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ABSTRACT

Prostate cancer (pca) prevention has been an exciting 
and controversial topic since the results of the Prostate 
Cancer Prevention Trial (pcpt) were published. With 
the recently published results of the reduce (Reduc-
tion by Dutasteride of Prostate Cancer Events) trial, 
interest in this topic is at a peak. Primary pca preven-
tion will be unlikely to affect mortality significantly, 
but the reduction in overtreatment and the effect on 
quality of life from the avoidance of a cancer diag-
nosis are important factors to consider.

This review provides a comparative update on the 
reduce and pcpt trials and some clinical recommenda-
tions. Other potential primary preventive strategies 
with statins, selective estrogen response modulators, 
and nutraceutical compounds—including current 
evidence for these agents and their roles in clinical 
practice—are discussed. Many substances that have 
been examined in the primary prevention of pca and 
for which clinical data are either negative or particu-
larly weak are not covered.

The future of pca prevention continues to expand, 
with several ongoing clinical trials and much interest 
in tertiary prostate cancer prevention.
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1.	 INTRODUCTION

Prostate cancer (pca) is the most common cancer in 
men, and there is much debate about treatment ap-
proaches and screening for the disease. Recent evi-
dence from the Prostate, Lung, Colorectal, and Ovar-
ian Cancer Screening Trial (plco) and the European 
Randomized Study of Screening for Prostate Cancer 
suggests a high rate of overdiagnosis and overtreat-
ment of this cancer, which carries a low mortality rate 
relative to the incidence rate 1,2. Despite the results of 
the foregoing trials and the success of studies of active 
surveillance for low-risk pca, the high intervention 

rate continues. Prevention of pca is therefore impor-
tant. Unfortunately, prevention may have little effect 
on disease-related mortality. However, many benefits 
can be conceived as a consequence of alleviating the 
disease burden:

●	 Prevention strategies could reduce the detection of 
clinically insignificant cancers and thereby reduce 
unnecessary adverse affects on urinary and sexual 
function associated with radical treatment.

●	 Prevention could result in cost savings by reducing 
the number of men needing radical treatment.

●	 A reduction in the number of patients with clini-
cally insignificant cancer followed on active sur-
veillance protocols could also reduce costs and 
the psychological impact of living with cancer.

Whether primary pca prevention is truly primary 
or tertiary can be debated, given that histologic evi-
dence suggests that microscopic disease lurks in 1 of 
3 men in their thirties—well before the average pca 
patient is diagnosed 3; but for the purposes of this 
review, “primary prevention” refers to the prevention 
of clinically detectable disease.

Proposed modifiable risk factors for pca that are 
potential targets for prevention include prostate in-
flammation, the endocrine–sex steroid axis, dietary 
factors, and obesity. Clearly sex steroids are important 
in the pathogenesis of pca, with strong evidence for 
targeting this axis in primary prevention. In many 
cases, only mixed or low-grade evidence is avail-
able for the other potential targets of prevention. 
This review presents the evidence for successful and 
potential primary prevention strategies associated 
with modifiable risk factors for pca and includes some 
guidance on how those strategies can be incorporated 
into clinical practice.

2.	 DISCUSSION

2.1	 Chemoprevention with 5α-Reductase Inhibitors

Androgens help to maintain the normal secretory and 
metabolic function of the prostate and also contribute 
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a pathogenic role in the development of pca and be-
nign prostatic hyperplasia. The enzyme 5α-reductase 
resides in prostatic tissue to convert circulating testos-
terone to localized dihydrotestosterone (dht), a more 
potent agonist of androgen receptors in prostatic cells. 
Type ii 5α-reductase is the isoform common in benign 
prostatic tissue; type i predominates in localized pca 4. 
Notably, in older men, dht levels remain high in the 
prostate despite a decline in serum levels with age as a 
consequence of 5α-reductase activity 4,5. Finasteride is 
a selective inhibitor of the type ii enzyme; dutasteride 
inhibits both isoforms with a greater degree of mea-
sured dht suppression 6. As will be evident shortly, a 
differential impact on clinical outcomes is not clearly 
defined when both enzymes are inhibited.

2.2.1  PCa Prevention Trials
The Prostate Cancer Prevention Trial (pcpt) was the 
hallmark study of pca chemoprevention. Table i sum-
marizes the pcpt trial criteria and outcomes in com-
parison with the reduce (Reduction by Dutasteride 
of Prostate Cancer Events) trial.

Prostate Cancer Prevention Trial:  In pcpt, patients 
were randomized to finasteride or placebo without 
a baseline biopsy  7. Men with an abnormal digital 
rectal exam (dre) or a prostate-specific antigen (psa) 
level rising above 4 ng/mL were recommended for 
prostate biopsy (“for-cause biopsy”) during the study. 
An end-of-study prostate biopsy was recommended 
at 7  years. The final endpoint, showing a 24.8% 
relative risk reduction in pca with finasteride as com-
pared with placebo, was met early, and the study was 
closed with 9060 men included in the final analysis. 
Unfortunately, a 25.5% increase in the diagnosis of 
high-grade (Gleason score ≥ 7) pca occurred in the 
men taking finasteride, creating concern over the use 
of this medication for pca prevention.

