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Abstract

Studies of prostate biology support the concept that

dihydrotestosterone is the principal androgen

responsible for normal and hyperplastic growth of the

prostate gland. Cancer is a process of malignant

transformation evolving over time, involving cellular

growth and division. Therefore, an altered endocrine

state, such as suppression of dihydrotestosterone

adivity, may have an impad on prostate cells inhibiting

carcinogenic transformation. In vitro and in vivo

preclinical observations support this hypothesis. A

placebo-controlled randomized trial using finasteride, an

inhibitor of the enzyme that converts testosterone to

dihydrotestosterone, is planned. The endpoint of

this trial will be redudion of prostate cancer incidence.

Introdudion

Prostate cancer is the most commonly diagnosed non-skin

cancer and the second most common cause of cancer death

in American men. Last year nearly 1 65,000 American men

were diagnosed with prostate cancer and approximately

35,000 died of it (1 ). More than half the cancers are beyond

the prostatic capsule at the time of diagnosis. Therapy for

advanced disease is not curative. Early detection, currently

under investigation, has not yet been proven to impact on

mortality (2-5). The National Cancer Institute has launched

a large randomized trial to determinethe impact of screening

with digital rectal examination and serum PSA3 on prostate

cancer mortality (6). Another line of investigation to pursue

is primary prevention. Recent leads in the understanding of

the biology of the prostate gland and the development of

drugs that block the formation of androgenic growth factors

raise the possibility of new prevention strategies.

Clues to the prevention of a malignancy may be found

through study of its etiology, epidemiology, and biology.

Theme is accumulating evidence that androgens have a pen-

missive role in, and indeed may promote, prostate carcino-

genesis. It has been suggested that prostate cancer is ex-
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tremely rare in men castrated before puberty (7-9). It also has

been reported that populations with lower serum androgen

levels have a lower incidence of prostate cancer (1 0). An-

drogen ablation leads to regression of clinical prostate can-

cer. These facts suggest that prostate cancer can be pme-

vented if tolerable androgenic reduction, inhibition, on

blockade can be applied. We will discuss the rationale for

a prostate cancer primary chemoprevention study using

finastemide, an enzyme inhibitor that blocks the conversion

of I to DHT.

Epidemiology of Prostate Cancer

Incidental histological prostate cancer is prevalent in men as

young as 30-40 years old (1 1 ). However, the risk for clini-

cally significant prostate cancer does not begin to increase

sharply until about age 60. Although heredity and environ-

mental factors have been implicated in the etiology of clini-

cal prostate cancer, the vast majority of victims have no

known risk factors other than male gender and age (1 2-14).

However, there are significant racial differences in the in-

cidence of clinically diagnosed prostate cancer. The age-

adjusted incidence ofclinically diagnosed prostate cancer is

1 42/i 00,000 for African-American men and 108.5/100,000

for white American men (15). African and Japanese men

have a markedly decreased risk ofdeveloping clinically sig-

nificant prostate cancer when compared with Americans

(16).

Autopsy studies have shown that more than 30% of men

oven the age of 50 have an incidental finding of prostate

cancer at death. Although substantial racial and cultural

variance in the number of clinically significant prostate can-

cers exists, theme is fan less racial on cultural variation in the

number of incidental prostate cancers at autopsy (1 7-19).

This suggests a common mate of initiation in such diverse

populations, but different mates of promotion on tumor pro-

gression. Migratory population patterns implicate environ-

mental influences, such as diet, as causal cofactoms of ag-

gnessive prostate cancer (20). It has been suggested that high

dietary fat intake may cause increased production of an-

drogens, which may lead to an increased incidence of clini-

cally significant prostate cancer (21-23).

