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Chemoprevention of prostate cancer aims to reduce themortality as well as the public burden
of overdetection, which increases anxiety, cost, andmorbidity related to the disease. The role
of 5-α-reductase inhibitors has been well investigated and shown to decrease the risk of
prostate cancer. No current evidence exists to encourage the use of nutrients or vitamins as
chemopreventive agents. The modulation of inflammation is one of the most promising
targets for chemoprevention of prostate cancer.

Dr. Michael B. Sporn defined cancer chemo-
prevention in the 1970s as “natural, syn-

thetic or biological agents used to reverse, sup-
press or prevent either the initial phases of
carcinogenesis or the progression of premalig-
nant cells to invasive disease” (Sporn et al. 1976).
The principle of effective chemoprevention en-
tails targeting a population that will benefit most
from the intervention, using agents andmedica-
tions whose benefits outweigh its risks as well as
being affordable (Sandhu et al. 2013). Since the
identification of cancer risk factors, preventive
strategies and research studies have flourished in
an attempt to interrupt the carcinogenic path-
way. By targeting specific carcinogenic path-
ways, chemoprevention intends to decrease the
incidence of a disease as well as treatment-relat-
ed complications and disease-specific mortality
(Klein and Thompson 2012; Sandhu et al. 2013).

The long latency of carcinogenesis in pros-
tate cancer makes it a suitable disease for che-

moprevention (Parnes et al. 2005). It has been
established that carcinogenesis in the prostate is
likely caused by a high number of molecular
alterations (Shtivelman et al. 2014). These mo-
lecular pathways result in precursor lesions like
high-grade prostatic intraepithelial neoplasia
(HGPIN). HGPIN is in itself a biologic entity.
This precursor lesion can appear many years in
advance before detecting cancer and provides a
potential target population that benefits from
chemoprevention. Ideally, chemoprevention of
prostate cancer would impede the transforma-
tion of normal cells and precursor lesions to
cancer, as well as stop and prevent the growth
of existing tumors.

Prostate cancer has the prevalence of a dis-
ease well suited for chemoprevention as it pre-
sents a significant burden in the lives of many
men. In the United States, an estimated 180,890
new cases of prostate cancer were diagnosed in
2015, which resulted in 26,120 deaths related to
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prostate cancer (Siegel et al. 2016). This repre-
sents 21% of all incident cases and 8% of all
deaths owing to malignancy in males (Siegel
et al. 2016). The diagnosis of prostate cancer
comes with a significant financial burden. Per
the National Cancer Institute, the national cost
of prostate cancer care in the United States in
2010 was estimated to be $11.85 billion (Mari-
otto et al. 2011). Analysis of the cost effective-
ness of chemoprevention has thus far proved
that 5-α-reductase inhibitors (5ARIs) are not
cost effective in men with low risk of prostate
cancer. However, they may be cost effective for
men at increased risk for prostate cancer (Svatek
et al. 2008; Earnshaw et al. 2013).

Given its potential and promising benefits,
prostate cancer chemoprevention has become
an area of active investigation. Threemajor trials
have provided the highest level of evidence on
prostate cancer chemoprevention. These trials are
the Prostate Cancer Prevention Trial (PCPT)
(Thompson et al. 2003a), Reduction by Dutas-
teride of Prostate Cancer Events (REDUCE)
(Andriole et al. 2010), and Selenium and
Vitamin E Cancer Prevention Trial (SELECT)
(Lippman et al. 2009).

5-α-REDUCTASE INHIBITORS (5-ARIs)

The role of androgens in the development and
growth of benign prostate tissue as well as pros-
tate cancer is well known and has been studied
extensively. The hypothesis that 5ARIsmay have
beneficial effects in prostate cancer was solidi-
fied by the observation that males born with 5-
α-reductase deficiency do not suffer from pros-
tate cancer. Further investigation helped us
understand how the deregulation of androgen/
androgen-receptor (AR) pathways contribute to
prostate cancer progression (Nacusi and Tindall
2011). Prostate tissue growth and differentiation
is dependent on androgen hormones and regu-
lated via the AR. Testosterone is irreversibly
converted to more potent androgen 5-α-dihy-
drotestosterone (DHT) mediated by the andro-
gen-metabolizing enzymes 5-α-reductase types
1 and 2 in the prostate tissue.

