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Introduction

The datidtics for prostate cancer make aarming reading and set undoubted challenges for oncologica
research. In the Western world, where the incidence is highest, a man has a 10-11% chance of developing
clinicaly apparent prostate cancer, and a 3-4% chance of dying from the disease [1]. Worldwide the
incidence of progtate cancer isrisng annuadly by 2-3% [2]. In 1986 a quarter of amillion cases of progate
cancer were diagnosed and at least haf a million cases were expected by the turn of the last century [2,3].
In many countries prostate cancer is now the second leading cause of cancer-reated death [4] and in
Northern Europe it has aready taken number one position as the leading cause of cancer-related desth in
males [4]. The incidence has increased recently, largely due to better and earlier detection, but dso
because of the genera aging of the world' s population and hence an increase in the proportion of men aged
over 65 years old in whom the disease is known to be prevaent. In the USA, athough signs are that the
rate of increase in incidence is falling dightly, it is predicted that in the next 50 years the number of degths
from this disease could increase by 50% [5]. Trandated into actud figures these gatistics mean that, in the
USA in 1999, there were an estimated 179,300 new cases and 37,000 deaths [6]. Similarly, in Europe,
assuming that age-specific rates of prostate cancer remain a 1980 levels, the number of men aged over 65
years with prostate cancer is expected to rise from 79,453 in 1990 to 92,240 in 2000. The rise will be
most pronounced in those countries with the greatest increase in life expectancy — France, Germany and
Spain —and will be further exacerbated as the post-war ‘ baby-boomers' reach their fifties [5].

Despite its high incidence, knowledge and understanding of the pathophysiology of prostate cancer
remans rudimentary. A clearer understanding of the biological nature of the disease could have a red
impact on its management. Much progress has been made towards understanding the development and
progression of prostate cancer and the factors, which drive the development of androgen independence.

There ill remain many enigmas about the pathophysiology of progate cancer. Evidence indicates that
the disease is present histologicaly many years and even decades before clinicdly dgnificant prostate
cancer can be detected. Sakr et a (1993) showed that prostatic intragpithelia neoplasia (PIN) and foci of
histologica cancer are present at an early age [7]. They concluded that the factors which initiate dlinicaly
sgnificant prostate cancer must occur a a young age and that clinicaly relevant prostate cancer must
develop over a much longer period of time than originaly postulated. [7]. There is dso some data that
suggests a higher prevaence of PIN in African-American men than in Caucasian men [8]. However, it ill

remains unclear why one in four men aged 40-50 years have evidence of foci in the progtate gland while
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only 1:2000 will go on to develop cancer. Cdl turnover is known to be high in prostate cancer; even higher
than that observed in testicular cancer. However, disease progression is dow; a man may have malignant
cdlsin the progate gland for years before the disease becomes clinicdly significant.

In terms of management, the lack of known markers of tumour aggressiveness to help select patients for
more or |ess aggressive management means that many patients are either over-treated or under-treated. In
addition, mogt patients progress to androgen independence, in which case they become unresponsive to
hormond intervention. At this stage, trestment options are limited to chemothergpy with its concomitant
sde effects and distressing negative impact on quality of life. Today the factors involved in the development
of androgen independence are Hill being ducidated and therefore it is unclear how to intervene to prevent
or delay the process.

Optimd trestment relies on a clear understanding of the disease process, however, it is apparent that
there remain significant gaps in knowledge about prostate cancer. A better understanding of the disease is
difficult to acquire for the practicing clinician when there is a paucity of reviews summarising the pertinent
literature in a way, which is meaningful and on a practica level. This review ams to fulfill this need - to
summarise the key facts about the pathophysology of prostate cancer and highlight their relevance for
trestment practice. Although, it is not possble to complete current understanding, but by providing
practicing clinicians with the most recent evidence on the biologicd nature of the disease, we hope to help

facilitate more rationa decision-making in the trestment of prostate cancer.

Cdl biology of the normal prostate

The epithdium of the prostate gland is under the hormond control of androgens, the production of which is
dependent upon the hypothal amic-pituitary-testicular axis (Fig. 1). The hypothdamus episodicaly secretes
luteinizing hormone releasing hormone (LHRH) causing the release of the gonadotrophins, luteinizing
hormone (LH) and follide-simulating hormone (FSH) from the anterior pituitary gland. LH in turn
simulates testicular Leydig cdlls to produce the androgen, testosterone, which represents 95% of total
androgens produced. The adrend glands produce the remaining 5% of the body’s androgens, under the
control of adrenocorticotrophic hormone (ACTH) released from the anterior pituitary gland. The adrend
androgens, androstenedione and dehydroepiandrosterone, are converted to testosterone in periphera
tissues and the prostate gland.

Fig. 1. Hormonal pathways controlling the prostate gland: the hypothalamic-pituitary-gonadal axis
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Only a small percentage (about 3%) of circulating testosterone remains free; the mgority circulaes in

the body bound to high-affinity globulin or low-affinity abumin. In the prodate, free testosterone diffuses

directly into the epithdid or stromd cdls where it is converted into the functiondly active androgen,

dihydrotestosterone (DHT), by the action of 5-a reductase enzyme system located on the nuclear

membrane. DHT becomes bound to the androgen receptor, which after a conformationa change that leads

to receptor dimerisation, is trangported into the nucleus. Insde the nucleus of the cdll it binds to the target

genes and initiates transcription [9], and thereby ultimatdy controls the regulation of the cdl cycle, cdl

growth and differentiation [10] (Fig. 2).

