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Abstract

Background—Conflicting evidence exists regarding the beneficial effects of metformin in
prostate cancer.

Objective—To determine the association between metformin and clinical outcomes in prostate
cancer using systematic review and meta-analysis.

Methods—Original articles published in English until third week of July, 2014 were searched in
electronic databases (Medline-Ovid, Scopus, The Cochrane Library, Web of Science, ProQuest)
for studies on metformin use in prostate cancer. The clinical outcomes assessed were: development
of biochemical recurrence, metastases or castration-resistant metastatic cancer (CRPC), all-cause
and prostate cancer-specific mortality. Meta-analysis was performed to calculate the pooled hazard
ratio (pHR) and their 95% confidence interval (95% CI). Heterogeneity between the studies was
examined using 12 statistics. Sensitivity analysis was conducted to assess the robustness of findings
and publication bias was assessed by the Egger’s regression asymmetry test and contour plot.

Results—Out of 230 retrieved citations, eight retrospective cohort studies and one nested-case-
control study met the inclusion criteria. Metformin use was marginally associated with reduction
in the risk of biochemical recurrence (pHR: 0.82, 95% CI: 0.67, 1.01, P-value = 0.06, 2= 25%, 5
studies). Metformin use was not significantly associated with metastases (pHR: 0.59, 95% CI:
0.38-1.18, P-value = 0.14, 12 = 74%, 3 studies), all-cause mortality (opHR: 0.86; 95% ClI, 0.65,
1.15, P-Value = 0.31, 12: 78%, 5 studies) and prostate cancer-specific mortality (pHR: 1.22, 95%
Cl: 0.58, 2.56, P-value = 0.60, 12 = 60%, 4 studies). Pooled estimates for all outcomes varied in
sensitivity analysis by diabetes status and primary treatment of prostate cancer. Systematic review
revealed mixed findings on metformin use and the risk of CRPC.
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Conclusion—Metformin may reduce the risk of biochemical recurrence in prostate cancer.
Given the potential of selection-bias in the observational studies, randomized trials should be
designed to assess the efficacy of metformin use in prostate cancer.

Keywords
Prostate cancer; Metformin; Biochemical recurrence; All-cause mortality

Background

Metformin, a biguanide, is the first-line of treatment for individuals with type 2 diabetes
mellitus (T2DM) (1). Currently, there is a growing interest in examining role of the
metformin for its anti-cancer properties in different cancers. A recent systematic review by
Franciosi and colleagues of metformin and risk of cancer among individuals with T2DM
found a reduction in the risk of development of any cancer due to metformin use (pooled
adjusted odds ratio, paOR: 0.73, 95% confidence interval, Cl: 0.61-0.88, 18 studies, 561,836
individuals). Furthermore, three systematic reviews assessed the effects of metformin among
individuals with any type of cancer (2-4). A meta-analysis of 20 studies of individuals with
T2DM reported that metformin was associated with a 34% reduction in overall mortality
(pooled hazard ratio, pHR = 0.66; 95% CI: 0.55-0.79) and a 38% reduction in cancer-
specific mortality (pHR = 0.62; 95% CI: 0.46-0.84) (2). Two systematic reviews of the
association of metformin with mortality conducted among individuals with any type of
cancer with presence or absence of T2DM and came to similar conclusions (2-4). However,
there have been differences in the associations between types of cancers and mortality risk
with the use of metformin (2-4). For example, a systematic review by Zhang et a/. found that
metformin was associated with the reduction in mortality in breast, colorectal, ovarian, and
endometrial cancer while was not associated with the reduction in mortality in lung,
pancreas and prostate cancer (3). These differences in the association of metformin on
mortality by types of cancers may be attributed to the differential prognostic and primary
treatment-related factors associated with different types of cancers. Therefore, there is a vital
need for studies evaluating prognosis and outcomes of metformin use in men with a specific
cancer such as prostate cancer (5).

Prostate cancer is the most common non-skin cancer in men in the United States (US) (6).
Although prostate cancer is the second leading cause of death due to cancers in men, 5-year
survival rates approach nearly 100% among men diagnosed with prostate cancer at the
localized or regional stage (6). Therefore, one of the key management strategies for prostate
cancer is to delay progression of cancer by delaying the development of biochemical
recurrence, metastases and castration-resistant prostate cancer. Metformin has been shown to
inhibit progression in prostate cancer by modifying the expression of tumor suppressor
genes and oncogenes in animal and in-vitro studies (7). It is believed to activate protease
enzymes that are responsible for the development of cancer via insulin-dependent and
insulin-independent mechanisms (7-9). Furthermore, metformin reduces hyperinsulinemia
(10) and hyperglycemia (11), both of which are potential risk factors for mortality in
prostate cancer (1). Metformin down-regulates the androgen-receptors levels which in turn
maximizes the anti-cancer properties of androgen depriving therapy (ADT) (12). Therefore,
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it is reasonable to expect that metformin may have a potential role in delaying disease
progression, and improving clinical outcomes in men with prostate cancer.

