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Abstract

Background—While epidemiologic studies suggest that metformin use among diabetics may 

decrease prostate cancer (PC) incidence, the effect of metformin use on PC outcome is unclear. 

We investigated the association between pre-operative metformin use, dose and duration of use 

and biochemical recurrence (BCR) in PC patients with diabetes who underwent radical 

prostatectomy (RP).

Users may view, print, copy, download and text and data- mine the content in such documents, for the purposes of academic research, 
subject always to the full Conditions of use: http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding author: Dr Stephen J. Freedland; Mailing address: Division of Urologic Surgery, Department of Surgery, Duke 
University School of Medicine, Box 2626, Durham NC 27710, USA; Tel: +1 919 668 5946; Fax: +1 919 668 7093; 
steve.freedland@duke.edu. 

Conflicts of interest: The authors have no competing financial conflicts of interest.

HHS Public Access
Author manuscript
Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2014 June 01.

Published in final edited form as:
Prostate Cancer Prostatic Dis. 2013 December ; 16(4): 391–397. doi:10.1038/pcan.2013.48.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods—We conducted a retrospective cohort analysis within the Shared Equal Access 

Regional Cancer Hospital (SEARCH) database of 371 PC patients with diabetes who underwent 

RP. Time to BCR between metformin users and non-users, and by metformin dose and duration of 

use was assessed using multivariable Cox proportional analysis adjusted for demographic, clinical 

and/or pathologic features. Time to castrate-resistant PC (CPRC), metastases and PC-specific 

mortality were explored as secondary outcomes using unadjusted analyses.

Results—Of 371 diabetic men, 156 (42%) were using metformin prior to RP. Metformin use was 

associated with more recent year of surgery (p<0.0001) but no clinical or pathologic 

characteristics. After adjustment for year of surgery, clinical and pathologic features, there were 

no associations between metformin use (HR 0.93; 95%CI 0.61–1.41), high metformin dose (HR 

0.96; 95%CI 0.57–1.61) or duration of use (HR 1.00; 95%CI 0.99–1.02) and time to BCR. A total 

of 14 patients (3.8%) developed CRPC, 10 (2.7%) distant metastases and 8 (2.2%) died from PC. 

Unadjusted analysis suggested high metformin dose versus non-use was associated with increased 

risk of CRPC (HR 5.1; 95%CI 1.6–16.5), metastases (HR 4.8; 95%CI 1.2–18.5) and PC-specific 

mortality (HR 5.0; 95%CI 1.1–22.5).

Conclusions—Metformin use, dose or duration of use was not associated with BCR in this 

cohort of diabetic PC patients treated with RP. The suggestion that higher metformin dose was 

associated with increased risk of CPRC, metastases and PC-specific mortality merits testing in 

large prospective studies with longer follow-up.
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Introduction

Prostate cancer (PC) is the second most commonly diagnosed male cancer with nearly 1 000 

000 new cases per year worldwide 1. Prevalence of type II diabetes is rising, and is 

estimated to affect ~10% of men in Westernized society 2. Meta-analyses have found 

diabetes to be associated with 14% – 21% decreased overall PC incidence, and subgroup 

analyses have demonstrated a temporal association between diabetes and decreased PC risk, 

with significant protective effect seen only in men with diabetes longer than 5 years 3,4. It 

has therefore been hypothesized that the metabolic and hormonal environment of advanced/

end-stage diabetes, characterized by reduced bioavailable testosterone levels and a 

hypoinsulinemic state, is consistent with protection from overall PC incidence.

Metformin, a first line therapy for type II diabetes, is associated with reduced overall cancer 

incidence 5–8 and decreased cancer-specific mortality among individuals with diabetes, 

relative to either sulfonylurea or insulin use 9,10. In PC, preclinical studies have shown that 

metformin can exert direct anti-proliferative effects on PC cells both in vitro and in vivo via 

a variety of mechanisms including cell cycle arrest 11, mTOR inhibition via AMPK-

independent mechanisms 12 in addition to growth inhibition via AMPK-dependent 

mechanisms 13. In addition, since elevated systemic insulin levels pre-PC diagnosis (using 

C-peptide as a surrogate) have been associated with PC mortality 14, it is possible that the 
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systemic insulin-lowering properties of metformin may also contribute to protection against 

PC progression.