Fig. 2. Mechanism of androgen-cell receptor system
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The progtate is not only under endocrine control; the homeogtasis of the organ is maintained by severd
other regulatory factors. Knowledge of these other systems is necessary to arrive a an understanding about
what causes progtate cdlls to become maignant and how to effectively treet the disease.

The connective tissue base or framework of an organ is referred to as the stroma. In the prostate, the
interaction between the stroma and epithelia tissue gppears to be an important aspect of growth regulation
[11]. Epithdid cells are mostly secretory, with the basd component comprising less than 10%. It is the
basd cdls that are believed to contain a subset of sem cells. Androgen ablation mostly affects the
secretory  epithelia cdls, and can reduce thelr cdl numbers by 90%. In addition, there are the
neuroendocrine cells, that are secretory but it has aso been podtulated that they may act in an
autocrine/paracrine fashion. Since neuroendocrine cells do not contain cytokeratin, commonly found in the
basal cdl layer and urotheium, it has been suggested that these cells are of a different origin from other
prostatic epithelia cdls[9,12,13,14]. In arecent study, human prostate neuroendocrine cells were found to
represent a cdl lineage of their own, being of neurogenic origin and therefore digtinct from the urogenita
snus-derived prostate secretory and basal cells[13]. The secretory epithelial and neuroendocrine cells may
interact in a paracrine fashion with the stroma [5,15].



Biological nature of prostate cancer Fnd draft

Paracrine and autocrine communications are locaized versons of endocrine control. Whereas endocrine
control, primarily via hormones, is effected by molecules secreted into the circulation and transported a
considerable distance to the target tissue (e.g. testosterone), paracrine communication is essentidly loca
and redtricted to binding to the receptors of adjacent cells. Autocrine secretions on the other hand,
dimulate the very cdls that secrete them. In normd circumstances, neither paracrine nor autocrine
secretions enter into the genera circulation (Fig. 3[16]).

Fig. 3. Endocrine, paracrine and autocrine secretions [ 16, with permission]
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Androgen-dependent tissue growth factors are produced in the sroma cells of the prostate and act on
adjacent sromd cells and epithelid cdlls in a paracrine fashion. They are concerned with the regulation of
epithelid proliferation [16]. These include epithelid growth factor (EGF), insulin-like growth factor (IGF),
transforming growth factors (TGFa, b), and fibroblast growth factor (FGF). Growth factors can have a
gimulatory or an inhibitory role to play in the regulation of cdl proliferation, and dterations to ther
secretion and receptors, and a switch between paracrine and autocrine communication, may be
contributory factors to the development of prostate cancer [17,18].

Neuroendocrine cdlls, with the dual properties of endocrine cells and neurons, are widdy distributed in
norma prostate tissue. There are open and closed cdl types. The open cdll type has extensons a thelr
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gpex that connect with the lumen, and dendritic processes that extend between adjacent cells, resting on
the basd lamina and in close topographicad rdationship with nerves. It is thought that via a variety of
secretory products they form a communication network involved in cdl regulation [9,19,20, 21].

The main product, chromogranin A, is an excdlent marker of neuroendocrine cdl differentiation in
prostate carcinoma[12] and it aso serves as a generic marker of the neuroendocrine cell population. Other
commonly found secretory products include serotonin, neuron-specific enolase, calcitonin and other
members of the cacitonin gene family, such as cdcitonin-gene-rdated peptide, ketacacin, a thyroid-
simulating-like peptide, somatostatin and PTHrP [22—27]. Neuroendocrine tumour cells are found at all
stages of prostate cancer and are ‘fredy’ dispersed throughout the tumour. Independent groups of
researchers have shown that neuroendocrine cels lack or do not express the androgen receptor
[20,28,29,30]. Severd reports have shown an increased number of neuroendocrine tumour cells in
advanced tumour stages, high grade versus low-grade tumours and, especidly after androgen suppression
therapy during tumour progression [12,31].

Apoptosis and angiogenesis are dso important in the progresson of prostate cancer. It has been
postulated that apoptosis is induced when a cell begins to receive confused growth signals as a result of
exposure to radiation, chemoradiation, or abnormal cell contacts and changesin growth factors. In prostate
cancer, the withdrawa of androgen results in gpoptoss in androgen-sengitive cells. Apoptoss is regulated
by the ratio of BAX protein, which induces apoptosis and Bcl-2, which suppresses it; overexpression of
Bcl-2 blocks gpoptosis so that it occurs less frequently in tumours, which express this oncogene.

Angiogeness enables new blood vesss to grow from existing vasculature. This provides the tumour
cdls with a blood supply enabling them to grow and proliferate. The process is activated by fibroblast
growth factor, platelet-derived growth factor, vascular epiderma growth factor, tissue growth factor betal
and angiogenin and it is inhibited by thrombospondin and interferons. The tumour suppressor protein P53
increases transcription of thrombospondin and it is postulated that mutation of the pS3 gene may result in a
reduced production of thrombospondin and corresponding increased angiogenesis.

