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Purpose: Metformin is a key pharmaceutical for patients with diabetes mellitus (DM). Met-

formin also can enhance tumor radiosensitivity in vitro and in vivo. Some retrospective cohort 

studies have indicated that metformin can improve the efficacy of radiotherapy in patients with 

cancer and DM. The aim of this systematic review was to evaluate the radiotherapy efficacy of 

metformin in patients with cancer and DM.

Methods: Multiple databases were queried for studies that address the efficacy of metformin in 

radiotherapy of patients with cancer and DM. Studies were included that involved comparisons 

of the short-term tumor responses and long-term survival outcomes of these patients who were 

managed with or without metformin as well as of nondiabetic patients without metformin. The 

OR and HR with accompanying 95% CI were assessed in a random effects model. The main 

endpoints were 2-year and 5-year overall survival (2y-OS and 5y-OS, respectively).

Results: The database search yielded 17 cohort studies that met the inclusion criteria. The results 

indicated that the tumor response was higher in patients who also were treated with metformin 

than in those who were not (OR, 0.48; 95% CI, 0.22–1.07; P=0.07) and nondiabetic (OR, 0.27; 

95% CI, 0.07–0.98; P=0.05). Moreover, patients who received metformin had survival benefits 

compared with patients not treated with metformin (2y-OS: OR, 0.48; 95% CI, 0.29–0.80; 

P=0.005; 5y-OS: OR, 0.38; 95% CI, 0.25–0.56; P<0.00001). The metformin-related HRs of 

OS values were not significantly different.

Conclusion: Metformin appears to improve the tumor response to radiotherapy in patients with 

cancer and DM and partly yield survival benefits. Despite the apparent advantages provided 

by metformin treatment on 2y-OS and 5y-OS, these retrospective data are at risk of bias and 

should be interpreted with caution.
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Introduction
Diabetes mellitus (DM) is a chronic disease with a high incidence worldwide. Many 

investigators have shown that having DM may increase the risk of colorectal and 

endometrial cancers and of any cancer mortality.1–3 Results of a meta-analysis showed 

that patients with cancer and DM have a higher all-cause mortality than do those 

without DM, especially with respect to colorectal cancer, breast cancer, and endome-

trial cancer.4 Current pharmacologic treatments for patients with DM include insulin 

and metformin to control the level of blood glucose. Metformin is a first-line drug 

for controlling circulating insulin levels in DM.5,6 Over the past decade, researchers 

have found that metformin has utility for the treatment of conditions other than DM. 
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Specifically, a role for metformin in cancer prevention and 

treatment has been explored.7

Epidemiologic findings have demonstrated that the inci-

dence of cancer in patients with DM who received metformin 

was lower than among nondiabetics or patients with DM who 

received a drug other than metformin to control blood glu-

cose.1,8 Some retrospective studies have shown that patients 

with DM who are treated with metformin not only have a 

lower incidence of cancer but also have improved efficacy of 

cancer treatment. Metformin has been shown to reduce the 

biochemical recurrence rate and improve the overall survival 

(OS) rate of patients with DM and prostate or endometrial 

 cancer.9–11 These clinical observations have been supported by 

experiments in vivo and in vitro, confirming that metformin 

prevents against carcinogenesis and inhibits the proliferation 

of cancer cells.12,13

Radiotherapy is an essential modality that can be imple-

mented at various phases in the cancer treatment process. 

Metformin has been found to increase radiosensitivity to 

non-small cell lung cancer in vitro.14 Specifically, metformin 

reduces oxygen consumption and increases oxygenation in 

tumor cells by directly inhibiting mitochondrial metabo-

lism15; this mitigates radiation resistance associated with 

tumor hypoxia.16

Only a review and some retrospective cohort studies 

have involved the effects of concurrent metformin and 

radiotherapy in the treatment of patients with cancer and 

DM17; no large randomized controlled trial (RCT) or meta-

analysis has directly addressed this topic. Therefore, there 

is no sufficient evidence to recommend metformin—rather 

than other hypoglycemic drugs—alongside radiotherapy 

for patients with cancer and DM. Moreover, it is unclear 

whether patients on this treatment regimen would experience 

survival benefits. We conducted a systematic review and 

meta-analysis of retrospective cohort studies to investigate 

whether metformin increases the short-term efficacy and OS 

benefits of radiotherapy.

