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Despite the use of cytotoxic chemotherapy for advanced prostate cancer for half a century, its clini-
cal udlity in this setting remains undefined. Based on traditional methods of assessment, the list of
the most active cytotoxic agents includes cyclophosphamide, doxorubicin, mitoxantrone and cispla-
tin. With the introduction of more structured methods of assessment, including careful assessment
of indices of quality of life and serial measurement of serum prostate-specific antigen (PSA), the
role of cytotoxic agents is being re-assessed. In view of the cell cycle characteristics of prostate can-
cer, there appears to be an emerging role for combination inhibitors of mitosis, including estramus-
tine in combination with the vinca alkaloids, etoposide or paclitaxel. © 1997 Elsevier Science Ltd.
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INTRODUCTION

DESPITE THE progress in the diagnosis and management of
early stage disease, the management of advanced prostate
cancer remains an important problem. The proportion of
cases diagnosed at an early stage has increased to more than
70% [1]. However, this figure represents a shift in demogra-
phy due to an increased absolute number of cases of stage
A-B cancer, without a reduction in the number of incident
cases of advanced disease. As there has been relatively little
progress in the conceptual basis of management of advanced
disease since 1941, when Huggins and Hodges demon-
strated the effectiveness of androgen ablation in the treat-
ment of prostate carcinoma [2], the majority of patients
presenting with advanced cancer are still destined to die of
their disease.

Despite improving the survival of patients with many
different malignancies, chemotherapy has traditionally
played a relatively minor role in the management of prostate
cancer. Most early trials have shown a relative lack of effi-
cacy and considerable toxicity [3, 4], although the interpret-
ation of results, prior to development of prostate-specific
antigen (PSA) measurement, was limited by the lack of ade-
quate indices of response [5]. However, with development

Correspondence to D. Raghavan.

of new drugs, new methods of evaluation [6] and increased
knowledge of the biology of prostate cancer, there has been
a renewed interest in the possible role of non-hormonal sys-
temic treatment in management of this disease.

HETEROGENEITY OF THE DISEASE

In order to evaluate the potential impact of chemotherapy
for the management of prostate cancer, one needs to take
into account the heterogeneity of this disease. The biology
of the tumour varies not only between individuals, but also
between different stages of the disease within the same indi-
vidual. This may have important implications on the varia-
bility of therapeutic response in patients with early versus
metastatic disease.

It has been shown that at the time of diagnosis, prostate
cancer masses are composed of several cellular subpopu-
lations, including an initial clonal expansion of androgen
independent cells [7]. As hormone resistance evolves, the
relative proportions of these different subpopulations change
[8]. There have also been a variety of histologically distinct
subsets detected in prostate cancers, including small cell
anaplastic carcinoma, carcinoid and transitional cell carci-
noma, which are fundamentally resistant to hormonal ma-
nipulation. It has been shown that prostatic tumours that
are very sensitive to chemotherapy often contain a sig-
nificant proportion of cells of small cell or neuroendocrine
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morphology [9]. Approximately 10% of prostatic carcinomas
have been reported to have neuroendocrine differentiation.
Although most of these actually represent adenocarcinomas
with areas of neuroendocrine differentiation, 1-2% of these
are true neuroendocrine small cell carcinomas of the pros-
tate. They are characterised by a rapid pace of the disease,
that parallels that of small cell carcinoma of the lung [9].
Syndromes of ectopic hormone production, including hyper-
calcaemia, occur frequently in these tumours [10, 11]. PSA
levels correlate poorly with the extent of disease. Other mar-
kers, such as CEA (carcinoembryonic antigen) and LDH
(lactate dehydrogenase) have been found to be elevated in
65 and 76% of patients, respectively [10]. Patients with
small cell cancers are more likely to have visceral involve-
ment, with less frequent osseous metastases and, although
more likely to respond to chemotherapy, they have a shorter
survival than those with classical adenocarcinoma of the
prostate [10-12].

Another feature that can be variable between tumour cells
is cell growth kinetics. Prostate cancer cells often exhibit
Gompertzian growth characteristics with progressive slowing
of cell growth rate, as the tumour volume increases. This
has important implications in terms of assessment of re-
sponse—tumours that are slowly growing may give the im-
pression of stable disease when, in fact, the tumour is slowly
progressing. In addition, these kinetic characteristics are rel-
evant to the choice and schedule of treatment as the ma-
jority of cells may not be replicating, and are thus more
likely to respond to drugs that are not S phase-dependent
and to drugs that are delivered over a prolonged period of
time. The prolonged doubling time characteristic of prostate
cancer cells may also explain the difference in cytotoxic re-
sponse between prostate cancer and other hormone-respon-
sive malignancies (such as breast cancer).

It has been demonstrated that androgen-independent
growth in prostate cancer may, in part, be secondary to pro-
duction of peptide growth factors regulated by autocrine
and paracrine mechanisms [13]. Expression of the epider-
mal growth factor receptor (EGFR) has been shown to be
upregulated in prostate cancer {13, 14]; prostate cancer cell
lines may express their own growth factors (e.g. TGF alpha)
which can bind to the EGF receptor and may be partially
responsible for androgen-independent tumour growth.

Prostate cancer regression after androgen blockade occurs
by apoptosis—active cellular death where cells participate in
their own demise, a process that is distinct from passive cel-
lular death where environmental perturbations lead to cellu-
lar lysis [15]. However, androgen independent prostate
cancer cell lines do not appear to participate in the apopto-
tic pathway of cell death in response to androgen ablation,
and it may be that other factors may play a role in tumour
resistance. In this context, point mutations have also been
demonstrated within the androgen receptor gene [16],
which may alter receptor function.

ASSESSMENT OF OUTCOME

The problem with most of the initial studies of che-
motherapy in prostate cancer was that the response criteria
used did not reflect changes in tumour volume and did not
provide information about the benefit to the patient. Since
then, a number of studies have used PSA as a surrogate
marker of tumour load, or the formal assessment of pain by
a physician as an index of patient benefit [17-20]. The
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Table 1. Confirmation of ‘true’ hormone resistance

Time frame Parameters

Assess symptoms & signs
Measure PSA, PAcP, SAP, (LDH?)
Document prior hormone therapy

Establish compliance
Check LH/FSH/testosterone/DHEA
Clinical monitoring
PSA (other markers?)
LH/FSH/DHEA

Presentation

Biochemical baseline
follow-up

PSA, prostate-specific antigen; PAcP, prostatic acid phosphatase;
SAP, serum alkaline phosphatase; LDH, lactate dehydrogenase;
LH, luteinising hormone; FSH, follicle-stimulating hormone;
DHEA, dehydroepiandrosterone.

most recent studies have used more specific indices of per-
formance status and symptomatology to provide more
objective indicators of symptomatic response [21].