Prostatic intraepithelial neoplasa

An overwheming proportion (99%) of all prostate cancers are adenocarcinomas, and the mgority (70%)
gopears in the periphera zone of the epithelium. Madignancy occurs due to the breskdown of locd
regulatory control and the development of a degree of autonomy on the part of the cancerous cdls, such
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that they no longer react or respond to the norma signas. A condition caled PIN gppears to be a pre-
malignant lesion that is associated with progressive abnormdities and this represents an intermediate step
between the benign and invasve (mdignant) Sate indicative of the early stages of release from norma
growth control [32]. Two grades of PIN are identified (low grade and high grade). High-grade PIN is
characterised by high expresson of EGF, TGF-a, and c-erbB-2, together with alow expression of FGF
receptors, dl smilar to that found in cancer. Thisisin contragt to the Stuation found with ether low-grade
PIN or a benign condition of the progtate caled benign progtatic hyperplasa (BPH). There is dso a high
level of cdl proliferation outside the basd cdl layer, and severd phenotypic dterations to cels in PIN
lesons. These include the development of a more angplastic morphology, nuclear pleomorphism, increased
cdl motility and angiogenesis. PIN, like progtate carcinoma, is more frequently located in the periphera
zone of the prostate gland [33]. There is now convincing evidence that PIN is a precursor of prostate

carcinoma[34], and that it precedes prostate cancer by 10 years or more [35].

L oss of regulatory control through genetic changes

The dteration of a normd cdl into the mdignant dae represents its escgpe from norma regulatory
controls, and anew set of cellular capabilities develop. The enormity of these changes that enable a cancer
cdl to move, leave its origind organ, invade new tissue and develop cannot be underestimated (Fig. 4
[32]). The fact that most cancers eventudly produce cells with these capabilities highlights the surviva
advantage of malignant cdlls. Even so, it has been reported that only one in every 100,000 cancer cells that
breek way from the primary and enter the circulation will survive [9].

Fig. 4. The route a prostate cancer cell takes to establish metastases [ 32]
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The foundation of these mgor changes to a mdignant state can often be linked to dterations in the
genetic make-up of the cdl [36]. These changes may not be uniform in the primary tumour and this will
result in phenotypicaly distinct metastases being produced [9]. This might explain the variety in response
seen between patients to various types of hormonal therapy. Severd genes and oncogenes are involved
with these dterations in cdllular regulation and, as discussed below, mutations in many of them appear to be
behind the appearance of the androgen-independent state in prostate cancer (Table 1). It is probable that
these mutations are dready present in a subset of cells of the primary tumor, which has been described as
“biologicaly heterogeneous and geneticaly ungable’ [37] and that cdls with these mutations become the
dominant type through clonal sdlection [38].
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Table 1. Genes relevant to prostate cancer

Find draft

Genes

Function

Rolein Prostate Cancer

Ras oncogenes

A group or family of oncogenes,
mutations in the ras oncogenes
cause abnormal proliferation of

affected cdlls

Bcl-2 proto-oncogene

Produces the protein Bcl-2 that
regulates apoptoss in baance

Overexpresson in androgen-

independent tumors, prevents

with another protein BAX apoptosis

p53 Sometimes cdled ‘guardian of the  Mutation removes restraint on
genome, in normd cdls its cdl proliferation ad
trangent expression dlows it to angiogeness

coordinate changes in

proliferation and gpoptoss

c-myc oncogene

Codes for transcription factors

that amplify regulatory Sgnds

retinoblastoma

In norma cdls Rb codes for a

phosphoprotein  that  inhibits

proliferation a G,/S boundary

Prostate cancer —the progression to hormone independence

Asthe progtate is under hormona control, when atumor develops it should be possible to control or inhibit
its growth by manipulating the norma hormona environment of the organ. The fact that prodate cancer is
hormone respongive has been known for along time, and the withdrawa of androgen induces gpoptosis in
norma and madignant progtate epithdid cdls dike. Androgen respongveness is probably a stoichastic
process (continuoudy variable), but it is most convenient to define three phenotypes. androgen-dependent,
androgen-senditive and androgen-independent. In the early stages, when the tumor is locdized in the
prostate the androgen-dependent cells are predominant, and the various therapies amed a androgen

depletion are successful. Their Sites of action are shown in Fig. 5[39].

Fig. 5. Control of normal prostatic cell growth and site of action of therapies[39]
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Androgen depletion is not usudly able to diminae dl the cancer cdls and over time, via sdective
growth of pre-existing clones, an androgen-independent population emerges and ultimately predominates.
This progresson to androgen-independence aso appears to involve adaptive up-regulation of genes that
help cells survive and grow after androgen ablation, together with mutation to the androgen receptor and its
interaction with other transcriptiona factors.

Patients who develop resstance to androgen withdrawal thergpies do so not because of a loss of
androgen receptors as these continue to be expressed [40]. Instead, mutations occur in the androgen
receptor gene; asit is x-linked, only one alele needs to be mutated for phenotypic dteration [41]. Someatic
point mutations, dl in the hormone-binding domain, have been found in 50% of metadtatic lesions of
androgen-independent prostate cancer; they were not detected in tissues taken from primary cancers [42].
These mutations probably provide a sdective growth advantage to a pre-existing clone of androgen-
independent cells, which can begin to predominant and spread under conditions of androgen-deprivation
[43,44]. A high number of mutations are found in the bone metastases of patients who are no longer
responsive to endocrine therapy [42]. Some mutant receptors are responsive to progesterone and
oestrogen [41]. These results match in-vitro observations in which point mutations in the androgen receptor

11
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binding domain in a human progate cell line had high binding affinities for seroid hormones (oestrogen,
progesterone) and anti-androgens, both steroida (cyproterone) and non-steroidal (flutamide, nilutamide)
[43]. Once bound to the receptor, these compounds al had the same stimulative effect as androgens. The
authors of thisin-vitro study argued that the presence of such mutationsin vivo, acting as partid agoniststo
antiandrogens, might explain the flutamide withdrawa response discussed below [44].