Although evidence about the anti-cancer properties of metformin in in-vitro and animal
studies exists, there have been contradictory findings about the association between
metformin use and prostate cancer-specific and all-cause mortality, biochemical recurrence
and metastases among individual studies (13-15). Three systematic reviews conducted at
various time periods [as of June 2012(3), as of July 2013(2), and as of December 2013(4)]
found that metformin was not significantly associated with all-cause and prostate cancer-
specific-mortality among men with prostate cancer. However, there have new studies
published since the search time of the three systematic reviews assessing outcomes of
metformin in men with prostate cancer. Furthermore, these systematic reviews did not assess
crucial measures of cancer progression such as biochemical recurrence, metastases or
castration-resistant prostate cancer (CRPC). Therefore, the current systematic review and
meta-analysis were conducted to examine the association between metformin use and
clinical outcomes. We have selected biochemical recurrence as the primary outcome because
one of the key management strategies for prostate cancer is to delay progression of cancer by
delaying development of biochemical recurrence. In addition, the reduction in the risk of
biochemical recurrence may improve clinical outcomes such as metastases and mortality.
We considered metastases, CRPC, all-cause and prostate cancer-specific mortality as
secondary outcomes.

Our primary hypothesis was that metformin use will be associated with a reduction in the
risk of biochemical recurrence among men with prostate cancer. Our secondary hypotheses
were the metformin use will be associated with improvement in clinical outcomes such as
metastases, CRPC, all-cause and prostate cancer-specific mortality. Although metformin is
commonly prescribed for diabetes management, in this meta-analysis, we included studies
that focused on men with prostate cancer regardless of diabetes status.

This systematic review and meta-analysis followed the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (16), the
Strengthening the Reporting of Observational studies in Epidemiology (STROBE) Statement
(17) as well as Cochrane Collaboration guidelines (18).

Criteria for Study Selection

We included prospective randomized clinical trials (RCTs) (double-blinded, single-blinded,
or cross-over) and observational (cohort, case-control, or nested case-control) studies that
examined the effects of metformin in men with prostate cancer. We excluded quasi-or
pseudo randomized clinical trials, animal studies, and in-vitro studies as these studies cannot
be generalized to all men with prostate cancer, and have a potential for selection bias.

With respect to the RCTs, we excluded trials with sample sizes smaller than the minimum
detectable difference for the primary outcome(s) and shorter duration (< 6 months) of
follow-up. We included the RCTs comparing metformin with placebo or active control
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(andorgen deprivation therapy, and other anti- diabetic agents) either alone or in
combination. The primary outcome of interest for our review was biochemical recurrence.
Secondary outcomes of interest were: development of metastases or castration-resistant
metastatic prostate cancer (CRPC), all-cause and/or prostate cancer-specific mortality.

Data Sources and Searches

We searched Medline (Ovid), Scopus, the Cochrane library (since inception to third week of
July 2014) to identify RCTs and observational studies assessing the effects of metformin in
men with prostate cancer. In addition, we also searched the Web of Science (WOS) and
ProQuest Dissertations & Theses Full Text until July 2014 to identify gray literature related
to unpublished theses or dissertations on the effects of metformin on prostate cancer. We
searched these databases using key-words such as “metformin”, “biguanides”, “prostate
neoplasm”, and “prostate cancer”. We also searched ongoing clinical trials status from the
clinical trials register available at www.clinicaltrial.gov. The search-strategy for each
database is reported in Appendix 1 with key-words and number of retrieved citations per
string. Finally, reference lists of identified studies were scanned to find additional pertinent

studies.

Data Extraction and Quality Assessment

Two authors (ADR, DT) independently assessed the retrieved articles and gray literature for
inclusion of articles in the review. The inter-rater kappa statistic was calculated to assess the
agreement between the two authors for inclusion or exclusion of the articles. Discrepancies
about the inclusion or exclusion were resolved with consensus of the third author (AV).