In recurrent and metastatic prostate cancer, standard
methods of response assessment are difficult to apply as the
majority of metastatic deposits are osseous, and thus diffi-
cult to quantify. Only 10% of patients with metastatic can-
cer of the prostate have measurable visceral disease and
these patients may have a different response pattern from
the patients who have bony disease [4, 8]. The use of surro-
gate markers of response, such as serial assay of serum PSA,
is currently under evaluation [6]. However, in the setting
where a major goal of chemotherapy is palliation, reduction
of PSA levels may not correlate with changes in quality of
life [21]). Tannock and associates have shown that baseline
measures of performance status, pain score and well-being
correlate more closely with survival than does PSA fluctu-
ation [21]. Other studies have also indicated that there may
be little correlation between PSA change and symptomatic
response or survival [22].

In addition to the assessment of response, difficulties
often arise in the interpretation of the survival figures docu-
mented after a specific treatment as many patients receive a
series of agents over a prolonged time interval as a result of
series of relapses. It may, therefore, be difficult to attribute
a survival benefit to a particular drug. In the past, because
of the lack of suitable indices of response, many reports
applied survival figures (often in a non-randomised manner)
as indicators of specific patient benefit from chemotherapy
[23]. However, this may have been an important error as
patients with stable disease may live longer because of the
more indolent nature of their disease rather than due to the
effects of chemotherapy [3-5].

The median survival for hormone refractory prostate can-
cer is only 6 months provided that true hormone resistance
is demonstrated [3, 4]. In many patients with allegedly hor-
mone-resistant disease, persistent production of androgens
can be demonstrated [3]; this can reflect a residual fragment
of functioning testicular tissue in the patient after bilateral
orchiectomy, the production of androgenic steroids by the
adrenal glands, or compliance problems with medications,
such as oestrogens or luteinising hormone releasing hor-
mone (LHRH) agonists. These causes of apparent, artefac-
tual hormone resistance should be excluded before the
patient is considered for treatment with cytotoxic or other
systemic agents (Table 1). In the setting of true hormone
resistance, the goals of therapy are predominantly palliative;
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it is therefore important that chemotherapy, if used at this
stage of the disease, should lead at least to symptom relief
and improvement in quality of life. Elderly patients tend to
be more conservative in their attitudes to risk-taking and to
the issue of toxicity of treatment [24], and will often place a
higher emphasis on palliative benefit than on a modest pro-
longation of life. The role of chemotherapy is also affected
by the fact that the elderly patients with prostate cancer
often suffer from a range of intercurrent medical disorders
which may confound the assessment of benefit, toxicity and
survival [25], especially in smaller and non-randomised
series. These factors limit the choice of agents available for
treatment.

The stringency of the criteria of assessment that are
applied can have a substantial impact on the reported out-
come of phase II trials [26, 27]. For example, Yagoda and
associates reported responses to cisplatin ranging from 4 to
20%, depending upon the criteria of assessment [26] and an
even wider range of apparent activity has also been demon-
strated for mitoxantrone [27]. These vagaries of assessment
and the innate heterogeneity of both the tumours and the
patient population have somewhat inhibited the application
of chemotherapy to the management of this disease.

CONVENTIONAL CYTOTOXIC AGENTS

For several decades, it has been known that single agent
chemotherapy can achieve some measure of tumour shrink-
age when used against carcinoma of the prostate, as
reviewed in detail previously [3, 4]. The activity of estab-
lished cytotoxic agents is summarised in Table 2. Although
combination chemotherapy regimens often yield higher
objective response rates, these do not appear to correlate
with improved survival or quality of life, and no randomised
trials have convincingly demonstrated the superiority of
combination chemotherapy to date [3, 4]. In fact, in many
instances, combination regimens are only associated with
enhanced toxicity.
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Alkylating agents

Of the established agents, it is our view that cyclopho-
sphamide remains one of the most useful, based on its rela-
tively mild profile of toxicity, the (somewhat flawed)
randomised data published by the National Prostatic
Cancer Project [28], our own experience with its application
as an oral formulation [19] and its relatively modest cost,
when compared to many other agents. When administered
as an oral dose of 100 mg/m?day for 14 days to patients
with metastatic, hormone refractory disease, we noted a
subjective improvement in 18 of 30 patients (60%), and an
objective partial response rate of 20%, using the NPCP cri-
teria of response. In this series, the toxicity was modest,
with mild myelosuppression predominating [19]. In a later
study, a PSA response rate of 30% was documented in a
similar cohort of cases [29]. An extension of the attempt to
use this non-toxic oral regimen has been the addition of a
14-day schedule of oral etoposide, which may add to the
objective response rate [30], although these approaches
have not been compared in a randomised study. At the
other end of the spectrum, parenteral cyclophosphamide has
been assessed at doses as high as 4.5 g/m?, yielding equival-
ent antitumour effects at the expense of considerably more
toxicity [31, 32]. To date, no published randomised studies
have supported the role of dose intensity in the treatment
of prostate cancer. Perhaps of more interest has been
an innovative approach to biochemical modulation of
alkylating agent therapy. For example, N,N-diethyl-2-[4-
(phenylmethyl)phenoxylethamine (DPPE), an intracellular
histamine antagonist, appears to increase the response rate
of hormone refractory prostate cancer to treatment with par-
enteral cyclophosphamide ([33]. Brandes and colleagues
have reported a study in which partial remissions were
observed in 5 of 7 patients with measurable soft tissue dis-
ease, also noting one complete response and two partial
remissions among 16 patients with osseous metastases [33],
and 85% of patients with bone pain showed an improve-
ment.

The early experience with other alkylating agents, such as
ifosfamide, has not been especially encouraging [34], and

Table 2. Cytotoxic agents active against prostate cancer

Drug class Agents Objective response Major symptom response
Anthracyclines Doxorubicin 10-20% Yes
Mitoxantrone 10-20% Yes
Epirubicin 10-20% ?
Alkylating agents Cyclophosphamide 10-20% Yes
CCNU 10-20% ?
Ifosfamide 10-20% ?
Vinca alkaloids Vinblastine 10-20% ?
Vincristine <10% No
Navelbine 10-20% ?
Antibiotics Mitomycin 10-20% Yes
Spindle inhibitors Estramustine phosphate 10-20% Yes
Paclitaxel <10% No
Platinum complexes Cisplatin 10-20% ?
Carboplatin <10% No?
Antimetabolites Methotrexate 10-20% No?
5-fluarouracil <10% No?
Topoisomerase inhibitors Etoposide <10% No
Topotecan <10% ?

