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ABSTRACT
Objective: To assess prostate cancer-specific and overall survival in prostate cancer patients with or
without preexisting type 2 diabetes mellitus (T2DM) with regards to metformin use.
Methods: Patients diagnosed with prostate cancer in the Lithuanian population between 2001 and
2005 were identified through the Lithuanian Cancer Registry and followed until 2016, date of death,
loss to follow-up or whichever came first. Information regarding the diagnosis of T2DM and antihyper-
glycemic medications were obtained from the National Health Insurance Fund database. Prostate can-
cer-specific and overall survival outcomes were analysed using univariate and multivariate Cox
proportional hazard models.
Results: Out of 6689 men included, 254 (3.8%) had preexisting T2DM. There were 4807 deaths during
follow-up, including 2084 from prostate cancer. No differences were found in prostate cancer-specific
survival between men with or without T2DM. The risk of overall mortality was higher (HR ¼ 1.24, 95%
CI ¼ 1.07–1.43) in diabetic men. Univariate analysis showed cancer stage at diagnosis and age to be
significant predictors of survival. After adjustment for age and stage at diagnosis, there was no differ-
ence in prostate-specific survival between non-diabetic patients compared to metformin users or met-
formin non-users. However, overall survival was lower in T2DM patients, with a higher mortality risk
for metformin non-users (HR ¼ 1.63, 95% CI ¼ 1.27–2.10). Prostate cancer-specific mortality risk was
insignificantly lower in diabetic men on metformin (HR ¼ 0.74, 95% CI ¼ 0.54–1.02).
Conclusion: There was no difference in long-term prostate cancer-specific survival in patients with or
without T2DM. Overall survival was lower in T2DM patients not treated with metformin.
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Introduction

Diabetes has been associated with an increased risk for sev-
eral types of cancer, such as liver, pancreas, endometrium,
colorectal, breast and bladder [1,2]. Furthermore, studies
show that diabetes can also negatively affect the survival of
cancer patients, with an all-cause mortality hazard ratio (HR)
of 1.41 (95% confidence interval (CI) ¼ 1.28–1.55) [3] or an
overall risk of death from cancer HR of 1.26 (95% CI ¼
1.21–1.31) [4], compared with non-diabetic individuals. Worse
cancer prognosis in diabetes patients may be caused by dif-
ferent biological mechanisms related to hyperglycemia,
hyperinsulinemia and inflammation which have been impli-
cated in carcinogenesis progression and result in tumor cell
proliferation and metastases [5].

Unlike for other cancers, more than one meta-analysis has
shown that people with diabetes have a decreased risk of
developing prostate cancer (PCa) compared to the general
population [6,7]. This raises an interest of the impact of dia-
betes on PCa prognosis. The results in cohort studies are

conflicting [8–13]. A latest meta-analysis of 17 studies by Lee
et al. [14] showed that pre-existing diabetes was associated
with a 29% increase in PCa-specific mortality (relative risk
(RR) ¼ 1.29, 95% CI ¼ 1.22–1.38), and with a 37% increase in
all-cause mortality (RR ¼ 1.37, 95% CI ¼ 1.29–1.45). There
was, however, significant heterogeneity between studies and
type 2 diabetes (T2DM) as a subgroup was analysed only in
five of them.

Metformin is the first-line of treatment for people with
T2DM [15]. There is growing interest in examining the role of
the metformin for its anti-cancer properties in different can-
cers. Although the precise molecular mechanisms by which
metformin affects various cancers have not been fully eluci-
dated, activation of AMPK-dependent and AMPK-independ-
ent pathways along with energy metabolism aberration, cell
cycle arrest and apoptosis or autophagy induction have
emerged as crucial regulators in this process [16].

Whether metformin influences PCa outcomes is still
unclear. Previous studies have shown that metformin use
could reduce mortality from PCa [17–19], but others did not
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find a protective effect [20–22]. Although the two recent
meta-analyses of nine studies each and the latest of 30 stud-
ies which analysed the influence of metformin on PCa inci-
dence and outcomes suggest a benefit of metformin use in
men with diabetes and prostate cancer, authors agree that
further investigation is needed to confirm the find-
ings [23–25].

The aim of this study was to assess long-term PCa-specific
and overall survival and the influence of metformin therapy
in a cohort of PCa patients with or without preexisting T2DM
in a large nationwide population-based study.

