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Abstract Purpose: In REDUCE, dutasteride was associated with a ~5% absolute reduction in the risk of biopsy-
detected prostate cancer (PCa). Material and methods: We tested the influence of family history on the association
between dutasteride and PCa diagnosis and calculated the number needed to treat (NNT) with dutasteride to avoid
one PCa diagnosis. The REDUCE trial tested dutasteride 0.5mg/day for PCa risk reduction in men aged 50-75 with
a serum PSA of 2.5-10.0ng/mL and a negative biopsy. Among men who underwent >1 on-study biopsy with
complete data (n=6,415; 78.1%), the association between dutasteride and PCa risk as a function of PCa and/or
breast cancer (BCa) family history was examined using multivariable logistic regression. Absolute risk reduction
(ARR) and NNT were calculated. Results: On multivariate analysis, dutasteride was significantly associated with
lower PCa risk in men without family history (25% lower; p<0.001), PCa family history only (37% lower;
p=0.009), or BCa family history only (38% lower; p=0.04). While dutasteride lowered PCa risk in men with both
PCa and BCa family history by 15%, this was not significant (p=0.69), though the number of men was small
(n=115). ARRs were 6-9% for men with a PCa and/or BCa family history vs. 5% in men with no family history
which translated into NNTs of 11-16 in men with PCa and/or BCa family history vs. 21 for men without family
history. Conclusion: Using dutasteride as a model of chemoprevention, therapies targeting individuals with specific
family histories may improve the risk-benefit profile. However, future studies are warranted to confirm our
findings.
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1. Introduction

Given its prolonged natural history, prostate cancer
(PCa) is an ideal target for chemoprevention strategies
aimed to reduce disease incidence. Many of the proposed
candidates (e.g. selenium, vitamin E) have fallen short of
the goal of lowering PCa risk, whereas 5-a reductase
inhibitors (5-ARIs) such as finasteride and dutasteride
have been shown to be associated with lower PCa risk in
randomized trials [1,2,3]. However, some feel institution
of widespread use of chemopreventitive agents may not be
a cost- effective means of impacting PCa incidence [4].
Furthermore, many are concerned with relatively unfavorable

dysfunction, risk of high-grade PCa). Indeed, the FDA
ultimately ruled that the use of 5-ARIs did not possess a
reasonable risk-benefit profile for use in healthy men and
these agents are not approved as such and the makers of
finasteride and dutasteride are not seeking approval for
these indications nor advocate their use for this purpose
[5]. Thus, these interventions have not been broadly
adopted in the general population [6]. Nonetheless, some
investigators propose that a more selective use of these
agents focusing on individuals who may be deemed as
“high risk” for future PCa diagnosis would serve to
improve the risk-benefit profile [7]. One group in
particular who may stand to benefit from this is
individuals with a positive PCa family history. Indeed,
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men with at least one affected first-degree relative with
PCa are at more than 2-fold increased risk for future PCa
diagnosis versus those with no family history [8].
Similarly thought to be at increased PCa risk are men with
breast cancer (BCa) family history alone or in
combination with PCa family history and as such may
likewise benefit [9]. Especially given that the latter group
may have a higher proportion of individuals with BRCA1
and -2, mutations known to be associated with elevated
risk of PCa [10].

How well certain chemopreventive strategies (i.e. 5-
ARIs) work to reduce PCa risk as a function of family
history has been examined, though only considering
presence or absence of general PCa family history [11].
Using data from REDUCE, a 4- year, placebo-controlled
randomized clinical trial of dutasteride for the
chemoprevention of PCa, we previously showed that
certain groups based upon family history are at increased
risk of PCa [12]. Specifically, men with either a PCa
family history or a family history of both PCa and BCa
had significantly increased PCa risk. On the contrary,
those with a BCa family history alone had similar PCa
risk as men with no family history. Thus, men could be
categorized into a lower-risk group (no family history of
family history of BCa alone) or a higher-risk group (PCa
family history or both PCa and BCa family history).
Though we found no significant interaction between
dutasteride and family history, the statistical bar for
finding a significant interaction is quite high, especially
with only modest numbers of men in certain family
history subgroups. As such, herein we performed a more
thorough analysis of how family history may influence the
association between dutasteride use and PCa risk. Finally,
and of most clinical relevance, we determined the number
of men that needed to be treated (NNT) with dutasteride to
avoid one diagnosis of PCa, which was the primary
outcome of this study [12].