The precise mole of androgens in the etiology of human

prostate cancer is unclean. Theme are data implying that the

amount of androgen available over time may be related to

prostate cancer risk. It has been asserted that prostate cancer

is rare in men castrated before puberty on early in adulthood

(7-9). Ross et a!. (1 0) observed that young adult African-

American men have higher circulating T concentrations

when compared with a similar group of young adult white

men. It has been suggested that this may explain the un-

derlying differences in the incidence of clinically significant

prostate cancer between the two maces (7). Additional sup-

port for the mole of androgens in prostate cancer is the ob-

servation that 5-ct-reductase activity is decreased in low risk

populations such as Chinese (24) and Japanese (1 6) men
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compared with American men. The enzyme 5-ct-neductase

is the enzyme that converts T to the more potent androgen

DHT (25).

Hormonal Dependence of the Prostate

The prostate is an androgen dependent organ. Androgens

promote cell proliferation and inhibit prostate cell death

(26). The enzyme 5-a-reductase is a nuclear membrane-

bound NADPH-dependent 6-3-ketosteroid 5-a-oxido-

reductase. Its primary function is to convert T to DHT (27).

Theme are two known 5-a-neductase isoenzymes. 5-a-

meductase-1 is present in low levels in a number of tissues

and 5-a-meductase-2 is found in androgen-sensitive cells of

the skin and prostate (28, 29). The testes and adrenal glands

secrete I into the bloodstream. Then a substantial fraction of

T diffusing into 5-a-reductase-containing cells is converted

irreversibly to DHT. Although both T and DHT can bind to

the cellular prostate androgen receptor and produce andro-

gen mediated affects, DHT is more potent than T. When

compared with T, DHT exhibits a higher binding affinity for

and lower dissociation mate from the androgen receptor, and

the DHT receptor complex has greaten stability and a higher

binding affinity for DNA (30). DHT promotes development

of prostate cells, BPH, and possibly serves as a promoter for

prostate cancer.

An observation of nature documents the key role that

5-a-reductase-2 and DHT play a mole in prostate develop-

ment. Males with inherited homozygous 5-a-reductase de-

ficiency are pseudohermaphrodites with a female or am-

biguous external genitalia until puberty. The normal

increase in T production at puberty induces development of

a small phallus and vinilization. After puberty, individuals

with the enzyme deficiency often become morphologically

and functionally normal males, although they do not de-

velop acne or male pattern baldness. They have an under-

developed prostate even though they maintain normal se-

mum T levels after puberty. No other illnesses are associated

with 5-a-meductase deficiency, and females with the inher-

ited enzyme deficiency have no known medical sequelae

(3 1-33).

Andmogens are significant in the biology of BPH. Men

with testicular hormonal dysfunction namely develop BPH

and orchiectomy has long been used to treat severe BPH

(34). Therapy with the 5-a-neductase inhibitor, finastemide,

causes decreased serum prostatic DHT levels, regression of

BPH, and a reduction in serum PSA (35, 36). Thus, DHT is

the significant hormone in prostatic hyperplasia and prostate

biology.

Role of Androgens in Human Prostate Cancer

The hormonal sensitivity of prostate cancer has been ex-

ploited clinically since 1 941 , when the Nobel Prize-winning

work of Huggins and Hodges established the suppressive

effects of castration on prostate cancer (37). Hormonal treat-

ments that remove andnogens or block their cellular effects

are used commonly in prostate cancer therapy. Widely used

agents include: estrogens (e.g., diethylstilbestrol), synthetic

luteinizing hormone agonists which inhibit gonadotrophmn

secretion (38), and flutamide, an antiandrogen that com-

petitively inhibits androgen binding to the cellular androgen

receptor (39). Most hormonal therapies are similar in effi-

cacy. However, tumor progression usually occurs within 2

years, and the disease is uniformly refractory to further hon-

monal manipulation.