Materials and methods

Study population

Patients diagnosed with PCa (ICD-10-AM code C61) in the
entire Lithuanian male population between 1 January 2001
and 31 December 2005 were identified through the
Lithuanian Cancer registry. The database contains personal
and demographic information, as well as information on the
diagnosis of all people diagnosed with cancer in Lithuania
since 1978. The Lithuanian Cancer Registry data has been
published in the International Association of Cancer
Registries publications ‘Cancer Incidence on Five Continents’,
which are submitted to systematic quality control [26]. From
this database, we obtained information regarding age at the
day of diagnosis, date of diagnosis, tumor stage classified by
TNM Classification of Malignant Tumors, cause and date of
death. Identified patients were followed until 31 December
2016, date of death or loss to follow-up, whichever
came first.

Similarly to other European countries, Lithuania has a
compulsory health insurance system, which means that resi-
dents of Lithuania are obliged to obtain health insurance
coverage (i.e. pay compulsory health insurance contribu-
tions). The State therefore guarantees healthcare services
compensated by the National Health Insurance Fund (NHIF).
Information regarding the diagnosis of T2DM (ICD-10-AM
code E11) and information on antihyperglycemic medications
were obtained from the NHIF database. This database con-
tains demographic data and entries on the primary and sec-
ondary healthcare services provided, emergency and hospital
admissions and prescriptions of reimbursed medications. An
assessment performed by independent European experts in
2019 identified NHIF data as high quality [27].

Exclusion criteria
Patients with less than 6months of follow-up after prostate
cancer diagnosis, patients with T2DM diagnosis after PCa
and patients with a recorded T2DM diagnosis, but without
prescribed antihyperglycemic medications, where excluded
from the analysis. The latter exclusion was necessary to
increase the sensitivity of case definition for diabetes.

Cohort patients were divided into three groups: prostate
cancer patients without T2DM as ‘non-diabetic patients’,
prostate cancer patients with T2DM (diabetic patients) who
had ever been prescribed metformin were defined as

‘metformin users’, and the third group – prostate cancer
patients with T2DM (diabetic patients) who had used other
than metformin antihyperglycemic medications (sulfonylureas
or insulin) as ‘metformin non-users’ (Figure 1).

Outcome measures

Survival outcomes were compared between diabetic and
non-diabetic patients with PCa and between the three
groups of patients – non-diabetic patients, metformin users
and metformin non-users. PCa-specific survival was the pri-
mary outcome, measured from the date of PCa diagnosis to
date of death due to PCa, or last known date alive. Patients
who were not deceased or who died of causes other than
PCa were censored at the last known date alive or date of
death, respectively. Overall survival was analyzed as a sec-
ondary outcome, and defined as the period from the date of
diagnosis of PCa to the date of death or last known date
alive. For this secondary outcome, only those patients who
were not deceased were censored at the last known
date alive.

Statistical analysis

Patient demographic and clinical characteristics were com-
pared between the three groups using the Chi-square ana-
lysis for categorical variables. Kaplan-Meier survival analyses
stratified by exposure group were used to generate median
survival curves for both PCa-specific and overall survival.
Univariate Cox proportional hazard models were used to esti-
mate hazard ratios and their 95% confidence intervals to
compare PCa-specific and overall survival differences by
known prognostic factors. These included age at diagnosis,
spread of disease (localized vs. regional and distant), and
metformin use (yes/no). Unadjusted and multivariate
adjusted Cox proportional hazards models including age and
stage at diagnosis were also conducted to estimate the
effect of diabetes status on PCa-specific and overall survival.
Multivariate Cox proportional hazard models for PCa-specific
and overall survival were built that included prognostic fac-
tors which had a significant impact on survival as deter-
mined by a univariate hazard ratio (HR) with a p-value < 0.2.

All statistical analyses were carried out using STATA 11
statistical software (StataCorp. 2009. Stata Statistical
Software: Release 11.0. College Station, TX). This study was
approved by the Vilnius Regional Biomedical Research Ethics
Committee (Nr. 158200-17-913-423).

Results

After excluding those with less than 6months of follow-up
after PCa diagnosis, patients with T2DM diagnosis after PCa
and patients with recorded a T2DM diagnosis without antihy-
perglycemic medication prescriptions, there were 6689 men
who met eligibility criteria for this analysis, including 254
(3.8%) with pre-existing T2DM and 6345 without T2DM
(Figure 1). During follow-up there were 4807 deaths, includ-
ing 2084 from PCa.
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Demographic and staging (as localized, regional, distant
or unknown) information for the three exposure cohorts is
presented in Table 1. The mean age at diagnosis was slightly
higher in men with T2DM who did not use metformin. The
groups also differed in stage of disease and age at diagnosis.

