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Abstract

Background—Metformin has received considerable attention as a potential anti-cancer agent. 

Animal and in-vitro prostate cancer (PCa) models have demonstrated decreased tumor growth 

with metformin, however the precise mechanisms are unknown. We examine the effects of 

metformin on PCa biochemical recurrence (BCR) in a large clinical database followed by 

evaluating metabolic signaling changes in a cohort of men undergoing prostate needle biopsy 

(PNB).

Methods—Men treated for localized PCa were identified in a comprehensive clinical database 

between 2001 and 2010. Cox regression was performed to determine association with BCR 

relative to metformin use. We next identified a separate case-control cohort of men undergoing 

prostate needle biopsy (PNB) stratified by metformin use. Differences in mean IHC scores were 

compared with linear regression for phosphorylated IR, IGF-IR, AKT, and AMPK.

Results—1,734 men were evaluated for BCR with mean follow up of 41 months (range 1-121 

months). ‘Ever’ metformin use was not associated with BCR (HR 1.12, 0.77-1.65), however men 

reporting both pre/post-treatment metformin use had a 45% reduction in BCR (HR=0.55 

(0.31-0.96)). For the tissue-based study, 48 metformin users and 42 controls underwent PNB. 

Significantly greater staining in phosphorylated nuclear (p-IR, p-AKT) and cytoplasmic (p-IR, p-

IGF-1R) insulin signaling proteins were seen in patients with PCa detected compared to those with 

negative PNB (p-values all < 0.006). When stratified by metformin use, IGF-1R remained 

significantly elevated (p=0.01) in men with PCa detected whereas p-AMPK (p=0.05) was elevated 

only in those without PCa.
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Conclusion—Metformin use is associated with reduced BCR after treatment of localized PCa 

when considering pre-diagnostic and cumulative dosing. In men with cancer detected on PNB, 

insulin signaling markers were significantly elevated compared to negative PNB patients. The 

finding of IGF-1R elevation in positive PNBs versus p-AMPK elevation in negative PNBs 

suggests altered metabolic pathway activation precipitated by metformin use.
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Introduction

Metformin use is associated with a decrease in cancer-specific mortality.(1) There are now 

growing data for the role of metformin as an anti-tumor agent in prostate cancer (PCa) 

specifically with epidemiologic evidence showing a decreased incidence of PCa in men 

taking metformin(2, 3) and animal and in vitro models demonstrating activity against PCa 

cell lines.(4, 5) Clinical studies of metformin in PCa recurrence have been mixed (6-13) 

with several post-radical prostatectomy (RP) studies showing no beneficial effect with 

metformin use.(6-9) However, most of these studies compared ‘ever’ vs. ‘never use’ of 

metformin, preventing cumulative dose or threshold analyses, and in studies which 

evaluated dosing duration, there have been conflicting results.(6, 10, 11, 13) In addition, 

studies using actual human prostate tissue have been limited(14) but there are several trials 

both active and in recruitment (www.clinicaltrials.gov; NCT01864096 (active surveillance), 

NCT02176161 (adjuvant therapy), NCT01243385 (advanced disease)) suggesting 

metformin's potential importance in PCa research.

Anti-tumorigenic effects of metformin are proposed to act through several pathways. These 

include increased AMP-activated protein kinase (AMPK) activation, decreased hepatic 

gluconeogenesis (with secondary decrease in hyperinsulinemia), improved insulin receptor 

function with better glucose transport, and overall improved insulin sensitivity.(15, 16) 

AMPK is activated in response to cellular stress and/or starvation(17) resulting in a 

reduction of mTOR activation, protein synthesis and cellular proliferation.(18, 19) 

Metformin stimulates AMPK activation by blocking complex 1 of the mitochondrial 

electron transport chain resulting in an ATP/AMP imbalance, increased activity of liver 

kinase B1 (LKB1, a tumor suppressor and upstream regulator of AMPK), and subsequent 

phosphorylation of AMPK.(15, 16) In pre-clinical models using PCa cell lines, metformin 

has been shown to activate AMPK(4, 5) with corresponding decreases in proliferation 

suggesting direct cellular effects.