Today, several years after original publication 
of the pcpt outcomes, post-hoc analyses and in-
terpretations have been formulated to explain and 
justify the relative increase in high-grade disease in 
those treated with finasteride. Briefly, the effects of 
reduced prostate volume in modelling studies and 
the increase in psa/dre predictive accuracy in the 
finasteride arm are postulated explanations for the 
increased detection rate of high-grade disease 8–11. 
Moreover, on biopsy, markers of disease extent and 
aggressiveness (that is, perineural invasion, bilater-
alism of Gleason 8–10 cancers, and percentage of 
positive cores) were worse in the placebo group 12. 
For subjects who underwent radical prostatectomy 
in the placebo and finasteride arms of the study, the 
rates of more aggressive disease were not in concor-
dance with the biopsy results 9,12. A higher number 
of patients in the placebo arm than in the finasteride 
arm displayed high-grade disease (8.2% vs. 6.0%), 
for a relative risk reduction of 27% in favour of finas-
teride 9. Despite those analyses, a causal relationship 

between high-grade pca and finasteride treatment 
cannot be eliminated.

REDUCE Trial:  As As in the pcpt trial, men in the 
reduce trial were randomized to treatment (dutas-
teride) or placebo, with pca incidence as the primary 
endpoint. The reduce patients were a higher risk popu-
lation as indicated by the inclusion criteria (outlined in 
Table i). Unlike the pcpt trial, the reduce trial required 
subjects to have a negative prostate biopsy [no pca, 
high-grade prostate intraepithelial neoplasia (pin), or 
atypical small acinar proliferation] within 6 months of 
starting the trial. This requirement aimed to limit for-
cause biopsies (protocol independent). Perhaps one 
of the most important design features was the plan to 
require biopsies at 2 and 4 years to further minimize 
for-cause biopsies as a result of the increased psa and 
dre sensitivity previously noted with therapy using 
5α-reductase inhibitors (5aris) 8. In the reduce trial, 
approximately 12% of patients had a for-cause biopsy, 
compared with 35% of patients in the pcpt trial.

For the most part, the results of the reduce trial 
parallel those of the pcpt trial (Table i). The 22.8% 
reduction in pca diagnosis with dutasteride at the end 
of 4 years was similar to that with finasteride (24.8%) 
at the end of 7 years. Consistent with the pcpt trial, 
the diminutive effect of dutasteride on pca diagnosis 
occurred in all pre-specified subgroups (classified by 
age, pca family history, body mass index, prostate 
volume, and so on) suggesting good utility in a wide 
range of men. A side-effect profile similar to that with 
finasteride was demonstrated, with effects on erectile 
function, ejaculatory function, and sexual desire. 
Importantly, those side effects had a minor impact on 
discontinuation of the medication (Table i), and the 
observed improvements in urinary symptoms may 
have provided balance. Of concern was an increase 
in all types of cardiac events in the dutasteride arm. 
Nonetheless, when compared with the total number 
of patients in each arm, the absolute numbers were 
very small (30 of 4105 in the dutasteride group, 16 
of 4126 in the placebo group), and this outcome, a 
composite of several cardiac-related conditions, was 
not homogeneous.

The major outcome difference between pcpt and 
reduce was the effect on high-grade cancers. Dutas-
teride did not significantly affect the diagnosis of 
Gleason 7–10 pcas: 220 men were diagnosed in the 
dutasteride arm, and 233 in the placebo arm. When the 
high-grade cancers were narrowed to Gleason 8–10 
cancers, no difference in incidence was found at the 
2-year mark, and a significant difference was found 
from 2 years onward in favour of the placebo arm (1 
case for placebo, 12 cases for dutasteride). However, 
given the known variability between Gleason 7–10 
biopsy pathology and final surgical pathology and 
the small number of Gleason 8–10 biopsy cases dur-
ing years 3–4, the potential for a false positive result 
should limit any conclusions at this point. In addition, 
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the reduce authors noted that, by 2 years, 141 more 
patients with Gleason 5–7 disease were removed from 
the placebo arm than from the dutasteride arm as a 
consequence of pca diagnosis. Conceivably, an ap-
preciable proportion of those patients could advance 
to Gleason 8–10 if continued in the study for another 
2 years, thereby offsetting the higher number of Glea-
son 8–10 patients in the dutasteride arm. Moreover, 
other markers of disease extent (number of positive 
cores, volume of disease) were similar between the 
placebo and dutasteride arms, even when subdivided 
by Gleason score.