Randomised trials have not demonstrated a survival benefit or improved quality of life from combination chemotherapy regimens, despite

higher objective response rates.
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randomised trials comparing single agent alkylating agents
against alkylating agents in combination regimens have not
shown any difference in survival, but usually an increased
level of toxicity [35, 36].

Anthracycline antibiotics and analogues

Also of clinical importance, the anthracycline antibiotics
have been applied extensively to the management of
advanced prostate cancer, including a weekly schedule of
doxorubicin at a dose of 20 mg/m®/week [37] and a 3-
weekly regimen at 30-50 mg/m?> [38]. Response rates have
varied from 5 to 84%, with higher response rates tending to
occur with the low-dose weekly schedule. A combination of
weekly doxorubicin (20 mg/m?) with prednisone (5 mg,
twice daily by mouth) was shown to be more effective (56%
subjective response rate) than prednisone alone (23% re-
sponse rate), but without a significant difference in survival
[39]. Other anthracyclines tested include esorubicin and
epirubicin. In a study of 77 evaluable patients, with weekly
doses of 30 and 40 mg/m?, respectively, partial response
rates of 7% and 17% were reported, with disease stabilis-
ation in 27% and 25%, respectively [40]. Idarubicin at a
weekly dose of 30 mg/m? has also been shown to have lim-
ited value with partial remissions in 9% [41]. Weekly epiru-
bicin at a dose of 30 mg/m? has a similar response rate to
weekly doxorubicin at a dose of 25 mg/m?, although it has
been suggested that the cardiotoxicity is less severe in this
patient population [42].

Mitoxantrone, an anthraquinone derivative that structu-
rally resembles doxorubicin, has also been widely used in
view of its moderate toxicity profile. Although Osbourne
and associates demonstrated little activity in a cohort of pre-
viously treated patients [43], we reported considerable
symptomatic benefit in a series of 50 cases with hormone
refractory disease that had not previously received cytotoxics
[27, 44], as well as an objective response rate in the range
of 0-30%, depending upon the criteria of response that
were employed. In a study using continuous infusion 1.0-
1.5 mg/m?/day for 14 days, repeated in a 28 day cycle, there
was also clear evidence of symptomatic and objective ben-
efit, confirmed by PSA responses [45]. Similarly, at a bolus
dosing schedule of 3-4 mg/m?®/week, a partial remission rate
of 7% and 29% disease stabilisation has been reported [46].
However, it was the pivotal study of Tannock and associates
[21], in which the regimen of mitoxantrone plus prednisone
was compared with prednisone alone, which resulted in the
recent approval for the indication of hormone refractory
prostate cancer by the U.S. Federal Drug Administration.
In this study, clear evidence of improved quality of life
(including reduced pain and improved performance status)
was demonstrated for the patients receiving chemotherapy,
although there was no evidence of survival benefit (perhaps
because this study had a crossover design).

Platinum complexes

Most of the classes of cytotoxic agents have been tested
against hormone refractory prostate cancer, but none has
found a role as a standard of therapy. The platinum com-
plexes have been studied extensively. Although the parent
compound, cis-diammine dichloroplatinum II (cisplatin) has
shown some evidence of activity [26], its profile of toxicity
has limited its use amongst this patient population, although
the introduction of the H2-blockers has changed this situ-
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ation somewhat. Cisplatin-based combination regimens
have occasionally been shown to yield high objective re-
sponse rates [47, 48], but survival benefit has not been pro-
ven in randomised trials. Carboplatin, selected because of
its improved profile of side-effects, has also not proven to
be very effective in prostate cancer—for example, phase 2
studies in 29 patients with prostate cancer at doses ranging
from 250-400 mg/m? have demonstrated an objective re-
sponse rate of only 7% [49], although these data did not
focus on subjective changes or PSA fluctuations. The use of
isopropyl platinum, another analogue, has not been more
effective than cisplatin or carboplatin [50].

Antimetabolites

5-Fluorouracil was one of the first cytotoxics to be used
in prostate cancer. An objective response rate of 12% was
reported by the NPCP, and if stable disease is considered to
reflect patient benefit, overall improvement was seen in up
to 36% [51]. A wide range of doses and treatment schedules
has been reported, including daily and weekly boluses and
continuous infusion, without any obvious difference in re-
sponse rates [52, 53). Other agents have been combined
with 5-FU, including doxorubicin [54], doxorubicin plus
mitomycin C [55] and cisplatin [56] in non-randomised
trials that have been difficult to interpret with respect to ul-
timate clinical benefit. However, it has been suggested that
the combination of 5-FU, doxorubicin and mitomycin C
may produce a higher response rate than parenteral cyclo-
phosphamide alone, although survival benefit was not
addressed in this report [57]. Biochemical modulation of 5-
FU by calcium leucovorin has not produced any notable
benefit. Other antimetabolites, such as methotrexate [58],
have not shown themselves to be especially useful against
this disease.

Matotic inhibitors

Vincristine appears to have only marginal activity in this
disease [59], whereas vinblastine and vindesine both have
apparent activity in up to 20% of cases [60, 61]. Navelbine,
a novel synthetic vinca alkaloid (with the substitution of
an 8-member ring structure with a 9-member ring in the
catharanthine position of the molecule, which accounts for
preferential binding to the mitotic microtubules and not the
axonal microtubules) has also been tested against hormone
refractory prostate cancer. A phase UII study in 20 patients
revealed a response rate of 30%, with a median improve-
ment in PSA value of 31%; stable disease (of 2-7 months
duration) was reported in 9/20 patients. Disease progression
was noted in 3 patients at the time of reporting [62]. The
true place of the vinca alkaloids has not been defined,
although their modest toxicity profile and more recent stu-
dies with estramustine phosphate (now known to be a mito-
tic inhibitor) suggest that further assessment will be useful.