From all the eligible studies, the authors independently extracted information from the
included studies using a pre-defined data extraction form. The data extraction form was
designed to capture information about study design, country of participants, year of
publication, sample size, inclusion and exclusion criteria of individual studies, prostate
cancer stage and severity related variables, duration of metformin use, type, duration and
severity of diabetes, and other baseline characteristics. In addition, the authors also extracted
reported outcomes from each study: all-cause mortality, prostate cancer-specific mortality,
biochemical recurrence, and development of metastases/CRPC. The parameter estimates
from survival analyses of the included studies were also extracted. These parameter
estimates were: median time to event, unadjusted rates of events (outcomes), and unadjusted
and adjusted hazard ratios. The authors also recorded the number of cases and total number
of men at risk (for cohort studies) or controls (for case—control studies). In case of multiple
publications using the same study participants, we utilized data from the most recent study
with the longest duration of follow-up and complete information on outcomes.

We utilized the Cochrane risk of bias tool to assess methodological quality of the RCTs.
Based on this tool, the risk of bias was categorized as low, high or unclear for the following
domains: random sequence generation, allocation concealment; blinding of investigators,
participants, and outcome assessors; use of intent- to-treat analysis; and completeness of
follow-up (18). For observational studies, the risk of bias was evaluated based on the
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selection of study participants, identification of metformin exposure and outcomes during
the follow-up period, adjustments for potential confounders, and quality of analysis (19).

Data Synthesis and Analysis

Results

We computed a pooled hazard ratio with 95% confidence interval using the available data in
the primary studies using random-effects models random-effects with inverse-variance
method known as DerSimonian and Laird method. (20). We used the Cochrane Chi-square
x2 (Cochran Q) statistic and the 12 test to analyze heterogeneity across included studies (20).
We determined the presence of publication bias for observational studies using Egger’s
method (Kendall’s Tau) (21). Also, we utilized a contour-enhanced funnel plot to determine
other causes of publication bias by examining the symmetry of the plot. The lines of contour
indicate conventional milestones in levels of statistical significance (e.g., <0.01, <0.05,
<0.1). Publication bias was considered as "present" if the studies appeared to be missing in
the areas of non-significance and "absent" if the missing studies were in areas of higher
statistical significance (22). In addition, we did sensitivity analyses by diabetes status and
status of primary therapy (radiation therapy or radical prostatectomy) for prostate cancer to
assess the robustness of pooled-estimates. All main effects analyses were performed using
RevMan version 5.3 software package (23), while publication bias analyses were performed
using R version 3.0.2 using packages ‘metafor’ Viechtbauer et a/. and “‘extfunnel’ by Langan
et al. (24)

We retrieved a total of 230 citations through electronic databases and gray literature. We
excluded the following studies: studies assessing outcomes following metformin use in
animal models; in-vitro studies; reviews; RCTs on interventions other than metformin;
assessing risk of prostate cancer with the use of metformin; and assessing risk of prostate
cancer with presence of diabetes. In addition, we excluded an RCT on metformin use along
with ADT among men with prostate cancer (25) as this study did not assess biochemical
recurrence or any other prostate cancer related outcomes of our interest. We also excluded
one observation study as we were not able to distinguish between metformin users as mono-
or combination therapy with thiazolidinedione (26). After all these exclusions, a total nine
studies were available for our review and meta-analysis. See Figure 1 for details of study
selection.

Characteristics of included studies

Characteristics of all the nine studies are presented in Tables 1, 2 and 3. These were
published between 2010 and 2014. Five studies were conducted in the United States (US)
(13, 14, 27-29), two in the United Kingdom (UK) (30, 31) and one in Canada (15), while,
the last study utilized data from both UK and US (32). Five studies restricted the study
sample to men with diabetes and prostate cancer (13, 15, 27, 30, 31), while four studies
included sample of men with prostate cancer with presence or absence of diabetes (14, 28,
29, 32). The metformin users ranged from 32.6% (14) to 63.5% (28) among men with
prostate cancer. The sample size of the studies varied from 233 (13) to 3,837(15). Two
studies explicitly mentioned exclusion of men with type 1 diabetes mellitus (13, 30). Four
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studies restricted the cohort of men with prostate cancer to those treated with radical
prostatectomy (RP) (14, 27, 28, 32) while one study included men with prostate cancer
treated with external-beam radiation therapy (EBRT) (28, 29).

Quality assessment of included studies

The STROBE checklist was used to assess quality of the included studies as shown in Table
4. Except one nested case-control study (31), the other eight studies utilized a retrospective
cohort design (13-15, 27-30, 32). The one nested case-control study utilized Cancer Registry
linked Medical records (31). Out of eight retrospective studies, four studies utilized single-
institutional based electronic medical records (13, 14, 28, 29); two studies utilized
multicenter electronic medical data from primary care practice (30, 32), one study utilized
data from the Veterans Affairs Medical Centers (27), and the last study utilized
amalgamation of population-based administrative claims data with other clinical databases
(15).

