tumor and competent
antigen-presentation cell surface molecules. Avigan and col-
leagues [61] described a clinical trial applying this technique.
Among 13 renal cancer patients treated, five had disease
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stabilization for 3 to 9 months; two breast cancer patients had
responses, one durable for more than 24 months. Practical draw-
backs include the need for three separate ex vivo cellular manip-
ulations: single-cell suspension of autologous tumor, apheresis
of peripheral blood mononuclear 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 sub-
jects 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 9 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 [62].
Additional experience including from Europe and from other
centers will be critical in defining the best patient selection cri-
teria and graft-versus-host management [63,64].

In the nonmyeloablative transplant technique, the path to the
therapeutic outcome can be considered 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.)

Because the time until therapeutic effect may be long, a further
requirementis that the patient will be able to survive until the
therapeutic effect becomes apparent. The ideal donor is most
frequently defined as an HLA-identical (nonidentical twin) full
sibling, who is an individual with mismatches of other alleles
(minor antigens). Alternative donors, such as partial mismatch
siblings 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 [65]. Besides the limitations on donors, limita-
tions on histological subtype, rate of growth of the tumor, sites of
tumor, and comorbidities can be anticipated to continue to limit
applicability of the method.
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A next step is manipulation of the graft material 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 intensity than in a
traditional myeloablative stem cell transplant, such as for a
hematological malignancy. Fludarabine and cyclophosphamide
combinations have been used, with an emphasis on marrow abla-
tion, not antitumor effect. After graft infusion, the extent of
engraftment may be monitored. Complete donor chimerism may
be a necessary intermediate goal. Subsequently, discontinuation
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 sub-
stitute antigen-presenting cell, or attracting autologous dendritic
cells that then take up the relevant antigen and process and
present it effectively.

The Oncophage™ product, in phase III RCC testing, uses heat
shock protein and the associated 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 stimulate a response. The mixture may
be particularly well acquired for processing by dendritic cells
[66,67]. Some published studies indicate that this strategy is
sufficient to induce measurable, apparently useful antitumor
immunity, even in the context of a cancer that had been metasta-
tic [68]. Two randomized studies using Oncophage seek to enroll
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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 [69].

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 lymphocytes 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 activation over anergy or dele-
tion [70]. A different cytokine that tumor cells can be modified
to release is GM-CSE. This localized secretion of GM-CSF should
recruit dendritic cells that will process the antigen [71]. The
GVAX® products (cell Genesys, South San Francisco, CA) are in
trial in several cancer subtypes, uses this strategy [72].

The autologous tumor lysate (aTL) product was the subject of
a randomized phase III adjuvant trial in Germany for which pro-
gression-free survival results were reported in 2004. For this
vaccine, the tumor cells are in culture for several hours in media
containing interferon-yand tocopherol, and then devitalized with
freeze/thaw cycling. The former should induce higher expression
of MHC cell surface molecules, causing an enhanced immuno-
genicity. The reported results—the only large, randomized
vaccine renal cancer trial conducted in Europe—are consistent
with an improvement in time-to-detected progression [73]. An
apparent imbalance of the attrition in patients randomized to
active treatment, and the unreported overall survival data,among
other factors, may limit interpretation of the clinical outcome
data [74].

In common across all of these tumor cell-derived therapeutic
products is a product safety infrastructure. This includes the need
for product 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 anticancer immunotherapy is required to
justify this significant infrastructure and expense.
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Angiogenic Targeting

Renal cancer specimens are often observed to be densely vascu-
larized; 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 fundamental vulnerability of the
growing tumor. The genotype of the targeted cell type is theoret-
ically 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 clini-
cal application has been slow, but includes some testing in kidney
cancer, in addition to renal cancer patients who have participated
in phase studies. In contrast to conventional cytotoxic drugs, an
emphasis could be on nontoxic disease stabilization rather than
on regression. Thalidomide and related compounds and Su11248
are discussed above [75,76].

Vascular endothelial growth factor A (VEGF-A), which is
present in several isoforms [77],is the ligand of cell surface recep-
tors [VEGF-R1 (flt-1), VEGF-R2 (flk), and VEGF-R3]. 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 [78]. Presence of
receptors on tumor blood vessels identifies blocking of the
VEGF/VEGEFR pathway as an appealing target. Depletion of free
VEGF occurs with bevacizumab (Avastin™, Genentech, South San
Francisco, CA), a 93% humanized antibody, approved for col-
orectal cancer [79]. The VEGF-TRAP drug, a synthetic protein
composed of domains of the immunoglobulin Fc, and extra-
cellular domains of fIt-1 and flk, appears to have the same general
mechanism of action [80].

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, vs. 20% for the
placebo group). Major responses were observed in four of 40
patients (10%), and multiyear stabilizations were identified as
well [81]. Clinical testing of combinations with interferon and IL-
2, are in trials as the optimal use of bevacizumab for renal cancer
is developed. A cooperative group CALGB trial of interferon with
or without bevacizumab is open [82]. Side effects observed in the
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experience to this point include risk of bleeding and hyperten-
sion. The bevacizumab plus erlotinib trial is cited above.

Vascular Targeting

Vascular targeting drugs employ a different strategy. A transient
direct attack on the tumor 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 [83,84]. Measurement of tumor blood flow, for
example by dynamic contrast magnetic resonance imaging (DC-
MRI), may provide a method to identify the occurrence of vas-
cular 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 [85]. The vas-
cular targeting drugs remain in an early stage of development.

A natural product drug, Neovastat (AE-941, Aeterna Laborato-
ries, Quebec city, Quebec, Canada) may affect VEGF-related sig-
naling and inhibit matrix metalloproteases. For classification
purposes, the mechanism of action for this cartilage-derived sub-
stance can be considered 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 [86,87]. A randomized
phase III kidney cancer trial has completed accrual and was neg-
ative, but again a subject for which favorable outcome from the
drug was identified.

Conclusion

The process of developing a concept, translational 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 pharmaceutical
companies. Renal cancer, therefore, is often not the initial devel-
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opment target, and a significant amount of experience in other
histologies 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,
significant trial infrastructure investment, including for CCI-779,
sorafenib, bevacizumab, and sunitinib. Besides biological theory,
there will be the relevance of this other experience, obviously
more appealing in the case of positive trials, weighing on the deci-
sion process.

For patients seeking treatment in 2006, the role of sorafenib
and sunitinib is evolving. The novelty and ability to titrate the
oral medicines are appealing. Limitations of the off-study thera-
pies may put investigational vaccines, compounds, and combina-
tions in the forefront. A practical approach is to canvas available
treatments, using Web sites and personal contacts, and to then try
to reach a rapid decision. 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 mechanisms of action. Patients, even those with slowly
progressing disease, may have relatively limited realistic options
for participation in clinical trials.

Among key compounds in later phase trials in 2006 include
sorafenib, sunitinib, CCI-779, 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 complex, such as non-
myeloablative transplant or combinations of vaccines or immune
modulators with IL-2 or interferon. Trials frequently focus on
never-treated or once-treated/now-progressing subsets. Con-
versely, 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 treatment for renal
cancer come? What will be the best use of sorafenib and suni-
tinib? Of targeted-immunotherapy combinations? Notwithstand-
ing the uncertainty of enthusiasm derived from single-arm trials,
the targeted drugs appear to be a frontrunner category. Each
additional drug with an indication for renal cancer will almost
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certainly have a toxicity profile better than cytokine (IL-2, inter-
feron) approaches and may change the face of therapeutic plan-
ning for metastatic RCC. One may remain hopeful that the
paradigm shift toward targeted, tolerated, durable metastatic
RCC management can emerge from the many contemporary
approaches to the problem.

Controversies and Outstanding Issues

1. Is there any role for any adjuvant therapy?

2. Are there biological markers for response to individual
agents?

3. Are these agents to be used as monotherapy or in
combination?
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Chemotherapy for
Testicular Cancer

Thomas R. Geldart and Graham M. Mead

Key Points

BEP is the standard treatment for metastatic disease.

2. Adjuvant treatment with carboplatin is a significant option for
patients with seminoma.

3. Cure rates approach 98% for good prognosis teratoma and

seminoma.