It is not possible to predict which tumors will respond

to hormonal therapy. Androgen receptor assays are not

widely available and have not provided information useful

in guiding clinical came (40). In general, more differentiated

cells are thought to be more sensitive to hormonal manipu-

lation. Well differentiated prostate tumors generally have

higher numbers ofandrogen receptors when compared with

less differentiated prostate malignancies (41 , 42). Cells in the

carcinogenic process progress at variable rates from differ-

entiated to less differentiated (43). Over time, they become

a biologically heterogeneous group of cells consisting of

androgen-dependent, -responsive, and -i ndependent cells

(44).

Laboratory Models of Prostate Cancer

All major rodent models involve administration of pulse

doses of a chemical carcinogen followed by chronic ad-

ministration of high doses ofandrogens (45). This means that

available rodent carcinogenesis models are not well suited

for testing the hypothesis that lowering androgenic stimu-

lation with 5-a-reductase inhibition will prevent cancer.

However, the very fact that androgens are necessary to pro-

mote prostate cancer development in laboratory animals is

in itself supportive of the theory that decreasing androgenic

stimulation can lower prostate cancer risk.

Several studies using prostate tumor in tissue culture or

rodent implant models have demonstrated that 5-a-

meductase inhibitors can inhibit the progression of some

prostate cancers (46, 47). PC3 and DU1 45 are moderately

andnogen-sensitive human prostate cancer cell lines. In tis-

sue culture, finastenide causes dose-dependent growth in-

hibition of these cell lines (48). The human prostate cancer

PC-82 is a moderately differentiated human prostatic ad-

enocarcinoma. 5-a-neductase inhibitors cause a reproduc-

ible inhibition oftumon growth when the tumor is implanted

in treated mice. Growth inhibition of hormone-sensitive

Dunning R-3327G rat prostate tumor implants by 5-a-

meductase inhibition also has been demonstrated in rodents

(49-51).

The Dunning R-3327G prostate cancer cell line has

5-a-reductase levels similar to those found in normal human

prostate tissues and human prostate cancers (48-50).

Growth ofthe andmogen-mesponsive Dunning R-3327H sub-

line is not affected by administration of 5-a-reductase in-

hibitors, nor is DHT tissue content measurably reduced. Al-

though the tumor is androgen dependent, as demonstrated

by response to orchiectomy, it has tissue 5-a-reductase ac-

tivity at least six times that ofthe Dunning R-3327G (48-50).

It is possible that inhibition of 5-a-neductase would ex-

ert progressively less influence as a tumor increases in size

and cells progress to a less differentiated state. Therefore,

hormonal manipulations, such as DHT inhibition, may exert

the greatest influence at the earliest stages of tumor devel-

opment and progression. Comparison of the DHT/DNA ma-

tios in intnaprostatic cancer tissues demonstrates that more

differentiated malignant tissues have higher ratios (52, 53).

Nonetheless, the treatment of men with stage D prostate

cancer with 5-a-meductase inhibitors does cause moderate

decreases in serum PSA. Although the clinical significance

of this decline is unknown, it demonstrates that DHT and

DHT inhibition may exert some influence, even on undif-

ferentiated metastatic prostate cancer (54).
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5-a-Redudase Inhibition

Although 5-a-meductase inhibitors have some antitumor ac-

tivity, anticancer activity is not necessary for a drug to pme-

vent cancer. Decreasing the androgenic stimulation of pros-

tate cells may lower the probability that they will enter the

carcinogenic process. Until now it has been difficult to test

this hypothesis. Most available hormonal manipulations to

prevent prostate cancer are impractical because oftheim tox-

icities. Drugs that mimic castration by inhibition of androgen

synthesis or by blocking T action routinely cause impotence,

gynecomastia, breast tenderness, loss of libido, and other

symptoms. But most androgenic effects in tissues other than

the prostate are mediated by T rather than DHT. As stated

earlier, adults with inherited 5-a-meductase deficiency have

no ill effects as a result of decreased DHT levels.

A number of 5-a-reductase inhibitors have been syn-

thesized and pharmacological intervention is becoming

possible. Finastenide was the first 5-a-neductase inhibitor to

enter clinical trial. Therefore, theme is substantial information

on the toxicity profile of finastemide. It has been studied ex-

tensively for the management of BPH and has been approved

by the United States Food and Drug Administration for that

indication.

