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Abstract Background: The associations of metformin and statins with overall survival (OS)

and prostate specific antigen response rate (PSA-RR) in trials in metastatic castration-resistant

prostate cancer remain unclear.

Objective: To determine whether metformin or statins � abiraterone acetate plus prednisone/

prednisolone (AAP) influence OS and PSA-RR.

Design, setting and participant: COU-AA-301 and COU-AA-302 patients were stratified by

metformin and statin use. Cox proportional hazards models were used to estimate hazards ra-

tio (HR) stratified by concomitant medications, and a random effects model was used to pool

HR. We compared PSA-RR using Chi c2 test.

Results: In COU-AA-301-AAP, metformin was associated with improved PSA-RR (41.1%

versus 28.6%) but not prolonged OS. In COU-AA-301-placebo-P, there was no association be-

tween metformin and prolonged OS or PSA-RR. In COU-AA-302-AAP, metformin was asso-

ciated with prolonged OS (adjHR 0.69, 95% CI 0.48e0.98) and improved PSA-RR (72.7%

versus 60.0%). In COU-AA-302-P, metformin was associated with prolonged OS (adjHR

0.66, 95% CI 0.47e0.93). In pooled analysis, OS was prolonged among those treated with met-

formin (pooled HR 0.77, 95% CI 0.62e0.95).In COU-AA-301-AAP, statins were associated

with an improved OS (adjHR 0.76, 95% CI 0.62e0.93), while there was no difference in

COU-AA-301-P. There was no association with statins and OS in either COU-AA-302 groups.

When pooling HR, OS was prolonged among those treated with statins (pooled HR 0.78, 95%

CI 0.68e0.88).

Conclusion: Within the limitations of post-hoc sub-analyses, metformin and statins are asso-

ciated with a prolonged OS and increased PSA-RR, particularly in combination with AAP.

ª 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The COU-AA-302 and COU-AA-301 studies demon-

strated improved overall survival (OS) in men with met-

astatic castration-resistant prostate cancer (mCRPC)

treated with abiraterone acetate plus prednisone/pred-

nisolone (AAP) both before and after docetaxel chemo-

therapy, respectively, establishing new treatment

paradigms [1, 2]. Despite this advance, the long-term

prognosis of these patients remains limited and addi-
tional treatments to prolong survival are still needed.

Over the last 15 years, there has been increasing interest

in the potential anti-neoplastic effect of commonly pre-

scribeddrugsmostnotablymetformin, forwhicha reduced

cancer incidence was first noted in population data in 2005

[3]. That was followed by several epidemiological studies

showing a reduction in prostate cancer incidence and

improved OS among patients receiving metformin [4e7].
In the largestmeta-analysis todate that included30cohorts

and over 1.6 million patients, patients with prostate cancer

receiving metformin had improved OS compared to those

who did not [8], a finding that remains controversial and

may be subject to bias [9]. How the drug affects tumour

growth is unclear but possibilities include activating

AMPK that leads to inhibition of mTOR signalling,

reduced fatty acid synthesis, and induction of cyclin-
dependent kinase induced autophagy and apoptosis [10].

Similarly, adjunctive favourable effects of statins on

prostate cancer progression have been reported. In one
cohort of 14,000 men with the disease, statin use prior to

diagnosis was associated with lower rates of prostate

cancer-related deaths [11]. Cholesterol is a precursor to

androgen synthesis, and the reduced availability of
cholesterol may in turn reduce androgen production and

the secretion of pro-inflammatory cytokines [12], slow-

ing disease progression.

The objective of this study is to examine whether

metformin and statin use in men being receiving AAP

for mCRPC in the COU-AA-301 and COU-AA-302

trials improved OS and prostate specific antigen

response rates (PSA-RR).
2. Methods

We performed a post-hoc secondary analysis of data
collected in the COU-AA-301 and COU-AA-302 trials.

In COU-AA-301, patients treated with post-docetaxel

were randomised 2:1 to either AA (1000 mg) daily plus

5 mg bd prednisone or 5 mg bd prednisone alone. COU-

AA-302 randomised chemotherapy-naı̈ve patients in a

1:1 fashion to either AA (1000 mg) daily plus 5 mg bd of

prednisone or 5 mg bd of prednisone alone. Detailed

methods for these studies have been published previ-
ously [1,2]. We retrospectively extracted data on

concomitant use of metformin and statins, recorded at

study entry and examined for associations with (1) OS

and (2) PSA-RR.

http://creativecommons.org/licenses/by/4.0/
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As per the study protocols, PSA-RR was defined as

the proportion of patients achieving a decrease in PSA of

at least 50% from the baseline PSA value confirmed at

least 4 weeks or more after the initiation of treatment.