Hyperglycemia and hyperinsulinemia have been associated with multiple 

malignancies(20-22) and specifically, adverse outcomes in PCa.(23-26) Signaling through 

the insulin receptor (IR-isoform A)(27) and the closely related IGF-1 receptor leads to 

mitogenic and anti-apoptotic activity predominantly through mTOR activation.(16, 22) 

Metformin dosing results in decreased serum insulin levels(15, 16, 28) and indirectly lowers 

insulin like growth factor-1 (IGF-1) serum levels through alterations in IGF-binding 
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proteins.(22) This may result in decreased downstream activation of these mitogenic 

pathways and potentially, a decrease in PCa proliferation (see Figure 1).

To better define the role of metformin in PCa, we used a comprehensive computerized 

medical records system to determine the relationship between ‘ever’ use of metformin and 

BCR following treatment for PCa. We also studied whether duration and cumulative use of 

metformin impacts BCR. Next, to study the mechanisms underlying metformin's potential 

activity in PCa, we conducted a case control study in men undergoing prostate needle biopsy 

(PNB) to determine whether pharmacologic dosages of metformin can lead to measurable 

changes of metabolic signaling markers. We hypothesize that changes such as increased 

AMPK phosphorylation or down regulation of other metabolic markers (IR, IGF-IR and 

AKT) will be seen at the tissue level relative to cancer detection and metformin use.

Materials and Methods

Metformin use and PCa recurrence

Eligible men were identified from the Northwest Veterans Integrated Services Network 

(VISN 20) electronic medical record encompassing veterans in Washington, Oregon, 

Alaska, Idaho, western Montana and northern California (7 primary medical centers and 27 

community-based outpatient clinics). Data were extracted from the VISN20 regional data 

warehouse, which obtains nearly 100% of the electronic medical record (including clinic 

appointments, inpatient stays, pharmacy records, laboratory values, pathology reports, 

imaging tests, and vital measures).(29, 30) VA IRB approval (#00399) was obtained. Men 

with an established primary care provider in VISN20 prior to diagnosis and had a previously 

assessed PSA value measured within one year of study were included to ensure capture of 

follow up care within the VA system. Men on active surveillance/watchful waiting and men 

with distant metastases at diagnosis were excluded. Men treated with primary androgen 

deprivation therapy (ADT) or long-term continuous ADT as part of their primary treatment 

were also excluded owing to the effects of ADT on glucose homeostasis.(31) Between 2001 

and 2010, 1,734 men who met inclusion criteria were treated with either radical 

prostatectomy (RP) or radiation therapy (RT) (brachytherapy or external beam radiation 

therapy) for localized PCa.

Use of metformin was determined from the electronic pharmacy records. Data collected 

included dosage, quantity, and date prescription was filled. Additionally, the diagnosis of 

type 2 diabetes mellitus (DM) was collected from ICD9 diagnosis codes. Use of metformin 

was evaluated several different ways: ever vs. never use; cumulative dose; and cumulative 

duration of metformin use with men placed into quartiles based on these cumulative usages. 

In order to differentiate the potential effect of DM on BCR from metformin usage, we 

categorized the remaining men into (1) those who did not have the diagnosis of DM and 

were not taking metformin, and (2) those who had DM but were not taking metformin.

Serum glucose levels were also available on all patients with the glucose level closest to the 

date of diagnosis recorded. A glucose level was considered normal if < 100 mg/dL, 

according to the American Diabetes Association (ADA) classification. Demographic, 

clinical and tumor characteristics were also collected, including age, race, year of diagnosis, 
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body mass index (BMI), Charlson Comorbidity Index(32),(33) Gleason score, clinical stage 

(all patients) and pathologic stage (available for RP patients, based on TNM classification 

from American Joint Committee on Cancer (AJCC, Chicago, Illinois), 7th edition.).

Biochemical recurrence (BCR) following RP was defined as any prostatic specific antigen 

(PSA) ≥ 0.2 ng/mL at 6 months or more after surgery in men with an undetectable PSA 

post-RP. For men treated with RT, the Phoenix criterion was used to define recurrence 

(nadir PSA + 2.0 ng/mL). Salvage therapy, in the form or RT, RP or ADT, was also 

considered evidence of PCa recurrence. Salvage RT was defined as pelvic RT received > 1 

year after primary treatment date. Patients were considered lost to follow-up and censored at 

December 31st in the year of their last visit if no VA utilization in the subsequent calendar 

year occurred.