There were significant differences in PCa-specific survival
and overall survival between groups in the Kaplan-Meier sur-
vival analysis (Figures 2 and 3). Univariate analysis showed
that cancer stage at diagnosis and age were significant pre-
dictors of both PCa-specific and overall survival. After adjust-
ment for age and stage at diagnosis, we found no
differences in PCa-specific survival between men with and
without T2DM, but higher risk of overall mortality (HR ¼
1.24, 95% CI ¼ 1.07–1.43) in men with T2DM (Table 2). There
was also no difference in PCa-specific survival between men
without T2DM compared to men with T2DM who were

metformin users or non-users (Table 3). Overall survival was
significantly lower in diabetes patients with a higher mortal-
ity risk for metformin non-users (HR ¼ 1.63, 95% CI ¼
1.27–2.10). Prostate cancer mortality risk was insignificantly
lower in diabetic men on metformin (HR ¼ 0.74, 95% CI
¼ 0.54–1.02).

Discussion

Our national PCa patient cohort study showed that patients
with PCa and T2DM had a significantly higher risk of overall
mortality, but PCa-specific survival did not differ significantly
between diabetes and non-diabetes patient groups,

Excluded from analysis:
Less than 6 months of follow-up (n=903)
T2DM diagnosis without prescription of antihyperglycemic 
medications (n=654)
T2DM diagnosis after prostate cancer diagnosis (n=555)

Patients included for analysis (n=6689)

Non diabetic 
patients (n=6435)

Metformin users 
(n=188)

All-causes deaths
(n=4610)

Metformin non 
users (n=66)

Prostate cancer 
deaths (n=2029)

All-causes deaths
(n=62)

All-causes deaths
(n=135)

Prostate cancer 
deaths (n=17)

Prostate cancer 
deaths (n=38)

Male patients diagnosed with prostate cancer 2001-2005 (n=8801)

Diabetic patients
(n=254)

Figure 1. Study flow chart of male prostate cancer patients. T2DM, type 2 diabetes mellitus.

Table 1. Demographic and clinical characteristics of men with prostate cancer,
according to diabetes and metformin status.

Non-diabetic
patients

Diabetic patients

p-value

Metformin users Metformin non-users

n % n % n %

Total 6435 188 66
Age at diagnosis, years
Mean (SD) 71.3 (8.3) 69.9 (6.7) 74.4 (7.2)
<60 551 8.6 12 6.4 1 1.5 0.002
60–69 1994 31.0 69 36.7 15 22.7
70–79 2936 45.6 95 50.5 37 56.1
80þ 954 14.8 12 6.4 13 19.7
Stage
Localized 2474 38.4 94 50.0 30 45.5 0.005
Regional 2748 42.7 61 32.4 29 43.9
Distant 667 10.4 12 6.4 4 6.1
Unknown 546 8.5 21 11.2 3 4.5

Figure 2. Kaplan-Meier survival curve comparing prostate cancer-specific sur-
vival between non-diabetic patients, diabetic patients who used metformin
(metformin users) and diabetic patients who used other than metformin antihy-
perglycemic medications (metformin non-users).
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regardless of their treatment with metformin. However, there
was a trend towards increased PCa-specific survival in met-
formin users. Furthermore, overall survival of diabetic metfor-
min users did not differ from the non-diabetic population,
but was significantly decreased in diabetes patients who did
not use metformin.

Evidence regarding the beneficial effect of metformin in
PCa are conflicting. Experimental research reports that met-
formin exhibits advantages in PCa treatment in vitro. The
Cyclin D1 pathway is related to PCa cell cycle progression
and androgen-dependent transcription [28]. Metformin inhib-
its PCa cell proliferation by reducing cyclin D1 activity [29].
Metformin also reduces PCa cell viability and enhances apop-
tosis by downregulating androgen receptors in both andro-
gen-dependent and androgen-independent PCa [30]. Given
that mTOR is overexpressed in PCa, metformin reduces PCa
growth by inhibiting mTOR signalling [31].

In clinical research, the effect of metformin is not that
clear. The interpretation of the effect of metformin therapy is

complicated due to heterogeneity between various study
populations. To our knowledge, there are at least 12 retro-
spective studies [17,18,21,32–40] analysing the effect of met-
formin therapy on overall survival and seven
[17,18,21,32,33,35,41] studies analysing metformin therapy
and PCa-specific survival to date.