Baseline variables were summarised by the presence or

absence of concomitant medication. We examined for

any differences between groups using the c2 for cate-

gorical variables and student’s t test for continuous var-
iables. Adverse event (AE) data for COU-AA-301 and

302, summarised by the use of concomitant medications

and by treatment arm were tabulated, however, no sta-

tistical testing was performed due to the risk of multiple

testing. OS was estimated using Kaplan-Meier methods

and compared using the log rank test. Cox proportional

hazards models were used to estimate the hazards ratio

(HR) for OS by each concomitant medication. Variables
chosen for inclusion in multivariate modelling were based

on prior prognostic models predicting PFS or OS in

patients with mCRPC treated with AAP either before
Table 1
Median overall survival by study and by statin or metformin use.

Metformin

(median OS

in months, 95% CI)

No metformin

(median OS

in months, 95% CI)

HR (95% CI) p

COU-AA-301

AAP 19.4 (11.9-NR) 15.6 (14.7e16.9) 0.76

(0.55e1.05)

0

Placebo 14.0 (10.5e19.5) 11.1 (9.7e12.6) 0.85

(0.54e1.32)

0

COU-AA-302

AAP NR NR 0.81

(0.48e1.36)

0

Placebo NR 26.6 (25.8-NR) 0.68

(0.42e1.11

0

NR Z not reached.

Fig. 1. Survival in patients enrolled in COU-AA-301, stratified by A

prednisolone.
[13] or after docetaxel [14]. Differences in the proportion

of those with a PSA response were compared using c2. A
random effects model was used to pool unadjusted esti-

mates of effect size for OS. Throughout the study, a two-

tailed p < 0.05 was considered statistically significant for

further hypothesis generation.

3. Results

Among the 1195 patients enrolled in COU-AA-301, 104

were reported to be receiving metformin (73 (9.2%) in the

AAP group and 31 (7.8%) in the placebo group), and 339

(28.4%) to be receiving statins (236 (29.6%) in the AAP
group and 103 (25.9%) in the placebo group). Among the

1088 patients enrolled in COU-AA-302, 134 were re-

ported to be receiving metformin (66 (12.1%) in the AAP

group and 68 (12.5%) in the placebo group), and 436

(40.1%) to be receiving statins (229 (41.9%) in the AAP

group and 207 (38.2%) in the placebo group). Few
Statin

(median OS

in months, 95% CI)

No statin

(median OS

in months, 95% CI)

HR

(95% CI)

p

.098 17.6 (15.1e19.6) 15.3 (14.3e16.7) 0.76

(0.63e0.93)

0.008

.47 13.2 (11.1e16.4) 10.7 (9.3e12.0) 0.81

(0.62e1.07)
0.13

.42 NR NR 0.87

(0.63e1.21)

0.41

.12 NR 27.2 (23.9-NR) 0.70

(0.52e0.96)

0.02

AP/placebo and metformin use. AAP, acetate plus prednisone/
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patients in each group received combination metformin

and statin, limiting any further analysis (COU-301-AAP

n Z 45; COU-301-placebo n Z 15; COU-302-AAP

n Z 49; COU-302-placebo n Z 48). Baseline character-

istics stratified by statin/metformin use are presented in

Supplemental Tables 1 and 2. Generally, patients taking

statins or metformin had a higher rate of pre-existing

cardiovascular disease and a higher body mass index.

3.1. The effect of metformin/statins on toxicity rates in

each arm of COU-AA-301 and COU-AA-302

Total number of AE and grade 3 or 4 AE are presented

in Supplemental Tables 3-6 and are broadly similar be-

tween all groups. Although absolute numbers were

extremely low, there was a higher percentage of G3/4
cardiac disorder and G3/4 hypokalaemia in patients

taking statins with AAP than those that did not take

statins with AAP (COU-AA-301 e Cardiac disorder

8.5% (takers) versus 3.8% (non-takers), hypokalaemia

6.8% (takers) versus 4.3% (non-takers); COU-AA-302 e
Table 2
Multivariate analyses comparing the use of statins or metformin in COU-

Model including metformin

COU-AA-301 Variable HR (95% CI) p

Abiraterone acetate plus Pred

Metformin 0.71 (0.5e1.006) 0.05

LHRH2Trt 1.34 (1.1e1.6) 0.00

Liver mets 1.99 (1.54e2.58) <0.

