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Background. Conflicting results exist between the potential protective effects of metformin and the prognosis of urologic cancers.
This meta-analysis summarized the effects of metformin exposure on the recurrence, progression, cancer-specific survival (CSS),
and overall survival (OS) of the three main urologic cancers (kidney cancer, bladder cancer, and prostate cancer). Methods.
We systematically searched PubMed, Embase, Web of Science, Wanfang, and China National Knowledge Infrastructure
databases (January 2010 to December 2019), which identified studies regarding metformin users and nonusers with
urologic cancers and extracted patient data. A random effect model or fixed effect model was used to analyze hazard ratios
(HRs) and 95% confidence intervals (CIs). Results. Among the 1883 confirmed studies, 27 eligible studies were identified,
including 123,212 participants. In prostate cancer, patients using metformin have significant benefits for recurrence
(HR = 0:74; 95% CI: 0.61-0.90; P = 0:007; I2 = 56%), CSS (HR = 0:74; 95% CI: 0.61-0.91; P = 0:002; I2 = 79%), and OS
(HR = 0:76; 95% CI: 0.65-0.90; P < 0:001; I2 = 86%). Moreover, further subgroup analysis showed that the beneficial effects
of metformin may be more significant for patients receiving radical radiotherapy. For kidney cancer, metformin was
beneficial for progression (HR = 0:80; 95% CI: 0.65-0.98; P = 0:14; I2 = 46%). Analysis revealed that the effect of metformin
on the overall survival of kidney cancer patients may be related to nationality (American: HR = 0:76; 95% CI: 0.59-0.98; P
= 0:88; I2 = 0%). For bladder cancer, no obvious benefits of metformin use were identified. However, subgroup analysis
indicated that metformin may improve the recurrence of bladder cancer, but this improvement was only found in patients
with a median follow-up time of more than 4 years (HR = 0:43; 95% CI: 0.28-0.67; P = 0:61; I2 = 0%).

1. Introduction

Due to the aging of the population and changes in people’s
lifestyles, the prevalence of diabetes is increasing substan-
tially. It is estimated that diabetes will affect approximately
366 million people worldwide by 2030 [1]. Moreover, the
microvascular and neurological complications impose a con-
siderable economic burden on society. In recent years, as
research on diabetes continues to expand, a number of stud-
ies have shown a strong association between diabetes and the
risk of cancers [2]. Extensive epidemiological data have sug-
gested a significant correlation between type 2 diabetes mel-
litus (DM2) and a variety of cancers [3]. Several cohort

studies demonstrated that the incidence and mortality of
cancers in diabetic patients are increasing [4–7]. In particu-
lar, prostate, lung, colorectal, pancreatic, and breast cancer
have an association with DM2. Increased risks of kidney
and urothelial carcinogenesis have also been reported [8,
9]. However, metformin, the most widely used first-line anti-
diabetic drug for type II diabetes, has been proposed to
reduce the incidence of cancer and cancer-related mortality
in patients with DM2 [10]. Both in vivo and in vitro studies
have indicated that metformin has anticancer activity. The
effect of reducing hepatic glucose output [11], reducing insu-
lin resistance [12], and decreasing inflammatory responses
[13] may inhibit the growth of cancer cells and ultimately
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lead to a reduction in the risks of solid tumors. AMPK sig-
naling is considered to be the main mechanism by which
metformin exerts an anticancer effect [14]. Furthermore,
the AMPK signaling pathway is related to metabolic dis-
eases, including hypertension, diabetes, and obesity [15],
which may be the theoretical basis for DM2 patients taking
metformin to reduce the risk of cancer.