To date, four observational studies have specifically addressed the effect of metformin on 

PC risk in humans. One population-based case-control study found metformin use to be 

associated with a borderline significant 44% decrease in PC incidence in diabetics (OR 0.56; 

95% CI 0.32–1.00) 15, while another found metformin use to reduce PC risk by 20% (OR 

0.80; 95% CI 0.73–0.88) 16. On the contrary, both a cohort study 17 and a nested case-

control study 18 reported a lack of association between metformin therapy and PC risk in 

diabetic patients. Regarding PC-specific outcomes, to our knowledge only three 

retrospective cohort studies have been published to date. One examined 210 diabetic 

patients, 112 of whom were taking metformin, and found no effect of metformin on risk of 

biochemical recurrence (BCR) following radical prostatectomy (RP) 19. These null findings 

were subsequently replicated in a larger study of 885 RP patients with diabetes, 323 of 

whom were taking metformin, which found no effect on BCR, metastases or overall 

survival 20. Another examined 319 diabetic patients who underwent external beam radiation 

therapy for localized PC, 157 of whom were taking metformin, and found metformin use to 

be associated with significantly reduced risk of BCR, castrate resistant PC (CPRC), distant 

metastasis, and PC-specific mortality 21. To our knowledge, no studies have examined the 

effect of metformin dose or duration of use on PC outcomes.

Given these conflicting results regarding the association between metformin and PC 

outcomes, we sought to test whether metformin use, dose and duration of use was associated 

with outcomes among diabetic men undergoing RP using the Shared Equal Access Regional 

Cancer Hospital (SEARCH) database 22. Given epidemiologic and biological evidence 

suggesting anti-tumorigenic properties of metformin, we hypothesized that metformin use 

would be associated with more favorable pathologic features and reduced risk of BCR 

following RP relative to diabetic patients not taking metformin.

Methods

Study population

After obtaining Institutional Review Board approval from each institution, data from 

patients undergoing RP between 1988 and 2010 at four VA Medical Centers (West Los 

Angeles, CA; Durham, NC; Asheville, NC; and Augusta, GA) were combined into Shared 

Equal Access Regional Cancer Hospital (SEARCH) 22. SEARCH does not include patients 

treated with preoperative androgen deprivation or radiation therapy. After excluding 136 

men without known diabetes status, we identified 2,349 men with known diabetes status, of 

whom 394 (17%) were diabetic at the time of surgery. Lastly, we excluded men who 

underwent surgery prior to 1995, the year that metformin was introduced in the US, giving 

rise to a final cohort of 371 men. Although we could not definitively distinguish Type I from 

Type II diabetes, a chart review of patients at the Durham VA showed that 97% had Type II 

diabetes 23. Thus, the vast majority of our cohort is likely to have Type II diabetes.
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Exposure assessment and definitions

Pre-operative metformin use was assessed by examining metformin use at time of surgery. 

Metformin dose at time of surgery and earliest issue date (from which duration of use in 

months was calculated) was ascertained by examining the pharmacy database within the VA 

computerized medical records, and was available for all metformin users.

Follow-up

Follow-up protocols were left to the discretion of the treating physicians. BCR was defined 

as a single PSA >0.2 ng/ml, two consecutive concentrations at 0.2 ng/ml, or secondary 

treatment for detectable postoperative PSA. Men receiving adjuvant therapy ≤6 months after 

surgery for an undetectable PSA were considered non-recurrent at the time of adjuvant 

therapy, and their follow-up was censored at that point for BCR, but continued for long-term 

outcomes. Distant metastases, defined as bone, visceral or distant adenopathy (not pelvic 

adenopathy), were determined by review of radionuclide bone scans, magnetic resonance 

imaging scans, computed tomography scans, plain radiograph reports, and clinical progress 

notes. Decision to perform radiographic imaging was at the treating physician’s discretion. 

Castrate resistant PC (CRPC) was defined using Prostate Cancer Working Group Two 

criteria: 25% PSA increase from the androgen deprivation therapy (ADT) PSA nadir and 

PSA increase ≥2 ng/ml 24. Prostate cancer-specific mortality was defined as death in any 

patient with metastases showing PC progression following ADT.

Statistical analysis

Differences in demographic, clinical and pathologic factors between metformin users and 

non-users were examined using t-tests and χ2 tests for continuous and categorical variables, 

respectively, and rank-sum tests for continuous variables not normally distributed. For 

examining distribution of clinicopathological features across metformin doses, we used 

ANOVA, χ2, and Kruskal-Wallis as appropriate.