Estramustine is a unique compound consisting of an oes-
trogen compound linked by a carbamate ester to nitrogen
mustard. The prodrug undergoes rapid dephosphorylation
to estramustine and further metabolism to estrone. The ad-
vantage of this reaction is that its structure facilitates its
entry into the prostate, with local release of the nitrogen
mustard moiety into the prostate. However, of importance,
its intracellular action has been shown to include inhibition
of mitotic function [63], in contrast to the more conven-
tional actions of alkylating agents. An overview of 18 phase
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2 trials has reported a response rate of 37% in 634 patients,
but this is reduced to 19% when the category of stable dis-
ease is excluded [64]. In our experience, the major problem
has been poor gastro-intestinal tolerance, leading to poor
compliance [65], and responses in hormone refractory dis-
ease have often been of relatively short duration [65, 66].
To some extent, the pattern of toxicity appears to be a func-
tion of dosage. More recently, based on its characteristic
spindle inhibitory function, estramustine has been tested in
combination with other inhibitors of mitosis, with appar-
ently enhanced activity. Hudes and associates have carried
out a phase II trial of vinblastine (6 mg/m*/week) plus estra-
mustine (140 mg orally every 8 h), with 50% of patents
showing response as defined by a 50% reduction in circulat-
ing PSA levels [17]. While this is a promising approach,
caution should be exercised in the interpretation of the data
in view of the potential stage shift—i.e. the use of PSA re-
sponse rather than more conventional indices. Other appar-
ently active combinations have included the wuse of
estramustine with etoposide [67], with paclitaxel [68] and
with navelbine [69]. In each instance, subjective and objec-
tive improvements have been documented, accompanied by
50% reductions in PSA amplitude, but at the expense of
gastrointestinal and bone marrow toxicity.

Miscellaneous

Mitomycin C alone has been reported to have an objec-
tive response rate of 21% in prostate cancer [70]. As noted
above, it has been reported that the combination of cisplatin
and mitomycin is active [47], with an objective response
rate of 40% and a median survival of 15 months. Our ex-
perience has been that these agents will occasionally induce
durable remissions in rapidly progressive, hormone-refrac-
tory disease that has previously been treated with cytotoxic
agents, such as cyclophosphamide and mitoxantrone, but at
the expense of considerable gastrointestinal and bone mar-
row toxicity (Javle and Raghavan, unpublished results).

The nitrosoureas, which function predominantly as alky-
lating agents, were extensively tested in the era prior to the
introduction of measures of quality of life and PSA as an
index of response. Apparent antitumour activity was demon-
strated for CCNU and methyl-CCNU as single agents [71,
72] and in combination [73]. These agents should be tested
again, using more modern critera of assessment, as their
true utility cannot be defined from the published data.

NOVEL CYTOTOXIC AND BIOLOGICAL AGENTS

Several new agents have recently become available for
clinical trial use, and preliminary assessment of their activity
against hormone refractory prostate cancer has been
reported. In view of the activity of topoisomerase inhibitors
against a variety of malignancies, the camptothecin ana-
logues have been the object of intense scrutiny, and because
of the apparent utility of spindle inhibition against this dis-
ease, the taxanes have also been the focus of particular
attention.

Topoisomerase I inhibitors

Topotecan, a topoisomerase 1 inhibitor, damages DNA
independent of the proliferation rate, suggesting, potentially,
a greater level of activity against more slowly growing
tumours, such as prostatic adenocarcinoma. A phase II trial
completed in 34 patients, treated with 1.5 mg/m%/day intra-
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venously for 5 days every 3 weeks, revealed an overall re-
sponse rate of 7.1% among 28 evaluated cases {74]. Of 15
patients with measurable soft tissue disease, there was 1 par-
tial response and 1 minor response. Dose reduction was
required in 9 patients. Thus, preliminary data suggest only
limited activity with significant toxicity associated with topo-
tecan in prostate cancer [74]. However, other agents in this
class may be more promising, including the camptothecin
analogues, such as GI147211 and GI149893, which are
potent inhibitors of topoisomerase I and which have been
shown to be 1.5-1.8 times more effective than topotecan in
suppressing tumour growth in a xenograft model of human
cancer [75].

Taxanes

As a single agent, paclitaxel has been disappointing in the
management of hormone-refractory prostate cancer. At a
dose of 135-170 mg/m>, administered every 21 days, little
activity was noted with only a 5% partial response rate, with
myelosuppression as the dose-limiting factor [76]. However,
as noted above, preclinical studies have shown promising
activity when paclitaxel is combined with other spindle in-
hibitors against prostate cancer. The role of docetaxel has
yet to be defined.

Biologically active agents

Mitoguazone is an inhibitor of ornithine metabolism,
which reduces polyamine production. As polyamines are
found in high levels in prostate cancer, it was thought that
mitoguazone might inhibit prostate cancer growth, and
phase II testing was initiated. Clinical trials have demon-
strated reduction in soft tissue masses [77, 78], but the
drug has not found a routine place in clinical management
in view of the associated toxicity and the lack of sustained
clinical benefit. However, several other polyamine inhibitors,
such as diethyl norspermine, are in clinical development
and may have useful application if they exert a greater anti-
cancer effect, provided that their profile of toxicity can be
regulated.

Inhibitors of angiogenesis, such as pentosan and linomide,
have been shown effective in inhibiting the growth of pros-
tate cancer cell lines i wvitro, but clinical data have not yet
been produced to test these concepts [79-81].

Although beyond the scope of this overview, several other
biological approaches are currently being assessed, either
preclinically or in early clinical trials. These include
approaches directed to the inhibition of cell signalling path-
ways, such as those mediated by tyrosine kinases or invol-
ving the function of autocrine growth factors, including IGF
(insulin-like growth factor) 1 and 2 and TGF-beta
(transforming growth factor) [82-84], the induction of
apoptosis [85] and/or differentiation [86, 87] and a broad
range of treatments encompassed under the classifications
of immunotherapy and gene therapy. Although the majority
of early clinical trials involve the application of these
approaches to patients with advanced refractory disease
because of the speculative nature of the therapies con-
cerned, it makes more sense for them to be evaluated in the
clinical context of minimal tumour burden. Thus, innova-
tive designs of clinical trials for such treatment approaches
are needed in order to maximise the chance of identifying
any anticancer effect.
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ADJUVANT AND NEOADJUVANT
CHEMOTHERAPY

The use of cytotoxic agents as adjuvant or neoadjuvant
therapy for patients with locally extensive prostate cancer
represents a rapidly changing field, well beyond the scope of
this review, and has been discussed in detail recently [88].

It appears that neoadjuvant and adjuvant hormonal sys-
temic therapy are at least associated with a disease-free sur-
vival benefit when added to definitive local treatment for
locally advanced prostate cancer [89, 90]. However, to date,
the role for the early initiation of systemic cytotoxic therapy
is much less clear. Most controlled trials have failed to
demonstrate any significant overall survival benefit from the
use of initial or adjuvant cytotoxic chemotherapy in addition
to local treatment [88, 91-93]. However, it has been
suggested that a disease-free survival benefit may be
afforded in this setting [92, 93], although the design and
analysis of these trials has been questioned. A controlled
clinical trial is currently evaluating the utility of adjuvant
systemic therapy for high risk prostate cancer that has been
treated by radiotherapy [94].