The anticancer benefits of metformin in a number of
cancers, including lung cancer, breast cancer, pancreatic
cancer, and colorectal cancer, have been demonstrated in
several meta-analyses [16–18]. Nevertheless, only a limited
number of previous meta-analyses evaluated the survival
effect (including overall survival and cancer-specific sur-
vival) of metformin for urologic malignancies [19], and con-
troversy exist among previous studies on individual tumor
types. In regard to prostate cancer, data from cohort studies
of metformin use for radical prostatectomy revealed a non-
significant reduction in the risk of biochemical recurrence
[20] and an increase in the prostate cancer-specific survival
[21]. Furthermore, Ahn et al. demonstrated that metformin
may have no impact on recurrence or progression in patients
with bladder cancer and diabetes [22]. The results regarding
recurrence reported by Hakimi et al. and cancer-specific sur-
vival reported by Nayan et al. were also inconsistent with
previous results for kidney cancer [23, 24].

Our goal was to conduct a systematic review to clarify
the effect of metformin use on recurrence, progression,
cancer-specific survival (CSS), and overall survival (OS) in
the field of urologic oncology, particularly in patients with
prostate cancer, bladder cancer, or kidney cancer.

2. Materials and Methods

2.1. Search Strategy and Study Selection. The PubMed,
Embase, Web of Science, Wanfang, and China National
Knowledge Infrastructure databases were searched to iden-
tify relevant studies investigating the relationship between
the use of metformin and recurrence/progression/survival
outcomes of patients with urologic cancers. The search strat-
egy consisted of various combinations of the following
terms: [“metformin” OR “biguanides”] and [“prostate can-

cer”/“kidney cancer”/“bladder cancer” OR “prostate carcino-
ma”/“kidney carcinoma”/“urothelial carcinoma”]. We also
identified bibliographies of selected original studies and
review articles. The protocol was registered in the Interna-
tional Prospective Register of Systematic Reviews database
(PROSPERO: CRD42020193201).

2.2. Inclusion and Exclusion Criteria. Eligible studies fulfilled
the following criteria: (1) randomized, controlled trials and
nonrandomized studies that considered the association
between metformin use and no metformin use in patients
with urologic cancers and diabetes and (2) studies that
reported data on at least one outcome of recurrence, pro-
gression, cancer-specific survival, and overall survival for
individual types of cancer. In addition, exclusive criteria
were as follows: (1) study not related to urologic cancers,
(2) duplicate or invalid data, (3) incomplete data or unclear
outcome effect, and (4) unable to provide hazard ratios and
95% confidence interval.

2.3. Data Collection and Quality Assessment. All retrieved
studies underwent a qualification assessment, and the full
text was obtained when information in the title or abstract
was insufficient. If there were multiple publications for the
same research or the patients studied were included in over-
lapping studies, we selected the publication that had the
most complete information or the latest publication date.
For each identified study, two independent researchers
extracted and cross-checked the study information. When
disagreements arise, we try to achieve maximum consensus
by negotiating with another author. Information on the first
author, publication year, patient sex, total subjects included,
study location, study population, metformin exposure defi-
nition, median follow-up time, comparison groups, adjusted
variables, clinical stage, treatments administered, and HRs
and 95% CIs for recurrence, progression, CSS, and OS in
both univariate and multivariate analyses were extracted
into a predesigned table. The Newcastle–Ottawa Scale
(NOS) was used to assess the methodological quality of all
eligible studies.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Low risk of bias

Unclear risk of bias

High risk of bias

0% 25% 50% 75% 100%

Figure 1: Risk of bias in the included studies.

2 BioMed Research International

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=193201


Ahn, 2016

Allott, 2013

Cheng, 2016 (localized)

Cheng, 2016 (metastatic)

Danzig, 2015

Hakimi, 2013

Hemieh, 2016

He, 2011

Joentausta, 2016

Kaushik, 2014

Keizman, 2017

Lee, 2015

Margel, 2013

Nayan, 2015

Nayan, 2016 (CGC)

Nayan, 2016 (PR)

Patel, 2010

Pautka, 2014

Richards, 2018

Rieken, 2013 (BJU)

Rieken, 2014 (EJSO)

Rieken, 2014 (UO)

Rieken, 2014 (WJU)