Type 2 is predominantly expressed in pros-
tatic tissue (Thomas et al. 2005). Finasteride is an

inhibitor of 5-α-reductase type 2, inhibiting the
conversion of testosterone toDHTmainly in the
prostate. Dutasteride blocks the conversion to
DHT of both types 1 and 2 of 5-α-reductase.
Type 1 5-α-reductase became the focal point of
research after studies revealed that, even though
type 2 is themain form found innormal prostatic
tissue, the overexpression of type 1 was seen in
prostate cancer cell lines (Andriole et al. 2010).

Finasteride

In the PCPT, a randomized, placebo-controlled
trial testing of whether finasteride could reduce
the 7-year period prevalence of prostate cancer,
finasteride reduced the risk of prostate cancer
by 25%. The PCPT became the first study, per-
formed at a large scale, to explore the connection
between finasteride and prostate cancer devel-
opment (Thompson et al. 2003a). The PCPT
was a prospective trial that followed 18,882
men, ages 55 and older, with a prostate-specific
antigen (PSA) equal to or <3.0 ng/mL and a
normal digital rectal exam (DRE). The men
were randomly assigned to take 5 mg of finaste-
ride daily or a placebo. Initially, the treatment
was planned for 7 years and those subjects who
were not diagnosed with prostate cancer in this
time span were offered an end-of-study prostate
biopsy. The data-monitoring committee over-
seeing the study closed the trial 15 months early
as it deemed that the primary end point of pros-
tate cancer reduction had been reached. The
PCPT revealed that finasteride decreased the in-
cidence of prostate cancer compared with pla-
cebo 18.4% versus 24.4%, respectively. This
meant that taking finasteride reduced prostate
cancer prevalence by 24.8% over 7 years
(Thompson et al. 2003a). In subsequent studies,
it was found that treatment with finasteride pos-
itively affected the sensitivity of PSA and DRE
for prostate cancer detection (Thompson et al.
2006, 2007).

An unforeseen discovery of the PCPT was a
greater incidence of Gleason grade 7–10 cancer
(6.4%) in men taking finasteride as compared
with the placebo arm (5.1%) (Thompson et al.
2003a). Several reasons have been suggested
to clarify the increase of high-grade tumors
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(Gleason 7–10) in the finasteride arm. Lucia
et al. (2007) concluded that a reduction in pros-
tate volume and selective inhibition of low-
grade prostate cancer might have contributed
to an increase in diagnosis of high-grade pros-
tate tumors. Similarly, Cohen et al. (2007) de-
veloped a model that showed how the diagnosis
of high-grade prostate tumors decreased as
prostatic volume increased, stressing that the
median prostate volume was 25% lower in the
finasteride arm of the PCPT. Additional studies
have shown increased biopsy sensitivity in the
finasteride arm of the PCPT (Redman et al.
2008). These findings, coupled with the fact
that an increased incidence of Gleason 7–10
tumors appeared early in the PCPT and did
not increase with time, diminish the theory
that finasteride induces high-grade disease.

Eighteen years after the inception of the
PCPT, long-term survival data among partici-
pants was analyzed. The 15-year survival rates
were similar between groups; finasteride had
a 78.0% survival rate compared with 78.2% for
placebo. The 10-year survival rates were also
similar after accounting for low-grade prostate
cancer (83% finasteride vs. 80.9% placebo) and
high-grade prostate cancer (73.0% finasteride vs.
73.6% placebo) (Thompson et al. 2013).

Finasteride was mostly well tolerated in the
PCPT; nonetheless, it was associated with an
increased occurrence of side effects such as re-
duced volume of ejaculate, erectile dysfunction,
loss of libido, and gynecomastia (Thompson
et al. 2003b). Although these side effects are in-
convenient, the effect is small and they should
not influence the patient’s decision to take finas-
teride or the physician not to prescribe it (Moin-
pour et al. 2007).

Dutasteride

The chemopreventive role of dutasteride, a type
I and II 5-α-reductase inhibitor, was investi-
gated in the REDUCE trial (Andriole et al.
2010). The study includedmen ages 50–75 years
old with a baseline PSA of 2.5–10.0 ng/mL who
had a negative biopsy at least 6 months before
the study. Contrary to the PCPT, protocol for
the REDUCE trial required 10 core prostate

biopsies to be performed at the 2- and 4-year
marks, and other biopsies could also be per-
formed if clinically indicated. Patients received
either 0.5 mg daily dose of dutasteride or pla-
cebo, with end points set at 2 and 4 years. The
primary endpoint of the REDUCE trial was
prostate cancer diagnosed on biopsy after 2 or
4 years of treatment. If a participant was found
to have prostate cancer at the 2-year biopsy, he
was withdrawn from the study. By the end of
the study (4 years), prostate cancer detection
was 19.9% in the dutasteride group compared
with 25.1% in the placebo group. The difference
between groups was truly significant and the
chemopreventive effect of dutasteride was seen
across all subgroups within the study that were
stratified by age, family history, international
prostate symptom score, prostate volume, PSA
level, and body-mass index.