Only four studies explicitly mentioned the ascertainment of diabetes via diagnostic codes
(15, 30, 31) or self-report (13). Three studies mentioned the ascertainment of prostate cancer
via diagnostic codes (15, 30) and biopsy-proven prostate cancer diagnosis by a trained
pathologist (29). Metformin exposure was measured prior to radical prostatectomy in two
studies (27, 28), as cumulative exposure of metformin during the entire study period in two
studies (15, 31) , anytime during study period without providing timing, index-date, or
duration of prostate cancer exposure in two studies (13, 14), at the time of cancer diagnosis
in one study (30, 32), 90-days before and after diagnosis of cancer in one study (30), and
prior to EBRT or anytime post-EBRT in the final study (29).

The included studies controlled for multiple potential confounders such as demographic
(age, race), socio-economic status, access to primary care, prostate cancer severity (PSA,
Gleason score, stage), prostate cancer primary treatment (RP, RT, ADT), personal healthcare
practices (body mass index [BMI]), anti-diabetes medications (insulin, sulfonylurea,
thiazolidinedione), other medications (statins and COX inhibitors) and comorbidity status in
multivariable modeling frameworks. Three studies controlled for the comorbidity status (15,
29, 30) and three studies controlled for African American race as a potential confounder (13,
14, 27). Except one study (27), none of the other studies controlled for diabetes severity or
duration.

Characteristics of men with prostate cancer

Seven studies had median age of population in the range of 61 to 70 years (13, 14, 27-29, 31,
32), while two studies had the median age above 70 years (15, 30). Among three studies that
reported findings by race, African-Americans constituted 20% to 47% among the metformin
users (13, 14, 27). Among two studies that reported diabetes duration (27, 30), the median
duration of diabetes ranged from 3.08 to 12.80 years. Among three studies that reported
comorbidities, two studies utilized the Charlson comorbidity index score (15, 30) while one
study reported pre-existing cardiac disease as a measure of comorbidity (29). Five studies
reported body-mass index (BMI) and most of the study participants were in the overweight
or obese categories (13, 27-30). There were no significant differences in BMI levels and
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metformin use. Only one study reported 15% to 17% smoking rates in the study population
(30). (See Table 2 for details)

Prostate cancer-specific characteristics by metformin use

The baseline characteristics related to prostate cancer stage and severity, and treatments in
the included studies are presented in Table 3. Seven studies reported the status of pre-
operative prostate specific antigen (PSA) levels (13-15, 27-29, 32). Six of the seven studies
did not find significant differences in the baseline pre-operative PSA levels between
metformin users and nonusers. The seventh study reported higher median PSA levels among
the metformin users as compared to non-metformin users (13). Eight out of nine studies
reported the Gleason score among metformin users and nonusers. A greater proportion of
men had Gleason scores of 7 or 8 with no-significant difference between metformin users
and non-metformin users in these studies. Six studies reported the American Joint Cancer
Commission (AJCC) guideline based tumor stages (13, 14, 27-29, 32). Three studies had
higher percentages of men with T1 stage (84.8% to 56.8%) and the rates of T1, T2, T3
stages were significantly different between the metformin users and nonusers (14, 27, 29).
One study reported a significantly higher proportion of men with stage three or advanced
stage among the non-metformin users as compared to the metformin users (57.4% versus
51.6%) (13). There were no significant differences in the rates of positive surgical margin
(PSM) (14, 27, 28, 32), use of ADT (28, 29), and radiation therapy (28) between metformin
users and nonusers.

Metformin use and clinical outcomes

All the nine studies conducted survival analysis of outcomes using Kaplan-Meir Plots, or
univariate and multivariate Cox-proportional hazard regressions.

Metformin and biochemical recurrence

The hazard of biochemical recurrence was reported in five studies (14, 27-29, 32).
Metformin use was marginally associated with an 18% reduction in the risk of biochemical
recurrence in random-effects model (pHR: 0.82, 95% CI: 0.67, 1.01, P-value = 0.06) without
any evidence of heterogeneity (See Figure 2 for details). With respect to publication bias,
we did not detect a statistically significant publication bias based on the Egger's test (P =
0.41). In addition, each study fell under white area of the contour enhanced funnel plot (see
Figure 4 for details). In the contour enhance plot, as all studies were on the left side of the
null effect line, we suspected publication bias and hence we conducted a trim-fill analysis
but did not find any missing studies.

