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Continuous use of metformin can improve survival
in type 2 diabetic patients with ovarian cancer
A retrospective study
Shan-Bing Wang, MMa∗, Kai-Jian Lei, MMa,∗, Jia-Pei Liu, BMb, Yu-Ming Jia, BMa

Abstract
Evidence indicates that type 2 diabetes may stimulate the initiation and progression of several types of cancer. Metformin, a drug
most commonly used to treat type 2 diabetes, may inhibit cancer cell growth and reduce the risk of cancer. However, evidence of the
antitumor effects of metformin on ovarian cancer is still limited.
In this study, we retrospectively examined the effects of metformin on ovarian cancer patients with diabetes at our institution.
We identified 568 consecutive patients who were newly diagnosed with ovarian cancer and treated between January 2011 and

March 2014. Patients with International Federation of Gynecology and Obstetrics (FIGO) stage I to IV epithelial ovarian, fallopian, or
peritoneal cancer were included. Patients with type 1 diabetes, incomplete records (including medication records) and any other
cancer before their ovarian cancer diagnosis, as well as those diagnosed with diabetes more than 6months after their ovarian cancer
diagnosis, were excluded. Out of 568 patients, 48 (8.5%) patients with type 2 diabetes continuously used metformin, 34 (5.9%)
patients with type 2 diabetes did not take metformin, 22 (3.9%) patients with type 2 diabetes discontinued metformin, and 464
(81.7%) ovarian cancer patients were nondiabetic controls. Longer progression-free survival (PFS) and overall survival (OS) were
observed in ovarian cancer patients with diabetes who were taking metformin than in diabetic patients not taking metformin, diabetic
patients who discontinued metformin, and nondiabetic ovarian cancer patients (P= .001). After adjusting for possible confounders,
metformin use was associated with a lower risk for disease relapse [hazard ratio (HR)=0.34; 95% confidence interval (CI): 0.27–0.67;
P< .01] and disease-related death (HR=0.29; 95% CI: 0.13–0.58, P= .03) among ovarian cancer patients with diabetes.
Metformin usemay decrease the risk for disease recurrence and death in patients with ovarian cancer, but the drug treatment must

be continuous.

Abbreviations: AMPK = adenosine monophosphate-activated protein kinase, and IGF1 = insulin-like growth factor-1, BMI =
body mass index, CI = confidence interval, FIGO = International Federation of Gynecology and Obstetrics, HR = hazard ratio, mTOR
= mammalian target of rapamycin, OS = overall survival, PFS = progression-free survival.
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1. Introduction

Ovarian cancer is the leading cause of gynecological cancer
associated death in China and is the most common cause of
cancer death in women.[1] This is because over two-thirds of
patients have progressed to late-stage disease [International
Federation of Gynecology and Obstetrics (FIGO) stage III or IV]
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by the time of diagnosis. Although advances in primary surgery
and adjuvant therapy have attained high rates of complete
pathological response with modern management,[3] the majority
of ovarian cancer patients who present with late-stage disease will
relapse within 18 months.[4] Unfortunately, the currently
available systemic therapy for recurrent ovarian cancer, such
as cytoreductive surgery followed by combination chemotherapy,
has limited efficacy.[5] Consequently, we need to develop more
effective therapies for ovarian cancer.
Type 2 diabetes has become increasingly prevalent worldwide;

approximately 552 million people throughout the world will
have diabetes by 2030.[6] Emerging evidence from multiple
studies and meta-analyses have reported that type 2 diabetes is
associated with an increased incidence of and mortality from
many cancers, such as hepatic cancer, colorectal cancer, and
ovarian cancer.[7] How diabetes causes cancer is not yet clear, but
many studies have suggested that secondary hyperinsulinemia
may induce or stimulate mitogenic processes through its cognate
receptor or via the insulin-like growth factor-1 (IGF1) recep-
tor.[8,9] Furthermore, hyperglycemia can induce the emergence of
oxidative stress, which may promote carcinogenesis.[10]