Methods
Literature search strategy
This systematic review and meta-analysis was conducted in 

accordance with guidelines set forth by the PRISMA. A lit-

erature search was performed on PubMed, Embase, Cochrane 

Library, Science Direct, Web of Science, CINAHL Plus, 

ClinicalTrials.gov, and China National Knowledge Infra-

structure (CNKI) to obtain articles published on or before 

April 25, 2018. Search terms were “metformin,” in combi-

nation with “cancer,” “diabetes mellitus,” “radiotherapy,” 

and “survival.” The search strategy was performed by two 

investigators (MR and CG).

Eligibility criteria and excluded studies
The following eligibility criteria were applied to the articles: 

1) described a population-based cohort study; 2) involved 

patients in a treatment group who had cancer and DM and 

received metformin and radiotherapy; 3) involved patients in 

a control group with or without DM, but no control patient 

received metformin; 4) included outcome measures of 

qualitative improvement in tumor response and OS; 5) was 

a high-quality study, based on a Newcastle–Ottawa Scale 

(NOS) score of ≥6; and 6) was written in English or Chinese. 

Two reviewers independently assessed the articles based on 

titles and abstracts and excluded studies that addressed animal 

models or in vitro experiments, lacked original data, were not 

related to metformin and radiotherapy, or duplicated a study 

that had already been recovered from the literature search. 

After this screen, full-text articles of the studies deemed 

relevant were retrieved. These articles were reviewed and 

were excluded from the study if the comparison group did 

not conform to the inclusion/exclusion criteria. At this stage, 

studies were excluded that did not present data on efficacy 

or survival outcomes or that presented inconsistent data. 

Disagreements about eligibility were resolved by discussion 

between the authors (MR and CG). If agreement could not 

be reached, a third arbiter (YX) was consulted.

Data extraction
The following information was extracted from each included 

cohort study: author names, publication year, site of original 

tumor, study groups, specimens collected, radiotherapy dose, 

concurrent treatment during radiotherapy, use of adjuvant 

therapy and type, outcomes, and quality score in NOS. Study 

investigators were asked via email to provide information that 

had been omitted from the published articles. Information 

was independently extracted by MR and CG, and all extracted 

data were confirmed by MG.

Statistical analysis
For studies that included qualitative short-term curative find-

ings and long-term follow-up in each group, we pooled the 

ORs in a random effects model to facilitate generalizability 

of results. For studies that reported quantitative survival 

outcomes (HR and accompanying in 95% CI) in compari-

sons with patients with diabetes on metformin (D+M) and 

those with diabetes not on metformin (D–M) or nondiabetic 

patients not on metformin (N–M), we combined the logHR 
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and the standard error (SE) in a random effects model. In the 

analysis of HRs with 95% CIs for disease-free survival (DFS), 

distant metastasis–free survival (DMFS), and OS, HR data 

were derived from univariate analysis and multivariate analy-

sis. (When both types of data existed, multivariate data were 

extracted as a priority.) We assessed statistical heterogeneity 

using Q-tests and the I2 statistic. All analyses were carried 

out using Review Manager (RevMan) software, version 5.0 

(Cochrane, Copenhagen, Denmark).

Results
Our search yielded more than 1,370 studies for initial review. 

After screening titles and abstracts, 30 articles remained for 

full-text review. Thirteen of these articles did not meet inclu-

sion criteria, and the remaining 17 articles were included 

in a meta-analysis (Figure 1).18–34 The 17 cohort studies 

involved effect sizes of metformin-enhanced radiotherapy 

in the following cancers: prostate cancer, four studies; head 

and neck cancer, four studies; rectal cancer, two studies; lung 

cancer, three studies; esophageal cancer, three studies; liver 

cancer, one study. The included studies all had comparisons 

of D–M and/or N–M patient groups and addressed patho-

logic complete response (pCR), DFS, DMFS, and OS after 

treatment. Nine of the 17 studies included comparisons of 

D+M and D–M in terms of the HR OS/DFS/DMFS and 

95% CI (Table 1). The 17 studies comprise 14,333 patients 

with cancer who received radiotherapy with or without 

chemotherapy.