The rationales for increased high-grade pca detec-
tion bias in the pcpt trial may also apply to the reduce 
trial, and although as stated earlier, reduce was de-
signed to minimize such biases, they may in part ex-
plain the differential outcomes between the two trials. 

Despite the lack of effect for dutasteride on overall 
high-grade pca, the evidence is insufficient to claim 
superiority of dutasteride over finasteride, because 
the two study populations and follow-up protocols 
are not congruent. Extending the reduce follow-up to 
7 years could potentially uncover findings similar to 
those in the pcpt study, particularly when considering 
that Gleason 8–10 cancers became more pronounced 
in the latter half of that study. Alternatively, if finas-
teride were to be tested in a higher-risk population 
with application of the reduce inclusion criteria and 
more frequent per-protocol biopsies, the possibility 
exists that high-grade tumours might occur at a lower 
rate with finasteride than with placebo.

The findings of the pcpt trial culminated in the 
combined 2009 American Urological Association and 
American Society of Clinical Oncology guidelines and 

table i  Comparison of prevention trials in prostate cancer: pcpt (Prostate Cancer Prevention Trial) and reduce (Reduction by Dutasteride 
of Prostate Cancer Events)

Variable pcpt reduce

(both multicentre double-blind placebo-controlled rcts)

Agent used Finasteride Dutasteride
(type ii 5ari) (type i and ii 5ari)

Patients analysed at conclusion (n)
Total 9060 6729
Placebo 4692 3424
Treatment 4368 3305

Inclusion criteria
psa (ng/mL) ≤3.0 2.5–10

(or 3.0–10.0 if age > 60)
Age (years) ≥55 50–75
Others Normal dre 1 Prior negative biopsy

auass<20 Prostate volume ≤80 mL
ipss<25

Follow-up (years) 7 4
Primary outcome pca detection pca detection
Biopsy

For cause (n 5ari/n placebo) 1476/1667 344/466
End of study Yes at 7 years Yes at 2 and 4 years

(6 cores) (6–12 cores)
pca rate (%)

Placebo 24.4 25.1
5ari 18.4 19.9

Relative risk reduction for pca (%) 24.8a 22.8a

High-grade pca rate (%)
5ari/placebo 6.4/5.1a 6.7/6.8

Discontinuation for adverse effects (%)
5ari/placebo 36.8/28.9a 4.3/2.0a

(only temporary reported) (only permanent reported)

a p < 0.01.
rct = randomized controlled trial; 5ari = 5α-reductase inhibitor; psa = prostate-specific antigen; dre = digital rectal exam; auass = Ameri-
can Urological Association symptom score; ipss = international prostate symptom score; pca = prostate cancer.
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a systematic review on pca prevention with 5aris 13. 
The message from the expert guideline panel was that 
5aris can be considered in pca prevention contingent 
on a patient discussion conveying these points:

●	 The 5aris do not eliminate the risk of pca, they 
reduce the incidence.

●	 Uncertainty remains about an increased risk of 
high-grade disease.

●	 The effect on mortality is unknown.
●	 Treatment holds a significant chance for sexual-

related side effects.
●	 Well-documented beneficial effects accrue to men 

with symptoms of benign prostatic enlargement.

The reduce data would probably update the 
statement regarding high-grade pca to read “The 
risk of high-grade pca is unlikely to be increased 
with 5ari use.” In short, 5aris lower the detection 
rate for cancers that are less likely to harm patients 
and most likely do not increase the risk of more 
aggressive cancers, but they possibly improve de-
tection of the more aggressive cancers by psa and 
dre. Therefore, 5aris are indicated in men with 
enlarged prostates and lower urinary tract symp-
toms and, with the recent reduce results, may be 
considered in men who are asymptomatic with risk 
factors for pca.

Any benefits must certainly be weighed against 
the costs of the medication and the development 
of side effects that (fortunately) are usually revers-
ible on cessation of the drug. Notably, a recent 
cost–benefit study does not, in terms of mortality 
outcomes, support the use of these medications for 
prevention of pca, but it does show merit with respect 
to quality-of-life outcomes that reflect living with or 
being treated for cancer 14.

2.3	 Chemoprevention with Other Agents

2.3.1  Selective Estrogen Receptor Modulators
The prostate contains both estrogen α and β receptors, 
which in laboratory and preclinical studies have been 
implicated in pca pathogenesis 15. Using the transgenic 
adenocarcinoma of the mouse prostate model, a pre-
clinical study showed that, as compared with animals 
receiving placebo, those treated with the selective 
α  estrogen receptor antagonist toremifene showed 
a 60% reduction in pca 16. That finding prompted a 
double-blind phase iib randomized placebo-controlled 
trial using various doses of toremifene in 514 patients 
with high-grade pin  17. At 12 months, participants 
taking toremifene 20 mg daily demonstrated a 21.8% 
decreased cumulative risk of pca as compared with 
those taking placebo, without any effect on Gleason 
score or prostate volume, and with no increase in 
adverse events. A concern in the toremifene treatment 
group was a minor increase in levels of other serum 
hormones such as testosterone.