Of note, the goal of this study was to examine the
impact of differing baseline PCa risk on the impact of an
agent shown to reduce PCa risk. As only finasteride and
dutasteride have been shown in phase 111 studies to reduce
PCa risk, we choose to study 5ARIs. However, we must
reiterate that the use of dutasteride or finasteride has not
been approved for the purposes of PCa prevention in the
United States or Europe [13,14]. Whether these are the
best agents to use in clinical practice remains the decision
of the treating physician and patient. As such, we used
dutasteride as an example of chemoprevention rather than
endorsing or condoning its use for chemoprevention.

2. Study Subjects and Methods

2.1. Study Population

The design of the REDUCE study has been reported [3].

Eligible men were aged 50-75 years, with a serum PSA of
2.5-10 ng/mL if aged 50-60 years, or 3-10ng/mL if >60
years, and a single, negative prostate biopsy (6-12 cores)
within 6 months prior to enrollment. This resulted in a
population considered to be at increased risk of prostate
cancer.

2.2. Study Design

REDUCE was a 4-year, multicenter, double-blind,
placebo-controlled  study. Eligible subjects were
randomized to dutasteride 0.5mg/day or placebo. Visits
occurred every 6 months. Total serum PSA (Beckman
Coulter Inc.) was assessed every 6 months, with doubled
PSA values (x 0.1ng/mL) reported to investigators for
men receiving dutasteride. Unscheduled PSA measurements
were permitted if obtained through the central study
laboratory.

Subjects underwent a 10-core transrectal ultrasound
(TRUS)-guided biopsy at 2 and 4 years regardless of PSA
levels (“protocol-dependent” biopsies); unscheduled biopsies
were performed if clinically indicated (“protocol-independent”
biopsies). Protocol-independent biopsies obtained during
Months 19-24 and 43-48 replaced those scheduled for
Years 2 and 4, and were included in the definition of
protocol-dependent biopsies.

At baseline, a detailed medical history was obtained
including family history of PCa or BCa defined as at least
one single first-degree relative affected. Race was self-
reported. Digital rectal examination (DRE) findings and
TRUS prostate volume were reported from the pre-study
biopsy.

2.3. Statistical Analyses

Among the 8,122 men in the efficacy population, 6,729
(82.8%) had at least one on-study biopsy. There were no
significant differences in the distribution of self-reported
PCa or BCa family history between men who did and did
not undergo biopsy (20.9% vs. 22.2%, x°p=0.30). Men
who did not undergo a biopsy were similar aged, had
similar baseline PSA, body mass index (BMI), and DRE
findings (all p>0.05). Men who did not undergo a biopsy
were more likely to be black (3.9 vs. 1.9%; p<0.001).
Details of the biopsy population have been published [3].
Of the 6,729 men who had at least one on- study biopsy,
we excluded men with missing data for pre-study PSA
(n=15), BMI (n=204), DRE (n=7), TRUS volume (n=76),
or benign prostatic hyperplasia (BPH; n=1), resulting in a
final population of 6,426 all of whom had family history
data.

Study participants were grouped according to PCa or
BCa family history as following: no cancer family history,
PCa family history only, BCa family history only, or PCa
and BCa family history.