Pathologic complete response
We analyzed short-term curative effects in terms of the 

pCR of D+M and D–M or N–M after radiotherapy. Five 

articles contained pCR data for patients, all of whom had 

gastrointestinal tumors. These patients received neoadjuvant 

concurrent chemoradiotherapy followed by surgery. The pCR 

data were obtained postoperatively. The data were converted 

into discontinuation variables, and ORs were pooled in a 

random effects model to facilitate generalizability of results. 

Our results indicated that the D+M group appeared to be 

more likely to improve in postoperative pCR compared with 

the D-M group (OR, 0.48; 95% CI, 0.22–1.07; I2=51.0%; 

P=0.07) or the N–M group (OR, 0.27; 95% CI, 0.07–0.98; 

I2=54.0%; P=0.05) (Figure 2).

Distant metastasis–free survival
We analyzed long-term survival outcomes in terms of DMFS 

after radiotherapy in the D+M, D–M, and N–M groups. The 

DMFS comparisons originated from different diseases and 

were represented as 2-year DMFS (2y-DMFS) and 5-year 

DMFS (5y-DMFS). The former comprises lung and esopha-

geal cancer, whereas the latter included prostate, head and 

neck, and esophageal carcinoma. There was no significant 

difference in 2y-DMFS between the D+M and D–M groups 

(OR, 0.54; 95% CI, 0.16–1.81; I2=36.0%; P=0.32) or in the 

5y-DMFS (D+M vs D-M OR, 0.53; 95% CI, 0.15–1.85; 

I2=75.0%; P=0.32; and D+M vs N-M OR, 1.29; 95% CI, 

0.72–2.31; I2=41.0%; P=0.39) (Figure 3).

Figure 1 Flow diagram showing study selection.

References identified through literature search (n=1,370)

Papers removed by duplicates (n=414)

References screened based on titles and abstracts (n=956)

Papers removed by titles and abstracts (n=926)

References of full-text by detailed evaluation (n=30)

Papers removed, with reasons (n=13)
No radiotherapy: (n=6)
No data about survival or efficacy: (n=4)
Without grouped: (n=1)
Compared groups were ineligible: (n=2)

References included in qualitative analysis (n=17)

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4884

Rao et al

T
ab

le
 1

 C
ha

ra
ct

er
is

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es
 in

ve
st

ig
at

in
g 

th
e 

m
et

fo
rm

in
 in

vo
lv

ed
 in

 r
ad

io
th

er
ap

y

St
ud

y
C

an
ce

r 
si

te
G

ro
up

a  n
(%

)
R

T
 a

nd
 d

os
e

C
on

cu
rr

en
t 

tr
ea

tm
en

t
A

dj
uv

an
t 

th
er

ap
y

O
ut

co
m

es
H

R
(9

5%
 C

I)
D

FS
/D

M
FS

H
R

(9
5%

 C
I)

O
S

Q
ua

lit
y 

sc
or

e
(N

O
S)

Z
ao

rs
ky

 e
t 

al
 

(2
01

7)
20

Pr
os

ta
te

A
: 2

51
 (

7.
8)

B:
 3

63
 (

11
.3

)
C

: 2
,6

03
 (

80
.9

)

3D
-C

R
T

/iM
R

T
76

–8
0 

G
y

A
D

T
A

D
T

5y
-O

S
A

: 9
3.

35
%

, B
: 8

5.
19

%
, C

: 9
2.

25
%

5y
-D

M
FS

 A
: 9

3.
85

%
, B

: 9
4.

11
%

, C
: 

96
.8

5%

N
on

e
N

on
e

7

Sp
ra

tt
 e

t 
al

 
(2

01
3)

27

Pr
os

ta
te

A
: 1

57
 (

5.
4)

B:
 1

62
 (

5.
6)

C
: 2

,5
82

 (
89

)

R
T

N
on

e
N

on
e

10
y-

O
S

A
: 8

1.
6%

, B
: 5

5.
4%

, C
: 7

1.
8%

10
y-

D
M

FS
A

: 8
9.