Whether an additive or synergistic effect would 
arise if 5aris were to be taken in combination with 
toremifene can only be speculated. No recommendation 
on the use of toremifene for pca prevention can be is-
sued until the anticipated results of an ongoing phase iii 
study (see NCT00106691 at www.ClinicalTrials.gov) 
of men with high-grade pin are available.

2.3.2  Statins
Statins inhibit the 3-hydroxy-3-methyl-glutaryl-CoA 
reductase enzyme early in cholesterol signalling, 
thereby reducing the synthesis of cholesterol and 
many of its metabolically active precursors involved 
in cell proliferation. The role of a high-fat diet and 
cholesterol in pca is complex. Likewise, the anti-
cancer effects of statins are complex, with evidence 
for inhibition of inflammation, angiogenesis, cell 
proliferation, adhesion, and invasion, not to mention 
promotion of apoptosis 18. Most data investigating 
a link between statins and pca came from post-hoc 
analyses of randomized controlled trials designed to 
assess cardiovascular outcomes. Three meta-analyses 
reviewed those studies and found no association be-
tween statins and overall pca risk 19–21.

In 2007, three large prospective cohort studies and 
one case–control study changed that perception by 
uncovering a reduction in advanced pca with no effect 
on overall cancer in men taking statins 22–25. Although 
several biases were noted in the studies, the main 
problem in terms of assigning a new clinical indication 
for these medications is that very few patients present 
with advanced pca in the psa era. The number needed 
to treat to prevent one advanced cancer is therefore ex-
cessively high. Furthermore, as noted by Hamilton and 
Freedland 18, designing a randomized controlled trial 
would be futile with the high number of men already 
taking these medications for cardiovascular reasons. 
Perhaps the future direction of emphasis with statins 
will be in tertiary prevention for men with advanced 
disease or on active surveillance.

2.3.3  Nutraceuticals and Micronutrients
The term “nutraceutical” refers to “natural” or 
“holistic” unmodified compounds, usually derived 
from plant matter, with demonstrated benefit against 
chronic disease or cancer. A high percentage of pa-
tients at risk for or already diagnosed with pca seek 
alternative therapies in this form  26. In laboratory 
studies, nutraceutical compounds most commonly 
show antioxidant properties combined with other 
anti-neoplastic actions 27.

Table  ii presents the most notable nutraceutical 
compounds examined in pca prevention, including 
vitamin D, vitamin E, selenium, lycopene, soy, and 
green tea  28. Aside from data originating from the 
well-designed select (Selenium and Vitamin E Can-
cer Prevention Trial) protocol, evidence for these 
compounds is largely retrospective and in many cases 
contradictory. For that reason, many of the compounds 
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have been disregarded as effective agents against pca 
risk in spite of adequate negative evidence.

Of the foregoing compounds, soy derived from 
soybeans has the best evidence for pca prevention, 
as summarized in a meta-analysis of case–control 
and cohort studies showing a relative risk or odds 
ratio of 0.74 (p = 0.01) in favour of soy 35. However, 
many of the other compounds should not be com-
pletely neglected based on contradictory low-quality 
retrospective studies riddled with biases. Despite the 
lack of high-level clinical evidence for efficacy, these 
compounds appeal to the natural side of medicine, 
with the added benefits of low cost and exceedingly 
rare adverse effects. Several clinical trials are ongoing 
in this area of pca prevention.

3.	 SUMMARY

Primary prevention of pca is complex, and no clear 
strategies apply in all patients. For example, 5aris 
clearly show benefit in typical patients over 50 years 
of age, but they carry significant sexual side effects 
that may be of more concern to the younger patient 
population that may benefit most. Recall that pca 
probably starts its growth during a man’s fourth 
decade. With the results of the reduce trial resolv-
ing some of the controversy over the increased risk 
of high-grade disease, the questions now are these: 
Who outside of the symptomatic benign prostatic 
hyperplasia population should be considered, and 
when should they start these medications?

Active prevention will remain an area of con-
tention, although most would agree that patients 
with risk factors and anxiety would be a good target 
population. With respect to other areas of prevention, 
toremifene and statins will remain investigational 
until further evidence is available. The same can be 
said for nutraceutical compounds; however, most of 
those compounds are dietary in nature and have no 
adverse effects. Although the evidence for their use 
is modest at best, this paradigm may appeal to many 
as a consequence of the naturopathic revolution.

The future of pca prevention is far from over—
many trials are ongoing—but the focus seems to be 
shifting to tertiary prevention in men already diag-
nosed with the disease.
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