—

Introduction

The last 30 years have seen extraordinary advances in the man-
agement 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 introduc-
tion of cisplatin, and subsequently etoposide, progress has been
rapid, not least in the development of ancillary drugs (e.g., 5-
hydroxytryptamine [5-HT;] 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.
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This chapter describes the evolution of this therapy to the
present, virtually worldwide consensus, emphasizing data derived
from randomized trials. It is assumed throughout that patients
with nonseminomatous germ cell cancer and residual masses
postchemotherapy will, wherever 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 clinical trials
should be derived from the three prognostic 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 references for further detail.

In most modern studies, patients with seminoma requiring
chemotherapy (a minority group) are combined with those with
nonseminoma. Patients with seminoma are a median of 10 years
older than patients with nonseminoma, which may have impor-
tant 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 combina-
tion of vinblastine with infusional bleomycin and then incorpo-
ration of cisplatin to form the PVB regimen [2]. The Royal
Marsden Hospital substituted etoposide (at a dose of 360 mg/m?
given over 3 days per course) for vinblastine, resulting in the
“European BEP” or BEP*® regimen given for four courses at 3
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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, compared four cycles
of PVB and BEP*” (etoposide and cisplatin given over 5 days with
etoposide at a total dose of 500 mg/m?) [4]. A total of 244 evalu-
able patients were randomized, and BEP*™ was found to improve
survival in the poor prognostic group and to be associated with
much improved tolerance. Bleomycin, given to a total dose of
360,000IU 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 domi-
nated 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 intensive 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 elements in the suc-
cessful evolution of germ cell cancer chemotherapy. Cisplatin is
highly effective in combination, but universally associated with
emesis, neurotoxicity, auditory toxicity, and renal toxicity. Carbo-
platin, although more myelotoxic, is associated with none of these
problems and can be delivered easily on an outpatient 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 non-
seminoma [7], where comparative studies were designed to eval-
uate its role.

Seminoma

Two series from the Royal Marsden Hospital [5] and Germany [6]
evaluated single-agent carboplatin in metastatic seminoma, both
using a dose calculated from body surface area, rather than the
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more widely accepted area under the curve (AUC) dosing,
giving 400 mg/m’ of this drug every 3 to 4 weeks. The results from
these two studies were remarkably similar, with failure-free sur-
vival rates of 71% and 77% and survival rates of 91% and 93%,
respectively.

These two studies prompted two randomized trials (Table 9.1).
The Medical Research Council (MRC) randomized 130 patients
with metastatic seminoma between intravenous carboplatin and
cisplatin/etoposide [8]. The trial was closed prematurely
as recruitment had slowed following a negative assessment of
carboplatin in metastatic nonseminoma in another trial. Car-
boplatin was associated with a 10% inferior progression-free
survival (71% vs. 81%) with a nonsignificant survival difference
favoring the cisplatin combination (84% vs. 89%). This study,
however, was not adequately statistically 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
9.1). A total of 280 patients were randomised, 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 carboplatin should not be used as a single agent in this
setting. A subsequent meta-analysis evaluated data from the UK.,
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 differ-
ence 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. However, 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 9.2)

Two large studies have been reported comparing cisplatin against
carboplatin combinations in this setting.

In a multiinstitutional study Bajorin et al. [11] compared cis-
platin and etoposide given every 3 weeks against carboplatin (ini-
tially 350 mg/m’ and then 500 mg/m’) and etoposide given every
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4 weeks in a mixed seminoma/nonseminoma group with
metastatic disease (Table 9.2). Twenty-two percent of randomised
patients had seminoma. The study showed equivalent response
rates and survival but inferior event-free survival for the carbo-
platin 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 BEP** with BEC, substi-
tuting 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 120,000IU intravenously. Failure-free survival
and survival were inferior in the carboplatin arm (Table 9.2).
However, it should be noted that the European BEP** arm deliv-
ered 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 conven-
tional today. However, outside high-dose chemotherapy regimens
and exceptional clinical circumstances, carboplatin is no longer
used in the treatment of metastatic germ cell cancer.

Bleomycin: What Dose If Any? (Table 9.3)

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 compete response
(CR) rate of 91% and a long-term survival rate of 86%, with even
better results when a retrospectively derived IGCCC good prog-
nosis group alone was evaluated [13].

Two randomised trials have directly evaluated the role of
bleomycin in BEP (Table 9.3). De Wit and colleagues [14] from
the EORTC randomised 419 good prognosis nonseminoma
patients (using EORTC criteria) to European BEP** given with or
without bleomycin (bleomycin total dose 360,0001U). BEP was
clearly more toxic, resulting in two deaths from bleomycin lung,
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a higher incidence of dyspnea,impaired pulmonary function, and
all the cases of Raynaud’s phenomenon. No significant differences
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 metastatic disease (Indiana criteria) to three cycles of
American BEP*® (bleomycin 270,0001U), 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
reduction can potentially cause loss of life. Further studies reduc-
ing therapy below three cycles of American BEP*” have not been
initiated since this study report.

Number of Cycles of Treatment (Table 9.4)

From the early days in the development of platinum containing
chemotherapy for germ cell cancer, four courses of chemother-
apy (initially with PVB, later with BEP) were recommended.
Following the development of effective prognostic factor
classifications, new studies have attempted to reduce the number
of chemotherapy courses in patients with a good prognosis, 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 cri-
teria) metastatic germ cell cancer were randomized to either
three or four courses of American BEP*®. A total of 184 patients
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 implemented [18,19]. This used the then recently
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published IGCCC criteria for prognosis, incorporating the good
prognosis group only. The study was designed as a 2 x 2 study
comparing three against four cycles of BEP and also the admin-
istration 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 270,0001U for all
patients. The study showed no difference in progression-free
survival between any of the four arms. A quality of life study pub-
lished separately demonstrated increased gastrointestinal toxic-
ity and tinnitus in patients receiving four cycles of chemotherapy
over 3 rather than 5 days [19]. Otherwise no significant treatment
differences were found.

Comparative BEP Regimen Studies (Table 9.5)

Two studies fit best into this group. The first compared four cycles
of European BEP** with three weekly bleomycin doses, as
described above [12], with three cycles of American BEP*®. 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 Memorial Hospital New York, NY definition
of good prognosis. Subsequent reanalyses using IGCCC criteria
found 17% of patients had an intermediate or poor prognosis with
an imbalanced excess randomisation to European BEP*®. Recruit-
ment was suspended after an interim analysis suggested superior
survival for three cycles of American BEP>®. 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 prog-
nosis using a mathematical model from the Institut Gustav
Roussy and randomized 270 patients between three cycles of
American BEP*® 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 survival, (EFS), was 89% in the 3-BEP arm and 84% in
the 4-EP arm (p =.09). Overall survival was not significantly dif-
ferent. The authors concluded that three cycles of BEP should be
standard therapy.
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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 (antic-
ipated 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 BEP™ as the preferred standard therapy. This treat-
ment should be easily delivered to a substantial proportion of
patients, with alternatives (particularly EP x 4) reserved for those
at increased risk of bleomycin lung toxicity by virtue of age or
preceding lung or renal dysfunction. Carboplatin should rarely be
used either as a single agent (seminoma) or in combination.
However, despite inferior progression-free survival in seminoma
and (probably) overall survival in nonseminoma, regimens con-
taining 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 Amer-
ican BEP*” (four cycles) with T-BEP (BEP°” given together with
paclitaxel at a dose of 175 mg/m® per course) supported by filgras-
tim. 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 9.6)

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 BEP* as a control, comparing 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 metastatic disease by Indiana criteria
were randomised to receive four cycles of American BEP*” or the
same regimen with double-dose cisplatin (40 mg/m® IV daily for
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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 analy-
sis the results from the two arms were essentially identical (Table
9.6). Cisplatin dose escalation resulted in unacceptable neurotox-
icity and has not been used since this study.