7%
, B

: 6
6.

1%
, C

: 8
6.

1%

D
M

FS
:

3.
68

(1
.7

–7
.6

2)

2.
25

 (
1.

38
–

3.
66

1)
8

Z
an

ne
lla

 e
t 

al
 

(2
01

3)
28

Pr
os

ta
te

A
: 1

14
 (

22
.6

)
B:

 3
90

 (
77

.4
)

R
T

78
 G

y
N

on
e

N
on

e
3y

 B
io

ch
em

ic
al

 r
ec

ur
re

nc
e-

fr
ee

 r
at

e:
A

=9
4.

3%
, C

=8
5.

1%
N

on
e

N
on

e
6

T
ai

ra
 e

t 
al

 
(2

01
4)

29

Pr
os

ta
te

A
: 1

26
 (

5.
5)

B:
 1

44
 (

6.
3)

C
: 2

,0
28

 (
88

.2
)

Br
ac

hy
 R

T
45

–5
0.

4 
G

y
A

D
T

A
D

T
15

y 
Bi

oc
he

m
ic

al
 fa

ilu
re

 r
at

e:
A

=4
.8

%
, B

=2
.8

%
, C

=4
.6

%
N

on
e

N
on

e
8

Sp
ra

tt
 e

t 
al

 
(2

01
6)

34

H
ea

d 
an

d 
ne

ck
A

: 1
02

 (
5.

8)
B:

 8
2 

(4
.7

)
C

: 1
,5

61
 (

89
.5

)

iM
R

T
70

 G
y

C
T

N
on

e
5y

-O
S 

A
: 8

2.
3%

, B
: 7

0.
7%

, C
: 8

3%
5y

-D
M

FS
 

A
: 9

0.
1%

, B
: 7

8.
7%

, C
: 8

9.
6%

D
M

FS
0.

46
(0

.2
0–

1.
04

)

0.
76

(0
.4

9–
1.

17
)

8

C
ha

ng
 e

t 
al

 
(2

01
7)

21

H
ea

d 
an

d 
ne

ck
A

: 3
9 

(1
5.

5)
B:

 2
13

 (
84

.5
)

iM
R

T
70

–7
4 

G
y

C
T

N
on

e
2y

-O
S

A
: 7

1.
8%

, B
: 6

4.
3%

2y
-R

FS
A

: 6
9.

2%
, B

: 6
0.

6%

N
on

e
N

on
e

7

Sk
in

ne
r 

et
 a

l 
(2

01
2)

33

H
ea

d 
an

d 
ne

ck
A

: 1
0 

(3
3.

3)
B:

 2
0 

(6
6.

7)
R

T
N

on
e

N
on

e
5y

-O
S

A
: 8

7%
, B

: 4
1%

N
on

e
N

on
e

6

A
de

be
rg

 e
t 

al
 

(2
01

5)
19

G
lio

bl
as

to
m

a
A

: 2
0 

(7
.2

5)
B:

 2
0 

(7
.2

5)
C

: 2
36

 (
85

.5
)

R
T

60
 G

y
C

T
N

on
e

PF
S 

(m
o)

A
: 1

0.
13

, B
: 4

.6
7,

 C
: 6

.7
N

on
e

1.
37

(0
.6

2–
2.

57
)

7

O
h 

et
 a

l 
(2

01
6)

23

R
ec

ta
l

A
: 4

2 
(7

.7
)

B:
 2

9 
(5

.3
)

C
: 4

72
 (

87
)

R
T

44
–5

4 
G

y
C

T
Su

rg
er

y
pC

R
A

: 2
6.

2%
, B

: 2
0.

7%
, C

: 1
5.

7%
N

on
e

3.
69

6
(1

.0
3–

13
.2

1)
7

Sk
in

ne
r 

et
 a

l 
(2

01
3)

22

R
ec

ta
l

A
: 2

0 
(4

.1
)

B:
 4

0 
(8

.3
)

C
: 4

22
 (

87
.6

)

3D
-C

R
T

50
.4

 G
y

C
T

Su
rg

er
y

pC
R

A
: 3

5%
, B

: 7
.5

%
, C

: 1
6.

