PROSTATE CANCER: ROLE OF NUTRI TI ON
| NTRODUCT] ON Neil Fleshner MD MPH FRCSC

Prostate cancer is a major public health problemin the
devel oped world. It is the

nost common human cancer and the second | eadi ng cause of
cancer deaths anong North

American mal es. Current estinmates suggest that approximately
180, 000 North Anerican

men will be diagnosed wth the disease in 1998 and t hat

al nost 40,000 will die fromit.

There are currently only 2 well|l accepted risk factors for
prostate cancer: famly history

and race (African-Anmericans). There is increasing evidence,
however - epi dem ol ogi cal

experinmental, and netabolic — suggesting that environnmental
factors, such as diet, may

play an inportant role in the devel opnent and/or progression
of prostate cancer.

The purpose of this paper is to review the descriptive

epi dem ol ogy of prostate

cancer and to review sone of the prom sing agents that may
play a role in managi ng

prostate cancer in the 21st century.

EPI DEM OLOGY OF PROSTATE CANCER

Descriptive epidem ol ogi cal evidence suggests that

envi ronnment al exposur es,

such as diet, play an inportant causative role in the

devel opment/ progressi on of prostate

cancer . A marked gl obal discrepancy exists in age-adjusted
nortality rates fromprostate

cancer . Despite this large global variation, autopsy
studi es have confirned that snal

foci of prostate cancer exist ubiquitously in 42-80% of
males in their 8th decade . In

nations wth a high incidence and death rate fromprostatic
carcinoma (CAP) (e.g. North

America), these foci of cancer appear to be nore vol um nous,
hi gher grade and

mul ti focal conpared to patients fromnations with | ow rates
of CAP (e.g. Japan, China).

Studi es of mgrating popul ations reveal that nen from
countries with a | ow incidence of

CAP tend to acquire an increased incidence rate, approaching
that of the host country .

Recent data al so suggest that the origins of mcrofocal
cancer occur in the fourth decade

of life. Sakr et al perfornmed a detailed autopsy study in
American trauma victins and

found that 30% of men between 30-39 had m crofocal cancer
These observations have

led to the concept of a |late stage environnental pronoter
that converts latent prostatic
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cancer into clinical CAP. Whether this |ate stage pronoter
relates to an error of

conmi ssion or an error of om ssion in high-risk nation
remai ns uncl ear. However

i ncreasi ng evidence suggests that both may be occurring.

The interesting feature of the conversion of latent to
clinical prostate cancer is the

speed at which is transpires. Latent disease begins in the
4tn decade of |ife whereas

clinical disease manifests in the 6th or 7th. Therefore, if
we can sonehow, delay this

process, we may be able to convert CAP into a chronic

di sease of little public health

inmportance- as it is in Asia. In addition, it is inportant
to realize that, in the context of

CAP, primary prevention refers to the progression of
establ i shed m croscopi c di sease into

clinically relevant disease. Interventions on a true prinmary
| evel , which is on disease

initiation and pronotion, would require intervention prior
to age 30. It is also inportant

to stress that these interventions may al so be beneficial to
patients with established

di sease as progression fromearly detected di sease unti
deat h ranges between 10-20

years. Thus any intervention, which may sl ow progression,
may be of benefit.

AGENTS/ | NTERVENTI ONS

a) DI ETARY FAT REDUCTI ON:

The associ ated between dietary fat consunption and prostate
cancer devel opnent

is now well accepted. The association was first hypothesized
as a result of correlation

studi es, which exam ned dietary fat consunption and prostate
cancer nortality on a

gl obal scale . Hypothesis testing epidem ol ogi c studies have
subsequent |y been

performed. Eleven of 14 case-control studies and 4 of 5
cohort studies (stronger

nmet hodol ogy for determ ning causation as diet habits were
collected prior to

devel opment of prostate cancer) reveal ed an associ ation
between either dietary fat

consunption or high-fat food consunption and prostate cancer
(Table 1). The

consi stency of these data is inpressive given the nature of
observati onal epidem ol ogy.

In addition, recent data from University of Laval, have
shown that cancer progression

anong men with CAP was nore rapid anong nmen who consuned a
hi gh-fat diet, even

after adjusting for di sease stage and grade.