Metformin and development of castration-resistant prostate cancer (CRPC)

Two studies reported CRPC as an outcome (27, 29). Allott et a/. found that the rate of CRPC
was 3.8% (N=14) among the included study population, and reported no significant
association between metformin use and CRPC (HR, 2.98; 95% Cl, 0.98 to 9.05) (27).
However, Spratt et al. reported that metformin use was associated with lower odds of
development of CRPC (aOR, 0.067; 95% CI, 0.01 to 0.55) with a median follow-up period
of 8.7 years (29). We did not conduct a meta-analysis for this outcome because difference in
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the reported statistics parameters for outcomes such as unadjusted hazard ratio and adjusted
odds ratio.

Metformin and metastases

Four studies reported metastases or lymph node metastases as an outcome (27-29, 32).
Except Allott et al., other three studies reported adjusted hazards ratio for the development
of metastases. With incidence of 14 events of metastases in the study population, Allott et al.
found no significant association between metformin use and metastases (HR: 2.53, 95% CI:
0.70, 9.22). Similar to this finding, we found no significant association between metformin
use and risk of development of metastases among individuals with prostate cancer (pHR:
0.59, 95% CI: 0.38-1.18, P-value = 0.14) with the presence of significant heterogeneity (12 =
74%). We did not observe any publication bias for metastases based on the Egger's test and
contour enhanced funnel plot (see Figure 3 for details).

Metformin and all-cause mortality

Out of the nine included studies, six studies assessed all-cause mortality as the primary
outcome (13, 15, 28-31). Overall, the rates of all-cause mortality ranged from 2.2% to 35%
(35% Margel et al.; 33% Currie et al.; 27.5% Bensimon et al.; 14% in Spratt et al., 4% in
Kaushik et al., and 2.2% in Allott et al). We found that use of metformin was not
significantly associated with all-cause mortality [pHR: 0.86; 95% Cl, 0.67, 1.10, P-Value =
0.23], however, there was heterogeneity among the studies(12=73%). We did not detect a
statistically significant publication bias based on the Egger's test (P = 0.47) or by using the
contour-enhanced funnel plot (see Figure 4). All of the studies fell below 0.1 significance
level contour and on both sides of the null effect line indicating publications with even non-
significant results. After the trim fill analysis, we found one study missing on the bottom
right side of the funnel plot using the random effect model (see Figure 5, left). After
adjusting for this study in the forest plot, the pooled HR was (pHR: 0.97, 95% CI: 0.76,
1.22) (see Figure 5, right). However, the heterogeneity was still evident in the simulated
meta-analysis (12=75%, p=0.001). Additionally, due to considerable heterogeneity (12=78%)
in the pooled effect for all- cause mortality, we developed a contour-enhanced funnel plot
based on I12contours (see Figure 5) which suggest that a significant heterogeneity will persist
even there was publication of a new study with large or small sample size in the future.

Metformin and prostate cancer-specific mortality

Five studies reported estimates of prostate cancer-specific mortality rates by metformin use
(15, 27-29, 31). Allott et a/. found that only 8 men out of 371 men died due to prostate
cancer (2.2%). This study did not find a statistically significantly association between
metformin use and prostate cancer-specific mortality (HR: 2.89, 95% ClI: 0.68, 12.3) in
unadjusted analysis. Due to the small sample size, even after controlling for other factors in
a conditional manner, Allott ef a/. did not find any significant association between
metformin use and prostate cancer-specific mortality (27). In the pooled results of the other
four studies (15, 28, 29), metformin use was not associated with prostate cancer-specific
mortality in a random-effects model (pHR: 1.08, 95% CI: 0.68, 1.72, P-value = 0.75)
without significant heterogeneity. We did not detect publication bias statistically based on
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the Egger's test (P = 0.11) (see Figure 6). However, visualization of funnel plot, and after
doing trim fill analysis, we found two missing studies on the bottom left side of the funnel
plot using the random effect model (see Figure 6, left). After adjusting the forest plot with
these studies, the pooled HR was (pHR: 0.83, 95% ClI: 0.60, 1.16) without any heterogeneity
in the simulated meta-analysis (12=0%, P-value =0.32).

