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Purpose: We report our experience on metformin use in diabetic patients and its impact 
on prostate cancer (PCa) after a high-grade prostatic intraepithelial neoplasia (HGPIN) 
diagnosis.
Materials and Methods: We retrospectively analyzed 551 patients with a diagnosis 
of HGPIN without PCa in a first prostate biopsy. The cohort of the study consisted of 
456 nondiabetic subjects, and 95 diabetic patients. Among the patients with diabetes 
44 were treated with metformin, and 51 with other antidiabetic drugs. A transrectal 
ultrasound prostate biopsy scheme with 22 cores was carried out 4-6 months after the 
first diagnosis of HGPIN.
Results: Among 195 (35.4%) patients with cancer, there were statistically significant 
differences in terms of PCa detection (p<0.001), Gleason score distribution (p<0.001), 
and number of positive biopsy cores (p<0.002) between metformin users and non-us-
ers. Metformin use was associated with a decreased risk of PCa compared with never-
use (p<0.001). Moreover, increasing duration of metformin assumption (≥2 years) was 
associated with decreasing incidence of PCa and higher Gleason score ≥7 compared 
with assumption <2 years.
Conclusions: This preliminary experience suggests that metformin use may have some 
beneficial effects in patients with diabetes and HGPIN; metformin should not be over-
looked in these patients because it is neither new nor expensive.

InTRODuCTIOn

Prostate cancer (PCa) is the first most com-
mon cancer in men worldwide, and the prostate 
biopsy is the only modality to diagnose this disea-
se (1). Although not diagnostic of PCa on a needle 
biopsy, many epidemiological, molecular, histopa-
thological, and genetic studies have offered strong 
evidences that high-grade prostatic intraepithelial 
neoplasia (HGPIN) is a precursor lesion to develop-
ment of invasive PCa (2). HGPIN is seen in 4-16% of 

patients undergoing prostate biopsy (3). Metformin, 
an oral biguanide, is the first line therapy for many 
patients with type 2 diabetes (4, 5). Several recent 
observational studies have shown that metformin 
can inhibit cancer proliferation, and simultaneously 
induce cell apoptosis by the AMP-kinase pathway 
and AMP-kinase-independent mTOR inhibition (6). 
In this study, we report our experience on metfor-
min use in diabetic patients and its impact on pros-
tate cancer (PCa) after a high-grade prostatic intra-
epithelial neoplasia (HGPIN) diagnosis.
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MATERIALs AnD METhODs

We retrospectively examined 562 conse-
cutive patients underwent transrectal ultrasound 
prostate biopsy (TRUSBx) by means of a scheme 
with sampling of 22 prostate regions carried out 
in our centres from April 2007 to November 2016. 
Inclusion criteria for this retrospective study with 
standard 22-core biopsy scheme included a prior 
diagnosis of HGPIN at the first prostate biopsy. 
Decision for a first TRUSBx was based upon high 
prostatic specific antigen (PSA) levels and/or sus-
picious digital rectal examination (DRE) findings 
according to EAU (European Association Urolo-
gy) guidelines. The second biopsy was performed 
within six months from the first one. For a stan-
dardization of the clinical data, patients with a 
history of surgical treatment for prostatic disease 
and incomplete clinical data were excluded from 
our study. Among 562 patients eligible for this 
study, a total of 551 patients for whom preopera-
tive complete clinical data, use of oral antidiabe-
tic drugs (OADs), and their duration information 
were available. OADs use and duration informa-
tion were obtained from patients, medical records 
and medical database software. The cohort of the 
study consisted of 456 nondiabetic patients, 44 
patients with type 2 diabetes managed with me-
tformin, and 51 diabetic patients managed with 
other antidiabetic drugs. All patients enrolled in 
the study signed a consent form for the biopsy 
procedure. TRUSBx was performed in the opera-
ting room under analgesia, and using a ultrasound 
machine equipped with a 5-9MHz multi-frequency 
convex probe “end-fire” (GE Logiq 7, Milwaukee, 
WI, USA). Each transrectal ultrasound performed 
included an assessment of the volume of the who-
le prostate, the transition zone, capsular, seminal 
vesicle characteristics, and a morphological des-
cription of potential pathological features. The 
prostate volume was invariably calculated using 
prostate ellipse formula (0.52 x length x width x 
height). After having images of the prostate, sam-
pling was carried out with a 18-Gauge Tru-Cut 
(Bard Biopsy Systems, Tempe, AZ, USA) needle 
powered by an automatic spring-loaded biopsy 
disposable gun. Three experienced urologists of 
our Department performed a 22-core biopsy sche-