An increase in high-grade prostate cancer
was not reported in the dutasteride arm of the
REDUCE trial, unlike the finasteride group of
the PCPT trial. Over the 4 years, Gleason 7–10
tumors were identified in 6.7% of men in the
dutasteride arm versus 6.8% on the placebo
arm. The overall decrease in cancer prevalence
was seen in Gleason 6 or below tumors with a
comparable prevalence of Gleason 7–10 tumors
in the dutasteride and placebo groups. During
the REDUCE trial 29, tumors with Gleason
scores 8–10 were diagnosed in the dutasteride
arm and 19 in the placebo arm. The numbers of
tumors with Gleason scores 8–10were similar in
the dutasteride and placebo groups during years
1 and 2, 17, and 18, respectively. On years 3 and
4, 12 tumors with a Gleason score 8–10 were
diagnosed in the dutasteride group versus only
one in the placebo group. An explanation for the
increase in high-grade Gleason 8–10 tumors in
years 3 and 4 may lie within the REDUCE study
design. Per protocol, subjects who had biopsies
diagnosing tumors Gleason 5–7 in years 1 and
2 were withdrawn from the study, resulting
in elimination of more men within the placebo
arm. Andriole et al. (2010) speculated that if
these men had not been withdrawn from the
study, a portion of them may have been diag-
nosed with higher-grade tumors (Gleason 8–10)
on biopsies in years 3 and 4. This would reduce
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the difference originally reported between the
two groups.

Side effects reported with dutasteride during
the REDUCE trial were decreased libido, loss of
libido, erectile dysfunction, and gynecomastia.
Unexpectedly, therewas a statistically significant
greater incidence of heart failure in the dutaster-
ide arm versus the placebo arm (0.7% vs. 0.4%).

DIETARY SUPPLEMENTS

The interest of dietary and nutritional supple-
ments as agents for chemoprevention of prostate
cancer stems from several cohorts and random-
ized trials, most significantly the α-Tocopherol
β-Carotene Prevention Trial (ATBC) (ATBC
1994) and the Nutritional Prevention of Cancer
(NPC) study (Clark et al. 1998). The ATBC trial
was a lung cancer chemoprevention randomized
study of more than 20,000 male smokers who
received 50 mg of α-tocopherol or placebo. In
1998, the ATBC trial group reported a 32% re-
duction in the incidence of prostate cancer along
with 41% less mortality in men taking α-to-
copherol supplements. These results were later
disproved in a follow-up study in 2003 by the
ATBC group finding that the beneficial effects of
α-tocopherol disappeared in postintervention
follow-up (Virtamo et al. 2003). Selenium is a
mineral that gained status as a chemopreventive
agent for prostate cancer after the initial results
of the NPC trial showed a risk reduction of 63%
for prostate cancer in patients receiving sele-
nium supplementation (Clark et al. 1998). These
results were later disputed, and longer follow-up
published in 2003 revealed the risk reduction to
be smaller at 51% and only benefiting men with
low baseline PSA and plasma selenium concen-
trations (Duffield-Lillico et al. 2003).

Vitamin E and Selenium

Both the ATBC and the NPC trials prompted
the design of SELECT (Lippman et al. 2009;
Klein et al. 2011), focusing specifically on the
role of vitamin E and selenium in prostate can-
cer and not just as a secondary end point as
in previous studies. The SELECT trial included
35,533 men without prostate cancer and a nor-

mal DRE and a PSA of 4.0 ng/mL or less who
were randomized to four groups: selenium (200
µ/d), vitamin E (400 IU/d), selenium + vitamin
E, and placebo. The SELECT trial, originally
planned for a minimum of 7 years, was canceled
after only a median follow-up of 5.46 years. The
SELECT trial failed to show any benefit in reduc-
ing the incidence of prostate cancer in any of the
groups compared with placebo (Lippman et al.
2009). Extended follow-up of the men enrolled
in SELECT discovered that those taking vitamin
E had a greater risk of developing prostate can-
cer (17%) compared with placebo and that no
beneficial effect was found with selenium intake
(Klein et al. 2011). Further analysis of SELECT
by Kristal et al. found that the effects of selenium
and vitamin E supplementation varied consid-
erably betweenmen with low and high selenium
status (measured by toenail selenium concentra-
tion) at baseline (Kristal et al. 2014). Results
from this study indicated that selenium intake
elevated the risk of high-grade prostate cancer
by 91% in subjects that already had high baseline
toenail selenium (≥60th percentile). The risk of
prostate cancer was elevated by 63% in men tak-
ing vitamin E who also had low baseline toenail
selenium (< 40th percentile) (Kristal et al. 2014).