The distribution of baseline characteristics by treatment
arm was examined using descriptive statistics. A crude
rate of PCa incidence was generated from which the
absolute risk reductions (ARR) were calculated. From this,
we calculated the NNT with dutasteride to avoid one PCa
diagnosis (1/ARR), which was the primary outcome of
this current analysis. In addition, we tested the association
between treatment arm and PCa diagnosis as a function of
family history subgroups using multivariable logistic
analyses with dutasteride as the predictor and PCa as
outcome. Results were adjusted for clinical characteristics
associated with PCa risk including age (continuous), race
(white, black and other), baseline PSA (log-transformed,
continuous), prostate volume (log- transformed, continuous),
DRE findings (abnormal vs. normal), BMI (log-
transformed, continuous), and geographic region. Finally,
we tested whether family history modified the association
between treatment arm and PCa incidence by formal
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interaction testing by including a categorized cross-
product term (treatment arm X family history category; 3

Table 1. Baseline Characteristics of Study Population by Treatment
Arm

degrees of freedom) along with both primary variables in Dutasteride _ Placebo
the logistic regression model. All analyses were conducted ~ Number of patients 3,157 3,269
using Stata 11.1 (STATA corp.; College Station, TX) with ?Aee;erE;n Age at study enrollment 63(58-67) 63 (58-67)
a p-value <0.05 indicative of significance. Eythnicity, n(%)

White 2,897 (92) 2,996 (92)
3. Results Black 59 (2) 60 (2)

Other 201 (6) 213 (6)
3.1. Study Population and Baseline  Geographic Region, n (%)
Characteristics North America 755 (24) 799 (24)

Overall, the treatment arms were well balanced in terms South America 419 (13) 415 (13)
of baseline characteristics (Table 1). Most men had no E”mpe_ 1,832 (58) 1,89 (58)
PCa or BCa family history (n=5,008; 77.9%:; Table 2). Australia/New Zealand 60(2) 62(2)
There were 717 (11.1%) men with only PCa family Other 91 (3) 97 (3)
history, 581 (9%) with only BCa family history, and 121 Body Mass Index (kg/m?) 26'29(%"8' 26'29%"8'
(1.9%) with both. Men with a PCa and/or BCa family Median PSA. ng/ml (IOR) 57 (4.'4_7_3) 57 (4_'4_7.3)
h_|story were younger, had smaller prostates, were more _ 434(331-  43.4(33.1-
likely to have an abnormal DRE, and had lower baseline ~ Median TRUS, cc (IQR) 56.7) 56.3)
PSA values versus men with no family history (all p Abnormal Digital Rectal Exam, n (%) 117 (4) 124 (4)
values <0.05), though differences were slight.
Table 2. Baseline Characteristics of Study Population by Family History
Family History of Prostate and/or Breast Cancer
No Family History  Prostate cancer Breast Cancer Prostate & Breast Cancer

Number of patients, n (%) 5,008 (77.9) 717 (11.2) 580 (9.0) 121 (1.9) p-value
Median Age at study enrollment (years) 63 (59-68) 61 (56-65) 62 (58-66) 61 (57-66) <0.001T
Race, n (%)
White 4,574 (91) 660 (92) 540 (93) 119 (98) 0.027*
Black 89 (2) 17 (2) 13(2) 0(0)
Other 345 (7) 40 (6) 27 (5) 2(2)
Geographic Region, n (%) North America 1,006 (20) 289 (40) 190 (33) 69 (57) <0.001*
South America 681 (14) 67 (12) 82 (12) 4(3)
Europe 3,070 (61) 325 (45) 289 (50) 44 (36)
Australia/New Zealand 83 (2) 11 (2) 25 (4) 3(3)
Other 168 (3) 10 (1) 9(1) 1(1)
Body Mass Index (kg/m?) 26.8 (24.8-29.2) 27.1(25.1-29.6)  26.9 (24.8-29.4) 26.7 (24.6-29.2) 0.268
Median PSA, ng/ml (IQR) 5.8 (4.5-7.4) 5.4 (4.1-7.0) 5.5 (4.3-7.1) 5.4 (4.3-7.1) <0.0018
Median TRUS, cc (IQR) 43.8 (33.2-56.9) 415(31.5-55.7)  43.4(33.8-55.1) 41.8 (32.9-52.3) 0.0098
Abnormal Digital Rectal Exam, n (%) 166 (3) 33 (5) 28 (5) 14 (12) <0.001*
Assigned to Dutasteride arm, n (%) 0.38*
No 2,576 (51) 354 (49) 280 (48) 59 (49)
Yes 2,432 (49) 363 (51) 300 (52) 62 (51)

PSA prostate-specific antigen; TRUS transrectal ultrasound

P-value calculated using TANOVA, *Kruskal-Wallis, or §Chi-squared test

tMultivariable logistic regression analyses adjusted for age, race, PSA, BMI, TRUS volume, geographic region, DRE findings, and treatment arm.