Metformin, a biguanide commonly used as a first-line
pharmacotherapy for type 2 diabetes, may decrease the risk of
several types of cancers.[11,12] The in vitro anti-tumorigenic
effects of metformin have been reported in cancers of the breast,
prostate, and colon.[13–16] Several retrospective studies have
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suggested that metformin use in patients with diabetes and
concurrent breast or prostate cancer led to longer progression-
free survival (PFS) and overall survival (OS).[17–19] However,
until now, only 3 retrospective studies have evaluated the
relationship between metformin use and survival in patients with
ovarian cancer, and their findings are inconsistent.[20–22] In this
study, we retrospectively examined the effects of metformin on
ovarian cancer patients with diabetes at our institution.
Table 1

Patients demographics and baseline clinical characteristics.

Nondiabetic
group

Metformin
group

Non-
metformin
group

Discontinued
group P

Case 464 48 34 22
Age, y 57.8±7.4 57.5±7.4 60.4±6.4 57.0±6.3 .14
Smoking 47 (464) 6 (48) 6 (34) 2 (22) .51
BMI, kg/m2 25.3±1.5 26.2±1.2 27.9±1.7 26.4±1.6 <.03
FIGO stage (number)
I 42 4 3 2 .99
II 96 9 8 5
III 236 28 16 11
IV 90 7 7 4

Grade
1 39 3 3 5 .18
2 75 7 6 6
3 350 38 25 11

Type of surgery
∗

Primary 406 37 25 20 .08
Interval 44 8 7 2

Postoperative residual disease†

�1cm 385 37 25 18 .17
>1cm 46 7 7 4

Chemotherapy‡

Platinum 430 42 31 17 .14
Nonplatinum 17 3 2 2
None 8 1 0 2

Drug delivery approachesx

IV 393 34 26 16 .15
IV and IP 61 11 7 4
2. Methods

2.1. Study population

We recruited 631 consecutive patients whowere newly diagnosed
with ovarian cancer and treated between January 2011 and
March 2014 at the Second People’s Hospital of Yibin. All
patients with FIGO stage I to IV epithelial ovarian, fallopian, or
peritoneal cancer were included. Among these patients, 112 had
type 2 diabetes. Patients with type 1 diabetes, incomplete records
(including medication records), and any other cancer before their
ovarian cancer diagnosis as well as those diagnosed with diabetes
more than 6 months after their ovarian cancer diagnosis were
excluded. Finally, 571 patients were analyzed and divided into
the following 4 groups: 48 patients with type 2 diabetes taking
metformin (metformin group), 34 patients with type 2 diabetes
not taking metformin (non-metformin group), 22 patients with
type 2 diabetes who discontinued metformin more than 6 months
before relapse (discontinued group), and 464 nondiabetic
patients (nondiabetic group). In addition, there were 3 patients
with type 2 diabetes who discontinued metformin less than
6 months before relapse (due to the small sample size, analysis of
this group was prohibited). This retrospective study was
approved by the Ethics Committee of the Second People’s
Hospital of Yibin.
The purpose of this retrospective study was to explore whether

there was a difference in PFS and OS between ovarian cancer
patients with type 2 diabetes and those without type 2 diabetes.
Patient demographics and tumor characteristics, including age,
smoking, body mass index (BMI), pathology, diagnosis of
diabetes, antidiabetic medications, chemotherapy data (number
of cycles, agents and administration approach), PFS, and OS,
were obtained from medical records. Tumor recurrence or
progression was defined as follows: evidence of the reappearance
of the tumor by clinical assessment, new tumor lesions revealed
by radiography, or a rising CA-125 more than twice the upper
limit of normal.[23] PFS was defined as the time from the date of
diagnosis to the first recurrence of the disease or death. OS was
defined as time from the date of diagnosis to the last known
follow-up or death from any cause.
Mean no. of cycles 6.1 6.1 6.2 6.3 .96
Histological subtype
Epithelial ovarian 330 34 22 14 .96
Fallopian 74 7 7 5
Peritoneal 60 7 5 3

Insulin use
Yes _ 13 16 10 .13
No _ 35 18 12

BMI=body mass index, FIGO= International Federation of Gynecology and Obstetrics, IP=
intraperitoneal, IV= intravenous.
∗
Type of surgery was unknown in 19 patients.