CHEMO-ENDOCRINE THERAPY

The use of a combination of cytotoxic agents and hor-
mones for the management of advanced prostate cancer has
a sound theoretical basis, providing a broader coverage for
the heterogeneous component cell populations. Preliminary
clinical trials have been encouraging [95, 97], but random-
ised clinical trials have not shown any overall survival ben-
efit from this approach, whether applied as neoadjuvant or
adjuvant therapy [98]

TREATMENT OF VARIANTS OF PROSTATE
CANCER

There is no established optimal treatment for the non-
adenocarcinomatous variants of prostate cancer [99]. The
reported treatment regimens used for small cell cancers of
the prostate have been similar to those in small cell carci-
noma of the lung, including etoposide, cisplatin, cyclopho-
sphamide, vincristine and doxorubicin, with a response rate
of approximately 60% {11, 12]. Despite a high response
rate, the median survival of these patients is only 6-9
months. It may prove to be important for this variant to be
recognised early by the pathologist, so that cytotoxic che-
motherapy can be employed at an earlier stage, by analogy
to bronchogenic small cell undifferentiated cancer.

In the case of transitional cell carcinoma of the prostate,
there 1s an emerging recognition that this may constitute
two separate entities: (a) cases which represent the growth
of transitional cell carcinoma locally, which has arisen from
the prostatic urethra; and (b) cases in which bladder cancer
has penetrated full thickness, extending into the prostatic
stroma [100]. Although the former type is associated with a
better prognosis when presenting with clinically localised
disease, there is no evidence that the outcome differs when
the cancer is at an advanced or metastatic stage. The
approach to the management of advanced or metastatic
transitional cell cancer of the prostate has been very similar
to that applied to locally advanced or metastatic transitional
cell bladder cancer, predicated predominantly on combi-
nation chemotherapy regimens that include cisplatin, meth-
otrexate, a vinca alkaloid and doxorubicin [101]. There has
been no cvidence that the response rate to chemotherapy
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for TCC of the prostate differs from that found in urothelial
TCC, although there has been little in the published litera-
ture that relates specifically to the management of metastatic
transitional cell cancer of the prostate per se.

CONCLUSION

After nearly half a century of application, the role of cyto-
toxic chemotherapy for prostate cancer remains controver-
sial and uncertain. Increasing precision of assessment has
led to the conclusion that the quality of life of patients with
metastatic hormone-refractory prostate cancer may be
improved by the judicious administration of cytotoxics, pro-
vided that care is taken to ensure a balance between activity
and toxicity. The use of serial assessment of blood PSA
levels has allowed a clearer definition of anticancer activity
within the classification formerly known as ‘disease stabilis-
ation’, although the ultimate biological significance of PSA
response remains somewhat controversial.

The improved understanding of the heterogeneity of pros-
tate cancer and of its complex molecular biology will allow
the design and implementation of more rational clinical
trials of chemotherapy for this disease. This, in turn, should
lead to the correct use of this modality for the treatment
of prostate cancer within the first decade of the next
millennium.

1. Jessup MJ, McGinnis LS, Winchester DP, ez al. Clinical high-
lights from the National Cancer Data Base: 1966. CA Cancer
¥ Chin 1996, 46, 185-192.

2. Huggins C, Hodges CV. Studies on prostatic cancer. 1. The
effect of castration, of estrogen and of androgen injection on
serum phosphatases in metastatic carcinoma of the prostate.
Cancer Res 1941, 1, 293-297,

3. Tannock IF. Is there evidence that chemotherapy is of benefit
to patients with carcinoma of the prostate. ¥ Clin Oncol
1985, 3, 1013-1021.

4. Raghavan D. Non-hormone chemotherapy for prostate can-
cer: principles of treatment and application to the testing of
new drugs. Semin Oncol 1988, 15, 371-389.

5. Begg CB. Methodological issues in studies of the treatment,
diagnosis and etiology of prostate cancer. Semin Omncol
1994, 21, 569-579.

6. Dawson NA, McLeod DG. Assessment of response in pros-
tate cancer. Eur ¥ Cancer 1997, 33, 560-565.

7. Horoszewicz JS, Leong SS, Kawinski E, er al. LNCaP model
of human prostatic carcinoma. Cancer Res 1983, 43, 1809-
1818.

8. Logothetis CJ, Hossein NM, Hsieh JT. The clinical and bio-
logical study of androgen independent prostate cancer (Al
Pca). Semin Oncol 1994, 21, 620-629.

9. Di Sant’Agnese AP. Neuroendocrine differentiation in carci-
noma of the prostate. Cancer 1992, 70, 254-268.

10. Smith DC, Tucker JA, Trump DL. Hypercalcemia and
neuroendocrine carcinoma of the prostate. A report of 3 cases
and a review of the literature. ¥ Clhn Oncol 1992, 10, 499-
505.

11. Jelbart ME, Russell PJ, Russell P, Raghavan D. Biology and
management of small cell undifferentiated carcinoma of pros-
tate. In Williams CJ, Krikorian J, Green MR, Raghavan D,
eds. Textbook of Uncommon Cancer. London, Wiley-Liss, 1988,
249-262.

12. Amato R], Logothetis CJ, Hallinan R, Ro JY, Sella A, Dexeus
FH. Chemotherapy for small cell carcinoma of prostatic ori-
gin. ¥ Urol 1992, 147, 925-937.

13. Traish AM, Wotiz HH. Prostatic epidermal growth factor and
their regulation by androgens. Endocrinology 1987, 121, 1461-
1467.

14. Kim JH, Sherwood ER, Sutkowski DM, Lee C, Kuzlowski
JM. Inhibition of prostatic tumor cell proliferation by suramin:



572

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

D. Raghavan et al.

alterations in TGF alpha mediate autocrine growth regulation
and cell cycle distribution. ¥ Urol 1991, 146, 171-176.
Kyprianou JH, English HF, Isaacs JT. Programmed cell death
during regression of PC-82 human prostate cancer following
androgen ablation. Cancer Res 1990, 50, 3748-3753.

Newark JR, Hardy DO, Tomb D, er al. Androgen receptor
gene mutations in human prostate cancer. Proc Natl Acad Sci
USA 1992, 89, 6319-6323.

Hudes GR, Greenberg R, Krigel RI, er al. Phase I study of
estramustine and vinblastine, two microtubule inhibitors in
hormone-refractory prostate cancer. ¥ Clin Oncol 1992, 10,
1754-1761.