Multivariate Cox proportional hazards regression was performed in each group adjusting for 

all covariates (age, race, BMI, Charlson comorbidity index, DM, glucose level, year of 

diagnosis, treatment type, Gleason score, PSA and tumor stage). The proportional hazards 

assumption was assessed with Schoenfeld residuals. In order to account for the potential of 

immortal time bias (34) influencing the results, we performed additional analyses limiting 

the cohort to those who either never took metformin or those who were taking metformin at 

the time of treatment and beyond. All statistical analyses were conducted using STATA 

software, Version 13 (Stata, Inc., College Station, TX).

Tissue based study

The study population comes from a clinical and tissue database from the Seattle-Puget 

Sound Veteran's Affairs Medical Center within the VISN20 network (PI, Daniel W Lin, VA 

IRB # 01423) of men undergoing prostate needle biopsy for the suspicion of PCa. (IRB # 

7595). We retrospectively identified men from this database who were continuously taking 

metformin (≥ 500 mg daily) for at least 6 months prior to the biopsy. Controls were then 

identified from the same database of men undergoing biopsy and not taking metformin. 

Exclusion criteria for potential controls included previous metformin use, current insulin use 

or a serum creatinine of > 1.5 mg/dL (due to relative contraindication of metformin in renal 

insufficiency). Cases and controls were matched 1:1 based on age (10-year age groups), race 

(Caucasian vs. other), body mass index (BMI, normal, overweight, obese) and whether PCa 

was present in the biopsy. A computerized, random selection algorithm performed matching 

of cases to controls.

Tissue blocks, previously fixed in formalin and embedded in paraffin, were cut and sections 

mounted on charged slides. Sections were rehydrated and incubated with 3% H2O2, blocked 

with avidin/biotin blocking solution (Vector Laboratories Inc.) and then 5% goat serum. The 

sections were incubated with either rabbit anti-IGF-1R (1:100; Santa Cruz Biotechnology), 

rabbit anti-phospho-IGF-1R (1:50; Abcam), mouse anti-insulin receptor (1:100; Santa Cruz 

Biotechnology), rabbit anti-phospho-insulin receptor (1:50; Abcam), rabbit anti-AMPK 

(1:50; Abcam), rabbit anti-phospho-AMPK (1:50; Abcam), rabbit anti-AKT (1:50; Cell 

Signaling), rabbit anti-phospho-AKT (1:50; Cell Signaling) or rabbit or mouse control IgG 

at the same concentration. The tissue was then washed and incubated with biotinylated 

secondary antibody (1:100; Santa Cruz Biotechnology), developed using the Vectastain 
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ABC kit (Vector Laboratories Inc.) and stable DAB (Vector Laboratories), counterstained 

with hematoxylin, dehydrated, and mounted with Permount (Fisher). A clinical and research 

pathologist (XZ) blinded to case vs. control status scored the staining using the following 

method: 0 = no staining, 1 = faint/present staining, 2 = strong/intense staining. The 

percentage of staining cells was then estimated and a composite score calculated.

Mean IHC scores were compared between groups based on metformin exposure using linear 

regression adjusted for the matched variables age, race, BMI and fasting glucose. 

Adjustment for fasting glucose was performed due to significant differences identified 

between cases and controls. Analyses were performed separately for men with and without 

PCa detected. All statistical analyses were conducted using STATA software, Version 13 

(Stata, Inc., College Station, TX).

Results

Metformin use and BCR

Demographic and clinical characteristics of the PCa treatment cohort are shown in 

Supplementary Table 1. Mean follow up for cohort was 41 months (range 1-121 months). 

The majority of men were <65 years old (56%) and Caucasian (85%). 42% of men were 

considered obese with a body mass index (BMI) of >30 kg/m2. Prostate specific antigen 

(PSA) was most commonly in the 4-9.9 ng/mL range (63%) with the majority of patients 

having intermediate risk disease prior to treatment. Table 1 describes metformin use relative 

to risk of BCR. 21% (n=366) of men used metformin while 6% (n=103) of men had DM but 

did not take metformin. Of those using metformin, median duration of use was > 3.5 years 

with the highest quartile of users reporting > 6 years of use. BCR was seen in 281/1734 

(16%) overall with 64/366 (17%) in patients with ‘ever-use’ of metformin and 217/1,368 

(16%) in those who never took metformin. Among those taking metformin both before and 

after treatment (n=143), only 11% experienced BCR. On multivariate analysis, ‘ever-use’ of 

metformin was not associated with the risk of PCa recurrence (HR 0.91, 95% CI 0.65-1.28). 