Preclinical Toxicology

Finastemide is a steroidal analog of T. It functions as a me-

vensible competitive inhibitor of 5-a-reductase. In preclini-

cal studies, the oral lethal dose in SO% for mice, mats, and

dogs was from 300 to 1 000 mg/kg, in all cases greater than

3000 times the effective human dose. Therapeutic concen-

trations offinastemide have not demonstrated mutagenicity in

genetic toxicity assays assessing for evidence of drug-

induced DNA damage or chromosomal aberration. Studies

in animals show no evidence of carcinogenicity. Drug-

related benign Leydig cell adenomas have been observed in

male mice treated chronically with 250/kg/day, but not at

lower doses (55). Finastenide has been tested in animals for

effects on the fertility and for tematogenicity. Finastenide has

no significant effects on fertility of male rabbits. The drug

does not influence rabbit mating behavior, spermatogenesis,

or the fertilizing effects of sperm. In male rats, a rapidly me-

vemsible decrease in fertility is seen. This effect is caused by

a species-specific effect on seminal plug formation, which is

essential for matfertility, but not relevant to humans. Rat stud-

ies demonstrate that in utero exposure to the drug can cause

developmental abnormalities in male offspring. These male

offspring have male organs internally but an external female

appearance. This is an expected pharmacological effect of

the drug, again irrelevant to use in human males.

Phase I Clinical Studies and Human Toxicology

Male subjects treated with finastenide have systemic T and

DHT levels very similar to those of male pseudohermaph-

modites with inherited 5-a-reductase deficiency (56). Finas-

tenide causes a 75% decrease in serum DHT levels, an 80%

percent decrease in intraprostatic DHT, and a 1 0% increase

in serum T. Despite the 1 O% increase in serum T, all values

werewithmn the clinically normal range in several largetnials.

Although very high concentrations of T can interact with

androgen receptors similar to DHT, the increased T levels

found in male pseudohenmaphrodites are not high enough

to promote prostate growth (25).

Finastenide is absorbed readily from the gastrointestinal

tract when taken orally. The serum half-life of orally ad-

ministered finastemide is approximately 8 hours. The drug is

metabolized by the liver and kidney with 57% in feces and

39% excreted in the urine. Humans easily can tolerate a

single dose of 400 mg, although single doses as low as 0.2

mg lead to marked suppression of serum DHT levels per-

sisting for up to 4 days. Hormonal changes because of fin-

astenide therapy are entirely reversible. DHT levels return to

pretreatment values within 14 days of stopping treatment

(57). In two double-blind, placebo-controlled clinical trials,

over 1 600 patients with BPH were randomized to three treat-

ment groups: placebo; 1 mg of finastenide pen day; on 5 mg

of finastemide per day, and followed for compliance for at

least 1 2 months (58). Both doses suppress serum DHT levels

to anorchid levels, although the 5-mg dose produces slightly

lower levels than the 1-mg dose. Study participants were

followed with magnetic resonance imaging on transmectal

ultrasound and all had urinary flow studies. After 1 year of

therapy, finastemide-treated patients at both dose levels had

a mean 20% reduction in prostate volume and approxi-

mately one-third had a � 3-mi/s increase in urinary flow mate.

These studies also demonstrated a statistically significant de-

crease in urinary symptoms compared with the control

group. Patients taking finastemide experience a 40-50% me-

duction in serum PSA. An open extension study, using 5

mg/day, has continued and some patients have been treated

for more than 3 years. The drug continues to suppress DHT

levels and retard prostate growth for as long as it is admin-

istemed. More than 40% of men have a sustained increase in

urinary flow of 3 mI/s or greater at the end of 2 years of

therapy (58).