Multivariable logistic regression analysis was used to test whether metformin use was 

associated with pathological Gleason score (<7 versus ≥7), extracapsular extension, seminal 

vesicle invasion and positive margins. There were insufficient numbers of men (n=2) with 

positive lymph nodes to examine this pathologic feature. The influence of metformin dose 

(available for all metformin users) on pathologic features and BCR was modeled using daily 

metformin dose as a three tier categorical variable (<2000 mg/day (low; n=83), ≥2000 

mg/day (high; n=73), versus 0 mg (i.e. metformin non-use)). We examined the effect of 

duration of metformin use (measured in months) on pathologic features and BCR using the 

earliest issue date of metformin (continuous; available for all metformin users). Logistic 

regression models were adjusted for age at surgery (continuous), year of surgery 

(continuous), BMI (continuous), race (black, nonblack), preoperative PSA (continuous, 

natural log-transformed), surgical center (categorical), biopsy Gleason score (2–6, 7, 8–10) 

and clinical stage (T1 vs. T2/T3).

Time from RP to BCR (primary outcome) and time to CRPC, metastases, and PC-specific 

death (secondary outcomes) were compared between metformin users and non-users using 

Kaplan-Meier plots and the log-rank test. With a cohort of 371 patients, we had 80% power 
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to detect a HR of <0.75 or >1.33 for metformin use and risk of BCR, using a two-sided 

alpha<0.05. Cox proportional hazards models were used to test whether metformin use 

independently predicted time to these events. For our primary outcome of BCR, we adjusted 

for clinical factors (age at surgery, year of surgery, BMI, race, preoperative PSA, surgical 

center, biopsy Gleason score and clinical stage). As secondary analysis, we adjusted for 

aforementioned clinical factors (dropping biopsy Gleason), in addition to pathologic factors 

(pathological Gleason score (2–6, 7, 8–10), extracapsular extension, seminal vesicle 

invasion and positive margins (all categorical)). In addition, we examined the association of 

metformin dose and duration of use with risk of the various outcomes, adjusting for 

aforementioned clinical or clinical and pathologic features. For secondary outcomes (time to 

CRPC, metastases and PC-specific death), the small numbers of events precluded 

multivariable analysis and so clinical and pathologic variables were added to our models one 

at a time, and results were treated as exploratory.

Statistical analysis was performed using Stata, version 11.0 (Stata Corp, College Station, 

TX, USA).

Results

Among all 371 diabetic men, 156 (42%) were using metformin at the time of surgery (Table 

1). Metformin users were more recently treated compared to non-users (p<0.0001), resulting 

in significantly shorter follow up for metformin users (59 vs. 73 months, p=0.004). The 

number of biopsy cores sampled and duration of diabetes significantly differed between 

users and non-users, but there were no other significant differences in demographic or 

clinical characteristics between metformin users and non-users. Percentage glycosylated 

hemoglobin (HbA1c) in the year prior to surgery, a measure of diabetes control, was 

available for 293 men (79%) and did not differ between metformin users and non-users 

(p=0.425) (Table 1). High metformin dose was significantly associated with increased 

Hba1c levels (p=0.02) and increased seminal vesicle invasion (p=0.023), but was unrelated 

to other clinical or pathological characteristics (Table 2). On multivariable analysis, there 

were no associations between metformin use, dose or duration of use and adverse pathologic 

features in this cohort (Table 3). Adjusting our analyses for duration of diabetes and Hba1c 

levels did not alter our results (data not shown).

Of 371 diabetic patients, 134 (36%) progressed to BCR. Of metformin users, 49 (31%) 

recurred and 85 (40%) of metformin non-users recurred. Median follow up among men who 

did not recur was 65 months (IQR: 40–96). We analyzed crude risk of BCR in diabetic 

patients, comparing metformin users and non-users. Metformin use was not significantly 

associated with risk of BCR in crude analysis (HR 0.86, 95% CI 0.61–1.23), nor following 

adjustment for clinical features (HR 1.01, 95% CI 0.67–1.52), nor following adjustment for 

both clinical and pathologic features (HR 0.93, 95% CI 0.61–1.41; Table 4). Furthermore, 

there was no association of metformin dose or months of use with risk of BCR on crude or 

adjusted analyses (Table 4). Adjusting our analyses for duration of diabetes and Hba1c 

levels did not alter our results (data not shown).
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We assessed the association between metformin use, duration of use, and dose with longer-

term outcomes of CRPC, distant metastasis and PC-specific mortality. A total of 14 patients 