Seidman AD, Scher HI, Petrylak D, et al. Estramustine and
vinblastine: use of prostate specific antigen as a clinical trial
endpoint for hormone-refractory prostatic cancer. § Urol
1992, 147, 931-934.

Raghavan D, Cox K, Pearson BS, er al. Oral cyclophospha-
mide for the management of hormone-refractory prostate can-
cer. Br ¥ Urol 1993, 72, 625—628.

Kelly WK, Scher HI, Mazumdar M. Prostate specific antigen
as a measure of disease outcome in metastatic hormone-
refractory prostate cancer. ¥ Clin Oncol 1993, 11, 607-615.
Tannock IF, Osoba D, Stockler MR, et al. Chemotherapy
with mitoxantrone plus prednisone or prednisone alone for
symptomatic hormone-resistant prostate cancer: a Canadian
randomized trial with palliative end points. ¥ Chn Oncol
1996, 14, 1756-1764.

Sridhara R, Eisenberger MA, Sinibaldi V, Reyno LM, Egorin
M]. Evaluation of prostate-specific antigen as a surrogate mar-
ker for response of hormone-refractory prostate cancer to sur-
amin therapy. ¥ Clin Oncol 1995, 13, 2944-2953,

Slack NH, Mittleman A, Brady MF, ez al. The importance of
the stable category for chemotherapy treated patients with
advanced and relapsing prostate cancer. Cancer 1980, 46,
2393-2402.

Yellen SB, Cella DF, Leslie WT. Age and clinical decision
making in oncology patients. ¥ Natl Cancer Inst 1994, 86,
1766-1770.

Raghavan D, Findlay MPN, McNeil E. Cancer in the elderly.
In Peckham MJ, Pinedo H, Veronesi U, eds. Oxford Textbook
of Oncology. Oxford, Oxford University Press, 1995, 1439-
1450.

Yagoda A, Watson RC, Natale RB, et al. A critical analysis of
response criteria in patients with prostatic cancer treated with
cis-diamminedichloride platinum II. Cancer 1979, 33, 1553—
1562.

Raghavan D, Pearson B, Coorey G, et al, Management of
hormone-resistant prostate cancer: experience at Royal Prince
Alfred Hospital. In Johnson DE, Logothetis CJ], Von
Eschenbach AC, eds. Systemic Therapy for Genitourinary
Cancers. Year Book Medical Publishers, 1989, 245-250.

Scott WW, Gibbons RP, Johnson DE, et al. Comparison of 5-
fluorouracil (NSC-19893) and cyclophosphamide (INSC-
26271) in patients with advanced carcinoma of the prostate.
Cancer Chemother Rep 1875, 59, 195-201.

Abell F, Wilkes J, Divers L, Huben R, Vellagapudi S,
Raghavan D. Oral cyclophosphamide for hormone refractory
prostate cancer. Proc Am Soc Clin Oncol 1995, 14, 243
(abstract).

Maulard-Durdux C, Dufour B, Hennequin C, Chretien Y,
Delanian S, Housset M. Phase II study of the oral cyclopho-
sphamide and oral etoposide combination in hormone-refrac-
tory prostate carcinoma patients. Cancer 1996, 77, 1144-
1148.

Kyakuno M, Yamaguchi S, Matsumiya K, et al. Intermittent
intravenous high dose cyclophosphamide therapy for advanced
prostatic cancer with distant metastasis. Hinyokika Kiyo
1989, 35, 1865-1869.

Smith DC, Vogelzang NJ, Goldberg HL, er al. High dose
cyclophosphamide with granulocyte macrophage colony sti-
mulating factor in hormone refractory prostatic carcinoma.
Proc Am Soc Clin Oncol 1992, 11, 213 (abstract).

Brandes LJ, Bracken SP, Ramsey EW. N,N-diethyl-2-[4-
(phenylmethyl) phenoxy] ethamine in combination with cyclo-
phosphamide: an active, low-toxicity regimen for metastatic
hormonally unresponsive prostate cancer. J Clin  Oncol
1996, 13, 1398-1403.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Mahjoubi M, Azalo M, Ghosh M, et al. Phase 1I trial of ifos-
famide in the treatment of metastatic hormone refractory
patients with prostatic cancer. Cancer Invest 1990, 8, 477-
481.

Saxman S, Ansari R, Drasga R, et al. Phase II trial of cyclo-
phosphamide versus cyclophosphamide, doxorubicin and
methotrexate in hormone refractory prostate cancer. Cancer
1991, 15, 2488-2492.

Takeuchi S, Fukui I, Higashi Y, et al. Combination che-
motherapy with ifosfamide, 5-fluorouracil, cisplatin for stage
D2 prostate cancer. Hinyokika Kivo, Acta Urol (Fapan)
1989, 35, 1513-1517.

Torti FM, Aston D, Lum BL, er al. Weekly doxorubicin in
endocrine refractory carcinoma of the prostate. ¥ Clin Oncol
1983, 1, 477-482.

Scher H, Yagoda A, Watson RC, ¢z al. Phase II tnal of doxo-
rubicin in bidimensionally measurable prostatic adenocarci-
noma. ¥ Urol 1984, 131, 1099-1102.

Rangel C, Matzkin H, Soloway MS, er al. Experience with
weekly doxorubicin in hormone refractory stage D2 prostate
cancer. Urology 1992, 39, 577-582.

Ferrari P, Parma A, Villani U, er al. Chemotherapy with epi-
rubicin in hormone unresponse metastatic cancer of the pros-
tate. Eur Urol 1990, 18, 150.

Madsen EL., Bastholt L, Bertelsen K, ez al. Weekly oral idaru-
bicin in advanced prostatic cancer. A phase II study. Acza
Oncol 1992, 31, 337-340.

Francini G, Petrioli R, Manganelli A, ¢r al. Weekly che-
motherapy in advanced prostatic cancer. Br ¥ Cancer 1993, 67,
1430-1436.

Osborne CK, Drelichman A, Von Hoff DD, e al
Mitoxantrone: modest activity in a phase II trial in advanced
prostate cancer. Cancer Treat Rep 1983, 67, 1133-1138.
Raghavan D, Bishop J, Woods R, Page ], Devine R.
Mitoxantrone (ZAN): a non-toxic, moderately active agent for
hormone-resistant prostate cancer. Proc Am Soc Clin Oncol
1985, §, 102 (abstract).