In a second and larger intergroup trial of 304 patients with
advanced stage GCT (Indiana criteria), four cycles of BEP*® were
compared with four cycles of VIP (etoposide, ifosfamide, and cis-
platin) [23]. This study was initially published in 1998 and sub-
sequently updated in 2003 [24]. Remarkably at the time of the
update and after reclassification of prognostic factors, 36% of the
patients were found to have an IGCCC good or intermediate prog-
nosis rather than a poor prognosis. This study showed no
significant benefit from the use of the more myelotoxic VIP
regimen in any patient group but did demonstrate that this
regimen was an effective alternative 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 9.6). The trial
randomised patients to receive six cycles of American
BEP**/EP*” 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/intermedi-
ate prognosis group. No significant difference was detected
between BEP*” 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
BEP**/EP*, and filgrastim support was not recommended for
patients receiving BEP in the future.

In an additional analysis, the EORTC evaluated 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 suggested that the underlying reasons were the less inten-
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sive treatment delivery and less surgical intervention post-
chemotherapy at the smaller treatment centers.

Nonrandomized Trials and Ongoing Phase Ill 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 cur-
rently 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 intro-
duced 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 development of growth
factors) has led to the application of this approach in poor prog-
nostic 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 BEP*® versus two
cycles of BEP*™ 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 chemotherapy are
given at high dose (etoposide 1.5g/m’ ifosfamide 10g/m? and
cisplatin 100 mg/m?) over 5 days at three weekly intervals with
growth factor and stem cell support. This regimen is currently
being randomised against four cycles of American BEP*” 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 UK. and predominantly evaluated in intermediate/poor
prognosis patients. Both have produced impressive results in a
single institution setting, but to date neither has been evaluated
in randomized trials.

Which BEP for Intermediate/Poor Prognosis Disease?

Patients with intermediate or poor prognosis disease should
always be classified using IGCCC criteria. No comparative evalu-
ation of BEP regimens or numbers of treatment courses have been
carried out in this group. Wherever possible patients should be
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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 American BEP**. Many clinicians
prefer to restrict the total bleomycin dose to 270,0001IU in this
subgroup as well as in patients with a good prognosis, particu-
larly 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 chemotherapy in the
adjuvant setting following surgery for stage I disease.

Nonseminomatous Germ Cell Cancer

Approximately 40% of men presenting with testicular nonsemi-
nomatous germ cell cancer have stage I disease (normal staging
on a computed tomography [CT] scan, normal tumor markers, or
markers that normalize following orchidectomy) with an antici-
pated risk of systemic relapse of 25% for patients followed by sur-
veillance. 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 lymphovascular 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 con-
ducted by the MRC [35-40]. The MRC trial prospectively evalu-
ated the efficacy and long-term toxicity of two cycles of BEP*®
chemotherapy in 114 high-risk patients. After a median follow-
up of 4 years, the relapse-free rate at 2 years was 98%, substan-
tially 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
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will have been exposed to significant short-term side effects (e.g.,
myelosuppression, alopecia, nausea). It is noteworthy that
although adjuvant BEP** chemotherapy may substantially reduce
an individual’s risk of relapse, 60% of high-risk patients are cured
by surgery alone and therefore receive chemotherapy unneces-
sarily. 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 adju-
vant chemotherapy in stage I nonseminomatous testicular cancer
should remain a matter of choice for patients.

Testicular Seminoma

For men presenting with stage I testicular seminoma, surveillance
studies demonstrate that approximately 15-20% of individuals
relapse systemically following orchidectomy and go on to require
radiotherapy or systemic chemotherapy treatment for metastatic
disease [41]. Relapse may occur late and is less commonly asso-
ciated with tumor marker elevation than nonseminomatous
tumors. As such, surveillance relies heavily on prolonged radio-
logical (CT) follow-up and is not commonly used.

Radiotherapy has been shown to decrease the risk of relapse
and has remained standard adjuvant 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 radiotherapy. On the basis of these trials, the
current practice is to treat patients with para-aortic nodal strip
radiotherapy at a dose of 20 Gy in 10 fractions 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, treatment is associated with a small but
definite increase in second malignancies [44,45]. Metastatic semi-
noma is an extremely chemosensitive disease, and with the aim
of reducing treatment-related morbidity, a number of phase II
trials have evaluated the use of single-agent carboplatin as an
alternative approach to adjuvant therapy for this patient group
[46-49]. These early trials suggested carboplatin to be a well-tol-
erated 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 para-aortic
strip radiotherapy. A total of 1477 patients were recruited into this
trial, which closed to recruitment in March 2001. A median
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follow-up of 3 years has now elapsed, and preliminary results
were presented in abstract form at the American Society of Clin-
ical 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 prob-
ably preferred) 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 fer-
tility is apparent postchemotherapy, although for most individu-
als 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 spermatogenesis. With regard
to hormonal function, a comparison of patients treated with
surgery alone or surgery plus chemotherapy suggests that stan-
dard-dose BEP chemotherapy does not seem to contribute addi-
tionally to a significant impairment in Leydig cell function [51].
In contrast, higher doses (2400 mg/m’ cisplatin) may be associ-
ated with a significant and persistent impact in Leydig cell func-
tion with a consequent reduction in mean testosterone levels.

Pulmonary Function
As discussed earlier, the use of bleomycin has long been associ-

ated with pulmonary toxicity, with studies recording a 4% to
6% incidence of demonstrable lung toxicity with a 1% to 2%
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mortality rate. Toxicity is predominantly fibrotic in nature. Stan-
dard lung function tests are generally unhelpful in predicting tox-
icity and treatments (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 con-
sideration 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 inci-
dence of cardiovascular disease (CVD) in patients receiving
chemotherapy 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 sur-
veillance alone; the absolute risk is 6.7%, and the age-adjusted rel-
ative 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, hyperlipi-
demia, 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 incidence 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-
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
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survival advantage provided by chemotherapy far outweighs this
small absolute risk of a secondary leukemia.

Neuropathy

Cisplatin-induced sensory neuropathy is commonly encountered
following BEP chemotherapy. Approximately 15% to 20% of indi-
viduals experience persisting neuropathy following treatment,
with prevalence, severity, and duration 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) cumu-
lative doses of cisplatin [57]. Following completion of chemother-
apy, cisplatin-induced neuropathy and ototoxicity generally
improve over time and may resolve completely for a substantial
number of individuals. 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 treat-
ment 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 prognosis metastatic disease, cure
rates now approach 98% and the research focus has switched
from improving outcome to reducing treatment-related morbid-
ity. For patients with intermediate and poor prognosis metasta-
tic disease, further improvements in treatment outcomes 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 treatment option for
high-risk stage I nonseminoma; for seminoma, the use of single-
agent carboplatin 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
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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 mor-
bidity in all patients presenting with germ cell cancer.

Controversies and OQutstanding Issues

1. Can we identify curative treatment for patients with recurrent
or non responsive tumours?

2. Is research morally and ethically possible in a disease where
cure rates are>95%?
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Surgery for Testicular Cancer
Gillian L. Smith and Timothy J. Christmas

Key Points

1. There is no place for RPLND in the treatment of stage II germ
cell tumours or for the staging of stage I disease.

2. RPLND is curative for patients with residual masses post
chemotherapy.

3. Surgery for post treatment residual masses should only be
carried out in centres of excellence.

Introduction

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
surgical intervention is also crucial in achieving a high cure rate.
The diagnosis is usually established by inguinal orchidectomy,
and orchidectomy 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.
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Inguinal Orchidectomy
Timing of Orchidectomy

Inguinal orchidectomy is the first step in the management and
staging of most patients presenting with testicular cancer. Cer-
tainly, well patients presenting with a solid testicular mass, the
most common presentation, should undergo inguinal orchidec-
tomy as soon as possible followed 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), o.-fetoprotein (c.-FP),
or lactate dehydrogenase (LDH), orchidectomy can be scheduled
for after completion of chemotherapy 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 anes-
thesia. 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 expo-
sure. The ilioinguinal 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 effec-
tively certain and the cord may be clamped with an artery forceps
or ligated at this stage. The cord should be mobilized up to the
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internal ring, where it should be both ligated and transfixed with
nonabsorbable suture material. 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 traction on the cord deliver the
testis into the incision. The gubernacular attachments can then
be divided using the hand-held diathermy spatula with careful
attention to hemostasis. Intraoperative local anesthetic infiltra-
tion of wound edges and nerves aids postoperative analgesia.
Wound lavage with water may be tumoricidal. An inguinal
orchidectomy specimen is shown in Figure 10.1.