Lycopene

Lycopene is a carotenoid found in multiple
fruits and vegetables such as tomatoes, water-
melon, and asparagus, among others. This agent
is most commonly consumed in tomato sauce
and other tomato products (Thompson 2007).
Studies investigating the beneficial effects of ly-
copene on prostate cancer risk reduction have
been inconclusive. An analysis of 1338 prostate
cancer cases in the Prostate, Lung, Colorectal,
andOvarianCancer (PLCO) studyof theNation-
al Cancer Institute, examined the consumption
of lycopene and tomato products, concluding
that increased lycopene and tomato product
consumption did not protect from prostate
cancer (Kirsh et al. 2006). On the other hand,
a compelling argument for lycopene was made
in a prospective study that included 49,898 pa-
tients (Zu et al. 2014). Starting in 1986 to Janu-
ary 2010, dietary information was collected via
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questionnaires and paired with its correspond-
ing confirmed total and lethal prostate cancer
cases. Results showed that lycopene consump-
tion was linked to a lower risk of lethal prostate
cancer (Zu et al. 2014). More studies and clinical
trials that will clarify the chemopreventive ben-
efits of lycopene are needed.

Soy

The effect of soy on prostate cancer has been the
focus of research trials ever since epidemiologic
studies showed a reduced incidence of prostate
cancer in populations with higher intake of
foods rich in isoflavones, a component of soy
(Ahmad et al. 2013). A systematic review and
meta-analysis of eight randomized control tri-
als, which includedmen with identified risks for
prostate cancer, supported a possible role of soy
and isoflavones in prostate cancer risk reduction
(van Die et al. 2014). Contrary to such promis-
ing results, a randomized control trial investi-
gating the effect of soy supplementation on the
biochemical recurrence of prostate cancer after
radical prostatectomy failed to find a significant
benefit to soy protein supplementation (Bosland
et al. 2013). Additional well-designed studies are
needed to reach a consensus on the role of soy
for prostate cancer chemoprevention.

OTHER MEDICATIONS

Toremifene

Toremifene is a selective estrogen receptor mod-
ulator (SERM) that showed promise after it was
found to decrease the incidence of prostate can-
cer through nonandrogren pathways in a mouse
model of prostate cancer (Raghow et al. 2002).
Toremifene was then studied in a phase IIb clin-
ical trial for reducing prostate cancer risk inmen
with HGPIN (Price et al. 2006). In this clinical
trial, 514 men with HGPIN were randomly as-
signed to take placebo, or 20, 40, 60 mg of
toremifene daily. Interestingly, results showed
that only a dose of 20 mgwas linked to a reduced
risk of prostate cancer at 12 months (48%). This
promising data gave way to a 3-year phase III
clinical trial that included 1590 men with

HGPIN who were randomized to placebo or
20 mg of toremifene daily (Taneja et al. 2013).
Unlike previous trials, this phase III clinical trial
failed to show a statistically significant reduction
in the incidence of prostate cancer as it was
detected in 34.7% of men in the placebo group
and 32.3% in the treatment group. Toremifene is
not currently used as a chemopreventive agent
for prostate cancer.

Nonsteroidal Anti-Inflammatory Drugs

Both nonsteroidal anti-inflammatory drugs
(NSAIDs) and cyclooxygenase-2 (Cox-2) inhib-
itors have been studied for prostate cancer
chemoprevention based on evidence suggesting
that these drugs cause prostate cancer cell death
(Dandekar et al. 2005). A significant reduction
in prostate cancer risk was proposed in further
analyses of clinical trials, cohorts, and case-con-
trol studies (Roberts et al. 2002; Dasgupta et al.
2006). Still other studies have not been as
successful in proving the favorable effects of
NSAIDs and Cox-2 inhibitors as chemopreven-
tive agents for prostate cancer (Irani et al. 2002;
Leitzmann et al. 2002). In addition to this, rofe-
coxib (selective Cox-2 inhibitor) was withdrawn
from the market just as this medication was be-
ing investigated in a phase III clinical trial for
prostate cancer chemoprevention (Thompson
2007). Given the premature closure of the phase
III clinical trial and the mixed results reported
in the various studies, the role of NSAIDs and
Cox-2 inhibitors as agents for prostate cancer
chemoprevention has been almost negligible.