ECOG >2 2.1 (1.6e2.7) <0.

Albumin <4 1.50 (1.25e1.79) <0.

LDH > ULN 2.24 (1.83e2.75) <0.

Alk Phos > ULN 1.35 (1.1e1.6) 0.00

Placebo

Metformin 0.73 (0.46e1.15) 0.17

LHRH2Trt 1.26 (0.98e1.63) 0.07

Liver mets 1.67 (1.06e2.63) 0.02

ECOG >2 1.56 (1.06e2.30) 0.02

Albumin <4 2.24 (1.7e2.9) <0.

LDH > ULN 1.99 (1.5e2.64) <0.

Alk Phos > ULN 1.71 (1.3e2.26) 0.00

COU-AA-302 Variable HR (95% CI) p

Abiraterone acetate plus P

Metformin 0.69 (0.48e0.98) 0.03

LHRH2Trt 1.44 (1.16e1.79) 0.00

BPI 2-3 1.60 (1.25e2.04) 0.00

Age >70 1.36 (1.1e1.7) 0.00

Baseline PSA>39.5 1.57 (1.26e1.97) <0.

LDH > ULN 2.09 (1.58e2.76) <0.

>10 bone mets 2.01 (1.61e2.52) <0.

Placebo

Metformin 0.66 (0.47e0.93) 0.01

LHRH2Trt 1.69 (1.37e2.10) <0.

BPI 2-3 1.23 (0.98e1.55) 0.06

Age >70 1.32 (1.07e1.63) 0.00

Baseline PSA>39.5 1.43 (1.16e1.77) 0.00

LDH > ULN 1.35 (1.02e1.79) 0.03

>10 bone mets 1.45 (1.17e1.80) 0.00

LHRH2trt e Time from LHRH administration to baseline <36 months.
Cardiac disorder 8.7% (takers) versus 3.2% (non-takers),

hypokalaemia 3.9% (takers) versus 1.6% (non-takers).

3.2. The effect of metformin on clinical outcomes

In COU-AA-301-AAP, there was no definitive associa-

tion with the median OS in those prescribed metformin

(19.4 versus 15.6 months, HR 0.76 95% CI 0.55e1.05)
(Table 1 and Fig. 1). However, the trend remained in

multivariate analysis after adjusting for liver metastases,

ECOG score, albumin, LDH and alkaline phosphatase

levels (adjHR 0.71, 95% CI 0.5e1.006) (Table 2). The

proportion of patients with PSA-RR was greater among

the metformin takers than non-takers in the AAP arm

(41.1% versus 28.6%) (Table 3). In COU-AA-301-

placebo, metformin was not associated with a pro-
longed OS in univariate (14.0 versus 11.1 months, HR

0.85 95% CI 0.54e1.32) (Table 1 and Fig. 1) or multi-

variate analysis (Table 2). There was no difference in

PSA-RR by metformin use status (3.2% versus 5.8%)

(Table 3).
AA-301 and COU-AA-302.