Complications

Inguinal orchidectomy is generally well tolerated by patients and
can be performed as a day case procedure. The most serious com-
plication 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 orchidec-
tomy if the patient wishes. Testicular prostheses were previously
manufactured 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
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Fig. 10.1. A: Inguinal orchidectomy specimen. B: Inguinal orchidectomy specimen
bivalved to demonstrate tumor.

for delayed as well as immediate insertion of a prosthesis, as
erosion through scrotal incisions is well recognized.

The most troublesome complication is infection, which often
necessitates removal of the prosthesis. In the long term, satisfac-
tion with testicular prostheses is variable. Encapsulation result-
ing 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 uncomfortable in sexual encounters and only
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58% were happy with their sex life [5]. Patients therefore should
be counseled appropriately preoperatively and many will opt
simply to have an orchidectomy without prosthesis.

Partial Orchidectomy

Partial orchidectomy may be considered in patients with a tumor
in a solitary testis or bilateral 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 under-
went partial orchidectomy for testicular cancer (primarily
seminoma), 85% avoided the need for subsequent 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 recur-
rences 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 radiotherapy for fertility reasons, five fathered a child
after organ-sparing surgery [6]. The procedure does require spe-
cialist 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), intraoperative ultrasound, and frozen section.
Intraoperative 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 replacement therapy. Preopera-
tive 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 neoplasia [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 spermatocytic seminoma) and develop during embryogen-
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esis. 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 distribution. 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 pro-
gression rate to invasive tumors, it is desirable to detect CIS by
biopsy so that it can be treated before progression 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 (<12mL)

+ 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 analy-
sis) (0.4-1.1% of infertile men have CIS)

Microcalcification (remains controversial)

The potential drawbacks of contralateral testicular biopsy
include a 15% to 20% complication rate, with the possibility of
impaired hormone production or fertility as a consequence. If
CIS is confirmed, radiotherapy does result in irreversible infer-
tility. 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 damaging
residual testicular function in patients without CIS who have
nothing to gain from a biopsy. Most units, therefore, adopt a selec-
tive 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 undertaken laterally in
the upper pole to avoid intratesticular vasculature. The sample
should be fixed immediately to preserve architecture ideally in
Bouin’s solution although formalin suffices. A 3 X 3 x 3mm biopsy
will almost certainly detect CIS if it is present in at least 10% of
the tubules. Eighteen-gauge core needle biopsies are probably
comparable and take deeper cores [11]. The biopsy may be
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synchronous with the initial orchidectomy or deferred depend-
ing on the clinical scenario.

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 nonseminomatous germ cell of the testis
(NSGCT) is the chain of lymph nodes in the retroperitoneum sur-
rounding the aorta and inferior vena cava (IVC). Back in 1897
removal of inguinal lymph nodes at the time radical orchidec-
tomy was recommended [12]. However, when surgeons subse-
quently 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 location 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 emanating 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 treat-
ment for clinical stage II NSGCT and also as a staging procedure
(and sometimes of therapeutic benefit) for clinical stage INSGCT.
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 platinum-based chemotherapy [17]. When
the residual mass is greater than 1 to 2cm 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 develops after
PC-RPLND, further chemotherapy is warranted, and in certain
circumstances autologous bone marrow transplantation may be
necessary to allow further high-dose chemotherapy.In a few cases
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further relapse may occur when the disease becomes resistant to
chemotherapy, and then “desperation” RPLND (D-RPLND) may
be indicated [18].

RPLND for Stage | 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 alternatives 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 teratoma undifferentiated (MTU) in the
primary tumor and vascular invasion within the testis/cord. Sur-
veillance is the most popular option in most countries; in a survey
of 273 urologists in the United Kingdom all patients with clinical
stage I NSGCT were referred to major cancer centers for surveil-
lance [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 fer-
tility because fewer patients require chemotherapy, and retroperi-
toneal relapse in the surveillance group may also necessitate
PC-RPLND, which may compromise ejaculation if the sympa-
thetic nerves cannot be preserved [23].

RPLND for Stage Il 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 advocated primary
RPLND for stage IT NSGCT and has compared the results with
similar patients treated with platinum-based chemotherapy. Both
treatments were curative as monotherapy in 67%; survival was
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98% in those treated by RPLND and 96% who had primary
chemotherapy. 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 testicu-
lar NSGCT is chemotherapy.

Postchemotherapy RPLND

After an intensive course of platinum-based chemotherapy for
stage IT to IV NSGCT of the testis, a residual mass will be appar-
ent within the retroperitoneum on computed tomography (CT)
or MRI scans (Fig. 10.2) in 25% or more cases [26]. It is now estab-
lished practice to excise such residual masses in order to increase
the chance of cure [27]. However, when the mass is <1 cm in diam-
eter, it most likely contains necrotic tissue only [28] and can be
safely observed [29]. Patients with malignant teratoma interme-
diate that contains differentiated teratoma (MTTI) are at risk of the
tumor masses becoming cystic and enlarging during chemother-
apy. Enlarging masses with falling tumor markers are character-
istic 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

Fig. 10.2. Computed tomography (CT) scan showing residual retroperitoneal nodal
mass after chemotherapy for stage Il germ cell tumor of the testis.
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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, deci-
sion making regarding follow-up and further therapy depends on
the result of histological 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].
Approximately half of the resected specimens contained differ-
entiated teratoma (TD); just over one fifth contained necro-
sis/fibrosis only; and the remainder contained active malignancy
(MTU, yolk sac tumor, choriocarcinoma, sarcoma, neuroectoder-
mal 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 per-
sistent 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 ini-
tially 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. 10.3).
Those men with TD in the specimen have a >95% chance of cure,
provided that all residual tissue has been removed. Malignant
tissue within the PC-RPLND specimen confers a worse progno-
sis. 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 men who have undergone PC-
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Fig. 10.3. 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, differentiated teratoma; NEC,
necrosis; GCT, germ cell tumors.

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 post-
operative complications 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 tes-
ticular tumors. Most do not behave in a malignant fashion and
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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 effec-
tive. 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 consis-
tently reliable histolog-ical indicators of malignant potential.
Although several adverse features have been described, accurate
prediction of aggressive tumor behavior in individual cases
remains difficult. Experience 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 under-
going low volume PC-RPLND. A thoracoabdominal approach
(Fig. 10.4) affords excellent exposure for resection of large-
volume disease. The thoracoabdominal incision is also advanta-

Fig. 10.4. Thoracoabdominal incision for postchemotherapy RPLND.
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Fig. 10.5. Resection of a small lung metastasis using a stapling device at thoracoab-
dominal postchemotherapy RPLND.

geous when there is residual disease within both the retro-
peritoneum and thoracic cavity, as it allows synchronous excision
of pulmonary metastases (Fig. 10.5) [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
surrounding 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 templates 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.
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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 complication rate of postchemotherapy RPLND
is reported as around 7%, with most patients tolerating surgery
well and recovering uneventfully [45]. Postchemotherapy
patients may have diminished pulmonary, renal, and nutritional
reserves, and are more likely to have a large disease burden neces-
sitating longer and more extensive surgery with a higher risk of
additional procedures such as nephrectomy, bowel resection,
and vascular repair. The most common perioperative complica-
tions are wound infection and prolonged ileus. Acute renal
failure, pancreatitis, ascites, and pulmonary 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 chemother-
apy (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].

Controversies and Outstanding Issues

1. There are no major controversies?
2. Efforts need to be made to continue the trend to centralise
surgery.
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The Clinical Management of
Penile Cancer
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Key Points

1. Preservation of organ function is clearly important.

2. Optimal radiotherapy is effective in early localised tumours

2. Surgery is the mainstay of treatment for advanced local disease

and involved groin nodes.

There is no role for prophylactic lymphadenectomy.