Metformin use after diagnosis was also not associated with benefit, however, in those 

patients taking metformin before and after diagnosis, there was a decreased risk of PCa 

recurrence (HR 0.55, 95% CI 0.31-0.96). Further, when the total metformin dosage or 

cumulative duration of dosing was considered, those in the highest quartile had a statistically 

significant 58% reduction in the risk of BCR compared to those who had never taken 

metformin (Table 1).

Tissue based study

Given the potential benefits of metformin use on BCR, we identified a small, separate cohort 

of patients undergoing PNB to look for measurable changes at the tissue level relative to 

metformin use. 48 cases and 42 matched controls with clinical and pathologic data are 

shown in Supplementary Table 2. The majority of the men were Caucasian (82%), obese 

(59%) and over the age of 65 (58%). PCa was detected in 44% overall (n=40). Median 

fasting glucose levels were higher in those taking metformin (138 mg/dL; IQR 107-158) 

compared to those not taking metformin ((102 mg/dL; IQR 94-114), p < 0.001 by Wilcoxon 

rank-sum test).
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Table 2 reveals the differences in staining score between those with and without PCa 

detected on PNB with insulin signaling pathway markers highlighted in grey. Significantly 

greater staining in phosphorylated nuclear (p-IR, p-AKT) and cytoplasmic (p-IR, p-IGF-1R) 

insulin signaling proteins were seen in patients with PCa detected compared to those with 

negative PNB (p-values all < 0.006). Total AMPK was significantly increased in PCa 

patients; however, the active form (p-AMPK) was not significantly elevated in either nuclear 

or cytoplasmic staining.

Table 3 shows the mean scores, standard deviations, and adjusted p-values for each stain in 

men with positive PNB relative to metformin use. Cytoplasmic IGF-1R was found to be 

greater in those taking metformin compared to controls (p=0.01). In Table 4, the mean 

scores and standard deviations for each stain are provided for men with negative PNB. 

Higher mean scores for nuclear p-AMPK were seen in those taking metformin (p=0.05). 

Representative staining images are shown in Figure 2.

Discussion

The role of metformin as an effective anti-cancer agent in PCa remains unclear, however, 

there is growing evidence to support this claim. In this study, we looked at the risk of BCR 

in PCa followed by examining metabolic signaling at the tissue level relative to metformin 

use. In our cohort of patients, ‘ever’ use of metformin did not influence the risk of BCR. 

However, when looking at pre- and post-treatment use of metformin (adjusted HR 0.55, 

95% CI 0.31-0.96), cumulative metformin use in the highest quartile (adjusted HR 0.42, 

95%CI 0.21-0.83), and cumulative dose in the highest quartile (adjusted HR 0.42, 95% CI 

0.21-0.83), revealed a significant decrease in the risk of BCR. In patients undergoing PNB, 

individuals with PCa had significant increases in p-IR, p-IGF-1R, and p-AKT compared to 

those without cancer. When stratified by metformin use, IGF-1R remained elevated (p=0.01) 

in men with PCa detected whereas p-AMPK (p=0.05) was elevated only in those without 

PCa. These tissue level changes suggest metformin may alter signaling in the prostate with 

potential influence on PCa development.

The beneficial anti-tumor effects of metformin are proposed to occur through several 

pathways including increased AMPK activation, decreased circulating insulin, and improved 

insulin sensitivity.(15, 16) While the definitive role of AMPK in cancer remains unclear, 

there is evidence supporting its role given LKB1 regulation (a tumor suppressor). Histologic 

evaluation of breast cancer has shown reduced p-AMPK staining in primary breast cancer 

compared to normal epithelium.(18, 35) However, in thyroid cancer, p-AMPK staining was 

greater in cancer cells compared to matched normal tissue.(36) Thus, although an increased 

p-AMPK could decrease mTOR signaling and resultant proliferation, it may also promote 

some cancer cell survival by molecular crosstalk and inhibition of other cellular energy 

pathways.(37) As described, there are considerable data linking hyperglycemia and 

hyperinsulinemia with multiple malignancies(20-22) and specifically adverse outcomes in 

PCa.(23-26)

Previous studies have found mixed results of metformin's benefit with several post-RP 

studies and one brachytherapy study showing no association.(6-9, 12) A retrospective cohort 
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study of external beam radiation therapy (EBRT) patients by Spratt et al.(10) found 

decreased BCR risk and PCa-specific mortality (PCSM) in those with ‘ever’ use of 

metformin. Interestingly, when they analyzed metformin based on duration of use (median 

dosing 58 months (range 38-88)), there was no effect of metformin on PCSM with Cox 

proportional hazards modeling (p=0.31). Conversely, Margel et al.(11) in a population-

based, retrospective cohort of predominantly watchful waiting and patients treated with 