me, as first intention, including 3 basal samples (2 
lateral and 1 medial), 3 parasagittal samples (2 la-
teral and 1 medial), 2 apical samples (1 lateral and 
1 medial), and 3 transitional zone sample on each 
side. This biopsy scheme was changed based on 
TRUS findings concerning the size of the prostate 
and varied from 18 cores from a small prostate to 
24 cores for large prostatic glands. The Gleason 
grading was based on the recommendations of the 
2005 International Society of Urological Patholo-
gy consensus conference. All histological speci-
mens were analysed internally by our Pathology 
Department specialized in genitourinary patholo-
gy. Cases were not reviewed for the purposes of 
this study.

statistical analysis

Patient age, body mass index (BMI), PSA 
level, prostate volume (PV), DRE findings, OADs, 
were analysed as continuous variables and pre-
sented with mean and standard deviation. Quan-
titative variables are presented with absolute and 
relative frequencies. For the comparison of pro-
portion, the three study groups, chi-square and 
Fisher’s exact tests were used. Student’s t-tests 
were computed for the comparison of mean values. 
Statistical analyses were performed using Micro-
soft Excel 2010 platform version 10.1. A p<0.05 
was considered to indicate statistical significance.

REsuLTs

22-TRUSBx scheme was carried out 4-6 
months after the first diagnosis of HGPIN. Of 551 
patients, 95 (17.2%) were diabetics and 456 were 
not diabetics. The baseline demographics and cli-
nical characteristics of the 551 patients included 
in the study are shown in Table-1. Use of other 
medications for diabetes was fairly common: re-
paglinide [37.2% (19/51)], sulfonylureas [31.3% 
(16/51)], insulin [17.7% (9/51)], and thiazolidi-
nedione [13.8% (7/51)]. There were no statisti-
cally significant differences between three groups 
of patients in terms of age, PSA levels, PV, DRE 
findings. Diabetic patients not treated with me-
tformin were more likely to present a higher BMI 
(p<0.001), and to have higher Gleason score ≥7 on 
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biopsy (p=0.002). Among 195 (35.4%) patients 
with cancer, there were statistically significant 
differences in terms of PCa detection (p<0.001), 
Gleason score distribution (p<0.001), and num-
ber of positive biopsy cores (p<0.002) betwe-
en metformin users and non-users. The mean 
duration of metformin use was 5.3±2.7 years. 
Metformin use was associated with a decreased 
risk of PCa compared with never-use (p<0.001). 
However, a reduced risk of PCa was associated 
with insulin use (Figure-1), but not with other 
antidiabetic drugs (p<0.002). Moreover, increa-
sing duration of metformin assumption (≥2 ye-
ars) was associated with decreasing incidence of 
PCa and higher Gleason score ≥7 compared with 
assumption <2 years (Figure-2).

DIsCussIOn

In diabetic patients, metformin is pres-
cribed as first-line therapy because of optimal 
tolerability, efficacy in reducing insulin resis-
tance, and low cost (7). Its primary action is the 
inhibition of hepatic glucose production throu-
gh an LKB1/AMPK-mediated mechanism, and 
it also improves insulin sensitivity in periphe-
ral issues (8). However, recent epidemiological 
studies have shown that metformin can reduce 
the risk of breast, pancreatic, colon and prostatic 
cancers and might even improve cancer progno-
sis (9-11). Metformin has recently collected the 
interest from the medical community for its po-
tential beneficial effects on PCa outcomes, and 

Table 1 - Demographic and clinicopathologic features of patients affected by hGPIn and undergoing transrectal prostate biopsy.