† Cytoreduction status was unknown in 29 patients.
‡ The chemotherapy agents were unknown in 13 patients.
x The chemotherapy administration approach was unknown in 16 patients.
2.2. Statistical analysis

F-tests and Fisher exact tests were used to compare continuous
data and categorical data. Kaplan–Meier estimates were used for
the analysis of PFS and OS, and the survival curves of the
4 groups were compared with log-rank tests. A multivariate Cox
proportional hazardmodel was used to estimate PFS andOSwith
adjustments for confounders, including age, histological subtype,
grade, BMI, smoking, type of surgery, postoperative residual
disease, and chemotherapy drug delivery approaches. All
statistical analyses were performed using SPSS version 22.0
(IBM, Armonk, NY), and P values �.05 were considered
statistically significant.
2

3. Results

3.1. Patient demographics and baseline clinical
characteristics

From January 2011 to March 2014, 568 women were diagnosed
with FIGO state I-IV ovarian cancer at our hospital. Among these
patients, approximately 18.3% (104/568) of patients were
documented to have diabetes, 70 out of 104 diabetic patients
were recorded as using metformin at baseline, but 22 out of those
70 diabetic patients discontinued their metformin use due to
inadequate glycemic control. In the metformin group, 27 patients
were treated with 500mg twice daily and 21 patients were treated
with 1000mg twice daily. Table 1 summarizes the patient
demographics and tumor characteristics of the study. Baseline
clinical features, including age, smoking, FIGO stage, histological
subtype, and pathological grade, were not significantly different
among the 4 groups (Table 1). The use of insulin was not different
among the metformin group, the non-metformin group, and the
discontinued group [13 (27.1%) vs 16 (47.1%) vs 10 (45.5%);



Figure 1. Kaplan–Meier estimates of progression-free survival (A) and overall survival (B) are shown for the following 4 treatment groups: metformin group, non-
metformin group, discontinued group, and nondiabetic group.
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P= .13]. Moreover, the rate of platinum agent used, the route of
anticancer drug administration, and the number of chemothera-
py cycles were similar among the 4 groups. The most frequently
used drugs were carboplatin (74%) and paclitaxel (85%). The
BMI of diabetic patients in the metformin group, the non-
metformin group, and the discontinued group was higher than
that of the patients in the nondiabetic group (26.2 vs 27.9 vs 26.4
vs 25.3kg/m2; P< .03).
3.2. Metformin use and survival analysis

There were no differences in the treatment strategies among
the 4 groups. However, a longer median PFS was observed in the
metformin group than in the non-metformin group, the
discontinued group, and the nondiabetic group (40 vs 18.2 vs
28 vs 23.3 months, P= .001, Fig. 1A). A longer median OS was
observed in the metformin group than in the non-metformin
group, the discontinued group, and the nondiabetic group (52.1
Figure 2. Progression-free survival (A) and overall survival (B) of ovarian c
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vs 30 vs 32 vs 34.2 months, P= .007, Fig. 1B). A shorter median
PFS was observed in the non-metformin group than in the
nondiabetic group (18.2 vs 23.3 months, P= .043, Fig. 2A).
A shorter median OS was observed in the non-metformin group
than in the nondiabetic group (30 vs 34.2 months, P= .04,
Fig. 2B). Moreover, patients in the discontinued group had a
significantly poorer median PFS (28 vs 40 months, P= .001,
Fig. 3A) and OS (32 vs 52.1 months, P= .001, Fig. 3B) than
patients in the metformin group. In the metformin group, a
similar PFS (Fig. 4A, P= .162) and OS (Fig. 4B, P= .112) were
observed between diabetic patients treated with 500mg twice
daily and diabetic patients treated with 1000mg twice daily.
After adjusting for the possible confounders in the multivariate