Model including statins

Variable HR (95% CI) p

4 Statin 0.76 (0.62e0.93) 0.0079

26 LHRH2Trt 1.37 (1.13e1.65) 0.0012

0001 Liver mets 1.88 (1.45e2.43) <0.0001

0001 ECOG >2 2.09 (1.61e2.71) <0.0001

0001 Albumin <4 1.5 (1.26e1.81) <0.0001

0001 LDH > ULN 2.27 (1.8e2.8) <0.0001

3 Alk Phos > ULN 1.33 (1.09e1.62) 0.005

Statin 0.96 (0.72e1.27) 0.76

LHRH2Trt 1.25 (0.97e1.62) 0.08

7 Liver mets 1.68 (1.07e2.65) 0.025

5 ECOG >2 1.59 (1.08e2.34) 0.019

0001 Albumin <4 2.19 (1.68e2.86) <0.0001

0001 LDH > ULN 2.01 (1.52e2.66) <0.0001

01 Alk Phos > ULN 1.68 (1.27e2.22) 0.0002

Variable HR (95% CI) p

9 Statin 1.00 (0.8e1.2) 0.98

11 LHRH2Trt 1.4 (1.13e1.75) 0.0022

01 BPI 2-3 1.63 (1.28e2.08) <0.0001

54 Age >70 1.35 (1.08e1.69) 0.0078

0001 Baseline PSA>39.5 1.57 (1.25e1.96) <0.0001

0001 LDH > ULN 2.14 (1.62e2.83) <0.0001

0001 >10 bone mets 1.98 (1.58e2.48) <0.0001

8 Statin 0.88 (0.71e1.08) 0.22

0001 LHRH2Trt 1.71 (1.38e2.12) <0.0001

7 BPI 2-3 1.24 (0.98e1.55) 0.066

85 Age >70 1.37 (1.11e1.69) 0.0032

08 Baseline PSA>39.5 1.42 (1.14e1.75) 0.0014

LDH > ULN 1.39 (1.05e1.84) 0.02

07 >10 bone mets 1.46 (1.18e1.81) 0.0006



Table 3
PSA response stratified by study and by statin or metformin use.

Metformin (% PSA response) No metformin

(% PSA response)

p Statin (% PSA response) No Statin

(% PSA response)

p

COU-AA-301

AAP 41.1% 28.6% 0.026 33.9% 28.0% 0.09

Placebo 3.2% 5.8% 0.55 4.8% 5.8% 0.71

COU-AA-302

AAP 72.7% 60.0% 0.046 60.7% 62.1% 0.73

Placebo 27.9% 23.3% 0.41 23.3% 24.3% 0.78
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In COU-AA-302-AAP, there was no association with

OS by metformin use on univariate analysis (HR 0.81
95% CI 0.48e1.36) (Table 1 and Fig. 2). After adjusting

for baseline factors including Brief Pain Inventory

(BPI), age, LDH, alkaline phosphatase, bone metastases

and baseline PSA, metformin was associated with pro-

longed OS (adjHR 0.69 95% CI 0.4e0.98) (Table 2). The

proportion of patients with PSA-RR was also greater in

those prescribed metformin (72.7% versus 60.0%) (Table

2). In COU-AA-302-placebo, there were no significant
difference in PSA-RR (27.9% versus 23.3%) or OS by

metformin use (HR 0.68 95% CI 0.42e1.11) (Tables 1

and 3 and Fig. 2). However, in multivariate analysis,

metformin was associated with prolonged OS (adjHR

0.66 95% CI 0.47e0.93) (Table 2).

In summary, the use of metformin in COU-AA-301

was not associated with significant improvement in OS

(albeit a trend) but there was an increased PSA-RR in
those randomised to AAP, but not in those randomised

to placebo. The use of metformin in COU-AA-302 was

associated with improved OS in multivariate analysis

and increased PSA-RR in those randomised to AAP. In

COU-AA-302-placebo, there was no difference in PSA-

RR, but an association with metformin use and a pro-

longed OS was seen. In pooling HR across both studies

and treatment arms, OS was prolonged among those
treated with metformin (HR 0.77, 95% CI 0.62e0.95)

(Supplemental Figure 1).

3.3. The effect of statins on clinical outcomes

In COU-AA-301-AAP, concurrent statin use was asso-

ciated with a longer median OS (17.6 versus 15.3

months, HR 0.76 95% CI 0.63e0.93) (Table 1 and
Fig. 3). This association remained significant after

adjusting for liver metastases, ECOG score, albumin,

LDH, alkaline phosphatase and time from LHRH use

to relapse <36 months (adjHR 0.76 95% CI 0.62e0.93)

(Table 2). There was a higher PSA-RR among statin

users (33.9% versus 28.0%) (Table 3). In COU-AA-301-

placebo, the median OS was similar between statin user

and non-user (13.2 versus 10.7 months) in both the
univariate (HR 0.81 95% CI 0.62e1.07) and adjusted

models (adjHR 0.96 95% CI 0.72e1.27) (Tables 1 and 2

and Fig. 3). There was no difference in PSA-RR by

statins use (4.8% versus 5.8%) (Table 3).
In COU-AA-302-AAP, there was no difference in OS

in patients prescribed statins in either univariate or
multivariate models (adjHR 1.00 95% CI 0.8e1.2), nor

was there a difference in PSA-RR (60.7% versus 62.1%)