Spratt, 2013

Taira, 2014

Taussky, 2018

Winters, 2015

Zannella, 2013

Ra
nd

om
 se

qu
en

ce
 g

en
er

at
io

n 
(s

el
ec

tio
n 

bi
as

)

A
llo

ca
tio

n 
co

nc
ea

lm
en

t (
se

le
ct

io
n 

bi
as

)

Bl
in

di
ng

 o
f p

ar
tic

ip
an

ts 
an

d 
pe

rs
on

ne
l (

pe
rfo

rm
an

ce
 b

ia
s)

Bl
in

di
ng

 o
f o

ut
co

m
e a

ss
es

sm
en

t (
de

te
ct

io
n 

bi
as

)

In
co

m
pl

et
e o

ut
co

m
e d

at
a (

at
tr

iti
on

 b
ia

s)

Se
le

ct
iv

e r
ep

or
tin

g 
(r

ep
or

tin
g 

bi
as

)

O
th

er
 b

ia
s

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

– –

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

+ + +

+++

+

+ +

+

+ ++

+

+ +

+ +

+

+++

+ + +

+++

+

+

+

+

+

+

+

+ +

+ +

+

+

+

+ +

+ +

+

+++

+

+

+ +

+

+ +

+

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+ +

+

+

+

+

+

+ +

? ?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

? ?

??

? ?

??

? ?

??

? ?

??

? ?

??

? ?

??

? ?

?? ?

??

??

? ?

?

??

?

? ?

?

Figure 2: Risk of bias summary.
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2.4. Statistical Analysis. HRs or relevant data for each cancer
type were extracted from the tables and figures of eligible
studies. If enough data for each type of cancer was obtained,
then a meta-analysis was conducted. The significance of the
pooled HR was determined by the Z test, and P < 0:05 was
considered statistically significant. Cochran’s χ2-based Q test
and I2 statistics were used to assess the heterogeneity among
studies [25]. If P > 0:10 or I2 < 50%, there was no heteroge-
neity, and the fixed effect model was used to calculate the
pooled HRs [26]; otherwise, the random effect model was
performed [27]. For the definition of metformin exposure,
patients who did not receive metformin treatment were
defined as the “no-metformin” group (including some
patients who received other medications), whereas those
who received metformin were defined as the “metformin”
group. Publication bias was evaluated by visually observing
the asymmetry of Begg’s funnel plot. RevMan software ver-
sion 5.4 (Cochrane, London, UK) was used to create a
risk-of-bias graph and summary.

2.5. Risk of Bias Assessment. All articles do not use random
sequence generation methods but are based on the genera-
tion methods of intervention measures, which have a high
risk of bias. No studies reported on allocation concealment.
Since all included studies did not use a placebo, all studies
were assessed as having a high risk of bias in blinding of
the participants and personnel. No studies reported on the
blinding of outcome assessment. One study with missing
persons or unreported reasons was assessed to have a high
risk of incomplete outcome data. Except for two studies,

the remaining studies were assessed to have a low risk of bias
in other sources of bias domains, as they reported statistical
homogeneity in the characteristics of participants between
the groups at baseline (Figures 1 and 2).

3. Results

3.1. Characteristics of Included Studies. We identified a total
of 1883 records and excluded 1856 after browsing the title,
abstract, or full text. Finally, 27 eligible articles were identi-
fied, including 123,212 participants [20–24, 28–49]. All
selected studies were retrospective cohort studies. The
PRISMA study selection diagram is shown in Figure 3. The
characteristics of the included cohort studies are listed in
Table 1. Most of the selected studies evaluated the recur-
rence, progression, CCS, and OS of metformin in one of
three cancer types: kidney, bladder, and prostate cancer.