Cox proportional hazard model, similar survival rates were
observed among the treatment groups. Compared with diabetic
patients who did not use metformin, the diabetic patients who
used metformin had an obviously decreased risk for disease
relapse [hazard ratio (HR)=0.37; 95% confidence interval (CI):
ancer patients in the non-metformin group and the nondiabetic group.

http://www.md-journal.com


Figure 3. Progression-free survival (A) and overall survival (B) of ovarian cancer patients in the metformin group and the discontinued group.
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0.24–0.58; P< .01] and disease-related death (HR=0.43; 95%
CI: 0.23–0.66; P= .02) (Table 2). The discontinued group also
had a decreased risk for disease relapse (HR=0.88; 95% CI:
0.48–1.72; P= .45) and disease-related death (HR=0.91; 95%
CI: 0.64–1.87; P= .74), but this difference was not statistically
significant. Moreover, compared with patients in the nondiabetic
group, diabetic patients who used metformin, but not those who
discontinued metformin use, had increased PFS (HR=0.34; 95%
CI: 0.27–0.67, P< .01) and OS (HR=0.29; 95% CI: 0.13–0.58;
P= .03) (Table 2).
4. Discussion

In the present retrospective cohort study, we observed that type 2
diabetic patients with ovarian cancer who used metformin had a
longer PFS and OS than type 2 diabetic patients with ovarian
cancer who did not use metformin. Compared with ovarian
cancer patients without diabetes, diabetic patients who used
Figure 4. Progression-free survival (A) and overall survival (B) of diabetic patients
daily.
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metformin had longer PFS and OS. The multivariate Cox
proportional hazard model showed that metformin use was
associated with a lower risk for disease relapse (HR=0.34; 95%
CI: 0.27–0.67; P< .01) and disease-related death (HR=0.29;
95% CI 0.13–0.58; P= .03) among ovarian cancer patients with
diabetes. These findings are consistent with those of previous
studies.[20,21]

Metformin has been commonly used as a first-line pharmaco-
therapy for type 2 diabetes and is a well-tolerated antidiabetic
drug. In vitro and in vivo experiments have shown that
metformin has anticancer effects.[24,25] Although the mechanism
underlying its anticancer effects is uncertain and requires
additional research, many in vitro studies have proposed that
metformin suppresses hepatic gluconeogenesis, protein synthesis,
and the proliferation of cancer cells by adenosine mono-
phosphate activated protein kinase (AMPK) activation and
suppression of the mammalian target of the rapamycin signaling
pathway.[8,24,26,27] Moreover, metformin may decrease circulat-
treated with 500mg metformin twice daily and with 1000mg metformin twice



[32–34]
Table 2

Multivariable Cox mode for progression-free survival and overall
survival.

PFS OS

HR (95% CI) P HR (95% CI) P

Cohort
Nondiabetic group 1 1
Metformin group 0.37 (0.24–0.58) <.01 0.43 (0.23–0.66) .02
Non-metformin group 2.11 (1.32–3.37) .01 1.81 (1.05–3.35) .02
Discontinued group 0.88 (0.48–1.72) .45 0.91 (0.64–1.87) .74

Diabetic patients
No use metformin 1 1
Use metformin 0.34 (0.27–0.67) <.01 0.29 (0.13–0.58) .03
Discontinued metformin 0.52 (0.23–1.32) .13 0.62 (0.32–1.34) .11

FIGO stage
III/IV 1 1
I/II 0.14 (0.11–0.21) <.01 0.09 (0.06–0.13) <.01

Grade
1 1 1
2/3 1.46 (1.01–2.13) .04 1.24 (0.83–1.87) .04

Histological subtype
Epithelial ovarian 1 .53 1 .86
Other 1.08 (0.85–1.37) 0.98 (0.76–1.26)