ADT, found a dose dependent decrease in PCSM with metformin use (median dosing 19 

months (range 6.3-40), HR 0.80, 0.77-0.85). Another interesting study by Zannella et al., 

focusing on tissue oxygenation and metformin, compared a clinical cohort of RT patients 

taking metformin (31% with neoadjuvant and concurrent ADT) and found both ‘ever’ use 

and duration to be associated with decreased BCR.(13) Paradoxically, Allot et al. evaluated 

post-RP patients and showed no significant associations with metformin duration and BCR, 

however found that high dose metformin therapy (>2000mg/day) may play a role in 

increasing the risk of PCSM.(6) Finally, in an attempt to summarize the existing 

epidemiologic literature, a meta-analysis was recently published by Yu et al.(38) with 

principle findings suggesting an overall decrease in BCR risk relative to metformin use 

(combined HR 0.81, 0.68-0.98) with no difference in all-cause mortality (combined HR 

0.86, 0.64-1.14). To our knowledge, this is the first study to look at total metformin dosing 

and the risk of BCR.

The dose dependent effect is important in interpreting the existing literature and may 

account for some of the conflicting data on metformin use.(6, 10, 11, 13) As an analogy, 

HMG-COA reductase inhibitors (statins) have suggested benefits in PCa.(39-42) A recent 

study by Yu et al. found a decreased risk of PCa-specific mortality (PCSM) and all-cause 

mortality in patients with post-diagnostic use. However, on further analysis, the authors 

found these benefits were more pronounced in those using statins prior to diagnosis, 

indicating a possible pre-treatment effect on tumorigenesis.(41) Our findings were similar in 

that the beneficial effect of metformin on BCR was only seen in those taking metformin 

both pre and post-primary treatment. Therefore, the timing of metformin use in future 

studies should be a primary focus to help clarify this relationship.

At the tissue level, previous authors have shown increased activity of insulin signaling 

markers in PCa.(43) Recently, Joshua et al.(14) attempted neoadjuvant metformin treatment 

prior to RP. With a median duration of treatment at 41 days (range 18-81), the authors found 

significantly reduced proliferation (via Ki-67 analysis) and decreased p-4EBP1 (a 

downstream effector of MTOR) in pathologic specimens with no significant findings on p-

AMPK in cancer vs. controls. Our data reveal similar significant increases in multiple 

insulin signaling markers (p-IGF-1R, p-IR, p-AKT) in patients with PCa detected on PNB. 

Total AMPK was significantly elevated in the nucleus and cytoplasm of patients with PCa 

on PNB (p<0.003), yet p-AMPK was not significantly changed in the nucleus or cytoplasm. 

This suggests a preferential activation of insulin signaling in PCa, which may result in 

cellular proliferation with the overall role of AMPK remaining unclear.

Interestingly, when these results were limited to those with PCa detected on PNB stratified 

by metformin use, all insulin signaling markers were elevated in PCa patients regardless of 

metformin use, whereas negative PNB patients were more likely to have a decrease in 
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insulin signaling markers relative to metformin use (see trend arrows (↑↓↔), Tables 3 and 

4). We also found significant increases in IGF-1a-R (p=0.01) in patients with cancer 

detected, while p-AMPK (p=0.05) was elevated only in those without cancer. These findings 

suggest preferential activation of insulin signaling and proliferation in patients with PCa, 

potentially overpowering any protective effect of metformin and/or AMPK activation. 

Conversely, in metformin users without cancer detected, the down-regulation of insulin 

signaling markers combined with an increase in AMPK activation, suggests a potential 

therapeutic benefit. While these IGF-1a-R and p-AMPK values did reach statistical 

significance, they should be interpreted with caution. For instance, the mean change between 

IGF-1a-R IHC scores relative to metformin use was small (no metformin: 147.3 ± 56.9 vs. 

metformin: 192.2 ± 15.2, Table 3). Further, there was no difference in p-IGF-1a-R relative 

to metformin, suggesting this is not necessarily consistent with pathway activation. The 

difference between p-AMPK relative to metformin was even smaller (no metformin: 138.0 ± 

44.2 vs. metformin 149.8 ± 53.8, Table 4) which may be negligible in the context of IHC 

scoring.