4. For advanced inoperable cancers concurrent chemoradio-
therapy is appropriate.

bt

Epidemiology and Etiology

Penile malignancies are uncommon in most parts of the world,
but there is a striking geographical 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 incidence is as high as 12 per 100,000 men [1]. Even
within a country, there are marked regional variations. 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
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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 phimosis, chronic inflammatory conditions such as
balanoposthitis, 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. Circum-
cision 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 carci-
noma 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 incidence areas, the disease often man-
ifests 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 diag-
nosis [7]. A vast majority of these invasive cancers are squamous
carcinomas or their variants such as verrucous or basaloid carci-
noma, 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 carcinoma with recurrence
within 5 years in most cases, with carcinoma in situ at the resec-
tion margin [8]. Carcinoma in situ or dysplasia has been reported
in one fourth of patients with invasive penile carcinoma [9].
Certain premalignant 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-Lowenstein tumor, balanitis xerotica obliterans,
etc.). The nomenclature of precancerous lesions in this fashion is
quite confusing and the use of terms penile intra-epithelial neo-
plasia grade 1,11, III or squamous intraepithelial lesions of low and
high grade are recommended to avoid such confusion [10].
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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 diagnosis. The initial lesion
may be warty or verrucous, ulcerative, proliferative, ulceroprolif-
erative, 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 clinicopathological corre-
lation in penile carcinoma was reported by Cubilla et al. [11] in
1993. On the basis of a detailed examination of whole organ sec-
tions of 66 penile resections, they described the following clini-
copathological variants: (a) verrucous carcinoma (18%): these
papillary 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 carci-
noma (32%): these unifocal tumors are characteristically aggres-
sive, infiltrating deep anatomical structures, and have a higher
histological grade and a higher propensity for lymph node
metastases; and (d) multicentric carcinoma (8%): an uncommon
variety in which there is normal epithelium in between the mul-
tiple foci of carcinoma. The pattern of spread of the superficially
spreading carcinoma and multicentric 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]. Lym-
phatic spread is uncommon in the verrucous cancers of the penis
[9,11]. For invasive squamous carcinomas, the risk of nodal
metastases increases with increasing depth of invasion [12-14],



234 Urological Cancers in Clinical Practice

Table 11.1. Incidence of nodal metastasis for different T stage and histological grades
of penile carcinoma

Nodal metastasis
(%) in patients
with T1, well or
moderately well Nodal metastasis (%) in

differentiated patients with
Author [reference] tumors corporal invasion
Solsona et al. [13] 1/17 (6%) 27142 (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%)

higher T stage, and histological 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 11.1. Solsona et al. [13] identified three risk categories for
nodal metastases. The frequency of nodal metastasis in low risk
(T1 G1) was 0/19; intermediate 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 cavernosa, urethra, and adjacent struc-
tures 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
metastasis in this study.

Metastatic spread to bones, lung, or other organs at presenta-
tion is rare. However, during follow up, 5% to 10% of patients
may develop distant metastases, generally in the setting of un-
controlled locoregional disease [3].

Pretreatment Evaluation and
Pitfalls in Staging

For optimum management using the most appropriate treatment
approach and ensuring best outcome, a simple but systematic
pretreatment evaluation is mandatory. A careful history and



The Clinical Management of Penile Cancer 235

interview should also include a history of sexual practices, sexu-
ally transmitted disease, chronic inflammatory penile conditions,
and the likely psychosexual impact of a penectomy if recom-
mended. The location, type, size, and extension of the tumor,
presence of any premalignant or inflammatory condition, infec-
tion, or phimosis should be documented after examination 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, ultra-
sound was not found accurate enough in distinguishing invasion
of subepithelial connective tissue and invasion into the corpus
spongiosum [21]. However, in more advanced tumors, ultrasound
was found to be more accurate than clinical examination in esti-
mating 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 involvement 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 pal-
pable 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
populations that frequently have reactive groin nodes due to
chronic infections or those with infected fungating tumors.
Palpable nodes may be pathologically negative in 60% cases if
the clinical node size is <2cm and in 10% cases if they measure
>2cm [12].1In contrast 15% to 20% of patients with clinically neg-
ative groin have unsuspected pathological nodal metastases on
groin dissection [24]. In a study comparing various methods for
evaluation of nodal metastasis, FNAC, CT scan, and lymphan-
giography all showed 100% specificity but sensitivity was best for
FNAC (71%) as opposed to 36% for CT and 31% for lymphan-
giography [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 11.2, the Jackson and UICC 1978
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Table 11.2. 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 NO: No nodal involvement
or exophytic

T2: Tumor 2-5cm or N1: Movable unilateral regional nodes

minimal extension
T3: Tumor >5cm with deep N2: Movable bilateral regional nodes
extension or involvement
extensionof urethra
T4: Infiltrates neighboring N3: Fixed regional lymph nodes
structures

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 NO: No nodal involvement
tissue

T2: Corpus spongiosum or N1: One superficial inguinal node
cavernosum

T3: Urethra, prostate N2: Multiple or bilateral superficial

inguinal nodes
T4: Other adjacent N3: Deep inguinal or pelvic nodes

structures
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staging is based on clinical examination, whereas the UICC 1987
system is essentially a pathological system. The Jackson staging
is based on the involvement of the penile shaft or adjacent struc-
tures and the operability of groin nodes. These findings are not
only clinically distinguishable 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 infiltration 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 mobil-
ity 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 prog-
nostically very important distinction between inguinal and iliac
nodal involvement, it has discarded the previous criteria of node
operability, a very important determinant of survival. With inher-
ent 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 penec-
tomy or groin dissection. The UICC 1987 version is useful as a
pathological staging system for patients who undergo penectomy
and ilioinguinal node dissection. Replacing the clinical staging
system by a pathology-based staging by the UICC has been crit-
icized by most authorities [26].

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 therapeutic in some cases. Lesions involv-
ing the glans, however, require a deep punch or incision biopsy
to confirm malignancy and its histological subtype, grade, and
invasiveness. In case of a phimotic preputial sac, a dorsal slit or
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circumcision 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
irrespective 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 prophylac-
tic or therapeutic, sometimes using different treatment modali-
ties 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, radiotherapy, and laser excision/ablation.
The treatment modality best suited for a patient depends 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 exercise
great caution in interpreting the avail-able literature. The treat-
ment approach can be broadly categorized as penile conservative
therapy (PCT) or penile amputation.
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Penile Conservative Therapy

Because amputative surgery for penile cancer may lead to major
psychosexual dysfunction, various attempts have been made to
devise conservative treatment modalities based on careful onco-
logical, anatomical, and technical considerations. Judicious use of
conventional or micrographic surgery, laser ablation, or radio-
therapy can allow preservation of a functioning phallus in appro-
priately 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 pres-
ence or absence of invasive carcinoma. Circumcision has been
reported mostly for cancers limited to the prepuce, conven-
tional/micrographic wide excision for very small superficial inva-
sive 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 11.3.

Wide Excision

For small noninvasive or minimally invasive lesions confined to
the prepuce, circumcision may be adequate. Wide excision, with
confirmation of an adequate free resection margin by intraoper-
ative frozen section examination, is recommended for small non-
invasive or minimally 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]. Con-
servative treatments warrant cautious evaluation because of
the relatively small number of treated patients and the lack of
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good-quality comparative data. Besides, the functional and aes-
thetic results are not always excellent.