Postoperative residual disease
>1cm 1 1
�1cm 0.42 (0.32–0.57) <.01 0.49 (0.36–0.66) <.01

Type of surgery
Interval 1 1
Primary 0.88 (0.62–1.24) .46 0.81 (0.46–1.12) .09

Drug delivery approaches
IV 1 1
IP and IV 0.96 (0.71–1.31) .80 1.04 (0.76–1.44) .79

Smoking
No 1 1
Yes 1.11 (0.78–1.57) .57 1.17 (0.82–1.73) .37

Age 1.01 (0.97–1.02) .73 1.00 (0.98–1.02) .77
BMI 0.97 (0.90–1.05) .43 0.99 (0.92–1.07) .81

BMI=body mass index, FIGO= International Federation of Gynecology and Obstetrics, IP=
intraperitoneal, IV= intravenous.
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ing insulin levels and partially reverse insulin resistance induced
secondary hyperinsulinemia,[28,29] which leads to the inhibition
of carcinogenesis and/or cancer cell growth.
Patients with type 2 diabetes are insulin resistant and

hyperinsulinemic, which lead to increased systemic insulin levels.
Previous studies have suggested that increased insulin levels are
associated with a high risk of disease recurrence and death in
patients with ovarian cancer.[20–22] In the present study, similar
results were observed in type 2 diabetic patients who did not use
metformin. However, diabetic patients who used metformin had
longer PFS and OS than ovarian cancer patients without diabetes
and diabetic patients who did not use metformin. After adjusting
for age, BMI, smoking, FIGO stage, pathological type,
pathological grading, postoperative residual disease, type of
surgery, and drug delivery approaches, we found that metformin
is an independent predictor of survival among ovarian cancer
patients.
Many in vitro studies have reported that AMPK/mammalian

target of rapamycin (mTOR) are associated with the noninsulin-
dependent cytotoxic effects of metformin at concentrations
ranging from 5 to 10mmol/L.[26,30–32]When the concentration of
metformin was lower than 5mmol/L, few studies detected
cytotoxic effects from metformin treatment.[32] Therefore, some
authors believe that the anticancer effects of metformin are dose
5

dependent. However, there was no significant difference in
survival between type 2 diabetic patients who took high-dose
metformin (1000mg twice daily) and type 2 diabetic patients who
took low-dose metformin (500mg twice daily). Moreover, one
interesting finding was that type 2 diabetic patients who
continually used metformin exhibited significantly better survival
than diabetic patients who discontinued metformin use. In vitro
studies have claimed that metformin suppresses the growth of
cancer cells and promotes cell cycle arrest in the G0/G1 phase but
does not induce cancer cell death.[24,26,35] Therefore, when
diabetic patients discontinue metformin treatment, the dormant
ovarian cancer cells start to proliferate, leading to disease
recurrence. In addition, the growth of cancer cells in vivo can be
inhibited by an antidiabetic dose of metformin.[36,37] Thus, a
lower dose of metformin may decrease the risk of disease
recurrence and death in patients with ovarian cancer, but
metformin use still needs to be sustained for treatment efficacy.
To the best of our knowledge, this is the first study to show that
diabetic patients with ovarian cancer who discontinued metfor-
min treatment have an obviously increased risk of disease
recurrence and death compared with patients who continued
metformin treatment.
Although the current study has shown the positive effect of

metformin on survival among ovarian cancer patients with
diabetes, the study is limited by the retrospective design and small
sample size. In addition, in the present study, we cannot
completely exclude the possibility that metformin intake may be
associated with other prognostic factors, such as insulin levels,
glycosylated hemoglobin A1C levels, and thiazolidinedione use.
To overcome these limitations, large-scale prospective trials are
required.
In conclusion, ovarian cancer patients with type 2 diabetes who

continue taking metformin exhibit greater survival rates than
those patients not taking metformin.
References

[1] ChenW, Zheng R, Baade PD, et al. Cancer statistics in China. CACancer
J Clin 20152016;66:115–32.