Sensitivity Analyses

Sensitivity analysis by status of diabetes and other prostate cancer therapy for each clinical
outcome among the included studies are presented in Appendix 2.

a. Men with prostate cancer and Diabetes—Among the studies with included sample
of men with prostate cancer and diabetes, metformin use was significantly associated with
reduction in the all-cause mortality (pHR: 0.95, 95% ClI: 0.91-0.99, P-value = 0.02) (13, 15,
30, 31) and prostate cancer-specific mortality (pHR: 0.81, 95% ClI: 0.75,0.87) (15, 31),
while metformin use was not significantly associated with all-cause and prostate cancer-
specific mortality among the studies with men with prostate cancer with and without
diabetes.

b. Types of Prostate Cancer Therapy (radiation therapy vs radical
Prostatectomy)—Studies with men treated with radical prostatectomy, we found no
significant difference in the any of clinical outcomes with the use of metformin. However,
one study with a sample of men treated with external beam-radiation therapy found a
significant improvement in all the clinical outcomes with the use of metformin (29).

Discussion

Our systematic review assessed the effects of metformin on biochemical recurrence,
metastases, development of CRPC, all-cause and prostate cancer-specific mortality, in men
with prostate cancer. We found eight retrospective cohort studies and one nested-case-
control study for conducting this review. These studies utilized the real-world electronic
medical records or cancer registry or administrative-claims databases. As per the literature to
date, this is the first systematic review and meta-analysis that has evaluated the association
between metformin use and disease progression measures such as biochemical recurrence,
metastases, and CRPC among men with prostate cancer.

We found that metformin was marginally associated with a reduction in the risk of
biochemical recurrence without evidence of heterogeneity or publication bias. These
findings suggest that metformin can be beneficial in delaying disease progression among
men with prostate cancer. Furthermore, our results are consistent with the findings from
animal and in-vitro studies (9, 10). Our study extended previous systematic reviews by
assessing the association between biochemical recurrence and metformin. None of the
previous reviews analyzed the impact of metformin on cancer progression (2-4). It is
especially important to assess biochemical recurrence in prostate cancer as the rise in
prostate-specific antigen (PSA) level by more than 4 ng/ml indicates biological progression
of prostate cancer.
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Furthermore, our sensitivity analysis by primary treatment of prostate cancer revealed that
metformin use was associated with approximately 50% reduction in the risk of biochemical
recurrence among men with prostate cancer undergoing external-beam radiation therapy.
However, metformin use was not associated with the risk of biochemical recurrence among
men with prostate cancer undergoing radical prostatectomy. These results suggest that the
effect of metformin use on clinical outcomes may differ by type of prostate cancer treatment.
A plausible explanation for the beneficial effects of metformin along with external-beam
radiation therapy may be the radiation sensitizing properties of metformin. Metformin
activates adenosine monophosphate-activated kinsase (AMPK) which plays a key role in
regulating cell-cycle and tumor survivals. Therefore, metformin may improve the sensitivity
of radiation therapy for the radiation-resistance cells by activating AMPK. These actions
may enhance the beneficial effect of radiation therapy (33, 34). However, only a single study
assessed the effects of metformin among men undergoing external-beam radiation therapy,
and the findings of this study should be interpreted carefully in light of methodological
limitations.

We also found that metformin was not associated with all-cause and prostate cancer-specific
mortality. This is consistent with the three previous systematic reviews (2-4). However, there
was a significant and high degree of heterogeneity among the studies even in the random
effects model. A plausible explanation can be the very low rates of mortality observed in
some of the studies. For example, two studies reported very low overall all-cause mortality
rates (2.2% and 4%, respectively) (13, 14). Therefore, these studies may not have had
sufficient power to detect a statistically significant relationship between metformin use and
mortality. On the other hand, two studies which included elderly men (= 70 years) reported
greater than 10% all-cause mortality rates in men with prostate cancer and found a beneficial
effect of metformin in reducing rates of all-cause mortality in prostate cancer (15, 30). In
addition, a study with individuals with prostate cancer and diabetes found beneficial effects
of metformin on all-cause and prostate cancer specific mortality. The results suggest
diabetes itself may be a potential confounder. Therefore, future studies assessing the
association between metformin and all-cause and prostate cancer-specific outcomes should
control for diabetes status.