It appears that down-regulation of the androgen receptor gene does not occur in hormone-independent
prostate cancer cdls. Instead, amplification takes place, which dlows the receptor to become super
sengtive to very low levels of androgens, and this could be the reason why these tumour cells are able to
multiply with incomplete androgen blockade, when only the testicular source of androgens has been
removed [45]. Over amplification of the gene in progtate cancer cells has been shown after androgen
withdrawa [46]. One-third of hormone-independent or refractory cancers have amplification of the
androgen receptor gene, suggesting that this and overexpression (adaptive ‘up-regulation’) are involved in
the emergence of the hormone-independent state [47].

Not al the changes that induce androgen independence are due to alterations to the androgen receptor;
androgen receptor mutants are found in only a subset of cels. Recently, the role of the deregulation of
gpoptosis in the development of androgen-independence has recelved a lot of attention. Apoptosis is an
essentid process for success in killing prostate cancer cdls and ultimately reducing the volume of the
primary and number of metastatic lesons. It is regulated by a balancing act between two or more protein
products, including one from the suppressor BAX and the other from the Bcl-2 proto-oncogene. Following
castration-induced androgen deprivation, androgen-dependent prostate cells undergo apoptoss, but
androgen-independent prostate cells do not. This ability to avoid cell death appears attributable in gpart to
an overexpression of Bal-2. This mutationd event is known to inhibit gpoptosis and is highly correlated with
cancer progresson and androgen-independence; mutations are infrequent in early stage cancer, but
frequently detected at the hormone-refractory stage [47—49]. One study showed that the number of celsin
tumours exhibiting these high levels of expresson increased from 7% in the locdised tumour, to 17% in
metagtetic cdls that were still androgen-dependent, to 67% in tumours that were androgen-independent
[50]. Although Bd-2 protein is not involved directly in regulating cellular proliferation, it can do so indirectly
viaits involvement in the regulation of microtubule function, which is essentid for cel divison [51]. Severd

chemothergpeutic drugs used for hormone-refractory prostate cancers, are inhibitors of microtubule

12
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formation. For example paclitaxel and vinblastine are able, via a process of phosphorylation, to inactivate
Bcl-2 and induce cdll death [52].

Other genetic mutations aso play a part in the progresson of prostate cancer. The introduction of an
activated Ras oncogene into a prostate cell line will bestow androgen-independence [53]. Mutations to the
tumour suppressor p53 gene have a low frequency in early-stage or organ-confined prostate cancer, but
the frequency increases with disease progresson and is highest when the cancer becomes hormone-
refractory [47,53,54]. Focal p53 expression in the primary tumour is related to the probability of disease
recurrence following radica prostatectomy [47]. The p53 gene is concerned with the regulation of the cdll
cycle, gooptosis, and has a stimulatory effect on thrombospondin production (an angiogenesis-inhibitor).
Mutation would affect dl these areas, removing the redraint on cel proliferation and encourage
angiogenesis and metagtatic spread. Another ‘tumour suppressor’ is the retinoblastoma (rb) gene. Its
inactivation also appears to be connected with tumour progression and again, is associated with the loss of
a regraining influence on proliferation [55]. Other research has highlighted the existence of metastass-
Suppressor genes in prostate cancers and in particular, that decreased expression of KA11 and CD44 is
correlated with an increased maignant potentid [56].

Peptide growth factors are secreted in norma prostate cell tissue, and act as regulators (both stimulators
and inhibitors) of cdl growth and function. Changes in ther rdaive badance are implicated in the
progression of prostate cancer. EGF is a mitogen produced in the norma prostate and acts as a paracrine
dimulator of sromd and epithdid cdls. It gopears that, in androgen-independent tumours, autocrine
dimulation may become more important which, via EGF, could aso lead to unrestrained growth [57].
Interestingly, it has been reported that there is an overexpression of EGF receptors in the neuroendocrine
phenotype of tumour cells[27].

Other growth factors that show alterations as prostate cancers progress include TGFb and IGF | and
IGF Il. TGF-b in normd conditions is a growth inhibitor. However, as prostate cancer progresses, the
cdls become less sengtive to this controlling influence, which may be due to aloss of TGF-b receptors in
the tumour [58]. The influence of IGF aso appears, like EGF, to change because of a move towards
autocrine simulation, with the result that in androgen-independent situations, the cdlls can proliferate in an

uncontrolled manner [59].

13
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Treatment options for hormone-independent prostate cancer

Despite initid success with androgen ablation thergpies, it is Hill true for the vast mgority of cancers that
they will grow and progress. How can these changes be used to ensure the best benefits for prolongation of
aurviva, while maintaining a high qudity of life for the patients? At this stage, unfortunately, trestment with
curative intent is usudly not an option. A change in prostate-pecific antigen (PSA) levd is the most
accurate and popular method of monitoring response to thergpies both in a dlinicd trid setting and in
routine practice. A decline in PSA vaue of more than 50% is generdly considered to represent a response
to therapy in hormone-refractory disease [60]. Furthermore this decline appears to have a bearing on
surviva, as patients with a PSA reduction 3 50% have sgnificantly longer median survivd times than those
with a PSA reduction of <50%. However, PSA does not always reflect response to treatment in advanced
prostate cancer, especidly not hormone-related prostate cancer. Therefore, an additiona surrogate
marker, such as chromogranin A, which reflects neuroendocrine differentiation in mainly hormona prostate
cancer, isusudly needed [61].