3.2. Risk Reduction, Dutasteride, and Family
History

Among men with no PCa or BCa family history who
made up the vast majority, dutasteride reduced PCa
diagnosis by 25% (Table 3). Among men with either a
PCa or BCa family history alone, dutasteride use was
associated with a 38% and 35% reduced risk of PCa,
respectively. Among men with a family history of both
PCa and BCa family history, dutasteride was associated
with a non-significant 19% PCa risk reduction, though the

number of men with a family history of both cancers was
small (n=121).

Table 3. Prostate Cancer Risk Reduction by Dutasteride As a
Function of Family History of Prostate and/or Breast Cancers'

Risk Reduction (1-OR) p-value
No family history of cancer 25% (14%-35%) <0.001
Prostate cancer only 38% (12%-56%) 0.007
Breast cancer only 35% (2%-57%) 0.041
Prostate and Breast cancer 19% (-8%-65%) 0.61
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When examining PCa incidence across family history
groups, dutasteride was associated with 5% ARR in men
with no family history of cancer and a 6% AAR in men
with a BCa family history only (Figure 1). This translated
into a NNT to avoid one PCa diagnosis of 16 and 21,
respectively. However, in subgroups that we have
previously shown within REDUCE are at increased risk of

PCa diagnosis (i.e. those with PCa alone or PCa and BCa
family history), dutasteride was associated with a 9%
ARR. This translated into a NNT of 11-12. When formal
statistical tests for interaction were examined, family
history did not appear to significantly modify the
association between dutasteride and prostate cancer (p-
interaction >0.30).

45
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@ Placebo O Dutasteride
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31
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25

24
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Prostate cancer Incidence, %

=
[¢]

No cancer family
history

ARR (95%Cl)  0.05(0.02-0.07)

NNT (95% Cl) 21(14-41)

ARR: Absolute Risk Reduction
NNT: number needed to treat

PCa family history

0.09 (0.03-0.16)
11 (6-35)

]

Pca/Bca family
history

0.09 (-0.09-0.25)
12 (NA-4)

Bca family history

0.06 (-0.004-0.13)
16 (NA-8)

Figure 1. Prostate cancer incidence across family history groups. Dutasteride was associated with 5% ARR in men with no family history of cancer,
6% AAR in men with a BCa family history only. In men with family history of PCa alone or PCa and BCa family history, dutasteride was associated

with a 9% ARR. NNT to avoid one PCa diagnosis was 16 and 21, respectively

4. Discussion

Concerns over cost-effectiveness and side effects are
important considerations in the use of chemoprevention in
the general, otherwise healthy population. As such,
dutasteride as an example of a chemopreventative agent is
no different. Though its use has been associated with a
significant reduction in PCa risk in a randomized
controlled trial, due to concerns about side effects,
including the possibility of increased risk of high-grade
disease, its use of PCa prevention is not approved by the
FDA [15]. However, with any intervention, the risk-
benefit equation may be different in different subgroups.
As such, the goal of this study was to use the example of
dutasteride as an agent shown to reduce PCa risk and
identify the effect of differing baseline PCa risk using
family history [11,16] on the NNT of a chemopreventative
agent.

Data from the original REDUCE study suggest
dutasteride lowers the relative risk risk of PCa diagnosis
by ~ 23% (3). The authors of the original REDUCE trial
reported no significant difference in dutasteride’s ability

to reduce disease incidence by presence or absence of PCa
family history. In a subsequent analysis, we found no
significant interaction between dutasteride and family
history [12]. However, when subgroup sizes are relatively
small, a large difference between outcomes in each
subgroup is needed to drive the statistical test of
interaction to significance. As such, in the current report
we performed a more detailed examination of the
association between dutasteride use and overall PCa risk
across family history groups using the REDUCE trial. Of
note, in our prior report, we found that men with PCa
family history alone or PCa and BCa family history were
at increased risk of PCa diagnosis [12]. In the current
study, dutasteride was associated with lower risk of PCa
diagnosis across all family history subgroups, though this
was not statistically significant for men with both PCa and
BCa family history.