Some of the earliest clinical studies showed a positive
effect of metformin on prostate cancer survival. Margel et al.
[18] evaluated the association between cumulative duration
of metformin use after PCa diagnosis and all-cause and PCa-
specific mortality among patients with diabetes. The cohort
consisted of 3837 patients. Cumulative duration of metformin
treatment after PCa diagnosis was associated with a signifi-
cant decreased risk of PCa-specific and all-cause mortality in
a dose-dependent fashion. Adjusted HR for PCa-specific mor-
tality was 0.76 (95% CI ¼ 0.64–0.89) for each additional
6months of metformin use. The association with all-cause
mortality was also significant, but declined from an HR of
0.76 in the first 6months to 0.93 between 24 and 30months.
Spratt et al. [17] evaluated the effect of metformin in local-
ized PCa treated with external-beam radiation therapy. After
adjustment for prostate specific antigen, tumor stage,
Gleason score, age, diabetic status, and use of androgen-
deprivation therapy, metformin use independently predicted
improvement in all outcomes compared with the diabetic
metformin non-user group: PSA-recurrence free survival, HR
¼ 1.99, 95% CI ¼ 1.24–3.18; p¼ 0.004), distant metastases-
free survival (adjusted HR ¼ 3.68, 95% CI ¼ 1.78–7.62;
p< 0.001), and PCa-specific mortality (HR ¼ 5.15, 95% CI ¼
1.53–17.35; p¼ 0.008).

A recent large study by Richards et al. [35] included
87,344 patients from a US Veterans Affairs databases, includ-
ing 61% without T2DM, 22% metformin non-users with
T2DM, and 17% metformin users with T2DM. All men diag-
nosed with PCa were treated with androgen deprivation
therapy (ADT). Overall survival was improved in men with
T2DM who were metformin users (HR ¼ 0.82, 95% CI ¼
0.78–0.86) compared to those with T2DM who were

Figure 3. Kaplan-Meier survival curve comparing overall survival between non-
diabetic patients, diabetic patients who used metformin (metformin users) and
diabetic patients who used other than metformin antihyperglycemic medica-
tions (metformin non-users).

Table 2. Prostate cancer-specific and overall survival according to diabetes status.

Unadjusted HR (95% CI) p-value Multivariate-adjusted� HR (95% CI) p-value

Prostate cancer specific survival
Non-diabetic patients 1.00 Ref. 1.00 Ref.
Diabetic patients 0.70 (0.54–0.92) 0.01 0.81 (0.62–1.06) 0.12
Overall survival
Non-diabetic patients 1.00 Ref. 1.00 Ref.
Diabetic patients 1.13 (0.98–1.31) 0.09 1.24 (1.07–1.43) 0.003
�Adjusted for age (as a continuous variable) and stage at diagnosis.

Table 3. Prostate cancer-specific and overall survival according to diabetes status and metformin use.

Unadjusted HR (95% CI) p-value Multivariate-adjusted� HR (95% CI) p-value

Prostate cancer-specific survival
Non-diabetic patients 1.00 Ref. 1.00 Ref.
Diabetic metformin users 0.61 (0.44–0.84) 0.003 0.74 (0.54–1.02) 0.07
Diabetic metformin non-users 1.05 (0.66–1.71) 0.82 1.03 (0.64–1.66) 0.91
Overall survival
Non-diabetic patients 1.00 Ref. 1.00 Ref.
Diabetic metformin users 0.96 (0.81–1.14) 0.81 1.12 (0.94–1.33) 0.20
Diabetic metformin non-users 1.86 (1.45–2.39) <0.001 1.63 (1.27–2.10) <0.001
�Adjusted for age (as a continuous variable) and stage at diagnosis.

404 D. LINKEVICIUTE-ULINSKIENE ET AL.



metformin non-users (HR ¼ 1.03, 95% CI ¼ 0.99–1.08).
Furthermore, PCa-specific survival was also improved in men
with T2DM who were metformin users (HR ¼ 0.70, 95% CI ¼
0.64–0.77) vs metformin non-users (HR ¼ 0.93, 95% CI ¼
0.85–1.00). The reference group was men without T2DM.

However, other studies did not seem to find such a bene-
fit of treatment with metformin. Mayer et al. [32] analysed
survival in 2832 men diagnosed with metastatic castration
resistant PCa, treated with docetaxel. Patents were stratified
into groups based on diabetes status and use of antihyper-
glycemic medications. Metformin use during docetaxel
chemotherapy did not improve PCa-specific or overall sur-
vival in diabetic patients with metastatic castration resistant
PCa. Zaorsky et al. [33] performed a retrospective review of
3217 patients receiving radiation treatment for PCa and div-
ided them into five subgroups according to diabetes status
and diabetes treatment. Only the group of T2DM patients
not receiving any medication differed significantly and had
increased overall mortality (subdistribution hazard ratio (sHR)
¼ 2.1; 95% CI ¼ 0.66–1.54) and cause-specific mortality (sHR
¼ 3.87, 95% CI ¼ 1.31–11). A nested case–control study by
Bensimon et al. [21] of a cohort of 935 men newly diagnosed
with non-metastatic PCa with a history of treated T2DM
showed that the post-diagnostic use of metformin was not
associated with a decreased risk of PCa-specific mortality
(rate ratio (RR) ¼ 1.09, 95% CI ¼ 0.51–2.33) or all-cause mor-
tality (RR ¼ 0.79, 95% CI ¼ 0.50–1.23).