It is important to determine whether patients who have disease progression following the falure of
aurgica or medica cadration (e.g. with luteinizing hormone releasing hormone agonists [LHRHa] done) as
firg-line hormonal thergpy, have cadrate levels of testosterone. Orchiectomy does not aways abolish
testosterone production, probably because not all the testicular tissue was removed [61]. The addition of
an anti-androgen a this point will produce a response in gpproximately a third of the patients, but it is
usudly only short lived, generaly between 3 and 6 months [62]. After the second failure, the anti-androgen
should be discontinued, as its withdrawa &t this point is associated with asignificant clinica benefit in about
a third of patients. This phenomenon known as ‘endocrine withdrawad syndrome generdly lasts 4 to 6
months, and is associated with a fal in PSA levels over this period. It was first described in patients
receiving flutamide [63], but has since been reported with bicautamide [64], steroidd antiandrogens (e.g
megestrol acetate) [65], and oestrogens (DES) [66]. Mutations in the androgen receptors probably ater
responses to anti-androgens, for example, by increasing their sengtivity [67]. Although the molecular basis
for this phenomenon is not established, anti-androgen withdrawd is a recommended trestment option for
patients who develop hormone-refractory disease. This syndrome should be taken into account when
designing future trials [68]; it may be that in some past studies, responses attributed to an experimenta drug
were actudly due to the prior withdrawad of anti-androgen before starting the trid [44].

14
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When anti-androgens are withdrawn, it is recommended that trestment with LHRHa should continue, as
there is evidence they are of benefit, even though theoretically the cancer is no longer androgen-dependent.
This is based on two observations. Firgly, tumour cells may become reactivated if testosterone levels rise
again following the remova of a block on their synthesis by the presence of the LHRHa [69,70]. Secondly,
androgen-sengtive cdlls perdast in the treated tumours [70,71]. Two recent retrospective trids comparing
aurviva times between those who continued androgen deprivation (either by means of LHRHa or
orchidectomy) and those who did not, reached opposite conclusions. In one trid, patients had a median
survival advantage of 2-6 months following androgen deprivation [72]; in the other, no surviva advantage
was demondrated [73]. However, the retrospective nature of the trids makes definitive interpretation
difficult in view of possible sdection bias and the absence of dratification of patients by prognogtic factors.
Results from prospective randomized trias are needed to answer these questions, but genera clinical
practice is to maintain existing androgen ablation treatment.

Despite the fact that androgen-independent cells become more and more prominent, there is a greet
ded of heterogeneity amongst tumours that have reached the hormone-refractory stage and patients will
retain hormone-sengtivity to a greater or lesser extent [74]. In view of this, it is worth considering
additional or secondary hormond manipulations for patients who have faled previous hormond
intervention. This can be gpproached in different ways.

Based on the knowledge that different antiandrogens interact in different ways with the androgen
receptor, and have variable hdf-lives and chemicd sructures, sudies have examined the benefits of
employing a second anti-androgen after failure with the first. Some success, as measured by a PSA
response, has been found in patients who were given bicdutamide after flutamide withdrawd [75]. The
converse situation has not yet been reported.

Steroida anti-androgens, megestrol acetate and cyproterone acetate, can aso be used a this point.
These drugs achieve an effect in three ways they competitively block androgen binding to its receptors,
they inhibit LH secretion from the anterior pituitary; and they prevent steroidogenesis (Fig. 5). A recent trid
comparing low-dose and high-dose megestrol acetate in hormone-refractory peatients showed an objective
response in less than 2% of patients. However 14% of patients had a PSA response, which was associated
with a tendency towards improved surviva (17.4 months versus 12.7 months). The overal median surviva

was reported as Smilar to historica controls [76].
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There is a likdlihood of some resdud hormone-sengitivity, so further adrend androgen suppressors
could dso be tried at this point. The two main choices, aminoglutethiamide and ketoconazole, are both
inhibitors of adrend and gonadd steroidogenesis. However, their use has sometimes been limited because
they prevent dl forms of seroidogenesis, not just androgen synthesis, and their administration requires
corticosteroid supplementation. Side effects associated with ketoconazole mean that liarozole is often
recommended ingtead. Nevertheless, reports looking at their use a the time of anti-androgen withdrawa
have shown encouraging results. PSA response rates of 48% in patients treated with aminoglutethiamide
and hydrocortisone at the time of anti-androgen withdrawa, were considerably higher than those achieved
in the group undergoing anti-androgen withdrawa aone [77]. Even higher PSA response rates (80%) have
been reported for patients dready recelving aminoglutethiamide and hydrocortisone before flutamide
withdrawa [67]. In addition, PSA response rates of 65.5% have been reported in a group of 50 patients
treated with ketoconazole and hydrocortisone after flutamide withdrawal [78].

Corticogteroids have aso been assessed for thelr use as a possible thergpeutic option for patients with
hormone-refractory prostate cancer [74]. It is believed that two mechanisms of action may be involved: an
anti-inflammatory role can be seen in improved pain relief, and areflex inhibition of adrena steroidogeness,
which has obvious consequences on adrend androgen production. A recent randomized triad compared the
geroid, prednisone, with the combination of prednisone and the cytotoxic antibiotic mitoxantrone, in
patients with hormone-refractory prostate cancer. There was no difference in surviva between the two
groups, but the combined therapy group had better quality-of-life scores. A decrease in PSA levels of over
50% was reported in 22% of patients who recelved only prednisone [79]. Some work has been done
looking a the efficacy of glucocorticoid adminigration while controlling for a possble anti-androgen
‘withdrawa’ effect, but with conflicting results [80]. Any thergpeutic benefit with corticosteroids should
aways be treated with caution as they have often been reported in conjunction with other agents, and an
individua benefit cannot aways be atributed to the corticosteroids per se. However, a corollary to thisis
that their impact should aways be consdered when designing trids of combination therapies that include
them because they themsdves have a bearing on PSA progression, qudity of life and possbly even on
objective response [80].