Kantoff PW, Bryant P, Block C, et al. 14 day continuous infu-
sion of mitoxantrone HCI for hormone refractory carcinoma
of the prostate. A pilot dose finding study. Proc Am Soc Clin
Oncol 1991, 10, 175 (abstract).

Reardon TP, Small EJ, Valone F, et al. Phase II trial of mito-
xantrone in hormone refractory metastatic prostate cancer.
Proc Am Soc Clin Oncol 1992, 11, 218 (abstract).
Graf-Dobberstein C, Rubben H, Otto U, er al. Systemic che-
motherapy of endocrine resistant prostate carcinoma with cis-
platin and mitomycin: final results of a prospective
multicenter trial. Eur Urol 1990, 18, 132.

Lupera H, Droz JP, Piot G, et al. Phase Il trial of combi-
nation chemotherapy with fluorouracil, doxorubicin and cis-
platin (FAP) in hormonally resistant metastatic prostatic
adenocarcinoma. Oncology 1989, 46, 372-374.

Trump DL, Marsh JC, Kvols LK, er al. A phase II trial of car-
boplatin in advanced prostate cancer refractory to hormonal
therapy. An Eastern Cooperative Group Pilot Study. Invest
New Drugs 1990, 8, 591-594.

Bryan C, Munn R, John W, ¢t al. Treatment of hormone
refractory stage D prostate carcinoma with CHIP. Proc Am
Soc Clin Oncol 1989, 8, 148 (abstract).

Slack NH. Results of chemotherapy protocols of the US
National Prostatic Cancer Project (NPCP). Clin  Oncol
1983, 2, 441-459.

Hansen R, Moyrihan T, Beatty P, et al. Continuous systemic
5FU infusion in refractory prostatic cancer. Urology 1991, 37,
358-361.

De Wys WD, Begg CB, Brodovsky H, et al. A comparative
clinical trial of adriamycin and 5-fluorouracil in advanced pro-
static cancer: prognostic factors and response. The Prostate
1983, 4, 1-11.

Koch P, Bayer G, McGovern J, ez al. Continuous infusion of
5-fluorouracil and weekly doxorubicin for hormone resistant
prostate cancer. Proc Am Soc Clin Oncol 1992, 11, 207
(abstract).

Blumenstein B, Crawford ED, Saiers JH, er al. Doxorubicin,
mitomycin C and 5-fluorouracil in the treatment of hormone
refractory adenocarcinoma of the prostate. A Southwest
Oncology Group study. ¥ Urol 1993, 150, 411-413.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

07.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Cytotoxic Chemotherapy for Advanced Prostate Cancer

Hussain M, Kish JA, Ensley JF, er al. Evaluation of 5-FU and
cisplatin based combination chemotherapy in the treatment of
patients with D2 hormone refractory adenocarcinoma of the
prostate. Proc Am Soc Clin Oncol 1991, 10, 176 (abstract).
Kasimis BS, Miller JB, Kaneshiro CA, et al. Cyclo-
phosphamide v 5-fluorouracil, doxorubicin, and mitomycin C
(FAM) in the treatment of hormone-resistant metastatic carci-
noma of the prostate: a preliminary report of a randomized
trial. F Clin Oncol 1985, 5, 385-392.

Loening SA, Beckley S, Brady MF, et al. Comparison of
estramustine phosphate, methotrexate, and cis-platinum in
patients with advanced, hormone refractory prostate cancer.
F Urol 1983, 129, 1001-1006.

Soloway MS, DeKernion ]JB, Gibbons RP, er a/. Comparison
of estramustine phosphate and vincristine alone or in combi-
nation for patients with advanced hormone refractory, pre-
viously irradiated carcinoma of the prostate. ¥ Urol 1981, 125,
664-667.

Dexeus F, Logothetis CJ, Samuels ML, er al. Continuous
infusion of vinblastine for advanced hormone-refractory pros-
tate cancer. Cancer Treat Rep 1985, 69, 885-886.

Jones WG, Fossa SD, Denis L, er al. An EORTC phase 11
study of vindesine in advanced prostate cancer. Eur ¥ Cancer
Clin Oncol 1983, 19, 583-588.

Burris H III, Fields S, Wilding G, ez al. Navelbine, an active
agent in the treatment of hormone refractory prostate cancer.
Cancer Invest 1995, 13, 45-46.

Hartley-Asp B. Estramustine-induced mitotic arrest in two
human prostatic carcinoma cell lines DU-145 and PC-3. The
Prostate 1984, 5, 93—-100.

Benson RC. Estramustine phosphate: clinical experience in
the United States. In Uro-Oncology Update, Experimental and
Therapeutic Progress in Prostate Cancer. New York, Promedicine
Communications, 1988, 19-22.

Rosenthal MA, Grygiel J, Raghavan D, er al. The treatment of
disseminated prostate cancer with estramustine. Aust NZ ¥
Surg 1992, 62, 871-873.

Soloway MS, Beckley S, Brady MF, er al. A comparison of
estramustine phosphate versus cisplatinum in patients with
advanced hormone refractory prostate cancer who had had
extensive irradiation to pelvis or lumbosacral area. ¥ Urol
1983, 127, 56-61.

Pienta K, Redman B, Hussain M, ez al. Phase II evaluation of
oral estramustine and oral etoposide in hormone-refractory
adenocarcinoma of the prostate. ¥ Clin Oncol 1994, 12, 2005—
2012.

Speicher LA, Barone L, Tew KD. Combined antimicrotubule
activity of estramustine and taxol in human prostatic carci-
noma cell lines. Cancer Res 1992, 52, 4433-4440.

Reese D, Burris H, Belledegrun A, ez al. A phase VI study of
navelbine (vinorelbine) and estramustine in the treatment of
hormone refractory prostate cancer (HRPC). Proc Am Soc
Clin Oncol 1996, 15, 259 (abstract).

Scher HI, Curley T, Yeh S, et al. Therapeutic alternatives in
hormone refractory prostatic cancer. Semin Urol 1992, 10, 55—
64.

Tejada F, Eisenberger MA, Broder LA, ez al. 5-flucrouracil v
CCNU in the treatment of metastatic prostatic cancer. Cancer
Treat Rep 1977, 61, 1589-1590.

Loening SA, Scott WW, deKernion J, er al. A comparison of
hydroxyurea, methyl-chloroethyl-cyclohexyl-nitrosourea and
cyclophosphamide in patients with advanced carcinoma of the
prostate. ¥ Urol 1981, 125, 812-816.