Mohs’ Micrographic Surgery

This special surgical technique allows for preservation of
maximum normal penile tissue and gives results comparable to
more radical procedures in patients with small lesions involving
distal portion of the glans [38,39]. It entails removal of diseased
tissue in thin layers, accurate construction and mapping of
excised tissue, and confirmation of negative margins by frozen-
section examination of horizontal tissue sections, 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 misshapen glans or meatal
stenosis, with an occasional 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 1cm 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 function and local control rates com-
parable with more radical procedures. Bandiermonte et al. [40]
reported CO, laser treatment of patients with T1 lesions, with a
15% relapse rate. Subsequently, the Nd:YAG alone or in combina-
tion with CO, 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 inten-
tion is usually completed by 8 weeks [37]. However, laser therapy
has the disadvantages of having uncontrolled depth of excision,
not providing adequate tissue for pathological examination, and
entailing the need for close follow-up to identify local relapse.
Laser therapy is appropriate initial treatment for carcinoma in
situ of the penis and select cases of recurrent carcinoma in situ.
However, these patients need to be carefully followed to detect
local relapse and should also practice self-examination [44].
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Radiation Therapy

External beam radiotherapy (EBRT) using megavoltage telecobalt
gamma rays or 6 MV photons from linear accelerators or inter-
stitial 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 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 uni-
versal applicability and can be successfully delivered in all radio-
therapy departments, excellent tumor control without severe
complications 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 5cm of penile shaft is
irradiated using bilateral megavoltage beams. For immobilization
and repositioning of the penis during treatment and for provid-
ing 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 60Gy in 30 daily fractions over 6
weeks [30,31], other hypofractionated accelerated regimens such
as 50 to 55Gy 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 Memorial 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 symptomatic late sequelae. However, the acute radi-
ation mucocutaneous reaction over the glans and penile shaft
healed after a median period of 12 weeks. After we slightly
modified the fractionation to 54 Gy in 18 daily fractions in 3',
weeks, the median healing time for acute reaction has been
reduced to 6 weeks, without affecting the tumor control rate. This
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is comparable to the healing time following laser photocoagula-
tion [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 radio-
therapy can cause treatment interruption 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 deter-
mined 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 radiotherapy 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 radia-
tion necrosis requiring penectomy or symptomatic urethral
strictures are also higher with brachytherapy (Table 11.3). In the
ongoing prospective study of accelerated external radiation at
our institute, at a median follow-up of 30 months local recur-
rence 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 recurrences have been
successfully salvaged by partial penectomy. Local failure rates as
high as 35% to 40% have been reported in the two largest exter-
nal radiotherapy series using a more protracted 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 11.3). 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 undoubt-
edly the safest treatment approach in all stages of the disease.
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Though it has been considered as the gold standard of local treat-
ment by some [3], due to the associated psychosexual dysfunc-
tion amputative surgery should be reserved for patients not
suitable for PCT due to tumor infiltration or if sexual dysfunc-
tion is unlikely do be of concern to the patient, or due to expected
noncompliance with close follow-up after PCT.

Partial penectomy is indicated for lesions involving the glans,
corona, and distal shaft, where after adequate surgical excision
the residual 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 micro-
scopic margins up to 10mm. 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 15mm for grade III
lesions. This approach would qualify more patients for conserva-
tive surgery or partial penectomy rather than total penectomy,
and the residual penile length would then be cosmetically and
functionally more acceptable. Patients undergoing partial penec-
tomy 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 recurrence
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 llioinguinal 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
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therapeutic 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 man-
ifest nodes.

Impalpable or Clinically Insignificant Groin Nodes

In patients with impalpable or clinically insignificant 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 clinical 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 dissection, a proce-
dure that will be an overtreatment 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, histological grade, infiltration of the
corpora cavernosa and spongiosum, and lymphovascular emboli
have been found as the main predictors of occult nodal metas-
tases in most studies [11,13,16-18]. Of these the most important
factors are the T status and histological grade, as shown in Table
11.1 and discussed earlier. Thus patients who are at low risk of
occult nodal metastases and reliable for close follow-up are ideal
candidates for the policy of surveillance and therapeutic
lymphadenectomy 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
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therapy, the surveillance must cover this period with repeated
examinations at 1- to 3-month intervals. In patients with infiltrat-
ing or poorly differentiated tumors, the long-term safety of
surveillance 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 junc-
tion in the region of the superficial epigastric vein) and advocated
formal lymph node dissection if the node was proved metastatic.
He hypothesized that in the absence of sen-tinel node metasta-
sis, metastasis in the inguinofemoral or iliac nodes is not possi-
ble. 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
sentinel node biopsy, including preoperative lymphoscintigraphy;,
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-nega-
tive 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 subse-
quent 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
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Kumar et al. [61] evaluated the relative value of FNAC, sentinel
node biopsy, and medial inguinal node biopsy. They concluded
that FNAC is accurate 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 lymphadenec-
tomy followed by a deep inguinal and pelvic lymphadenectomy
if superficial nodes are positive on frozen section avoids the pit-
falls 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 histo-
logical criteria discussed earlier are considered to be at a high
risk of harboring occult metastasis. When prophylactic lym-
phadenectomy 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 lymphadenectomy in the presence of
limited nodal metastasis may be as high as 80%. The proponents
of lymphadenectomy in patients with clinically nonpalpable
inguinal nodes claim that because the curative benefit of lym-
phadenectomy in the presence of palpable metastatic nodes is
well established, it seems logical that lymphadenectomy per-
formed 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 prophylactic lymphadenectomy, thereby suggesting
that the best results can be obtained in the presence of a low
tumor load [16,63,64] and that delaying lymphadenectomy may
be inappropriate [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 lymphadenectomy for metastatic nodes
at presentation [67-69]. These studies, however, reported on lym-
phadenectomy for clinically palpable nodal disease and do not
exclude the possibility that lymphadenectomy for clinically occult
nodes may yield a better survival. Randomized trials proving the
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benefit of prophylactic over delayed therapeutic lymphadenec-
tomy are needed to incorporate routine prophylactic lym-
phadenectomy 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 lymphade-
nectomy from being the standard treatment for all patients with
clinically nonpalpable nodes.

Clinically Significant or Cytologically
Confirmed Groin Nodes

In patients with operable nodes, surgery is the mainstay of treat-
ment and often curative, especially for those with limited nodal
metastasis. In planning the most appropriate treatment, these
patients should be evaluated clinically for operability and with a
contrast-enhanced CT scan, especially for pelvic nodes. Various
authors have reported that 20% to 67% of patients with clinically
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 lymphadenec-
tomy is also recommended for patients with unilateral significant
lymphadenopathy at presentation because clinically occult con-
tralateral groin metastases can be present in over 50% of such
patients [54,75]. Node dissection on the contralateral side may be
limited to superficial node dissection if no histological evidence
of metastasis is found in the contralateral superficial nodes. In
patients who develop metachronous unilateral lymph node
metastasis while on surveillance, it may be sufficient to perform
a unilateral 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 (appro-
ximately 10%) of metachronous metastasis, and the chance
of developing contralateral node metastasis subsequently is
extremely low. Enlarged metastatic groin nodes that are adherent
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to the overlying skin or ulcerating through it require wide exci-
sion of the skin around the node mass, with closure of the con-
sequent 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 lymphadenectomy.
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 lymphadenectomy is the procedure of
choice in patients with metastatic nodes.

The therapeutic benefit of pelvic lymphadenectomy 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 dissection [34]. Lopes et al. [19], in their small series,
reported that ilioinguinal lymphadenectomy may have a
significant role in increasing the survival of patients with metas-
tases to only one iliac lymph node. In view of this, it seems rea-
sonable to extend the lymph node dissection to include the iliac
nodes. A laparoscopic approach may also be used to complete the
pelvic node dissection [72].

Complications of llioinguinal Lymphadenectomy

Although perioperative mortality consequent to ilioinguinal
lymphadenectomy is rare, the morbidity of the procedure is quite
significant. Skin flap or edge necrosis and wound breakdown
along with persistent lymphorrhea are the commonest early
complications reported in up to 80% of patients [65,66]. This may
lead to prolonged 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 debilitating
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lower extremity or penoscrotal lymphedema seen in nearly one
third of patients. In light of this, a lot of attention has recently
focused on reduction of morbidity by modification of the surgi-
cal procedure.

Modifications of surgical incisions have been explored at a
number of centres. Fraley and Hutchens [73] employed two par-
allel incisions in the groin, one above and one below the inguinal
ligament to reduce the skin flap or edge necrosis. Similarly, a tech-
nique 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 lymphadenectomy 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 reduction 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 prophylactic inguinal
lymphadenectomy for high-risk disease. Early follow-up of their
patients indicates that the nodal control rates are comparable to
those in similar patients reported in the literature treated with
classic lymphadenectomy technique. However, the value of these
modifications in the context of metastatic lymphadenopathy,
which warrants a complete radical 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 liga-
ment 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
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reported no skin necrosis, 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 under-
going radical ilioinguinal lymphadenectomy, even when the skin
is not infiltrated by the nodal disease and we perform immediate
reconstruction using a tensor fascia lata myocutaneous flap or
anterolateral thigh flap [70,77]. We have had no major problems
of skin loss or wound breakdown 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 reduction of morbidity of ilioinguinal lymphadenectomy.
Alternatives to these flaps are the rectus abdominis flap or the
gracilis flap.