[2] Salani R, Backes FJ, Fung MF, et al. Posttreatment surveillance and
diagnosis of recurrence in women with gynecologic malignancies: Society
of Gynecologic Oncologists recommendations. Am J Obstet Gynecol
2011;204:466–78.

[3] Marcus CS, Maxwell GL, Darcy KM, et al. Current approaches and
challenges in managing and monitoring treatment response in ovarian
cancer. J Cancer 2014;5:25–30.

[4] McGuire WP, Hoskins WJ, Brady MF, et al. Cyclophosphamide and
cisplatin compared with paclitaxel and cisplatin in patients with stage III
and stage IV ovarian cancer. N Engl J Med 1996;334:1–6.

[5] Coleman RL, Monk BJ, Sood AK, et al. Latest research and treatment of
advanced-stage epithelial ovarian cancer. Nat Rev Clin Oncol
2013;10:211–24.

[6] Whiting DR, Guariguata L, Weil C, et al. IDF diabetes atlas: global
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res
Clin Pract 2011;94:311–21.

[7] Tsilidis KK, Kasimis JC, Lopez DS, et al. Type 2 diabetes and cancer:
umbrella review of meta-analyses of observational studies. BMJ
2015;350:g7607.

[8] Imai A, Ichigo S, Matsunami K, et al. Clinical benefits of metformin in
gynecologic oncology. Oncol Lett 2015;10:577–82.

[9] Lind M, Fahlen M, Eliasson B, et al. The relationship between the
exposure time of insulin glargine and risk of breast and prostate
cancer: an observational study of the time-dependent effects of
antidiabetic treatments in patients with diabetes. Prim Care Diabetes
2012;6:53–9.

[10] Stocks T, Rapp K, Bjorge T, et al. Blood glucose and risk of incident and
fatal cancer in the metabolic syndrome and cancer project (me-can):
analysis of six prospective cohorts. PLoS Med 2009;6:e1000201.

http://www.md-journal.com


[11] Chan AT. Metformin for cancer prevention: a reason for optimism. [24] Mogavero A, Maiorana MV, Bertan C, et al. Abstract 1161: metformin

Wang et al. Medicine (2017) 96:29 Medicine
Lancet Oncol 2016;17:407–9.
[12] Zhang Q, Celestino J, Schmandt R, et al. Chemopreventive effects of

metformin on obesity-associated endometrial proliferation. Am J Obstet
Gynecol 2013;209:e21–24 e12.

[13] Guimaraes IS, Tessarollo NG, Oliveira LF, et al. Abstract 2571:
metformin inhibits proliferation and acts synergistically with paclitaxel
and doxorubicin in triple negative breast cancer cell lines. Cancer Res
2015;75(15 Suppl):2571–12571.

[14] Ben Sahra I, Laurent K, Loubat A, et al. The antidiabetic drug metformin
exerts an antitumoral effect in vitro and in vivo through a decrease of
cyclin D1 level. Oncogene 2008;27:3576–86.

[15] Ben Sahra I, Regazzetti C, Robert G, et al. Metformin, independent of
AMPK, induces mTOR inhibition and cell-cycle arrest through REDD1.
Cancer Res 2011;71:4366–72.

[16] Gotlieb WH, Saumet J, Beauchamp MC, et al. In vitro metformin anti-
neoplastic activity in epithelial ovarian cancer. Gynecol Oncol
2008;110:246–50.

[17] Mayer M, Klotz L, Venkateswaran V. Abstract 1434: diabetic
metastatic castration-resistant prostate cancer patients administered
metformin during docetaxel chemotherapy have improved prostate
cancer-specific and overall survival. Cancer Res 2016;76(14 Suppl):
1434–1434.