Taken together, metformin may have a dose dependent, beneficial effect in preventing PCa 

recurrence after primary therapy and may lead to measurable changes in prostate signaling 

with a potential (but unclear) role for AMPK in PCa tumorigenesis.

There are limitations to this study. In the database analysis, limits include the retrospective 

nature and the number of patients who were diabetic and not taking metformin (6%). 

Conversely, the comprehensive computer database of the VISN20 network with excellent 

pharmacy records adds strength of the analysis. We corrected for all covariates in our BCR 

model, however, stratified analyses for PSA, Gleason grade, stage, etc. may have added 

additional insight. Statin use was also not queried and thus any further protective effects of 

statins individually or combined with metformin use were not detected in this analysis. In 

order to account for the potential of immortal time bias (34) influencing the results, we 

performed additional analyses relative to metformin use (see methods). While this showed 

no significant change of BCR results relative to metformin use, this is a possible limit to the 

BCR analysis. Limits for the tissue-based study include that metformin was taken for 

indication and findings may be due to clinical and pathologic factors other than metformin 

use. Limits to IHC interpretation have been discussed previously. Further, there is 

heterogeneity in metformin absorption, bioavailability, and tissue penetration (44), which 

may lead to differential efficacy at the tissue level. Finally, the tissue study had a small 

sample size, was non-randomized, and retrospective analysis cannot show causation. Despite 

these limitations, these data support further the study of metformin use in PCa outcomes and 

metabolic signaling in the prostate.

Conclusion

We found total metformin use led to a reduction in the risk of BCR in a dose dependent 

fashion. We also demonstrate several metabolic pathway effectors (IR, IGF-1R, AMPK) 

present in higher levels in men with PCa detected on PNB compared to negative PNB. 

When stratified by metformin use, we found trends towards preferential activation of insulin 

signaling in those with PCa compared to those without, with the overall protective role of p-
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AMPK remaining unclear. Further prospective and interventional studies to define the 

precise role of metformin in BCR and metabolic signaling are required.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Proposed model of insulin signaling relative to cellular proliferation
Simplified model of proposed effects of metformin and AMPK relative to insulin signaling 

and cellular proliferation are shown.(15, 16, 22, 45) AMPK: AMP activated protein kinase 

K; IR: insulin receptor; IGF-1: insulin-like growth factor 1; PI3K: phosphoinositide 3-

kinase; AKT: protein kinase B; TSC1/2: tuberous sclerosis complex 1/2; RHEB: ras 

homologue enriched in brain; mTOR: mammalian target of rapamycin
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Figure 2. IHC staining of prostate needle biopsy specimens
Representative IHC staining from prostate needle biopsy specimens for (A) Insulin 

Receptor; (B) phosphorylated Insulin Receptor; (C) IGF-1 Receptor; (D) phosphorylated 

IGF-1 Receptor; (E) AMPK; and (F) phosphorylated AMPK. IGF-1: insulin-like growth 

factor 1; AMPK: AMP activated protein kinase K.
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Table 1
Metformin Use and Adjusted Risk of Prostate Cancer (PCa) Recurrence After Primary 
Therapy

N=1734 % HR, 95% CI

Any Metformin Use

No Diabetes mellitus and no metformin use 1265 73 1.0, referent

Diabetes mellitus but never took metformin 103 6 0.75, 0.42-1.32

Metformin use 366 21 0.91, 0.65-1.28

Timing of Metformin Use relative to PCa treatment

No Diabetes mellitus and no metformin use 1265 73 1.0, referent

Metformin user before and < 1 year after treatment 34 2 0.74, 0.26-2.08

Metformin user only after treatment 181 11 1.12, 0.77-1.65

Metformin user before and after treatment 143 8 0.55, 0.31-0.96*

Days of metformin use

No Diabetes mellitus and no metformin use 1265 73 1.0, referent

Days of metformin

 0-539 92 5 1.02, 0.59-1.74

 540-1349 91 5 1.38, 0.85-2.24

 1350-2249 91 5 0.94, 0.54-1.64

 • • • 92 5 0.42, 0.21-0.83*

Cumulative dosages of metformin taken

No Diabetes mellitus and no metformin use 1265 73 1.0, referent

Total Sum metformin taken (mg)

 0-315,000 92 5 1.16, 0.70-1.95

 315,000-855,000 90 5 1.34, 0.82-2.20

 855,000 – 1,560,000 93 5 0.85, 0.48-1.51
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