Chemotherapy

Chemotherapy for penile cancer has been evaluated 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 carcinoma-in-situ [1]. There are
very few studies of systemic chemotherapy in invasive penile
cancer. In early invasive T1-2 NO 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 nearly 70% response rates. It seems to
allow approximately 40% patients with regionally disseminated
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/m’ day 1, methotrexate 25 mg/m’ days 1 and
8,and bleomycin 10 U/m” on days 1 and 8 with a cycle length of 21
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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
multivariate analysis of prognostic factors, nodal metastases
[9,19,31], higher T stage or invasion [9,31,48], and high histolog-
ical grade [31,48] were identified as independent adverse prog-
nostic factors for survival. The substratification of nodal status
such as three or more nodes, bilateral disease, extranodal exten-
sion, and iliac node metastases predict an especially poor prog-
nosis [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 pos-
sible major psychosexual impact of a penectomy. There are only
a few small, mostly retrospective studies evaluating the quality of
life and psychosexual issues (2,88,89). The expected quality of
life, particularly sexual functions after treatment, should be
specifically discussed with the patient. It is an expansive concept
that involves vast and profound evaluation. The Overall Sexual
Functioning 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 11.4). This tool
can be very useful to compare different treatment modalities like
surgery and radiotherapy in deciding the best approach for early
cancers. In a Norwegian study [88] moderate to severe sexual dys-
function was observed in only two of 10 patients after radiother-
apy compared to four of five after wide excision, seven of nine
after partial penectomy, and all four after total penectomy. We
have previously reported that of the 29 patients treated with
penectomy, one committed suicide and another had a failed
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Table 11.4. 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 (unchanged, good)
partner

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.

IT Severely reduced score, 9-14.

III Moderately reduced score, 15-19.

IV Slightly reduced score, 20-22.

V Normal score, 23-24.

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 accelerated radiotherapy
at the Tata Memorial Hospital, of the 18 patients with intact penis
(five underwent penectomy for residual/recurrent disease), 16
men have retained their pretreatment erectile function, coital sat-
isfaction, and frequency. The remaining two patients have
reported mild sexual dysfunction after radiotherapy.

Conclusion

Penile cancers, though uncommon in developed countries, pose
a significant oncological challenge in some parts of the world.
With the available 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
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initial penectomy is the treatment of choice. Management of
the groin still remains controversial, 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 primarily 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 various treatment
approaches.

Controversies and Outstanding Issues

1. Will immunisation programs reduce the risk of penile cancer
as they will for cervical tumours?
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Jackson staging system, 235, 236

K

Karnofsky performance status
(KPS), 105, 126

KAVE therapy, 61, 62

Ketoconazole, 45, 47, 61

Ki-67, 82

KPS see Karnofsky performance
status

L

LAK cells see Lymphocyte-
activated killer cells

Laparoscopic prostatectomy,
27-8

Laser therapy, penile cancer, 242

Lenolidomide, 171

Leukocyte products, 172-5

Leukoplakia, 232

LH see Luteinizing hormone

LHRH see Luteinizing hormone-
releasing hormone

Lichen sclerosis et atrophicus,
232

Luteinizing hormone (LH), 43

Luteinizing hormone-releasing
hormone (LHRH)
analogues, 13, 15, 43

Lymphadenectomy see
Ilioinguinal lymph nodes

Lymphocyte-activated killer
(LAK) cells, 138

M
Magnetic resonance imaging, 4
Massachussetts General Hospital
see MGH
Matrix metalloproteases, 178
MDX 010, 170
Medical Research Council trials,
133
prostate cancer, 80
testicular cancer, 190, 203
Metastasis, 30
Methotrexate
bladder cancer, 103
penile cancer, 252-3
Methotrexate, vinblastine,
adriamycin and cisplatin
see MVAC
MGH/RTOG trial, 116
Millin, Terence, 25
Mitomycin C, 84, 85, 86, 88, 89,
93
Mitoxantrone, 50, 52, 54-5, 61, 64
MLCs see Multileaf collimators
MMC see Mitomycin C
Mohs’ micrographic surgery, 242
Molecular markers, 82-3
Monoclonal antibodies, 148
MRC see Medical Research
Council
MRC/EORTC trial, 116
MRI see Magnetic resonance
imaging
MRP see Multidrug resistance-
related protein
Multidrug resistance-related
protein, 166
Multileaf collimators (MLCs), 8,9
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MVAC, 107 P

attempts to improve, 104 P21, 82

development of, 103 P53, 82

limitations of, 104 Paclitaxel

bladder cancer, 106, 107, 108,
N 110
National Bladder Cancer prostate cancer, 56, 57, 59, 60-2,
Collaborative Group 64

(NBCCG) trial, 77
National Cancer Institute, 64
National Prostate Cancer Project,

63, 64
Natural killer (NK) cells, 141, 172
Neoadjuvant chemotherapy

bladder cancer, 112-15

prostate cancer, 60-3
Neovascularization, 146
Neovastat see AE-941
Nephrectomy, 130-2
NK cells see Natural killer cells
Non-Hodgkin lymphoma, 166
Nonsteroidal antiinflammatory

drugs, 14
Nordic-1 trial, 116
Nordic-2 trial, 116
Norton-Simon hypothesis, 110

0
Oncophage, 175
Orchidectomy
inguinal, 214-17
complications, 215
surgical approach, 214-15
testicular prostheses,
215-17
partial, 217
OSEQ see Overall Sexual
Functioning
Questionnaire
Overall Sexual Functioning
Questionnaire (OSFQ),
253,254

103Palladium, 13
Palliative therapy, 51-3
Pamidronate, 53
Partial orchidectomy, 217
Pathological complete response,
61
Patupilone, 165
PDGER see Platelet-derived
growth factor receptor
Penile amputation, 244-5
Penile cancer, 231-61
biopsy, 237-8
chemotherapy, 252-3
epidemiology and etiology,
231-2
ilioinguinal nodes, 245-52
clinically
significant/cytologically
confirmed, 249-52
impalpable/clinically
insignificant, 246-9
local spread, 233
multicentric carcinoma, 233
natural history, histology and
clinical presentation, 232
nodal metastasis, 233-4
occult metastases, 247-8
precancerous lesions, 232
pretreatment evaluation, 234-7
primary tumors, 238-45
laser therapy, 242
Mohs’ micrographic surgery,
242
penile amputation, 244-5
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penile conservative therapy,
239
radiation therapy, 243-4
wide excision, 239-42
prognosis, 253
quality of life and psychosexual
issues, 253-4
risk factors, 232
staging, 234-7
Jackson, 235, 236
UICC TNM, 235, 236
superficially spreading
carcinoma, 233
treatment, 238
verrucous carcinoma, 233
vertical growth carcinoma, 233
Penile conservative therapy, 239
laser therapy, 242
Moh’s micrographic surgery,
242
radiation therapy, 243-4
wide excision, 239-42
Perineal prostatectomy, 26
Perioperative chemotherapy,
112-17
Permanent implants, 13-14
Platelet-derived growth factor
receptor (PDGFR), 47
POMB ACE, 201
Prednisone, 50, 52, 54-5, 58, 64
Present Pain Intensity (PPI)
Index, 54
Pretreatment assessment, 4
Proctitis, 7, 14
Prophylactic lymphadenectomy,
248-9
Prophylactic palliation, 130
Prophylactic pelvic lymph node
radiotherapy, 11
PROSQOLI see Prostate Cancer-
Specific Quality of Life
Instrument