3.2. Recurrence. One study on kidney cancer (784 patients),
five studies on bladder cancer (7356 patients), and seven
studies on prostate cancer (8127 patients) assessed recur-
rence. A multivariate analysis indicated that metformin did
not significantly improve the recurrence rate of kidney can-
cer (HR = 1:22; 95% CI: 0.66-2.26; P = 0:53; Figure 4(a)) or
bladder cancer (HR = 0:70; 95% CI: 0.44-1.10; P = 0:01; I2
= 73%; Figure 4(b)), but it significantly improved in prostate
cancer (HR = 0:74; 95% CI: 0.61-0.90; P = 0:007; I2 = 56%;
Figure 4(c)). As kidney cancer was evaluated in only one
study involving 784 patients, a meta-analysis of this result
was not possible. Moreover, metformin does not seem to
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have an influence on recurrence in this study. In addition, by
analyzing the data in the table, we found that metformin was
associated with differences in the median follow-up time for
bladder cancer in the five studies. Therefore, we found that
metformin had a benefit on the recurrence of bladder cancer,
although the finding was limited to studies with a median
follow-up time of more than 4 years (HR = 0:43; 95% CI:
0.28-0.67; P = 0:61; I2 = 0%; Figure 5).

3.3. Progression. Five studies on kidney cancer (7356
patients), two studies on bladder cancer (1680 patients),
and one study on prostate cancer (885 patients) evaluated
progression. In the corresponding multivariate analysis, a
benefit of metformin use was observed in kidney cancer
(HR = 0:80; 95% CI: 0.65-0.98; P = 0:14; I2 = 46%;
Figure 6(a)) when the fixed effect model was applied. Blad-
der cancer (HR = 0:34; 95% CI: 0.05-2.37) and prostate can-

cer (HR = 0:83; 95% CI: 0.39-1.75; Figures 6(b) and 6(c))
were only evaluated in one study each, and there was a cer-
tain degree of bias. Therefore, a meta-analysis could not be
performed for this outcome.

3.4. Cancer-Specific Survival. Five studies on kidney cancer
(3283 patients), four studies on bladder cancer (5168
patients), and four studies on prostate cancer (91869
patients) assessed cancer-specific survival. After multivariate
analysis, we suggested that the use of metformin did not sig-
nificantly improve the CSS of kidney cancer (HR = 1:00;
95% CI: 0.78-1.29; P = 0:36; I2 = 6%; Figure 7(a)), but it
significantly improved in prostate cancer (HR = 0:74; 95%
CI: 0.61-0.91; P = 0:002; I2 = 79%; Figure 7(c)). Moreover,
bladder cancer showed a borderline improvement in CSS
(HR = 0:78; 95% CI: 0.61-1.00; P = 0:25; I2 = 28%;
Figure 7(b)).
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Figure 4: Forest plot of the recurrence of metformin use in patients with three main types of urinary system cancer: kidney cancer (a);
bladder cancer (b); prostate cancer (c).
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3.5. Overall Survival. Six studies on kidney cancer (8127
patients), four studies on bladder cancer (5168 patients),
and seven studies on prostate cancer (98438 patients)
assessed overall survival (OS). The multivariate analysis
demonstrated that the use of metformin seemed to be asso-

ciated with significant improvements in OS for prostate can-
cer (HR = 0:76; 95% CI: 0.65-0.90; P < 0:001; I2 = 86%;
Figure 8(c)). However, a relationship was not found between
metformin and the OS for kidney cancer (HR = 0:74; 95%
CI: 0.52-1.07; P = 0:06; I2 = 76%; Figure 8(a)) or bladder
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Figure 5: Forest plot of bladder cancer recurrence in different treatment groups based on metformin use.
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Figure 6: Forest plot of the progression of metformin use in patients with three main types of urinary system cancer: kidney cancer (a);
bladder cancer (b); prostate cancer (c).
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cancer (HR = 0:95; 95% CI: 0.77-1.16; P = 0:24; I2 = 29%;
Figure 8(b)).