A few studies collected data on metformin use prospect-
ively. Jarrard et al. [42] identified patients with metastatic
PCa who underwent either ADT alone or ADT and docetaxel
chemotherapy. Comparison of ADTþdocetaxelþmetformin
(n¼ 39) to ADTþ docetaxel (n¼ 357) and ADTþmetformin
(n¼ 29) to ADT alone (n¼ 363) revealed similar clinicopatho-
logic characteristics. Cause of death was PCa in 13 (81%) of
ADTþdocetaxelþmetformin, 72 (85%) ADTþdocetaxel, 9
(82%) ADTþmetformin and 105 (84%) ADT alone groups.
Baseline metformin did not improve prostate cancer out-
comes. Furthermore, metformin use was associated with a
trend for worse overall survival (HR ¼ 1.47, 95% CI ¼
0.95–2.26; p¼ 0.08) with adjustment for the treatment arm
and prior local therapy. Randazzo et al. [39] followed up PCa
patients for an average of 7.6 years and found that all-cause
mortality was significantly higher among those on metfor-
min, compared to metformin non-users (adjusted odds ratio
¼ 2.50, 95% CI ¼ 1.59–3.82; p¼ 0.0001). A relatively small
number of men using metformin (68 and 150) is a limitation
of these studies.

Finally, the latest meta-analysis by He et al. [25] on met-
formin therapy and PCa incidence and survival, which
included 30 studies, showed that metformin treatment
improves overall survival, cancer-specific survival and recur-
rence-free survival in PCa compared with non-metformin
treatment. Moreover, PCa patients with metformin therapy
accepting radical radiotherapy exhibited more dramatic
effects on overall survival, cancer-specific and even recur-
rence-free survival. However, further randomized controlled
trials are needed to confirm the association of PCa and met-
formin usage [25].

A possible antineoplastic effect of metformin for locally
advanced and metastatic prostate, treated with androgen
deprivation medication in combination with radiation ther-
apy is currently evaluated by multi-arm and multi-stage trial
STAMPEDE (Arm K) investigators [43].

Our population-based cohort study has several strengths.
First, we used real-world data on prescriptions and diagnoses
both in primary and secondary care practices where most
patients with T2DM are treated. Second, we could study a
large number of PCa cases in a longitudinal, well-established,
validated database and did not rely on self-reports. Third,
men with PCa from the whole Lithuanian population were
followed up for a long period of time.

There are some limitations of our study as well. First, we
did not assess the potential confounders such as BMI, smok-
ing and alcohol status, glycemia and diabetes control,
comorbidities, other medications used by the patients or
cancer treatments. Patients with T2DM tend to have more
comorbidities, such as hypertension, coronary heart disease,
or metabolic syndrome. These, diabetes related, conditions
may also contribute to a higher non-cancer-specific mortality
rate. However, the confounders could not be extracted from
our database. Since this was a retrospective study, we
included only those patients that had a documented T2DM
diagnosis, therefore, there is a probability that some patients
who could have had undiagnosed T2DM were left out of the
study population. Also, we did not have information about
specific treatments that the individual patients had received.
Prostate cancer treatment is organised according to the EAU
(European Association of Urology) guidelines with minor
country-specific limitations of systemic prostate cancer treat-
ment due to unavailability of medications on the market.
Therefore, prostate cancer treatment patterns are similar to
other European countries. Furthermore, users of metformin
were compared with never users of metformin. This makes it
difficult to interpret results because both groups are hetero-
geneous. In ever-users, metformin is often but not always
used as first-line therapy, can be used in different doses and
might be combined with other antihyperglycemic medica-
tions, whereas never users comprise patients who use a com-
bination of any other antihyperglycemic medication
except metformin.

Conclusion

In conclusion, this large observational study showed that
there was no difference in long-term prostate cancer-specific
survival in patients with or without type 2 diabetes mellitus.
However, overall survival was lower in type 2 diabetes melli-
tus patients who were not treated with metformin.
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