6%
5y

-O
S

A
: 8

1%
, B

: 5
6%

, C
: 8

5 
%

5y
-D

FS
A

: 8
1%

, B
: 4

1%
, C

: 7
7%

N
on

e
N

on
e

7

A
hm

ed
 e

t 
al

 
(2

01
5)

24

Lu
ng

A
: 2

0 
(1

2)
B:

 2
0 

(1
2)

C
: 1

26
 (

76
)

3D
-C

R
T

/iM
R

T
60

–6
6 

G
y

C
T

N
on

e
2y

-O
S

A
: 2

5%
, B

: 3
5%

, C
: 3

0.
9%

D
FS

1.
40

(0
.6

5–
3.

04
)

1.
73

(0
.7

8–
3.

85
)

7

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4885

Metformin treatment on radiotherapy efficacy in patients with cancer and DM

w
in

k 
et

 a
l 

(2
01

6)
25

Lu
ng

A
: 5

9 
(8

.7
)

B:
 6

23
 (

91
.3

)
R

T
66

.1
 G

y
C

T
N

on
e

2y
-O

S
A

: 6
2.

4%
, B

: 4
9%

2y
-D

M
FS

A
: 7

4.
4%

, B
: 5

3.
3%

2y
-L

R
FS

A
: 7

2%
, B

: 5
9.

7%

D
FS

0.
63

(0
.4

1–
0.

96
)

0.
86

(0
.5

7–
1.

28
)

7

Li
 e

t 
al

 
(2

01
6)

18

Lu
ng

A
: 2

9 
(2

9.
9)

B:
 2

7 
(2

7.
8)

C
: 4

1 
(4

2.
3)

iM
R

T
60

 G
y

C
T

C
T

 1
–4

 c
yc

le
s

O
S 

(m
o)

A
: 1

9.
4±

1.
63

, B
: 1

8.
2±

2.
91

, C
: 

20
.1

±2
.1

4
PF

S 
(m

o)
A

: 1
0.

6±
0.

92
, B

: 1
0.

5±
1.

73
, C

: 
11

.3
±1

.6
8

N
on

e
N

on
e

6

Sk
in

ne
r 

et
 a

l 
(2

01
3)

30

es
op

ha
ge

al
A

: 2
9 

(1
0.

2)
B:

 2
1 

(7
.4

)
C

: 2
35

 (
82

.4
)

3D
-C

R
T

/iM
R

T
45

–5
0.

4 
G

y
C

T
Su

rg
er

y
pC

R
A

: 3
4.

5%
, B

: 4
.8

%
, C

: 1
9.

6%
O

S 
(m

o)
A

: 4
4,

 B
: 5

1,
 C

: 5
6

N
on

e
N

on
e

7

Sp
ie

ri
ng

s 
et

 a
l 

(2
01

5)
31

es
op

ha
ge

al
A

: 3
2 

(6
.9

)
B:

 4
29

 (
93

.1
)

R
T

41
.4

 G
y

C
T

Su
rg

er
y

pC
R

A
: 1

9%
, B

: 2
1%

O
S 

(m
o)

A
: 4

3.
6,

 B
: 4

2.
8

D
FS

 (
m

o)
A

: 3
1.

1,
 B

: 4
7

D
FS

1.
11

(0
.6

6–
1.

90
)

1.
12

(0
.6

6–
1.

90
)

8

va
n 

de
 v

oo
rd

e 
et

 a
l (

20
15

)32

es
op

ha
ge

al
A

: 1
9 

(9
.7

)
B:

 1
77

 (
90

.3
)

3D
-C

R
T

/v
M

R
T

50
.4

 G
y

C
T

Su
rg

er
y

pC
R

A
: 3

9%
, B

: 2
5%

2-
y 

O
S

A
: 8

2.
9%

, B
: 5

6.
5%

5-
y 

O
S

A
: 7

4.
6%

, B
: 4

1%
2-

y 
D

M
FS

A
: 9

3.
3%

, B
: 6

9.
6%

5-
y 

D
M

FS
A

: 9
3.

3%
, B

: 6
8.

2%

D
M

FS
1.

01
4

(0
.0

24
–1

.2
53

)

0.
35

(0
.1

3–
0.