We observed mixed findings on the association of metformin and metastases and
development CRC. However, our study findings should be carefully interpreted in the
context of the quality and risk of bias present in the included studies. The quality of
retrospective database studies depends on the strength of datasets, generalizability, valid
methods to ascertain exposures and outcomes, and control of potential confounding factors
in the analysis (17). Variations in population characteristics, methods of diabetes and
metformin exposure ascertainment, outcome ascertainment may have resulted in
heterogeneity in the pooled-estimates even after using random-effect model for the all-cause
mortality. An important limitation of the included studies is the lack of details on the main
measurement of the main exposure variable (i.e. metformin use). Metformin dose may be
changed over time or even have even be stopped, hence, it is important to consider
metformin use throughout the observation period. Four studies failed to account for the
exposure of metformin in the follow-up period (13, 14, 27, 32).
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There may be a possibility of selection bias due to non-random allocation of metformin to
individuals with diabetes. Selection bias due to indication may result since metformin is the
first-line of treatment of diabetes and used along with diet and exercise among newly-
diagnosed men with diabetes, and men with newly diagnosed diabetes with prostate cancer
may have a different risk profile as compare to those with established diabetes and prostate
cancer. Except Margel ef al., none of the studies took measures to control for selection-bias.
Margel et a/. did a sensitivity analysis to adjust for selection bias due to indications as well
as account for dose and duration of metformin use in the follow-up periods (15). None of the
other studies utilized analytical methods to control selection bias such as inverse-probability
weighting (IPTW), propensity-score matching, or instrumental variable analysis (35).

African-American race is the strongest known risk factor for poor clinical outcomes and
higher mortality in men with prostate cancer (36). However, only two studies controlled for
race when assessing the benefits of metformin on clinical outcomes in men with prostate
cancer (27, 30). We did not find any significant difference in clinical outcomes by racial/
ethnic groups in those studies. Though adjusted models were used in most of the included
studies in our review, stratified analyses were not performed based on the adjusted variables
due to the limited number of studies. Additionally, we did not find any published clinical
trial assessing prostate-cancer related outcomes with use of metformin. Currently, seven
studies are on-going for the assessment of the effects of metformin in men with prostate
cancer (NCT01996696, NCT01677897, NCT01677897, NCT01864096, NCT01478308,
NCT01215032 , NCT01561482), and the availability of results of these trials would be
crucial to determine clinical use of metformin in prostate cancer.

Conclusion

Metformin was found to be marginally beneficial in reducing the risk of biochemical
recurrence in men with prostate cancer. Given the potential for selection-bias in the included
studies, future observational studies need to adjust for time-variant confounding factors such
as primary treatment of prostate cancer, metformin dosage, and adherence to metformin in a
robust analytical framework such as propensity-score matching, inverse probability
weighing, or instrumental variable analysis. In addition, RCTs need to be conducted to
assess the efficacy of metformin in men with prostate cancer with or without diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Appendix 2 Appendix 2

Sensitivity Analysis: Assessment of Relationship Between Metformin and Clinical
Outcomes By Diabetes Status and Primary Treatment of Prostate Cancer

#
pHR 95% ClI P-Value 12 Studies Name of Studies

Men with Diabetes and Prostate Cancer

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2016 June 13.
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#
pHR 95% ClI P-Value 12 Studies Name of Studies
BCR 0.93 0.61-1.42 0.74 NA 1 Allott 2013
CRPC¥ 2.98 0.98-9.05 0.054 NA 1 Allott 2013
Metastases* 2.53 0.70-9.22 0.158 NA 1 Allott 2013
He 2011, Currie 2012, Margel 2013,
All-cause mortality 0.95 0.91-0.99 0.02 65% 4 Bensimon 2014
Pca-Specific mortality ~ 0.81 0.75-0.87 <0.0001 0% 2 Margel 2013, Bansimon 2014
Men with Prostate Cancer with and without diabetes
Patel 2010, Rieken 2013, Spratt 2013,
BCR 0.80 0.62-1.03 0.08 40% 4 Kaushik 2014
CRPCE 0.07 0.0009-0.55 <0.01 NA 1 Spratt 2013
Metastases 0.84 0.58-1.22 0.30 0% 2 Rieken 2013, Kaushik 2014
All-cause mortality 0.73 0.52-1.03 0.07 87% 2 Sparatt 2013; Kaushik 2014
Pca-Specific mortality ~ 0.52 0.07-3.72 0.51 83% 2 Sparatt 2013; Kaushik 2014
Men Treated with Radical Prostatectomy
Patel 2010; Allott 2013; Rieken 2013;
BCR 0.89 0.73-1.10 0.29 0% 4 Kaushik 2014
CRPC¥ 2.98 0.98-9.05 0.054 NA 1 Allott 2013
Metastases 0.84 0.58-1.22 0.30 0% 2 Rieken 2013, Kaushik 2014
All-cause mortality 1.17 0.73-7.86 0.52 NA 1 Kaushik 2014
Pca-Specific mortality ~ 1.42 0.44-4.58 0.56 NA 1 Kaushik 2014
Men Treated with External-beam Radiation Therapy
BCR 0.5 0.31-0.80 0.004 NA 1 Spratt 2013
CRPCE 0.068 0.0009-0.55 <0.01 NA 1 Spratt 2013
Metastases 0.27 0.13-0.56 <0.01 NA 1 Spratt 2013
All-cause mortality 0.44 0.27-0.72 0.001 NA 1 Spratt 2013
Pca-Specific mortality ~ 0.19 0.19-0.60 0.005 NA 1 Spratt 2013
Note:
¥Spratt 2014 reported adjusted odd ratio for CRPC;
€Allott 2013 reported unadjusted hazard ratio for CRPC and metastases.
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Forest plots on the association of metformin with clinical outcomes: 1) biochemical
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recurrence 2) metastases, 3) all-cause mortality and 4) prostate specific mortality using a