(3.8%) developed CRPC, 10 (2.7%) distant metastases and 8 (2.2%) died from PC. On 

unadjusted analysis, metformin use was unrelated to metastases or PC-specific mortality, 

however metformin use was associated with borderline increased risk of CRPC (Table 5; 

p=0.054). While duration of metformin use did not show any association with any longer-

term outcomes, there were suggestions that high metformin dose (≥2000 mg versus no 

metformin) was associated with increased risk of distant outcomes including CRPC (HR 

5.1; 95%CI 1.6–16.5; p=0.006), distant metastases (HR 4.8; 95%CI 1.23–18.5; p=0.024) and 

PC-specific mortality (HR 4.97; 95%CI 1.10–22.5; p=0.037), with no significant 

associations at low metformin dose (Table 5). Unfortunately limited numbers of events 

precluded multivariable analysis. However, when clinical and pathologic features were 

added to the unadjusted model one at a time (data not shown), no variable markedly altered 

the HR for these distant outcomes.

Discussion

In this cohort of diabetic PC patients there was no effect of metformin use, dose or duration 

of use on adverse pathologic features or time to BCR. Three retrospective cohort studies 

previously examined the effect of metformin use on PC-specific outcomes. Similar to our 

own study, Patel et al. found no associations between metformin use and BCR or pathologic 

outcome in RP patients 19. In a larger but otherwise similar retrospective cohort study of 323 

metformin users and 562 non-users, Kaushik et al. found no associations between metformin 

use and BCR, adverse pathology, metastasis or overall survival 20. Our null findings 

regarding metformin use and BCR are in agreement with both of these prior studies. Spratt 

et al. examined the effect of metformin use on BCR and long-term outcomes after external 

beam radiation therapy for localized PC. In contrast to our analysis, and that of Kaushik et 

al., this study reported a significant reduction in risk of BCR, development of CPRC, distant 

metastases and PC-specific mortality in metformin users versus non-users 21. Of note, this 

study reported an extremely large HR of 5.15 (95%CI 1.53–17.35) for metformin non-use 

on PC-specific mortality which, viewed alternatively, corresponds to a HR of 0.19 for 

metformin use. For purposes of comparison, two randomized trials of RP vs. watchful 

waiting showed that RP reduced PC-specific mortality by ~40% 25,26. Therefore, this study 

suggested metformin use is approximately twice as effective as RP for reducing PC-specific 

mortality. As such, such a strong effect of metformin seems unlikely and the results of this 

prior radiation study should be interpreted with caution.

While our study was certainly limited by small numbers and short follow-up, we saw no 

benefit of metformin use for improving oncologic outcomes in PC patients following RP. In 

fact, our exploratory analysis suggested that higher metformin dose may even increase risk 

of CPRC, distant metastases and PC-specific mortality, although again our numbers were 

too small to conduct multivariable analysis or draw firm conclusions. These exploratory 

findings must be interpreted with caution as higher metformin dose may reflect an effort to 

improve poor diabetes control. Indeed, we found that Hba1c levels were significantly 

elevated in patients receiving higher doses of metformin. However, there is currently no 

evidence to suggest that poor diabetes control is associated with worse PC-specific long-
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term outcomes. Of note, we previously reported in this same patient cohort that while 

elevated Hba1c levels among patients with diabetes were associated with higher pathologic 

Gleason score, there was no association of Hba1c levels with BCR 27. In this analysis, 

adjusting our results for Hba1c levels did not alter our findings. Therefore, this suggestion of 

a dose-dependent effect of metformin on worsening long-term PC-specific outcomes may 

merit further investigation. The effect of metformin on lowering insulin levels may, to some 

extent, mirror the lower insulin environment of long-standing diabetes. In other words, 

metformin users and individuals with long-standing diabetes may have lower insulin levels 

than diabetic metformin non-users and diabetes-free individuals, respectively. We speculate 

that this lower insulin environment, while it may reduce overall PC incidence, may also 

select for more aggressive, growth factor-independent PC. Indeed, epidemiologic evidence 

suggests that, despite the protective effect of longer-term diabetes (>5 years) on overall PC 

risk 4, longer duration of diabetes was found to significantly increase risk of metastasis 

following RP 23. As such, these data support the hypothesis that PC tumors which can 

survive and grow in a lower insulin environment are more aggressive, though this remains 

speculative. Of note, metformin users, particularly those on high metformin doses, had 

significantly longer duration of diabetes which may present a potential source of bias in this 

study, although adjusting our models for duration of diabetes did not alter our results.