Asi de from observational data, there are al so inportant

| aboratory studies
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that confirm sone of these observations. Wang et al found
that a high fat (40% of total

caloric intake) diet enhanced the growmh of transplanted
human LNCaP prostate cancers

in mal e nude mce . This study also indicated that changing
dietary fat consunption from

high (40.9% to |low (21.3% once LNCaP xenografts are

est abl i shed can sl ow t unor

progression . These findings suggest that dietary fat
reducti on di sease nmay play a

beneficial role anong nen with established prostate cancer.
At least 2 clinical trials are

now eval uating this hypothesis.

There are a host of biologically plausible |inks between
dietary fat

consunption and prostate carcinogenesis including: increased
androgen | evels, oxidative

stress, fat soluble pesticides and specific fatty acids
contained within the fat.

i) Androgen Levels

Androgens are felt to play an inportant role in prostatic
carcinogenesis . Individuals with

chronically inhibited androgen function (eunuchs, 5-al pha-
reduct ase deficiency) do not

devel op prostate cancer . There is sone evidence that diets
lowin fat are associated with

| ower levels of androgens including 2 |low fat intervention
studi es that have noted a drop

in androgen | evels. O her studies however are inconsistent
on this point.

ii) Oxidative Stress- [this will be discussed in the Vitamn
E section of this article]

iii) Fat- Soluble Pesticides

There are sonme who believe that fat of itself is not
responsi bl e for the observed

associations but it is the pesticides contained within the
fat that are to blanme. Increased

risk of prostate cancer anong farners/pesticide applicators
al so adds sone credence to

this hypothesis. Numerous pesticides are fat sol uble and

t hus accunul ate up the food

chain. They al so possess hornone-li ke properties. For
exanpl e,

i chl or odi phenyl di chl oroet hyl ene (DDT) and its derivative

p,p -

di chl or odi phenyl di chl or oet hyl ene (p, p’ -DDT) possess anti -
androgen and anti-estrogenic

properties.

iv) Fatty Acids

Certain fatty acids may stinulate or inhibit prostate cancer
grow h. For exanpl e,

arachi donic acid, an onega-6-fatty acid has been shown to
stimul ate prostate cancer cel
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proliferation. Oher fatty acids such as onega-3, have been
shown to i nduce apoptosis or

bl ock 5-al pha-reductase. More work is needed in this area.
Al t hough the ani mal nodel s suggest that reduction of dietary
fat can sl ow di sease

progressi on anong nen with established di sease, nore work
needs to be done. W have

conpleted a study in which we |owered dietary fat
consunption from40%to 20% ( of

total calories) anong 20 men with el evated PSA and no
cancer. A significant reduction in

PSA (I ess than 20% from baseline) was noted in 45% (9 of 20)
of these nen. The

significance of these reductions are unknown but the
suggestion that even a marker of

prostate cancer can be reduced by lowering dietary fat is
exciting. W are currently aware

of at least 2 random zed trials that are testing this

hypot hesis. Therefore answers shoul d

becone avail able within the next 10 years.

b) VITAMN D

Al though Vitamin Dis called a vitamn —it is in fact, a
steroi dal hor none.

Vitamn Dis naturally synthesized under the influence of
ultraviolet light (UV) with

conversion into biologically active conpounds by

hydroxyl ation in the liver and ki dneys.

Al though vitamin Dis primarily involved in bone and cal ci um
nmet abolism there is

i ncreasi ng evidence that vitamin D may be inportant in
preventing certain cancers

i ncl udi ng CAP.

The associ ation between vitam n D deficiency and prostate
cancer was first noted

via an intranational study that showed a correl ati on between
US. UV exposure and

| ocal rates of prostate cancer deaths. This was further

rei nforced by an epi dem ol ogi ca

study that has shown that individuals with the highest

cal ciumintake (which naturally

suppresses vitamn D) had a 3-fold highest risk of prostate
cancer. Subsequent |aboratory

research has since denonstrated that prostate cancer cells
possess vitam n D receptors

and that stinulation of those receptors inhibits cell growth
and can trigger apoptosis

(progranmed cel |l death).