Prostate brachytherapy, 12-15
high dose rate, 15
permanent implants, 13-14
Prostate cancer
chemotherapy, 50-74
adjuvant, 63
hormone-sensitive disease,
60-3
neoadjuvant, 60-3
targeted, 63, 67-8
triplet combinations, 60
early (localized), 2-4
hormone-refractory, 50-3, 65
hormone therapy, 39-49
localized disease, 40-2
locally advanced, 43
metastasis, 30, 43
mortality, 40
radical radiotherapy, 1-23
adjuvant or salvage, 18-19
early (localized) prostate
cancer, 2-4
and hormone therapy, 15-17,
41-2
intensity-modulated, 11-12
prostate brachytherapy,
12-13
standard external beam, 4-8
three-dimensional
conformal, 8-11
recurrent, 45-7
response to therapy, 53-4
surgery, 24-38
Prostate Cancer-Specific Quality
of Life Instrument
(PROSQOLI), 54
Prostatectomy see Surgery,
prostate cancer
Prostate-specific antigen (PSA), 1,
4,7-8,18, 29, 45,53-4
Prostatitis, 14
Prostogens, 47
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Protracted venous infusion,
143-4

PSA see Prostate-specific
antigen

Psychosexual issues, 253-4

Pulmonary function, effect of
chemotherapy on, 204-5

Q

Quality of life
penile ancer, 253-4
prostate cancer, 33

R
Radiation therapy
penile cancer, 243-4
radical see Radical
radiotherapy
Radiation Therapy Oncology
Group see RTOG
Radical prostatectomy, 28-9
adjuvant/salvage radiotherapy,
18-19
Radical radiotherapy
prostate cancer, 1-23, 41
adjuvant or salvage, 18-19
early (localized) prostate
cancer, 2-4
and hormone therapy, 15-17,
41-2
intensity-modulated,
11-12
prostate brachytherapy,
12-13
standard external beam,
4-8
three-dimensional
conformal, 8-11
Radioactive seeds, 13
Radiotherapy
adjuvant, 18-19
external beam, 4-8

radical see Radical
radiotherapy
Raynaud’s phenomenon, 194
Receptor tyrosine kinase
inhibitors, 167
Renal cell carcinoma, 124-60
adjuvant therapy, 144-5
angiogenesis inhibitors, 145-6
clinical trials, 147-50
biochemotherapy, 141-4
chemoresistance of, 125
cytokine therapy, 128-9, 141
combined IL-2 and INF-
alpha, 139-41
interferons, 132-5
interleukin-2, 135-9, 142-4,
161, 165
nephrectomy prior to,
129-32
immunotherapy, 127-8
metastases, 130
new treatments, 161-86
angiogenic targeting,
177-8
conventional cytotoxics,
164-6
general immunity, 170-2
leukocyte products, 172-5
targeted therapies, 163,
166-70
tumor products, 175-7
vascular targeting, 178
prognostic factors, 125-7
prophylactic palliation, 130
thalidomide, 150-2
Response to therapy, 53-4
13-cis-Retinoic acid, 134
Retroperitoneal hematoma, 215
Retroperitoneal lymph node
dissection, 215, 219-23
“desperation”, 220
germ cell tumors, 219-20
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postchemotherapy, 221-3
stage Il nonseminoma germ
cell tumor, 220-1
stage I nonseminoma germ cell
tumor, 220
Retropubic prostectomy, 25-6
Ribavirin, 172
Rituximab, 166
RPLND see Retroperitoneal
lymph node dissection
RTOG 85-31 trial, 17
RTOG 86-10 trial, 17
RTOG 9601 trial, 19
RTOG 9902 trial, 64
RTOG, 8
RTOG P-0011 trial, 19

S
Salvage radiotherapy, 18-19
Scrotal hematoma, 215
SECSG see South East Cancer
Study Group
Seminoma, 189-90
adjuvant chemotherapy, 203-4
surgery, 223
see also Testicular cancer
Sensory neuropathy, cisplatin-
induced, 206
Sentinal node biopsy, 246, 247
Skeletal-related events, 53
Skin tattoos, 5
Sorafenib, 162, 169, 179
Sorangium cellulosum, 165
South East Cancer Study Group
(SECSG), 194
Southwest Oncology Group
(SWOG) trials
bladder cancer (8507), 89, 90
bladder cancer (8795), 86
prostate cancer (8794), 18
prostate cancer (9916), 60
prostate cancer (9921), 63, 64

renal cell carcinoma (0317),
167
renal cell carcinoma (8949),
131
Standard external beam
radiotherapy see External
beam radiotherapy
Sunitinib malate, 162, 167-8,
179
Superficial bladder cancer see
Bladder cancer, superficial
Suramin, 52, 63, 65
Surgery
bladder cancer, 111
postchemotherapy, 111
prostate cancer, 24-38
cancer control, 29-30
complications, 30
erectile function, 30-2
laparoscopic prostatectomy,
27-8
outcomes, 33-4
perineal prostatectomy, 26
quality of life, 33
radical prostatectomy, 28-9
retropubic prostectomy,
25-6
urinary continence, 32-3
testicular cancer, 213-30
complications, 226
contralateral testicular
biopsy, 217-19
inguinal orchidectomy,
214-17
partial orchidectomy,
217
retroperitoneal lymph node
dissection, 219-23
seminoma, 223
stromal tumors, 223-4
surgical technique,
224-5
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SWOG see Southwest Oncology
Group

T
Tamoxifen, 47
Targeted therapies
prostate cancer, 63
with chemotherapy, 67-8
renal cell carcinoma, 163,
166-70
Taxanes, 56-60, 61
Telomerase protein (TERT),
173
TERT see Telomerase protein
Testicular biopsy, 217-19
Testicular cancer
chemotherapy, 187-212
adjuvant, 202-4
bleomycin, etoposide and
cisplatin, 188-9
long-term toxicity, 204-6
metastatic disease, 189-98
nonseminomatous germ cell
tumor, 190-2, 202-3,
220-1
prognostic factors, 188
good prognosis disease,
189-98
intermediate prognosis
disease, 198
poor prognosis disease,
198-202
secondary malignancies, 205-6
seminoma, 189-90, 203-4, 223
stromal tumors, 223-4
surgery, 213-30
complications, 226
contralateral testicular
biopsy, 217-19
inguinal orchidectomy,
214-17
partial orchidectomy, 217

retroperitoneal lymph node
dissection, 219-23
seminoma, 223
stromal tumors, 223-4
surgical technique, 224-5
Testicular prostheses, 215-17
Thalidomide, 67, 148, 164, 171
renal cell carcinoma, 150-2
Three-dimensional conformal
radiotherapy, 8-11
dose escalation, 9-10
reduced toxicity, 8
TILs see Tumor infiltrating
lymphocytes
TNP-40, 147
Transforming growth factor-3,
170
Transitional cell carcinoma see
Bladder cancer, superficial
Transrectal ultrasound (TRUY), 4,
12, 14
Transurethral resection, 83-4
of prostate (TURP), 13
Troxacitabine, 165
TRUS see Transrectal ultrasound
Tumor infiltrating lymphocytes
(TILs), 138-9, 173
Tumor necrosis factor-o, 151, 171
Tumor products, 175-7
TURP see Transurethral resection
of the prostate

U

UK MRC PRO6 trial, 2

UK MRC RTO1 trial, 10-11

UK Protect study (Prostate
Testing for Cancer and
Treatment), 3

Union Internationale Contre le
Cancer (UICC) tumor,
node, metastasis (TNM)
staging, 235, 236
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United States Prostate Cancer
Intervention Versus
Observation Trial
(PIVOT), 3

Urethritis, 14

Urinary incontinence, 7, 13

post-surgery, 32-3

\%

Vaccine-based therapies, 66

Vascular endothelial growth
factor see VEGF

Vascular targeting, 178

Vattikuti Institute of
Prostatectomy (VIP), 28

VEGE, 146, 149, 166, 170

VEGF-A, 177

VEGF inhibitors, 66

VEGEF receptor, 167

VEGEF-TRAP, 177

Veil of Aphrodite, 28

Vinblastine, 52, 56, 103, 142, 165

Vinorelbine, 60

VIP see Vattikuti Institute of
Prostatectomy

Von Hippel-Lindau protein, 166

Von Hippel-Lindau tumor
syndrome, 148

w
Walsh, Patrick, 26
Watchful waiting, 40-1

Y
Young, Hugh Hampton, 25

Z

ZD1839, 111

7ZD6126, 178

Zeus robotic system, 28
Zoladex, 63, 64
Zoledronic acid, 53
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