(Tables 1e3 and Fig. 4). In COU-AA-302-placebo,

median OS was longer among those prescribed statins in

univariate analysis (HR 0.70 95% CI 0.52e0.96) (Table

1 and Fig. 4) but not in adjusted analysis (adjHR 0.88

95% CI 0.71e1.08) (Table 2). There was no difference in

PSA-RR (23.3% versus 24.3%) (Table 3).
In summary, in COU-AA-301 statin use was associ-

ated with an improved OS and an increased PSA-RR in

those randomised to AAP but not placebo. In COU-

AA-302, there was no difference in OS or PSA response

in the AAP or placebo groups between statin users and

non-users. When pooling HR across all study and

treatment arms, OS was prolonged among those treated

with statins (pooled HR 0.78, 95% CI 0.68e0.88)
(Supplemental Figure 2).

4. Discussion

The addition of metformin or statins to standard of care

AAP is an attractive option to improve outcomes in men

with prostate cancer due to the favourable safety profile,

limited interaction with other drugs, low cost and
widespread availability. Whether these medications

improve patient outcomes when added to standard

therapies remain controversial due to the lack of pro-

spectively designed trials that specifically address the

question and clear confounding effects. In this present

analysis, we find that patients taking metformin in

combination with AAP at study entry had an improved

PSA-RR in both the chemotherapy-naı̈ve (COU AA-
302) and post-docetaxel (COU AA-301) treated pa-

tients. OS was prolonged in patients who are chemo-

therapy-naı̈ve (COU AA-302) after adjusting for

potential confounding baseline characteristics but

showed only a trend towards improved OS in post-

docetaxel (COU AA-301) treated patients. Statin use in

combination with AAP was also associated with an

improved OS in patients previously treated with doce-
taxel but had no effect in patients who are chemo-

therapy-naı̈ve, after adjusting for baseline variables.

To date, there has been only one reported rando-

mised trial examining the use of metformin in mCRPC,



Fig. 2. Survival in patients enrolled in COU-AA-302, stratified by AAP/placebo and metformin use. AAP, acetate plus prednisone/

prednisolone.
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the phase II TAXOMET study in which 99 patients with

mCRPC were randomised to treatment with docetaxel

plus metformin versus docetaxel alone in order to in-

crease the estimated PSA-RR from 45 to 60%. No dif-

ferences in the primary end-point of PSA response rate

was seen [15] and the median OS was 24.2 months (95%
CI 17.2e33.7) in the combination arm versus 19.7

months (95% CI 14.8e36.8) with docetaxel alone, which

did not meet statistical significance [15]. A small phase II

pilot study of 25 men with mCRPC demonstrated that

the addition of metformin after PSA progression on

abiraterone did not affect further progression and had

no meaningful clinical benefit [16].

A recent presentation of the MANSMED study
(randomised single-blinded trial of metformin added to

standard combined hormone treatment for men with

either high-risk localised prostate cancer or metastatic

castration-sensitive prostate cancer) demonstrated that

patients receiving metformin had a longer time to

castration-resistant disease (median 29 months, 95% CI

25 to 33) than those randomised to placebo (20 months,

95% CI 16 to 24, p Z 0.01) [17]. This effect was most
pronounced in men with high-risk localised disease and

node-positive disease, marginal in those with low vol-

ume metastatic disease, and there was no benefit in those

with high volume metastatic disease, and with the cur-

rent follow-up interval, there was no difference in OS.

We found that metformin use showed associated OS

and PSA response benefit only when co-administered

with AAP, which is provocative. Whilst speculative, there
are several potential mechanisms of action that may

explain the improved OS and PSA-RR with metformin in

this post-hoc analysis. AA resistance is in part driven by

increased expression of the wild type androgen receptor

(AR) and AR splice variants including AR variant 7
(AR-V7) [18]. In vitro studies have demonstrated that

metformin may inhibit AR-V7 and that metformin in

combination with AA may lead to increased cancer cell

apoptosis [19]. Similar results were observed between

metformin and the AR antagonist enzalutamide in vitro

[20]. Preclinical evidence has also implicated the role of
STAT3 signalling as a mechanism of resistance to abir-

aterone and enzalutamide, a pathway that may be

inhibited by metformin via its effect on TGF-b [20].