Nurmer ous studi es continue to exam ne the use of Vitamn Din
t he managenent

of prostate cancer. It remains unclear whether physiologic
or pharnmacol ogi c doses are

necessary for therapeutic efficacy. Using a physiologic
nodel , 400-800 IU of vitam n D3
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shoul d suffice. Significantly higher doses nmay cause
hypercal caem a. Vitamn D

anal ogues, devoid of the hypercal cem c effects have now been
devel oped and are in

phase I-11 testing. Vitamin D may al so have a role in
preventing di sease progression.

Data from Stanford University suggests that the rate of rise
of PSA | evel s anong nen

who have failed radical prostatectony. Mreover, prelimnary
data anong nen with

nmet astati c di sease suggest that treatnment with vitamn D can
i nprove quality-of life.

c) VITAMN E

Vitamn E, the major intracellular antioxidant in cel
menbranes, inhibits lipid

per oxi dati on and has been denonstrated to have a w de range
of anti-cancer properties .

These properties include both protection agai nst

carci nogenesis and inhibition of tunour

progression. The precise nechanistic pathways of vitamn E s
beneficial benefits are

| argely unknown. Numerous in vitro and in vivo cell lines
froma w de variety of human

pri mary cancers have shown responsiveness to Vitamn E .

Fl eshner and col | eagues have

shown that supplenental vitamn E can inhibit tunor
progression in nude mce bearing

human prostate cancer xenografts [figure 1].

Data from a doubl e-bli nded random zed clinical trial suggest
that Vitamn Eis

beneficial in reducing the prostate cancer burden. The

Fi nni sh a- Tocopherol, pB-Carotene

St udy random zed 28 000 nmen to receive these agents in a
two-factorial design . At 6

year followup, there was a 32% reduction in prostate cancer
i nci dence and a 41%

reduction in prostate cancer nortality, anmong the nmen who
recei ved suppl enentary

Vitamn E. Critics of this study cite the fact that this
finding may have been caused by

mul ti pl e conpari sons and that prostate cancer prevention was
not an a priori hypothesis

of the study.

Dai ly supplenmentation with vitamn E doses up to 800 | U per
day have been safely used

inclinical trials and has been reported to exert a
protective effect on oxidative danage in

the elderly .

Al t hough the precise mechanismof vitamn E activity is
unknown- i ncr easi ng

evi dence suggests that it may exert its effects by

i nhibiting oxidative damage within the
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prostatic epithelium Reactive oxygen species (ROS) and

oxi dative damage to

bi onol ecul es is a major focus of recent etiologic cancer
research . There is strong

evi dence that ROS generated both endogenously and from
external sources are associ ated

Wi th carcinogenesis and cancer progression. ROCS are
gener at ed endogenously as

byproducts of normal netabolic processes and cause oxidative
damage to i nportant

bi onol ecul es such as |ipids, proteins, and DNA

Oxi dative nodification of DNA bases |eads to nutation and
al tered gene function

resulting in carcinogenesis . ROS can al so induce the
expression of a variety of

transcriptional factors involved in neoplastic
transformati on such as c-fos and c-jun

oncogenes . ROS have al so been shown to alter the
conformational structure of the p53

protein; mmcking a nutant phenotype . P53 nutations are
associated with the

progressi on of numerous human cancers including prostate
cancer .

| ncreasi ng evi dence suggests an associ ati on between

oxi dati ve damage and

prostate cancer incidence/progression. Many factors

associ ated with the devel opnent of

prostate cancer increase oxidative damage including

andr ogens, advanci ng age, and

dietary fat (which is the substrate for ROS) consunption
Mor eover, data from Nel son et

al, have shown that abnormalities in the glutathione-s-
tranferase (GST-pi) systemare

common to all fornms of prostate cancer but not BPH The GST-
pi systemis one of the

endogenous pat hways inportant in mnimzing oxidative damage
within cells. These

data coupled with the conpelling findings associated with
vitam n e and sel enium (see

bel ow) - - bot h powerful antioxidants are intriguing.