Oedtrogens delivered intravenoudy a high doses as cytotoxic agents have had limited success in
second-line hormona thergpy. General worsening of morbidity, and cardiovascular sde effects have been

reported [81]. More recently the benefit of totad androgen ablation with ether orchidectomy or the
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LHRHa, triptorelin, plus the antiandrogen, flutamide, has been compared with parentera oestrogen in the
treatment of 915 patients with progtate carcinoma. This study indicated that the two treatments had
comparable efficacy and cardiovascular safety. The authors concluded that parenteral oestrogen should
therefore remain a thergpeutic option in prostate carcinoma since it is a more cost-effective option

compared with total androgen ablation [82].

Delaying the progression to hormone-refractory disease
LHRHa have one great advantage over orchiectomy in androgen ablation; their use is reversible. The huge
benefit this may have to the treatment of patients has only recently been redlised and developed in the past
few years. This has given rise to the concept of intermittent therapy in which patients interperse periods of
therapy with therapy-free periods. The rationae behind its introduction is based on the observation that
repetitive induction of gpoptosis can be produced by the periodic interruption of androgen-blockade
thergpy [83]. This is probably due to the fact that when androgen levels rise after anti-androgen
withdrawa, the prostate epithdia cell’s sengtivity to androgen withdrawal returns because it is forced into
the normd pathway of differentiation [84,85]. The hope is that maintenance of the gpoptotic potentid
through successive periods on and off trestment will be reflected in a delay to tumour progresson. This
therapeutic approach has been the subject of two recent reviews [86,87]. Early reports have been
encouraging and some patients have been able to remain off therapy for up to 40 weeks before arise in
PSA level appears [83]. This study aso indicated that intermittent therapy was as good as continuous
androgen blockade with respect to the median time to progression and survival. Prospective randomised
phase Il trids are underway to compare intermittent with continuous therapy and to sudy their effects on
aurviva. The long-term benefits are not known. Short-term, the benefits include an improved qudlity of life
(with an improved sense of well being and a return to potency as the testes begin to function and produce
testosterone), reduced cost of treatment, and less cumulative drug toxicity. In addition, the retention of the
androgen-dependent state of the tumour opens the possibility of intersperang with other treatment [87].
Idedlly, androgen withdrawa therapy should be continued for the period that is necessary to maximise
apoptosis of the tumour and then stopped at the point just before an androgen-independent cell appears. If
therapy were withdravn too early, cells programmed to undergo apoptosis would survive as the
testogterone levels increased again. After withdrawd there is an immediate and rgpid fal of PSA levels as

androgen-regulated PSA gene expression ceases, followed by a more gentle decrease as the tumour
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volume declines due to apoptosis [86,87]. The PSA nadir can take up to 8 months to achieve in most
patients with stage D2 prostate cancer. Timing the re-introduction of therapy is rather more problematic
and until more is known and possible prognogtic indicators identified, it is rather an individuaised matter
and down to a baancing act between various clinica factors. For example, a dinician will take into
account: pre-trestment PSA levels, PSA velocity, tumour stage and current symptoms. At present,
insufficient trids have been done to address these factors and provide information on the length or the
number of cycles feasible, dthough multiple cycles have been reported [87]. The optima candidates for
intermittent androgen suppression (IAS) are probably not those with stage D2 prostate cancer, but rather
patients with biochemicd falure after treetment with curdive intent, i.e. radica prostatectomy or
radiotherapy, and localy advanced disease.

Chemotherapy and palliative care
Once the patient no longer responds to any of these second-line hormona dternatives (as signified by
rapidly risng PSA leves LDH suggedtive of viscerd metastases, or increase in number or Sze of
metastases) then the patient is truly in a hormone-refractory condition. The only non-experimenta option
avalable now is chemothergpy. This trestment moddity, so successful in many other types of cancers, is
usualy of limited benefit to patients at advanced stages of progtate cancer. Thisis partly due to the fact that
most patients are extremdy ill by the time this therapy is introduced. Recently, however, certain
combinations have shown limited promise in clinicd trids. For example, mitoxantrone in combination with
prednisone was superior to prednisone aone in terms of pain control and the duration of control (a median
of 43 weeks versus 18 weeks, respectively). The combined drug group had a higher probability of PSA
reduction, and better qudity of life. However, no difference was found in overdl survivd [79]. A trid
comparing mitoxantrone and hydrocortisone versus hydrocortisone aone showed smilar results [88].
Other drugs commonly used at this stage include established agents, such as estramustine and etoposide, as
well as more recently devel oped drugs like the anti-microtubul e taxanes (paclitaxel, docetaxel), and retinoid
acid metabolism inhibitors (liarozole); many of these are undergoing comparative clinicd trids [89-93].
More recently the role of somatostatin in the pathophysiology and trestment of cancer has been
explored. Somatodtatin is a family of regulatory peptides produced by neuroendocrine, inflammatory and
immune cells throughout the centra nervous system and in most mgjor peripherd organs. In addition, many
tumour cdls, when activated, produce somatostatin. Two bioactive peptides are produced by different
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somatostatin cells— SST-14 and SST-28. These peptides act in severd different ways on five somatostatin
receptor subtypes found in varying dendties in the brain, gut, pituitary, endocrine and exocrine pancress,
adrends, kidneys, thyroid and immune cells aswell as a number of tumour cdl lines, including prostate.