Non antidiabetic
Drug users

(n: 456)

Metformin
Users
(n: 44)

Metformin
Non-users

(n: 51)

p value

Age (years), mean ± SD 65.1±7.4 64.7±6.9 65.5±7.1 NS

Body Mass Index (kg/m2), mean ± SD 26.7±4.6 27.2±3.9 33.8±3.1 <0.001

Prostate volume (mL), mean ± SD 38.4±12.7 36.9±11.3 37.8±12.3 NS

PSA level (ng/mL), mean ± SD 11.3±8.6 10.8±8.8 11.1±8.3 NS

N° biopsy cores, median (range) 21.2 (18-24) 21.7 (18-24) 21.4 (18-24) NS

Family history PCa, n(%) NS

No 338(74.1) 34(77.2) 39(76.5)

Yes 118(25.9) 10(22.8) 12(23.5)

DRE, n(%) 181(39.7) 17(38.6) 20(39.2) NS

Prostate cancer, n(%) 169(37.1) 9(20.5) 17(33.3) <0.001

Positive biopsy cores, mean ± SD 7.1±2.4 3.4±1.8 6.3±2.2 <0.002

Cancer laterality, n(%) <0.001

Unilateral 112(66.3) 7(77.7) 11(64.7)

Bilateral 57(33.7) 2(22.3) 6(35.3)

Biopsy Gleason score, n(%) <0.001

≤6 103(60.9) 8(88.8) 12(70.5)

≥7 66(39.1) 1(11.2) 5(29.5)

hGPIn = High grade prostatic intraepithelial neoplasia; PCa = prostate cancer; DRE = digital rectal examination; sD = standard deviation; PsA = prostate-specific 
antigen; ns = not significant.
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its use was significantly associated with increased 
overall survival and decreased biochemical recur-
rence (12-15). Moreover, metformin has been de-
monstrated to inhibit progression in PCa by mo-
difying the expression of cancer suppressor genes 
and oncogenes in animal and in vitro studies (8). 
By reducing hyperinsulinemia, metformin can in-
fluence multiple other cancer pathways, including 
IGF (insulin growth factor) and PI3K-AKT/AR sig-
nalling, both of which are linked with PCa prog-
nosis and castrate resistance (16). On the contrary, 
HGPIN is associated with the development of PCa, 
and patients with HGPIN are more likely to deve-

lop cancer than those without HGPIN (36.3% vs. 
25%) (17). The clinical importance of recognizing 
HGPIN is based on its strong association with PCa, 
so its identification in biopsy specimens warrants 
further search for concurrent invasive carcinoma. 
Follow-up biopsy is suggested at 3 to 6 months 
for 2 years, and thereafter at 12 month intervals 
for life (18). Nevertheless, no factors seem to be 
useful in identifying which patients with HGPIN 
are at risk of PCa progression. Currently, routine 
treatment is not available for patients who have 
HGPIN. Prophylactic radical prostatectomy, radia-
tion, and androgen deprivation are not acceptable 
treatments for patients who have HGPIN only (19). 
The development and identification of acceptable 
agents to treat HGPIN would fill a therapeutic void. 
In a meta-analysis of 9186 men with diabetes and 
PCa, Stopsack et al. showed that metformin decre-
ased biochemical recurrence and improved overall 

survival through an antiproliferative effect via inhi-
bition of mTOR (6). There are many studies of the as-
sociation of metformin with PCa focused on cancer 
incidence (10, 13-15, 20). Wright et al. (21) reported 
that among whites with diabetes, metformin resulted 
in a 44% reduced risk of PCa. However, previous stu-
dies have reported conflicting conclusions regarding 
the impact of metformin on PCa diagnosis (12). One 
study did not support an association between decre-
ased risk of PCa incidence and use of metformin (22), 
while Joentausta et al. demonstrated that metformin 
users had even higher risk of high-grade PCa in men 
undergoing radical prostatectomy (23). According to 

Figure 2 - Relation between duration of metformin use, incidence of prostate cancer and Gleason score.