These pre-clinical results may help to explain the more

consistent benefits from metformin in those randomised

to AAP than those randomised to placebo. However, our

findings are limited by the small number of metformin

users and the lack of control over which patients received
metformin thus leading to potential confounding.

We found that statins were associated with a pro-

longed OS and improved PSA-RR in patients treated

with AAP in COU-AA-301, who had previously

received chemotherapy. This is in keeping with recent

studies demonstrating improved OS among those

treated with AAP and statin compared to statins alone

[21e23]. However, we found no differences in OS in
multivariate analysis or PSA response rate in patients

who are chemotherapy-naı̈ve and enrolled in the COU-

AA-302 treated with AAP. Again, these findings are

limited by the small number of statin users and the lack

of control over which patients received statins thus

leading to potential confounding.

There may be several reasons for the differences seen

between COU-AA-301 and 302. The beneficial effects of
statins on prostate cancer survival may be moderated by

timing, dose and the duration of statin use. Some studies

have shown improved OS among patients taking statins

prior to diagnosis [24] while others found improved OS if

statins were used after diagnosis [25]. Research has also



Fig. 3. Survival in patients enrolled in COU-AA-301, stratified by AAP/placebo and statin use. AAP, acetate plus prednisone/

prednisolone.
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demonstrated that not all statins are equal, with

increased mortality benefit for hydrophilic statins

compared to hydrophobic statins perhaps due to inter-

ference in lipid raft signalling or impacts on androgen

availability [24]. Finally, higher doses appear to have

greater effect on the prostatic epithelium [26]. Unfortu-

nately, data regarding statin type, dose and the duration
of therapy were unavailable but could possibly explain

the differential findings between COU-AA-301 and 302.

There are important limitations to this study. This is

an exploratory hypothesis-generating post-hoc analysis
Fig. 4. Survival in patients enrolled in COU-AA-302, stratified b

prednisolone.
of existing data and as such we chose not to perform

statistical adjustments for false discovery rate. Several

baseline imbalances existed between our medication

groups that could affect our findings (Supplemental

Tables 1 and 2). While adverse events by concurrent

medication use are presented, we did not perform sta-

tistical comparisons due to the risk of false discovery.
However, toxicities were similar between groups. We

were not able to verify the causes of death which would

inform whether metformin is improving prostate cancer-

related death or simply decreasing other causes of death
y AAP/placebo and statin use. AAP, acetate plus prednisone/
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such as cardiovascular disease. Nonetheless, the associ-

ation with OS in those treated with combination met-

formin and AAP remained significant in multivariate

analysis after adjusting for these baseline imbalances,

and metformin was associated with a prolonged OS

when pooled across studies and treatment arms. While

we demonstrate an improvement in OS and PSA

response in some subgroups treated with metformin or
statin, the results were inconsistent and require further

study. In addition, radiographic progression-free sur-

vival data were unavailable for the cohorts involved,

which may have provided correlative analyses. Finally,

the subgroups of patients treated with metformin or

statins are small, limiting our power to detect statisti-

cally significant differences and the takers of either

drugs might simply be a surrogate for better health
awareness, medical literacy and care, introducing a sig-

nificant bias into the analyses.

Additional prospective studies with sufficient power

to examine the effects of metformin and statins on

outcomes in men with prostate cancer are needed, and

several large studies are currently underway such as (i)

metformin versus placebo for active surveillance

(NCT01864096) (408 patients total), (ii) metformin in
addition to standard of care in the mHSPC setting

(STAMPEDE) (NCT00268476) (1800 patients), (iii)

aspirin/atorvastatin in addition to standard of care in

mCRPC (PEACE-4) (NCT03819101) (1210 patients),

(iv) metformin in patients with mCRPC in combination

with enzalutamide versus enzalutamide alone

(SAKK0814) (NCT02640534) (169 patients).

5. Conclusion

Although methodologically limited, our results add to

the growing body of evidence that metformin may
prolong OS and increase PSA-RR among patients with

mCRPC treated with AAP. While our findings

regarding the effects of statins on OS differed between

chemotherapy-treated and chemotherapy-naı̈ve pa-

tients, they highlight the need for further prospective

and controlled clinical trials regarding the adjunctive

role that these medications may play for men with

mCRPC.
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