Subsequently, we analyzed the effects of metformin on
prostate cancer patients receiving different treatments and
found a significant association between the primary type of
treatment and the efficacy of metformin on OS. For patients
receiving radical radiotherapy, metformin had significant
benefits on OS, whereas metformin had no obvious benefits
for patients undergoing radical prostatectomy and androgen
deprivation therapy (ADT) (Figure 9). Moreover, an analysis
of the sensitivity of patients with kidney cancer of different
nationalities to the efficacy of metformin indicated that the
overall survival of Americans was significantly improved
after taking metformin, whereas there was no improvement
in overall survival for non-Americans (Figure 10).

4. Discussion

Our systematic review showed that in urologic cancers, met-
formin use might be associated with a significant improve-
ment in the recurrence, CSS and OS of prostate cancer,
and the progression of kidney cancer. But no clear evidence

has been found that it was associated with the progression of
prostate cancer or the recurrence, CSS, or OS of kidney can-
cer and bladder cancer. Therefore, metformin was likely to
be an effective adjuvant, especially in prostate cancer.

Metformin has recently attracted increasing attention
and research interest due to its potential antitumor effects.
However, the results of these studies have been inconsistent.
After analyzing the OS and CSS of kidney cancer patients
with diabetes, Li et al. showed that the use of metformin
was beneficial to the prognosis of kidney cancer patients
[50]. Nevertheless, Nayan et al. analyzed the OS, PFS, and
CSS of kidney cancer patients with diabetes and found that
there was no obvious association between metformin use
and any survival outcome [51]. Similarly, studies by Nayan
et al. [36] and Rieken et al. [34] demonstrated that the use
of metformin could prolong the recurrence of bladder can-
cer. On the contrary, Ahn et al. [22] did not report this pro-
tective effect. Therefore, our study is the first comprehensive
meta-analysis and systematic review of existing research that
focuses on the use of metformin for the prevention and
treatment of urologic cancers. Through an analysis of 27
studies, we found that metformin was significantly beneficial

Study or subgroup

Cheng, 2016 (metastatic)
Hakimi, 2013
Nayan, 2016 (CGC)
Psutka, 2014

Total (95% CI)
Heterogeneity: Chi2 = 3.18, df = 3 (P = 0.36); I2 = 6%
Test for overall effect: Z = 0.03 (P =0.98)

Log (hazard ratio)

–0.24846136
–0.27443685
0.22314355

–0.18632958

SE

0.229633
0.65150498
0.1782686

0.35827085

Weight

31.3%
3.9%

51.9%
12.9%

100.0%

Hazard ratio
IV, fixed, 95% CI
0.78 (0.50, 1.22)
0.76 (0.21, 2.73)
1.25 (0.88, 1.77)
0.83 (0.41, 1.68)

1.00 (0.78, 1.29)

Hazard ratio
IV, fixed, 95% CI

0.01 0.1

Favours metformin

1

Favours no metformin

10 100

(a)

Study or subgroup Log (hazard ratio) SE Weight Hazard ratio
IV, fixed, 95% CI

Hazard ratio
IV, fixed, 95% CI

Nayan, 2015
Rieken, 2013 (WJU)
Rieken, 2014 (BJUO)

Total (95% CI)
Heterogeneity: Chi2 = 2.80, df = 2 (P = 0.36); I2 = 28%
Test for overall effect: Z = 1.97 (P = 0.05)

–0.56211892
0.00995033

–0.21072103

0.24375292
0.24658567
0.18125993

26.4%
25.8%
47.8%

100.0%

0.57 (0.35, 0.92)
1.01(0.62, 1.64)
0.81 (0.57, 1.16)

0.78 (0.61, 1.00)

0.01 0.1

Favours metformin Favours no metformin

1 10 100

(b)

Study or subgroup Log (hazard ratio) SE Weight Hazard ratio
IV, random, 95% CI

Hazard ratio
IV, random, 95% CI

0.01 0.1

Favours metformin

1

Favours no metformin

10 100
Heterogeneity: Tau2 = 0.02; Chi2 =14.45, df = 3 (P = 0.002); I2 = 79%
Test for overall effect: Z = 2.86 (P =0.004)