This study has several limitations which must be considered. We could not assess use of 

other diabetic medications including insulin, sulfonylureas or thiazolidinediones. We used 

earliest issue date for metformin to estimate duration of use, but we could not confirm 

whether patients took metformin continuously from earliest issue date to RP. Furthermore, it 

is possible that some metformin nonusers became metformin users after RP but before BCR. 

Given our hypothesis that metformin use delays BCR, this may bias our results towards the 

null. Future studies are required to assess the potential impact of postoperative metformin 

use on BCR. Neither could we definitively distinguish Type I from Type II diabetes, 

however median age of diabetes diagnosis was 57 years old, and thus the majority are likely 

to be Type II diabetic patients. As with all observational epidemiologic studies of drug 

effects, our study may be subject to confounding by indication, as allocation of treatment 

was not randomized and thus may differ by risk profile of the patient. However, a study 

strength was near complete BMI and HbA1c data for 90% and 75% of patients, respectively. 

We were therefore able to confirm that neither BMI nor diabetes control differed 

significantly when patients were stratified by metformin use, thus addressing these 

potentially confounding factors to the greatest extent possible in this retrospective cohort 

study. One final point to consider is that the median duration of metformin use in this study 

was 26 months, with the majority of men using metformin for less than 4 years. Whether 

this is sufficient time for metformin to have an impact on PC outcomes is unknown.

In conclusion, observational epidemiologic evidence supporting a role for metformin in PC 

prevention and treatment is weak. Our retrospective cohort analysis found no effect of 

metformin use on BCR in an RP cohort of PC patients with diabetes. Further exploratory 

analysis found a suggestion that higher metformin dose, versus metformin non-use, 

increased the risk of CPRC, metastases and PC-specific mortality. Future prospective studies 

and ultimately RCTs are required in order to establish whether there is any role for 

metformin in PC oncologic management.
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Figure 1. 
Kaplan Meier crude analysis of risk of biochemical recurrence following RP in diabetic 

men, stratified by A) metformin use and B) metformin dose at the time of RP.
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Table 1

Demographic, clinical and pathological features of metformin users and non-users.

Metformin use pre-surgery

No (n=215) Yes (n=156) P*

Age at surgery, mean (SD) 62.2 (5.8) 61.6 (5.8) 0.292ɷ

Months follow-up, median (IQR) 73 (45–110) 59 (37–81) 0.004†

Race, n (%)

White 98 (45.6) 77 (49.4)

0.475§Black 103 (47.9) 73 (46.8)

Other 14 (6.5) 6 (3.9)

Year of surgery, median (IQR) 2002 (1998–2006) 2005 (2003–2007) <0.0001†

BMI (kg/m2), n (%)

≤24.9 24 (12.8) 15 (9.8)

0.565§
25.0 – 29.9 76 (40.6) 69 (45.1)

30.0–34.9 63 (33.7) 45 (29.4)

≥35.0 24 (12.8) 24 (15.7)

Duration of diabetes (months), median (IQR) 37 (10–86) 52 (26–97) 0.004†

Duration metformin use (months), median (IQR) NA 26 (11–45) NA

% HbA1c, median (IQR) 6.8 (6.2–8.0) 7.1 (6.1–8.1) 0.425†

Preoperative PSA, median (IQR) 6.5 (4.7–10.2) 5.7 (4.7–8.3) 0.106†

Biopsy Gleason sum, n (%)

2–6 119 (55.9) 79 (51.3)

0.687§7 70 (32.9) 56 (36.4)

8–10 24 (11.3) 19 (12.3)

Clinical stage, n (%)

T1 131 (67.2) 104 (69.8)
0.605§

T2/T3 64 (32.8) 45 (30.2)

Total biopsy cores, n (%) 9 (7–11) 10 (8–12) 0.019

% positive cores, median (IQR) 25 (16.7–50.0) 33 (16.7–57.7) 0.127†

Prostate weight, median (IQR) 37.7 (29.4–50.0) 39 (30.0–50.5) 0.436†

Pathologic Gleason sum, n (%)