In the randomized, placebo-controlled trials, theme was

no difference in the safety profile between the 1-mg and

5-mg doses. Finastemide has no andnogenic, antiandrogenic,

estrogenic, antiestrogenic, or progestational activity (59).

Plasma-luteinizing hormone, follicle-stimulating hormone,

cortisol, and estradiol levels are not affected significantly by

finastenide. No drug effect has been observed on serum lipid

profiles, glucose tolerance, on any routine chemistry or he-

matology evaluations (55).

Both finastenide treatment groups were similar to the

placebo group in the incidence and types of side effects

observed. The statistically significant findings, when com-

pared with placebo, were a slightly increased number of

sexually related side effects in the finastemide-tneated arms.

These side effects were: decreased libido in 5.4%

(finastenide-treated arms) versus 1 .3% (placebo arm); impo-

tence in 4.1 0/ (finastemide) versus 1 .7% (placebo); and de-

creased ejaculate volume in 4.4% (finastemide) versus 1 .7%

(placebo) (58). The frequency ofthese drug effects was stable

with prolonged use. All were reversible when therapy was

discontinued, and indeed, a recent study indicates that sexu-

ally related adverse experiences decrease even if finastemide

therapy is continued (55, 60). One-third of men having ad-

verse symptoms reported that the symptoms ceased despite

continuation ofthe drug. Patients with sexually related com-

plaints did not have different hormonal profiles when com-

pare with others on finastenide (55).

As expected, finastenide does decrease ejaculate vol-

ume. This is not subjectively noticed. A mean 25% decrease

in ejaculate volume was observed in a double-blind,

placebo-controlled study of normal volunteers. No signifi-

cant differences between treatment groups were observed in

total sperm/ejaculate, sperm motility, or morphology (55).
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Testing the Hypothesis

A chemopreventive agent must have very few side effects,

and benefits beyond prevention of prostate cancer are de-

sirable. Given its excellent safety profile and the possibility

that it may prevent BPH, finastemide may be very suitable for

long-term adm i n istration as a cancer chemopreventive

agent. A randomized, double-blind, placebo-controlled trial

is necessary to determine definitively if DHT inhibition will

reduce the incidence of prostate cancer. The National Can-

cem Institute and the multispecialty cooperative cancer treat-

ment groups are beginning such a trial.

The trial will enroll 1 8,000 men, 55 years of age and

olden. Each participant must be in generally good health,

with no evidence of prostate cancer by digital rectal exam

and serum PSA of 3 ng/ml on less (Hybnitech assay). Par-

ticipants can have some symptoms of BPH but they cannot

be so significant that the patient or physician believes a tran-

sumethmal resection of the prostate will be needed within a

year of entry. Entrants will be randomized to finastenide (5

mg/day, orally) or an inactive placebo.

The primary objective of the trial is to demonstrate a

decreased incidence of prostate cancer after 7 years of fin-

astemide therapy, when compared with the placebo group.

Each participant will be treated for 7 years, and followed for

life. Although the trial is designed to assess decreased pros-

tate cancer incidence, theme are plans to gather cause of

death data for all trial participants.

During the trial, participants will be followed for de-

velopment of prostate cancer with an annual digital rectal

examination and measurement ofsemum PSA. To insure stan-

dandization, serum will be shipped to a central laboratory for

PSA determinations. The laboratory also will measure serum

DHT levels of subjects to assess for compliance and to de-

termine if there is contamination of the placebo arm. Par-

ticipants and their physicians will be blinded to the exact

serum PSA values because the effect of finastenide poten-

tially may unblind participants. Values will be reported to

the subjects and their physicians as normal or abnormal.