The function of somatostatin depends on its location in the body. It can act as an endocrine hormone, in
paracring/autocrine regulation or as a neurotransmitter. The diverse effects of somatostatin can largely be
explaned by inhibition of two important cell processes: cdl secretion and cell proliferation. Endogenous
somatodtatin is produced locdly and is repidly inactivated, therby minimizing any unwanted systemic
effects. In contrast, exogenoudy administered somatostatin produces a wide range of effects because it
activates multiple target dtes of action. Therefore, a number of sdective peptide somatodtatin analogues
have been developed for clinicd use. More recently, sdective non-peptide agonists have been developed
for four of the somatogtatin receptor subtypes. This is an important advance since it could help shed further
light on the physologica functions of the different receptor subtypes and could be the starting point for the
development of ordly active thergpeutic compounds with selective action on specific somatostatin receptor
subtypes. Peptide antagonists have also been discovered for SSTR2 and SSTR5 receptor subtypes.

Somatodatin has antiproliferative actions in normaly dividing cells, such as the intestind mucosd cdls,
immune cdls and inflammatory cells and in solid tumours, including progtate tumours. It prevents cel
proliferation by inducing cell cycle arest and gpoptoss. These effects are believed to be mediated by
somatogtatin receptors on tumour cdlls and indirectly by receptors on non-tumour-cell targets which inhibit
the secretion of hormones and growth factors involved in promoting tumour cel growth, inhibiting
angiogenes's, promoting vasocongtriction and modulating immune cdll function. Four receptor subtypes are
involved in induction of cell cycle arrest via protein tyrosine phosphatase (PTP)-dependent modulation of
MAPK associated with induction of retinoblastoma tumour suppressor protein and p21. One receptor
subtype (SSTR?3) is believed to trigger apoptoss and to activate p53 and the pro-apoptotic protein BAX.
It is clear, therefore, that somatogtatin has an important role in tumour development and in the future there
may be a potentia role for somatostatin andoguesin the treatment of the disease [94].

The question of whether to continue with endocrine thergpy during chemotherapy has received attention.
A recent report has shown that in some cases, re-starting LHRHa (goserelin) or oestrogen (DES) therapy
in patients receiving chemotherapy produced a response as measured by fals in PSA levels. This study
concluded that continued androgen deprivation was essential for some patients to achieve a response to
chemotherapy [95].
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At this stage pdliative care, to mantain the highest possible qudity-of-life, is of paramount importance.
Pan management usng andgesics and radiothergpy can help control the inevitable pain from bone
metastases, dthough there is concern about myeosuppresson and the possible effects this may have if
chemotherapy isintroduced later [96,97]. The addition of the radionuclectide, strontium, to external beam
radiotherapy appears to prolong the time to relgpse and a further course of radiotherapy in patients with
hormone-refractory metadtatic prostate cancer. This trandates into significant lifetime cost savings even
accounting for the additiond cost of strontium to the trestment regimen [98]. Bisphosphonates, powerful
inhibitors of osteoclast-mediated bone resorption, are promising new agents for the trestment of painful
bone lesons in prostate cancer patients [96,97]. Preliminary evidence from phase |l trias indicates that
bisphosphonates might convey a benefit to patients with hormone-refractory prostate cancer [99].

Novel therapies

It will be gpparent from this review that there is no clear and standard treatment for metastatic prostate
cancer, paticularly after the failure of firg-line thergpy. We have seen how recent research developments
in molecular biology and pathophysiology of prostate cancer is advancing our understanding of the rationale
behind the success of existing thergpies. It will dso, hopefully, lead to the development of entirely new
thergpeutic modalities, to help inhibit tumour cdl proliferation.

Nove agoproaches currently being tested in early dinicd trids incdude angiogeness inhibitors,
immunologica thergpies, gene thergpy and differentiation thergpies (Table 2). Interference in growth factor
mediated pathways is another new strategy in the trestment of cancer (Table 2). For example, suramin can
block the binding of severd growth factors to ther receptors. Newly developed somatostatin andlogues
may dso be useful agents in the treatment of prostate cancer [100,101]. Potentid mechanisms of
antitumour action include suppression of circulating levels of trophic hormones and growth factors as well
as direct effects at the tumour leve, potentialy involving autocring/paracrine mechanisms.

Table 2. Future management options for prostate cancer

Biological Area Rationale Developmental Stage Comment
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Growth factor inhibitors

Suramin

Somatostatin

Bombesin/GRP

Serotonin antagonists

Binds several growth factors (FGF,
EGF, TGFb1,PDGF); blocks receptor
binding. Thisinterferes with autocrine
loops, cell migration, invasiveness,
angiogenesis and EGF-stimulated cell
proliferation. It also blocks signal
transduction by growth factor and
inhibits receptor signaling and tumor
promotion

Somatostatin  analogues:.  reduce
levels of endocrine (IGF-1) and
paracrine growth factor products
Bombesin/GRP-like  peptides

human

can
stimulate the growth of
prostate cancer. Therefore, binding of
bombesin receptor antagonists or
new targeted cytotoxic bombesin
analogues could be considered for
therapy

Serotonin (5-hydroxytryptamine, 5-
HT), a known mitogen, isinvolved in
the growth of prostate tumour cels

and may atarget for treatment

Subjective response in
30%, objective response
15%; duration response

<1 year; another trial 75%

response rate. Recent
randomized study
controlling for use of
hydrocortisone has
shown promise