97
)

7

Ja
ng

 e
t 

al
 

(2
01

5)
26

Li
ve

r
A

: 1
9 

(8
.7

)
B:

 2
9 

(1
3.

4)
C

: 1
69

 (
77

.9
)

SB
R

T
/H

yp
oR

T
25

–6
0 

G
y

N
on

e
N

on
e

2-
y 

O
S

A
: 7

6%
, B

: 3
7%

2-
y 

PF
S

A
: 4

6%
, B

: 1
6%

(p
ro

pe
ns

ity
 s

co
re

-m
at

ch
ed

)

N
on

e
0.

36
(0

.1
4–

0.
94

)
7

N
ot

es
: a G

ro
up

 A
: p

at
ie

nt
s 

w
ith

 D
M

 o
n 

m
et

fo
rm

in
 (

D
+M

); 
G

ro
up

 B
: p

at
ie

nt
s 

w
ith

 D
M

 n
ot

 o
n 

m
et

fo
rm

in
 (

D
–M

); 
G

ro
up

 C
: p

at
ie

nt
s 

w
ith

ou
t 

D
M

 a
nd

 n
ot

 o
n 

m
et

fo
rm

in
 (

N
–M

).
A

bb
re

vi
at

io
ns

: 
A

D
T

, a
nd

ro
ge

n 
de

pr
iv

at
io

n 
th

er
ap

y;
 C

T
, c

he
m

ot
he

ra
py

; 
D

FS
, d

is
ea

se
-fr

ee
 s

ur
vi

va
l; 

D
M

FS
, d

is
ta

nt
 m

et
as

ta
si

s–
fr

ee
 s

ur
vi

va
l; 

LR
FS

, l
oc

or
eg

io
na

l r
ec

ur
re

nc
e–

fr
ee

 s
ur

vi
va

l; 
N

O
S,

 N
ew

ca
st

le
–O

tt
aw

a 
sc

al
e;

 O
S,

 o
ve

ra
ll 

su
rv

iv
al

; P
FS

, p
ro

gr
es

si
on

-fr
ee

 s
ur

vi
va

l; 
R

FS
, r

ec
ur

re
nc

e-
fr

ee
 s

ur
vi

va
l r

at
e;

 R
T

, r
ad

io
th

er
ap

y;
 p

C
R

, p
at

ho
lo

gi
c 

co
m

pl
et

e 
re

sp
on

se
; i

M
R

T
, i

nt
en

si
ty

 m
od

ul
at

ed
 r

ad
ia

tio
n 

th
er

ap
y;

 3
D

-C
R

T
, t

hr
ee

 d
im

en
si

on
al

 c
on

fo
rm

al
 r

ad
ia

tio
n 

th
er

ap
y;

 
SB

R
T

, s
te

re
ot

ac
tic

 b
od

y 
ra

di
at

io
n 

th
er

ap
y;

 m
o,

 m
on

th
d.

 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

4886

Rao et al

Overall survival
We compared OS results—in terms of 2y-OS and 5y-OS—for 

patients with various cancer types. The 2y-OS was composed 

of head and neck, lung, and liver cancer. The 5y-OS involved 

prostate, head and neck, rectal, and esophageal carcinoma. 

There was no significant improvement in the 5y-OS for D+M 

group vs the N–M group (OR, 0.64; 95% CI, 0.64–1.32; 

I2=0%; P=0.64). The 2y-OS and 5y-OS in the D+M group 

Figure 2 Findings of a meta-analysis of studies with discontinuation data on improvement in pathologic complete response for group A vs B and C, in terms of estimated 
ORs and 95% Cis.
Notes: Group A: patients with DM on metformin (D+M); Group B: patients with DM not on metformin (D–M); Group C: patients without DM and not on metformin (N–M).
Abbreviation: DM, diabetes mellitus.