Page JP, Levi JA, Woods RL, ¢z a/. Randomized trial of com-
bination chemotherapy in hormone-resistant metastatic pro-
static carcinoma. Cancer Treat Rep 1985, 69, 105-107.
Giantonio BJ, Kosierowski R, Ramsey HE, er al. Phase II
study of topotecan for hormone refractory prostate cancer.
Proc Am Soc Clin Oncol 1993, 12, 247 (abstract).

Emerson DL, Vuong A, MacIntyre MS, Besterman JM. In
vivo efficacy of two camptothecin analogs in the human can-
cer xenograft model. Proc Am Soc Chin Oncol 1993, 34, 419
(abstract).

Roth B, Yeap B, Wilding G, er al. Taxol in advanced hor-
mone refractory prostate cancer: an ECOG phase II trial. Proc
Am Soc Clin Oncol 1992, 11, 196 (abstract).

717.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

573

Scher HI, Yagoda A, Ahmed T, er al. Methyl-glyoxal-bis(gua-
nyl)hydrazone in hormone-resistant adenocarcinoma of the
prostate. ¥ Clin Oncol 1985, 3, 224-228.

Moore MR, Graham SD, Birch R, ¢ al. Phase Il evaluation
of mitoguazone in metastatic hormone-resistant prostate can-
cer: a Southeastern Cancer Study Group trial. Cancer Trear
Rep 1987, 71, 89-90.

Nguyen NM, Lehr JE, Pienta KJ. Pentosan inhibits angiogen-
esis in vitro and suppresses prostate tumor growth in vivo.
Anticancer Res 1993, 13, 2143-2148.

Vukanovic J, Passiniti A, Hirata T, Traytsman R]J, Hartley-
Asp B, Isaacs JT. Antiangiogenic effects of the quinoloine 3
carboxamide linomide. Cancer Res 1993, 53, 1833-1837.
Vukanovic J, Hartley-Asp B, Issacs JT. Inhibition of tumor
angiogenesis and the therapeutic ability of linomide against rat
prostatic cancers. The Prostate 1995, 26, 235-246.

Bang Y-J, Kim S-J, Danielpour D, er al. Cyclic AMP induces
transforming growth factor-f2 gene expression and growth
arrest in the human androgen-independent prostate carcinoma
cell line PC-3. Proc Am Acad Sci USA 1992, 89, 3556-3560.
Fang W-G, Pirnia F, Bang Y-], er al. P2-purinergic receptor
agonists inhibit the growth of androgen-independent prostate
carcinoma cells. ¥ Clin Invest 1992, 89, 191-196.

Pietrzkowski Z, Mulholland G, Gomella L, et al. Inhibition of
growth of human prostatic cancer cell lines by peptide ana-
logues of insulin-like growth factors. Cancer Res 1993, 53,
1102-1106.

Sklar GN, Eddy HA, Jacobs SC, er al. Combined antitumor
effect of suramin plus irradiation in human prostate cancer
cells: the role of apoptosis. ¥ Urol 1993, 150, 1526-1532.
Igawa M, Tanabe T, Chodak GW, Rukstalis DB. N-(4-hydro-
xyphenyl) retinamide induces cell cycle specific growth inhi-
bition in PC3 cells. The Prostate 1994, 24, 299-305.

Thibault A, Cooper MR, Figg WD, er a/. A phase I and phar-
macokinetic study of intravenous phenylacetate in patients
with cancer. Cancer Res 1994, 54, 1690-1694.

Raghavan D. Adjuvant systemic therapy of prostate cancer.
Semin Oncol 1996, 22, 633-640.

Pilepich MV, Sause WT, Shipley WU, et al. Androgen depri-
vation with radiation therapy compared with radiation therapy
alone for locally advanced prostatic carcionma: a randomized
comparative trial of the Radiation Therapy Oncology Group.
Urology 1995, 45, 616-623.

Goldenberg SL, Klotz LH, Srigley |, et a/. Randomized, pro-
spective, controlled study comparing radical prostatecomy
alone and neoadjuvant androgen withdrawal in the treatment
of localized prostate cancer. ¥ Urol 1996, 156, 873-877.
Schmidt JD. Cooperative clinical trials of the National
Prostatic Cancer Project: protocol 900. The Prostate 1994, S,
387-399.

Schmidt JD, Gibbons RP, Murphy GP, er al. Adjuvant
therapy for localized prostate cancer. Cancer 1993, 71, 1005—
1013.

Yamada AH, Lieskovsky G, Petrovich Z, er al. Results of rad-
ical prostatectomy and adjuvant therapy in the management
of locally advanced, clinical stage TC, prostate cancer. Am ¥
Clin Oncol 1994, 17, 277-285.

Hanks GE, Hanlon AL, Hudes G, er al. Patterns of failure
analysis of patients with high pretreatment prostate specific
antigen levels treated by radiation therapy: the need for
improved systemic and locoregional treatment. ¥ Clin Oncol
1996, 14, 1093-1096.

Seifter EJ, Bunn PA, Cohen MH, ez al. A trial of combination
chemotherapy followed by hormonal therapy for previously
untreated metastatic carcinoma of the prostate. ¥ Clin Oncol
1986, 4, 1365-1373.

Citrin DL, Hogan TF, Davis TE. Chemohormonal therapy of
metastatic prostate cancer. A pilot study. Cancer 1983, 52,
410-414.

Eisenkraft S, Huben RP, Pontes JE. Orchiectomy and che-
motherapy with estramustine, cis-platinum, cyclophospha-
mide, and 5-fluorouracil in newly diagnosed prostate cancer
with bone metastases. Uro/ 1984, 23 (Suppl.), 51-53.

Osborne CK, Blumenstein B, Crawford ED, er al. Combined
versus sequential chemo-endocrine therapy in advanced pros-
tate cancer. Final results of a Southwest Oncology Group
Study. ¥ Clin Oncol 1990, 8, 1675-1682.



574

99.

100.

D. Raghavan ez al.

Scher HI, Logothetis CJ. Chemotherapy of hormone
refractory prostate cancer. In Raghavan D, Scher HI,
Leibel SA, lange PH, eds. Principles and Practice of
Genitourinary ~ Oncology.  Philadelphia, Lippincott-Raven,
1996, 599-612.

Esrig D, Freeman JA, Elmajian DA, er al. Transitional cell
carcinoma involving the prostate with a proposed staging

101.

classification for stromal invasion. ¥ Urol 1996, 156, 1071
1076.

Loehrer PJ, Einhorn LH, Elson PJ], e al. A randomized com-
parison of cisplatin alone or in combination with methotrex-
ate, vinblastine, and doxorubicin in patients with metastatic
urothelial carcinoma: a cooperative group study. ¥ Clin Oncol
1992, 10, 1066-1072.