Somatostatin  analogue
(somatuline): early

results have been mixed

Concomitant use of
hydrocortisone confounds
results; relative merits of
drug are controversial.
Toxicity (fatigue, renal
impair ment, axonal
neur opathy) may limit use.
Diarrhoea a major problem

in long-term use

5a-reductase inhibitors
Finasteride
Episteride

DHT is by far the most important

stimulus for prostatic cell
proliferation; its production involves
the enzyme Ba-reductase. Finasteride
is a competitive inhibitor that does

not bind to androgen receptor

Finasteride plus flutamide
has reduced PSA levels,

but not to levels of
medical or  surgica
castration. As

monotherapy, has shown

ability to delay PSA rise

5-10% incidence  of
impotence and ejaculatory
problems; 5 year
therapeutic values show
no other serious side
effects.

Possible prophylactic role;

after radical removal of DHT has little
prostatectomy toxicity

Table 2. Future management options for prostate cancer (continued)

Biological Area Rationale Developmental Stage Comment
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Differentiation agents
Phenylacetate
Phenylbutyrate

Troglitazone

Activate  peroxisome  proliferator
activated receptor-gamma and inhibit
cell proliferation in  androgen-
dependent cell lines; phenotypically
differentiates some into nonmalignant

form

Diabetes drug that binds peroxisome

proliferator activated receptor-gamma

Trials are ongoing

Inhibitors of cyclin-
dependent kinases

Flavopiridol

A family of cyclin dependent kinases
mediate progression of the cell cycle.
Favopiridol shown to decrease cell
proliferation by halting cellsin G1 or
G2 in vitro and mouse xenograft

model.

Phase 1 studies

underway
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Table 2. Future management options for prostate cancer (continued)
Biological Area Rationale Developmental Stage Comment

Apoptosis activators

Nifedipine

Cacium
ionophores
Paclitaxel

Bcl-2 oncogene

Clusterin

Castration-induced  apoptosis  is
preceded by increase of intracellular
calcium

Blocks influx of calcium and inhibits
apoptosis

Elevate intracellular calcium levels,
rapidly induce apoptotic cascade
Induces bcl-2 phosphorylation and
apoptosis

Overexpression prevents apoptosis
Anticytolytic protein encoded by
TRPM-2 gene. Highly expressed in
cells undergoing apoptosis; androgen

withdrawal promotes its up-regulation

Use of anti-sense TRPM-
2 would inhibit clusterin

production

Elevated levels of clusterin
and bcl-2 may aid the
survival of prostate cellsin
an androgen-depleted
environment. This could be
exploited to augment the

benefits of intermittent

therapy

Antiangiogenesis agents

Thalidomide
TNP-470
Endostatin
Angiostatin

Inhibit the factors that promote

angiogenesis

Thalidomide and TNP-
470inclinica studies
Endostatin and

angiostatin:  still  being

tested on animals
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Table 2. Future management options for prostate cancer (continued)

Biological Area Rationale Developmental Stage Comment
Cell maotility Enzymes that facilitate migration of Marimistat: phase |

Matrix tumor cellsthrough extracellular studies planned

metalloproteinases meatrix.

(Marimistat)

Gene therapy Various genes can cause death of the

cells into which they are introduced,
either directly or by stimulating
immune mechanisms. The key to this
approach isto develop strategies that
allow insertion of specific genes into
prostate cancer cells. One method is
to use viruses that seek cells
producing prostate-specific antigen

toinsert these "suicide" genes

Immunother apy Induce immune cells to cause tumor Recombinant vaccinia
regression, e.g viaan virus encoding for PSA
immunostimul atory gene or specific geneisin development
tumor antigen. PSA isapromising
target molecule for induction of a
specific immune response; the PSA
geneisexpressed predominantly in

prostatic tissue

Peptide-based and dendritic cell

vaccines, which enhancetheimmune  In clinical trids, 1/4 of

system patients in both Phase |
& Il studies showed
some improvement and
the disease remained

stable in another 1/3

Key: fibroblast growth factor (FGF); platel et-derived growth factor (PDGF); vascular epidermal growth factor (EGF);
tissue growth factor (TGFb1); insulin growth factor (IGF); dihydrotestosterone (DHT); prostate-specific antigen (PSA)
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Conclusions

A combination of factors may trigger the development of the hormone-resstant stage of prostate cancer.
Androgen ablation, introduced as an initid means of controlling the cancer, ultimately sdects for a
population of androgen-resstant cedlls, which become the dominant type in the tumour. This resstance is
due to mutations of the androgen receptor that dter its sengtivity to hormones and dlow it to soread and
resst further hormona intervention. These mutations aso interfere with the process of apoptosis, an
essentid event for reducing tumour burden.

Severd hormond interventions can gtill be tried at this point, however, as the tumours do retain a degree
of hormone-sengtivity. Therefore, it is advised that LHRHa are continued and that anti-androgens are
withdrawn to maximise this potentid. Encouraging results have been reported with this gpproach. In
addition the philosophy of intermittent androgen ablation may become more popular if studies can show
that it is of benefit in dowing progresson of the disease. However, it remains an unavoidable fact that
advanced prostate cancer is a present an incurable disease. Although many recent advances have
prolonged the duration of PSA response and delayed the time to disease progression, it is ill the case that
patients with advanced prostate cancer have poor survival prospects. A grester knowledge and
understanding of the pathophysiology of the disease and the biology behind the development of the
hormone-refractory condition will hopefully lead to improved thergpies.
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