Prostate Cancer (%) Biopsy Gleason score > 7 (%)
 < 2 years

> 2 years22% 11%

78% 89%

Figure 1 - Prostate cancer in patients that do not use metformin.
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our current knowledge, this is the first study that 
correlates the antidiabetic drugs as a treatment for 
patients who have HGPIN and risk of PCa progres-
sion. Hypothesizing that this relationship might be 
instituted from the initiation of PCa carcinogenesis 
we established to perform a preliminary study to 
analyse whether metformin use might be considered 
a chemopreventive agent for PCa in those patients 
with a prior diagnosis of HGPIN. Our data showed 
that metformin users with a negative re-biopsy after 
HGPIN diagnosis were proportionately higher than 
metformin non-users (p<0.001). Moreover, increa-
sing duration of metformin use was associated with 
decreasing incidence of PCa and cancer-specific 
characteristics. Preston et al. (24) reported an inverse 
relationship between PCa risk and duration of me-
tformin therapy. Metformin use <1.5 years was not 
associated with a risk reduction but durations of >3 
years were associated with a decreased PCa inciden-
ce. Furthermore, our results suggest that a greater 
proportion of patients had Gleason scores ≥7 with 
significant difference between metformin users and 
non-metformin users in contrast to results reported 
by various authors (25, 26). A study based on the 
Canadian population found no association between 
metformin use and the risk of PCa including Gle-
ason grade. Margel et al. (26) showed the lack of 
association between metformin use and risk of PCa 
including Gleason grade. A possible explanation of 
such discordance might rest on differences of cancer 
patient population. In our study, prostatic cancers at 
re-biopsy were found to harbour localized cancer, 
mostly well or moderately differentiated. However, 
several limitations need to be acknowledged. A first 
limitation, we had no data available regarding the 
ethnic background of the patients. This detail could 
be of special interest, because in multi-ethnic po-
pulations, some subgroups might have more unfa-
vourable PCa characteristics than others. However, 
Mitin et al. (27) showed that diabetes mellitus was 
associated with an increased risk of Gleason score 
8 to 10, independent of black race. Although we did 
not expressly documented race, the majority of the 
patients of our study cohort were white and Italian 
population. Thus, the number of Asian and black 
patients was very small and surely did not exceed 
1% of the entire cohort. Second, this is a mono-
centric study with a limited number of antidiabetic 

users. Third, this retrospective study concerned also 
patients eligible only for radical prostatectomy; as 
a consequence older patients (≥74 years old) who 
are not candidates for surgery, were excluded. This 
may have influenced the results generalizability and 
preclude comparative investigation of a potentially 
risky cancer in metformin users vs. non-users.

COnCLusIOns

This preliminary experience suggests that 
metformin use may have some beneficial effects in 
patients with diabetes and HGPIN; metformin should 
not be overlooked in these patients because it is nei-
ther new nor expensive. Though our results sustain 
the chemoprevention effects of metformin on PCa 
risk among patients with a prior HGPIN, additional 
studies and randomized clinical trials with more de-
tailed exposure measurement are warranted to eva-
luate questions about dose and therapy duration.

ABBREvIATIOns

Pca = Prostate cancer
HGPIN = high-grade prostatic intraepithelial ne-
oplasia
TRUSBx = Transrectal ultrasound prostate biopsy
DRE = Digital rectal examination
PSA = Prostate-specific antigen
OADs = Oral antidiabetic drugs
BMI = Body mass index
PV = Prostate volume
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