To assure an equal opportunity for PSA-dniven detec-

tion of prostate cancer in both arms, men who receive pla-

cebo with a serum PSA over 4.0 on a significant increase in

serum PSA will be evaluated for prostate cancer with a sex-

tant biopsy ofthe prostate, and the same proportion of com-

pliant men who receive finastenide (those with the highest

PSAs) also will receive a prostate biopsy. It has been sug-

gested that 5-a-meductase therapy may decrease PSA secre-

tion from benign prostatic tissue more so than from malig-

nant tissue (61 ). If this is true, finastenide may increase the

sensitivity and specificity ofserum PSA screening. In an effort

to reduce biases in prostate cancer detection for or against

the finastenide arm, all men in the trial will receive a sextant

prostate biopsy at the end of 7 years on study. It is realized

that some study subjects may need pnostatectomy because

of BPH. All prostate cancers diagnosed during the trial will

be noted as an incidence endpoint and the patients will con-

tinue to be followed off treatment. All biopsies, and when

possible, whole prostate specimens, will be reviewed cen-

trally by a panel of expert pathologists. Findings will be me-

ported with as much information as possible to include tu-

mom sizes and grades. The trial design allows for a 90%

power to detect a 25% difference in prostate cancer mci-

dence between the two groups.

Such a trialcan have a number of advantages beyond

determining if prostate cancer can be prevented. The study

is a unique opportunity to assess finastenide in the prevention

of BPH. Significant human and financial burdens can be

relieved if the trial finds that several years of 5-a-reductase

inhibition before the onset of significant symptoms of pros-

tatic hypemplasia decreases the need for tnansunethral resec-

tion ofthe prostate. Prospectively following a large group of

aging men can provide valuable data on the natural history

and risk of prostatic diseases and quality of life in the aging

male. There is a need for clarification of the natural history

of a number of prostate pathologies. Prostatic intraepithelial

neoplasia and adenomatous atypical hyperplasia are poorly

understood entities. At this time, one can only speculate on

the incidence or significance of diagnosed prostatic intra-

epithelial neoplasia or adenomatous atypical hyperplasia

(62). This trial may provide data such that individual risk for

prostate cancer can be quantified and future trials can be

designed to enroll men at high risk. Serum and tissues will

be stored in a repository allowing for intermediate markers

of neoplasia to be developed and evaluated at a later date.

The value of early detection and the currently available

screening technologies are the subject of several ongoing

and planned clinical trials. This chemoprevention trial, with

a rigorous screening program, also will yield data addressing

the characteristics of prostate cancer screening methods in

men receiving finastenide and placebo. The trial will gen-

erate data on the effect of prolonged 5-a-reductase treatment

on serum PSA concentration and help assess the concept of

serial changes in serum PSA oven time as a screening tool.

Summary

The concept that androgens promote prostate cancer is

widely accepted. Laboratory animal models develop pros-

tate cancer at increased rates when treated with high doses

of androgen. Male pseudohermaphrodites with inherited

homozygous 5-a-reductase deficiency and a vestige of pros-

tate tissue are proof of the importance of DHT to prostate

growth and development. The effectiveness of finastenide in

the treatment of BPH is further evidence of the importance

of DHT in prostate growth. Theme are data implying that

humans with low 5-a-reductase activity have lower mci-

dence of prostate cancer (1 0). If DHT is a promoter of car-

cinogenesis, pharmacologically decreasing the DHT stimu-

lus on prostate tissue may serve as an antipromoten of

prostate cancer development and growth at very early stages

of the carcinogenic process. The availability of the well tol-

enated 5-a-reductase inhibitor, finastenide, makes prostate

cancer chemoprevention a possibility. It is estimated that

more than 500,000 men world-wide currently are being

treated for BPH with finastenide.

A randomized chemoprevention trial will begin in the

near future. Although the primary objective ofthe finastenide

chemoprevention trial will be to assess the ability ofthe drug

to prevent the development of prostate cancer and its pro-

gression, the study will also be a vehicle through which we

can gain a better understanding of a number of questions

about prostate biology and epidemiology. This study will

facilitate ancillary studies investigating intermediate mark-

ems, surrogate endpoints, predictors of tumor behavior, and

an understanding of benign and malignant tumor pathology.
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