Statins

Statins were found to suppress prostate cancer
cells in vitro as well as reducing PSA in vivo
(Chang et al. 2010; Wang et al. 2010). Evidence
as towhether statins confer any benefit in reduc-
tion of prostate cancer risk has been conflicting.
Secondary analysis of the REDUCE trial did not
find a link between statin use and risk of overall
or high-grade prostate cancer (Freedland et al.
2013). In contrast, a systematic review andmeta-
analysis of 13 studies found a reduced risk in
prostate cancer–specific mortality (hazard ratio
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[HR], 0.53; 95% confidence interval [CI], 0.36–
0.77; P, 0.01) in patients who were taking statins
before the diagnosis of prostate cancer (Meng
et al. 2016). Similarly, a risk reduction in pros-
tate cancer–specific mortality was also noticed
in patients who started taking statins after the
diagnosis of prostate cancer (HR, 0.64; 95% CI,
0.52–0.79; P, 0.01). Given the widespread use
of statins, further studies are needed to clarify
their clinical significance in prostate cancer
prevention.

INFLAMMATION AND PROSTATE CANCER
CHEMOPREVENTION

The influence of chronic infections and chronic
inflammation in the development of epithelial
malignancies hasbeenwell investigated.Chronic
inflammation has been hypothesized to influ-
ence the development of prostate cancer (De
Marzo et al. 2007). The carcinogenesis of pros-
tate cancer may be linked to chronic inflamma-
tion the same way infections have been associ-
ated with liver and stomach malignancies. This
hypothesis makes inflammation a target for che-
moprevention.

A case-control study further investigated the
link between inflammation and prostate cancer
in a study derived from the PCPT. This study
included 191 men diagnosed with prostate can-
cer (detected either on for-cause or end-of-study
biopsy) and 209 men who were not diagnosed
with prostate cancer on the end-of-study biopsy
(control) (Gurel et al. 2014). The design of the
PCPT inherently eliminated the bias of PSA,
given that all subjects were offered an end-of-
study biopsy, allowing researchers to investi-
gate the relationship between inflammation and
prostate cancer. In this case-control study, intra-
prostatic inflammation was commonly found in
both benign prostate tissue (78.2%) (controls)
and prostate cancer–detected cases (86.2%). The
presence of inflammation was positively corre-
lated with an increased risk of prostate cancer
compared with subjects without inflammation
on biopsy (OR, 1.78). This association was even
greater in subjects with high-grade disease
(Gleason 7–10) (OR, 2.24). Similar results were
present after restricting to men with a low PSA

(<2 ng/mL), in whom inflammation had been
less likely to influence biopsy recommendation
(Gurel et al. 2014).

The results from the aforementioned study
are different from a study derived from the Fin-
nish Prostate Cancer Screening Trial (Yli-Hem-
minki et al. 2013), and another one derived from
REDUCE (Moreira et al. 2014). Both of these
studies concluded that if inflammationwas pres-
ent at the time of a negative biopsy, subjects
had a decreased risk of prostate cancer. Unlike
the PCPT, these studies only included subjects
with history of a negative biopsy. These biopsies
were likely prompted by an elevated PSA, and
given that they were negative, the elevated PSA
was perhaps a product of intraprostatic inflam-
mation. Therefore, menwith a previous negative
biopsy showing inflammatory changes have a
reduced probability of being diagnosed with
prostate cancer in the future, compared with
men with a previous negative biopsy without
inflammation (Thompson et al. 2014).

CONCLUSION

Starting a 5-ARI as a chemopreventive agent is
a decision that ultimately rests with the patient;
however, the physician plays an important role.
Along with discussing potential benefits and
side effects of the medication, it is imperative
that the patient be presented with all available
information tomake an educated decision. After
counseling, it should be clear to the patient that
5-ARIs decrease the incidence of prostate cancer
but will never completely eliminate it. Currently,
no conclusive evidence exists to encourage the
use of nutrients or vitamins as chemopreventive
agents.

Over the past decades, many agents and
strategies have been used with the intention to
reduce cancer risk in the prostate. This is unique
to prostate cancer unlike any other human ma-
lignancy. The future of prostate cancer chemo-
prevention seems to be focused on modulating
inflammation and metabolic processes that can
impact multiple disease processes. From a pub-
lic health perspective, the idea of using one strat-
egy that would reduce the prevalence ofmultiple
diseases is exceedingly attractive.
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