D) SELENI UM

The bi ochemi cal function of seleniumwas el ucidated by

Rot ruck and col | eagues.

They denonstrated that gl utathione peroxidase, an enzyne
that protects the cell from

oxi dative damage, is selenium dependent . A |l arge nunber of
epi dem ol ogi cal studies

have since confirmed an inverse associati on between sel eni um
i ntake or tissue |levels and

vari ous human cancers including prostate cancer . The

| argest of these studies was a

nested case-control study assessing toenail seleniumlevels
and prostate cancer risk
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wi thin the context of the Health Professionals Follow Up
Study. The adjusted odds ratio

for advanced prostate cancer anong nmen with the highest
guantile of toenail selenium

was 0.35 (95%C1 0.16-0.78).

Dat a have been reported on the efficacy of 200 pg of

sel enonethionine in a

pl acebo-controll ed intervention study in 1312 patients with
non- nel anoma ski n cancer

After 8269 years of patient followup, there was a 3-4 fold
reduction in prostate cancer

i ncidence (RR 0.29, p<.001). No seleniumtoxicity was
observed. Although it could be

argued that the reduction of prostate cancer incidence was
not an a priori hypothesis of

the study, these highly significant findings mandate further
i nvesti gati on.

e) LYCOPENE

Lycopene is a carotenoid naturally present in tonatoes and
other fruits. Lycopene is also

a potent antioxidant and the nost significant free radical
scavenger anong the carotenoid

famly . A series of epidemologic studies suggest that this
anti oxi dant may be benefi ci al

in preventing prostate cancer. In a |arge Seventh-day
Adventi st cohort study, MIls et a

reported that tomato consunption was nost strongly
associated wth reduced prostate

cancer risk . In a nested case-control study, Hsing et al
noted a 50%reduction in odds of

prostate cancer anmong nmen with the highest quartile of

predi agnosti c serum | ycopene .

However that study included only 103 case-control pairs, and
t hese associ ations were not

statistically significant. A nested case-control study
within the context of the Health

Prof essi onal Foll ow —Up study showed that individuals
consum ng nore than 10 servings

per week of tomato-based products had an adjusted odds ratio
of 0.65 (95% Cl 0.44-0.95)

for devel opi ng advanced/ aggr essi ve prostate cancers . This
uni que association with nore

advanced di sease suggests that |ycopene suppl enentati on may
be beneficial in

preventing the progression of prostate cancer.

Al t hough nunerous nutritional supplenents contain |ycopene,
nost only contain

trivial amounts (5-20 ng). Based on the epidem ol ogi c data
it would appear that 25-50

nmg woul d be appropri ate.

F) SOY

Soy is a dietary conpound wi dely consuned in Japan; a nation
with one of the
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| owest incidences of prostate cancer in the world . Soy is
t hought to possess broad

anti cancer properties . Cenistein and Daidzein, two

i sof | avenoi d conponents of soy are

known to have m|d estrogenic effects . Estrogens are known
to cause programred cel

death in prostate cancer cells . These soy conpounds have
al so been shown to inhibit

enzynmes and processes associated with cellular grow h,
notility, and proliferation in

vivo. These observati ons nmake soy product an ideal candi date
for trials in the

chenoprevention of prostate cancer. Studies of these
conmpounds in nouse and human

(LNCaP & PC-3) prostate cancer cell |ines have confirnmed
their anti-cancer properties .

Dat a have al so shown that nouse xenografts bearing human
LNCaP prostate cancer

tunors grow at a slower rate if fed a diet containing soy
pr oduct

| sol ated soy protein in a powlered beverage form has

hi stori c and general

recognition of safety including general and specific
recognitions fromthe FDA and

USDA. It is derived from soybeans, using processing aids
approved by the FDA. These

products have been used in the Armed Forces canteens and in
t he federal school |unch

progranms for over 10 years. No risks to humans have been
reported with the use of soy

products at this |evel.

Many soy supplenents are avail able on the market. Mst have
been devel oped for

menopausal woren and thus contain a significant anount of
calcium In addition, the

i sof | avone content varies frompreparation to preparation.
We recomend 50-100 ng of

i sof | avone and 20-40 grans of soy protein per day