2–6 68 (31.8) 44 (28.2)

0.505§7 120 (56.1) 87 (55.8)

8–10 26 (12.2) 25 (16.0)
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Metformin use pre-surgery

No (n=215) Yes (n=156) P*

Positive surgical margins, n (%) 97 (45.1) 73 (46.8) 0.749§

Seminal vesicle invasion, n (%) 23 (10.7) 13 (8.4) 0.459§

Extracapsular extension, n (%) 39 (18.1) 33 (21.7) 0.396§

Lymph node metastases, n (%) 1 (0.5) 1 (0.6) 0.881§

SD = standard deviation; IQR = interquartile range

*
p values computed using ɷ t test, § chi-square or † rank sum
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Table 2

Demographic, clinical and pathological features of metformin users and non-users according to metformin 

dose.

Metformin dose pre-surgery

p*
None (n=215) Low dose (<2000mg/day; 

n=83)
High dose (≥2000mg/day; 

n=73)

Age at surgery, mean (SD) 62.2 (5.8) 62.0 (5.3) 61.0 (6.2) 0.372ɷ

Months follow-up, median (IQR) 73 (45–110) 60 (39–82) 58 (31–78) 0.013†

Race, n (%)

 White 98 (45.6) 38 (45.8) 39 (53.4)

0.639§ Black 103 (47.9) 42 (50.6) 31 (42.4)

 Non-white-non-black 14 (6.5) 3 (3.6) 3 (4.1)

Year of surgery, median (IQR) 2002 (1998–2006) 2005 (2003–2007) 2006 (2003–2007) 0.0001†

BMI, n (%)

 ≤24.9 kg/m2 24 (12.8) 10 (12.5) 5 (6.9)

0.764§
 25.0 – 29.9 kg/m2 76 (40.6) 36 (45.0) 33 (45.2)

 30.0–34.9 kg/m2 63 (33.7) 22 (27.5) 23 (31.5)

 ≥35.0 kg/m2 24 (12.8) 12 (15.0) 12 (16.4)

Duration of diabetes (months), median (IQR) 37 (10–86) 46 (21–78) 68 (37–104) 0.027†

Duration metformin use (months), median 
(IQR)

NA 21 (7–38) 37 (18–52) 0.0001†

% HbA1c, median (IQR) 6.8 (6.2–8.0) 6.7 (6.0–7.6) 7.7 (6.4–8.5) 0.020†

Preoperative PSA, median (IQR) 6.5 (4.7–10.2) 5.9 (4.8–9.4) 5.3 (4.6–7.5) 0.094†

Biopsy Gleason sum, n (%)

 2–6 119 (55.9) 45 (54.9) 34 (47.2)

0.791§ 7 70 (32.9) 28 (34.2) 28 (38.9)

 8–10 24 (11.3) 9 (11.0) 10 (13.9)

Clinical stage, n (%)

 T1 131 (67.2) 52 (67.5) 52 (72.2) 0.724§

 T2/T3 64 (32.8) 25 (32.4) 20 (27.8)

Total biopsy cores, n (%) 9 (7–11) 10 (8–12) 10 (8–12) 0.064

% positive cores, median (IQR) 25 (16.7–50.0) 33 (16.7–58.3) 32 (16.7–51.8) 0.307†

Prostate weight, median (IQR) 37.7 (29.4–50.0) 39 (30.8–51.4) 39 (29.0–50.5) 0.727†

Pathological Gleason Sum, n (%)

 2–6 68 (31.8) 27 (32.5) 17 (23.3) 0.228§
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Metformin dose pre-surgery

p*
None (n=215) Low dose (<2000mg/day; 

n=83)
High dose (≥2000mg/day; 

n=73)

 7 120 (56.1) 40 (48.2) 47 (64.4)

 8–10 26 (12.2) 16 (19.3) 9 (12.3)

Positive surgical margins, n (%) 97 (45.1) 38 (45.8) 35 (48.0) 0.916§

Seminal vesicle invasion, n (%) 23 (10.7) 2 (2.4) 11 (15.1) 0.023§

Extracapsular extension, n (%) 39 (18.1) 18 (22.0) 15 (21.4) 0.695§

Lymph node metastases, n (%) 1 (0.5) 0 (0) 1 (1.4) 0.788§

SD = standard deviation; IQR = interquartile range

*
p values computed using ɷ anova, § chi-square or † Kruskal-Wallis
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