Figure 3 Findings of a meta-analysis of studies with discontinuation data on improvement in 2y- or 5y-DMFS in group A vs B and C, with estimated ORs and 95% Cis.
Notes: Group A: patients with DM on metformin (D+M); Group B: patients with DM not on metformin (D–M); Group C: patients without DM and not on metformin (N–M).
Abbreviations: DM, diabetes mellitus; DMFS, distant metastasis–free survival.

were higher than in the D–M group (2y-OS: OR, 0.48; 95% 

CI, 0.29–0.8; I2=33.0%; P=0.005 and 5y-OS: OR, 0.38; 95% 

CI, 0.25–0.56; I2=0%; P<0.00001) (Figure 4).

HR for DFS, DMFS, and OS in the D+M 
group
Pooled HRs for the DFS and DMFS for patients in the D+M 

group are presented in Table 1 and in Figure 5. Overall, the 
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Figure 4 Findings of a meta-analysis of studies with dichotomous data on improvement in 2y- or 5y-OS in group A vs B and C, with estimated ORs and 95% Cis. 
Notes: Group A: patients with DM on metformin (D+M); Group B: patients with DM not on metformin (D–M); Group C: patients without DM and not on metformin (N–M).
Abbreviation: DM, diabetes mellitus.

Figure 5 Meta-analysis results of the effect of metformin use on survival outcomes (DFS, DMFS, and OS) in patients with cancer and DM who also received radiotherapy.
Abbreviations: DM, diabetes mellitus; DFS, disease-free survival; DMFS, distant metastasis–free survival; OS, overall survival.
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results showed that the use of metformin did not produce a 

significantly decreased risk of progression or metastasis in 

patients with DM and cancer who underwent radiotherapy 

(DFS: HR, 0.93; 95% CI, 0.58–1.50; DMFS: HR, 1.2; 95% 

CI, 0.47–3.06) under the random effects model. This finding 

can be attributed, at least in part, to heterogeneity among the 

17 studies.

To examine the effect of metformin management on OS, 

nine of the 17 studies were pooled into a meta-analysis. The 

findings indicated a nonsignificantly reduced risk of death for 

patients treated with metformin (HR, 1.06; 95% CI, 0.7–1.61; 

I2=70%; P=0.77). Because the number of studies involved 

in the comparison of indicators was relatively small, we did 

not perform the Egger test of publication bias.

Discussion
Metformin is an oral medication that controls blood glucose. 

Its safety, efficacy, and low cost make it an attractive first-line 

agent in the treatment of type 2 diabetes and other insulin 

resistance–related diseases.35 At present, the clinical utility of 

metformin in the treatment of aging and various diseases—

including cancer, cardiovascular disease, and  intestinal 

dysbacteriosis—has attracted a great deal of  attention.36 

Metformin can reduce the risk of cancer in patients with 

type 2 diabetes, and a large body of epidemiologic evidence 

supports the favorable effects of metformin on cancers of 

the colon, lung, liver, ovary, and breast.37 Metformin also 

can exert a positive influence as an adjuvant in radiotherapy 

and/or chemotherapy, primarily in patients with lung,38 liver, 

colon, esophageal, or prostate cancer. Other malignancies, 

including melanoma, bladder, and head and neck cancer, 

also can be improved by a combination of metformin and 

antitumor therapeutic approaches.39–41

Herein, we describe the results of a systematic review 

and meta-analysis involving 17 retrospective cohort studies. 

Our aim was to explore the synergistic effect of metformin 

on radiotherapy in clinical practice. The phenomenon of 

increased radiosensitivity in the presence of metformin has 

been supported by preclinical data. Specifically, metformin 

combined with radiation was found to enhance DNA damage 

in vitro, as measured by indices such as phosphorylation of 

histone protein H2AX and the olive tail moment.42,43

Metformin selectively inhibits complex I; mitochondrial 

glycerophosphate dehydrogenase may increase the produc-

tion of reactive oxygen species and decrease glutathione 

induced by metformin. The result of this process would be 

to exacerbate DNA damage. The molecular mechanisms 

that regulate metformin-enhanced radiosensitivity involve 

p53- and AMPK-mediated signaling pathways. These two 

signaling pathways have multiple points of cross-talk. Tumor 

suppressor p53 is a transcription factor that, under geno-

toxic or metabolic stress, is phosphorylated, stabilized, and 

activated, thereby inducing cell cycle arrest, apoptosis, or 

metabolic adaptation.44 Skinner et al found that metformin 

radiosensitization was related to the expression of mutant 

p53.33 However, the role of p53 was potentially site-specific, 

dependent on certain mutations, and likely to be affected 

by other genetic changes in cancer.45 Results of another 

study demonstrated that the treatment of cells with siRNA 

against AMPK could prevent or reduce metformin-mediated 

radiosensitization.46 However, other investigators found that 

metformin had no significant effect on radiation effects after 

AMPK gene knockout. Therefore, the role of AMPK in the 

radiation response in the presence of metformin remains 

unclear.