Total (95% CI)

Spratt, 2013
Richards, 2018
Margel, 2013
Allott, 2013 1.0612565

–0.21072103
–0.35667494
–1.66073121

0.7383797
0.03786225
0.01717407
0.59984063

1.9%
48.5%
46.8%
2.8%

100.0%

2.89 (0.68, 12.29)
0.81 (0.75, 0.87)
0.70 (0.64, 0.77)
0.19 (0.06, 0.62)

0.74 (0.61, 0.91)

(c)

Figure 7: Forest plot of the cancer-specific survival (CSS) of metformin use in patients with three main types of urinary system cancer:
kidney cancer (a); bladder cancer (b); prostate cancer (c).
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in prostate cancer. Our analysis suggested that in prostate
cancer, the beneficial effects of metformin may be more sig-
nificant for patients receiving radical radiotherapy. The rea-
son for this phenomenon may be related to the role of the
AMPK pathway in regulating the response of cells to radia-
tion therapy [52]. In bladder cancer, we believed that the
beneficial effect of metformin was limited to patients with
a median follow-up time of more than 4 years, indicating
that metformin as a cancer adjuvant may require a longer
observation time and more comprehensive research. Fur-
thermore, a subgroup analysis indicated that metformin
had a protective effect on the incidence of bladder cancer
in Americans. However, no such protection was observed
for non-Americans, indicating that the protective effect of
metformin on kidney cancer may be related to nationality.

The main advantage of our research was that it analyzed
the latest and most comprehensive studies. In terms of col-
lecting articles, we analyzed and sorted out the most impor-

tant research on urologic cancers in the past decade, and a
substantial number of patients (mainly kidney cancer, blad-
der cancer, and prostate cancer) were included. As for out-
come analysis, we considered several outcomes (including
recurrence, progression, CSS, and OS) and performed sub-
group analysis. During data analysis, we strictly classified
and sorted out univariate and multivariate analyses and
mainly performed multivariate analysis. Despite these
advantages, limitations in the research must be noted. First,
differences in sample size, proportion of metformin patients,
nationality, and follow-up time may result in heterogeneity
among the various studies. We controlled for heterogeneity
according to I2 through a random effect model. Second,
most of the studies included in this meta-analysis only con-
tained results for two to three outcomes. Due to the insuffi-
cient data of the outcomes, it was difficult for us to
determine potential relationships for certain factors. In addi-
tion, many of the studies conducted either univariate or
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Figure 8: Forest plot of the overall survival (OS) of metformin use in patients with three main types of urinary system cancer: kidney cancer
(a); bladder cancer (b); prostate cancer (c).
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multivariate analyses, which could lead to insufficient data
and bias when we strictly evaluated multivariate analysis.
Third, we compared population heterogeneity. The control
group was defined as “patients not using metformin” in
some studies, but the control group may have included
patients receiving any other hypoglycemic drugs. Therefore,
these differences may lead to deviations in the therapeutic
effect of metformin.

5. Conclusion

Despite these limitations, this study was still of great signif-
icance for the treatment and prognosis of patients with uro-

logic cancers. In general, systematic reviews and meta-
analyses have indicated that metformin has certain benefits
for urologic cancers (prostate cancer), especially for patients
receiving cancer radiotherapy. Of course, for patients with
kidney cancer, we found that the prognosis may be related
to nationality. Additionally, research on the recurrence of
bladder cancer helped further elucidate that there may be a
certain correlation between the prognosis of cancer and the
dose and duration of metformin, which may require further
research to verify. Therefore, a large amount of research is
needed to confirm the prognostic benefits and evaluate the
possibility of metformin as an adjuvant in the wider cancer
population.
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Figure 10: Association between metformin intake and overall survival (OS) subgrouped by ethnicity in kidney cancer.
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