random-effect model
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Figure 3.
Funnel plot (counter enhanced) for publication bias on association of metformin with a)

Biochemical recurrence and b) metastases
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Figure 4.
Funnel plot (counter enhanced) for publication bias on association of metformin with all-

cause mortality
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Funnel plot (trim fill); left for publication bias and adjusted forest plot with missing study on

association of metformin with all-cause mortality
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Funnel plot (counter enhanced) for publication bias on association of metformin with

prostate cancer-specific mortality
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Table 4

Quality of Included Studies with Measures on Disease, Exposure and Confounding Factors among the

included studies

Disease M easurement

Study 1D Data-Source Diabetes Pca
Patel 2010 (14) EMR - -
He 2011 (13) EMR Self-report in Medical Records -
Currie 2012(30) EMRs “Read code* for T2DM A validated method
Allott 2013(27) EMR - -
Margel 2013 (15) Claims ICD-9 codes ICD-9 codes
Rieken 2013(32) EMRs - -
Spratt 2013(29) EMR - Biopsy-proven-PD
Bensimon 2014(31) EMRs-Claims - ICD-10 code: C61
Kaushik 2014(28) EMR - -
Metformin Exposure
Component Method Timing
Patel 2010 (14) - - Ever users of metformin
He 2011(13) - - Ever users of metformin
Currie 2012 (30) - - 90 days before and after diagnosis of PCa
Allott 2013 (27) cmmgt - At the time RP or earliest issue date
1-year before diagnosis and follow-up,
Margel 2013 (15) Pharmacy Claims NDC codes cumulative dose of metformin

Rieken 2013(32) -
Spratt 2013(29) -
Bensimon 2014(31) Pharmacy data

Kaushik 2014(28) -

Generic and Brand Names

throughout study period
At the time RP or earliest issue date

At time of diagnosis or anytime post-
radiation therapy

At time of index and follow-up

3-month before RP and post-
diagnosed for some of the patients

Controlled variables

PCa Rx/severity DM Rx /Severity Demographic Clair;ec:rsgilli?/ty
Patel 2010 (14) PSA, GS, PSM Diabetes Age, Race -
He 2011(13) PSA, GS, Stage 'r}sﬁlggoﬁgfﬁz%'lgfsss Age, Race BMI
Currie 2012 (30) - - Age hii{g?;ig%l
Allott 2013 (27) S(AE" o S;,"‘g,\‘jl DDM, HbALc Cg:rcjsr?i%lg BMI
Margel 2013 (15) Grade&:/eorglpn;e, Pea Statins, COX-inhibitors Age Cg;;é\:lr:x
Rieken 2013(32) PSA, GS, Age -
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Disease M easurement
Study 1D Data-Source Diabetes Pca
Metastasis, PSM, VI
Spratt 2013(29) GS, PSA, Stage, '”tﬂ:;'znolf‘d“l':ggé’l'ggzzs Age, Race BMI
Alcohol use

- PSA, Stage, PSA . ol

Bensimon 2014(31) . . - Age, smoking history,
testing activity BMI. CCI

Kaushik 2014(28) PSA, GS Statin use Age BMI

Note: None of the studies described a priory sample size requirement needed to assess primary or secondary outcomes. Kaushik 2014 did not have
availability of data on metformin use and duration. Margel 2013 measured metformin use during baseline and follow-up adherence.

****Kaushik 2014 reported median dose of metformin 1, 850 mg per day (1,000-2,000).

ADT: Positive Surgical Margin; DM: Diabetes Mellitus; PSA: Prostate-Specific Antigen Level; PSM: Positive Surgical Margin; RP: Radical
Prostatectomy; RT: Radiation Therapy, M: Median; TNM: Tumor-Node-Metastasis Classification of AJCC System;

€

Allot 2013 also assessed the duration of metformin use assessed metformin dose as low dose (<2000 mg/day), high dose (= 2000 mg/day).
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