To our knowledge, the current study was the first meta-

analysis of the potentially synergistic antitumor effects of 

metformin and radiotherapy on treatment of patients with 

cancer and DM. An advantage of this study was the inclusion 

of PubMed, Embase, Cochrane Library, Science Direct, Web 

of Science, CINAHL Plus, ClinicalTrials.gov, and CNKI 

databases in the initial literature search. However, because 

these studies were not randomized and involve disparate 

patient groups, it is difficult to draw conclusions.

Included patients were categorized as D+M, D–M, or 

N–M in this meta-analysis. Our findings of the short-term 

curative effects of radiotherapy indicated that the pCR was 

increased in patients with tumors of the gastrointestinal 

system who were treated with metformin (rectal cancer and 

esophageal carcinoma). However, when these nonrandomized 

data were pooled, we did not observe a significant statistical 

advantage. In the absence of combined data, the researchers 

found discordant results in the biochemical failure rate. Spe-

cifically, when the 2y-DMFS and 5y-DMFS were compared 

in cancers of the lung, esophagus, prostate, and head and 

neck, we found that metformin did not produce a significant 

improvement in survival outcomes, regardless of whether the 

comparison was with D–M or N–M. In the comparison of 

5y-OS, the D+M group had no survival advantage over the 

N–M group. When D+M and D–M groups were compared 

with respect to the 2y-OS and 5y-OS, metformin use was 

associated with a survival benefit.

In the present study, the diseases compared included 

cancers of the lung, liver, esophagus, rectum, prostate, and 

head and neck. There are inherent differences in biological 

characteristics among these cancers, and any survival benefit 
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of metformin in certain cancers could have been dampened 

by a lack of effect in other cancers.

Our findings must be interpreted with caution. This 

meta-analysis was not based on RCTs and involved studies 

with inherent biases. We also determined that the logHR 

and SE for patients who received radiotherapy and met-

formin did not show a benefit of OS compared with the 

D-M group.

This study had several limitations. We only considered 

the effect of metformin as a radiosensitizer applied in 

combination with radiotherapy, but for patients with DM, 

metformin is a lifelong treatment. The possible role of some 

potential confounders for therapeutic effect of tumor, such 

as duration of diabetes, duration of metformin exposure, 

the dose of metformin used, blood glucose level, and 

the presence or not of insulin resistance, was not strictly 

assessed in these studies. Only seven studies mentioned the 

metformin daily doses ranges from 500 to 2,000 mg. Only 

one study further discussed a significant dose-dependent 

effect of metformin on response, with doses of greater 

than 1,500 mg/day, associated with improved pCR.30 In 

addition, there was no homogeneity among studies in the 

comprehensive antitumor treatment strategy applied. The 

authors of the included studies did not provide details on 

whether patients continued treatment with adjuvant therapy 

after radiotherapy. From a clinical viewpoint, the current 

study involved too small of a sample size to make any 

substantive conclusions. These limitations highlight that 

RCTs are needed to clarify the impact of metformin on 

cancer prevention and treatment, particularly in nondiabetic 

patients with cancer.

Conclusion
The results of the present meta-analysis indicate inconsis-

tencies in the effect of metformin alongside radiotherapy 

in patients with cancer and DM. Metformin use seemed to 

correlate with improved tumor response to treatment, but this 

effect did not totally translate to survival benefits. Despite 

the favorable effects of metformin on 2y-OS and 5y-OS 

in multiple patients with cancer, the retrospective studies 

reviewed herein had risk of bias. RCTs are needed to delineate 

the advantages of metformin in these patient groups and to 

clarify the mechanism by which metformin could enhance 

radiosensitivity.
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