Given reservations with respect to the cost-
effectiveness and risk-benefit profile of dutasteride -or
any chemoprevention modality-, some authors have
previously suggested that the focus of such strategies
should be directed to high-risk men such as those with
family history of disease [16]. We found that 21 men
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without a family history of PCa or BCa would have to
undergo dutasteride chemoprevention to prevent one
cancer diagnosis, whereas only 11, 16, and 12 men with
PCa, BCa, or PCa and BCa family histories, respectively,
would similarly have to be treated to avoid a single
diagnosis over a 4-year period, of course being mindful of
the absence of any statistical significance as it relates to
men with both PCa and BCa family history- a potential
consequence of small numbers in this subgroup. By
comparison, studies of statin use and the risk of
myocardial infarction or stroke have observed that the
number needed to treat to prevent one myocardial
infarction or stroke over 5 years among patients with
family history or hyperlipidemia is ~ 12-20 [17]. As such,

the NNT with an agent that reduced PCa risk by ~25% (i.e.

a 5-ARI) to avoid one PCa diagnosis is comparable to the
NNT with a statin to prevent a myocardial infarction or
stroke over a similar period of time. Moreover, selecting
patients at higher risk would not only reduce the total
number of patients to be treated with chemoprevention to
prevent PCa, but also improve the long-term cost-
effectiveness of chemoprevention. For example, Reed et
al. reported the cost-effectiveness of chemoprevention
with finasteride is greatest in men with a positive family
history and higher numbers of inherited risk alleles (16).

To assess any chemoprevention agent in its entirety,
one must take into consideration not only the NNT but the
number needed to harm (NNH) as it pertains to any
adverse event, be it high-grade disease or any other side
effect. Specifically, dutasteride was linked with increased
risk of Gleason 8 or higher in an FDA re-review of the
biopsy slides from REDUCE, but not in the original
manuscript [5]. As such, given the FDA reviewed data
were not available to us and dutasteride was not linked
with high-grade disease in the original REDUCE study,
we did not examine the NNH related to high-grade disease
[18]. Again, the goal of this study was to use dutasteride
as an example of chemoprevention rather than provide
specific data to support or refute its use.

We recognize several limitations. First, more detailed
family history data were unavailable (e.g. second-degree
relatives). As family history is a summation of genetic and
environmental factors, we cannot fully address to what
degree shared environmental factors vs. genetics dictated
the observed associations. Thus, it may be possible in the
future to define an even higher-risk cohort using not just
family history, but genetic data wherein the NNT may be
even lower. Ultimately, this is a secondary analysis of
randomized trial wherein men were in receipt of biopsy
prior to study enrollment. As such, we cannot exclude the
possibility that these results may differ from a biopsy-
naive population. Third, the number of men with high-
grade and advanced disease were few preventing any
meaningful analyses, though as noted dutasteride has
either no effect (original REDUCE observations) or
actually increased the risk of Gleason 8-10 tumors (FDA
re-review). Despite these limitations, our study has key
strengths. This study is unique in that men underwent
biopsies regardless of PSA allowing us to test the
association between dutasteride use and PCa diagnosis as
a function of family history while minimizing screening
biases.

In summary, in a cohort wherein all men underwent
prostate needle biopsy regardless of PSA, dutasteride was

associated with a reduced risk of PCa across all family
history subgroups. However, due to the higher-risk nature
of men with either PCa or PCa and BCa family history,
the NNT was lower at 11-12 vs. men without a family
history of PCa wherein the NNT was 21. Using
dutasteride as a model of chemoprevention, therapies
targeting individuals at high-risk — in this case those with
PCa or PCa and BCa family history — may prove an
effective and reasonable way to reduce risk among these
high-risk subgroups while minimizing the exposure of
lower- risk individuals to unwanted side effects and
improving cost-effectiveness.
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