[18] Li Y, Tchou J. Abstract P3-06-01: association between metformin use
and improved survival in breast cancer patients: a population-based
study. Cancer Res 2013;73(24 Suppl):306.

[19] He X, Esteva FJ, Ensor J, et al. Metformin and thiazolidinediones
are associated with improved breast cancer-specific survival of
diabetic women with HER2+ breast cancer. Ann Oncol 2012;23:
1771–80.

[20] Romero IL, McCormick A, McEwen KA, et al. Relationship of type II
diabetes and metformin use to ovarian cancer progression, survival, and
chemosensitivity. Obstet Gynecol 2012;119:61–7.

[21] Kumar S, Meuter A, Thapa P, et al. Metformin intake is associated with
better survival in ovarian cancer: a case-control study. Cancer
2013;119:555–62.

[22] Shah MM, Erickson BK, Matin T, et al. Diabetes mellitus and ovarian
cancer: more complex than just increasing risk. Gynecol Oncol
2014;135:273–7.

[23] Rustin GJ, Quinn M, Thigpen T, et al. Re: new guidelines to evaluate the
response to treatment in solid tumors (ovarian cancer). J Natl Cancer Inst
2004;96:487–8.
6

has an inhibitory effect on cell proliferation but does not induce death in
colorectal cancer. Cancer Res 2015;75(15 Suppl):1161.

[25] Mills KA, Becker MA, Febbraro T, et al. Advancing metformin as a
metabolic therapeutic for ovarian cancer: testing in non-diabetic patient-
derived xenograft avatars. Gynecol Oncol 2015;137:63–163.

[26] Alimova IN, Liu B, Fan Z, et al. Metformin inhibits breast cancer cell
growth, colony formation and induces cell cycle arrest in vitro. Cell Cycle
2009;8:909–15.

[27] Marcinkowski EF, Raz D, Shen B, et al. Abstract 2183: baicalein and
meformin decrease small cell lung cancer growth by inhibiting the mTOR
pathway in itro. Cancer Research 2016;76(14 Suppl):2183.

[28] Muoio DM, Newgard CB. Mechanisms of disease: molecular and
metabolic mechanisms of insulin resistance and beta-cell failure in type 2
diabetes. Nat Rev Mol Cell Biol 2008;9:193–205.

[29] Pulito C, Sanli T, Rana P, et al. Metformin: on ongoing journey across
diabetes, cancer therapy and prevention. Metabolites 2013;3:1051–75.

[30] Zakikhani M, Dowling R, Fantus IG, et al. Metformin is an AMP kinase-
dependent growth inhibitor for breast cancer cells. Cancer Res Cancer
Res 2006;66:10269–73.

[31] Rattan R, Giri S, Hartmann LC, et al. Metformin attenuates ovarian
cancer cell growth in an AMP-kinase dispensable manner. J Cell Mol
Med 2011;15:166–78.

[32] Martin-Castillo B, Vazquez-Martin A, Oliveras-Ferraros C, et al.
Metformin and cancer: doses, mechanisms and the dandelion and
hormetic phenomena. Cell Cycle 2010;9:1057–64.

[33] Honjo S, Ajani JA, Scott AW, et al. Metformin sensitizes chemotherapy
by targeting cancer stem cells and the mTOR pathway in esophageal
cancer. Int J Oncol 2014;45:567–74.

[34] Tsai MJ, Yang CJ, Kung YT, et al. Metformin decreases lung cancer risk
in diabetic patients in a dose-dependent manner. Lung Cancer
2014;86:137–43.

[35] Cai X, Hu X, Cai B, et al. Metformin suppresses hepatocellular
carcinoma cell growth through induction of cell cycle G1/G0 phase arrest
and p21CIP and p27KIP expression and downregulation of cyclin D1 in
vitro and in vivo. Oncol Rep 2013;30:2449–57.

[36] Mitsuhashi A, Kiyokawa T, Sato Y, et al. Effects of metformin on
endometrial cancer cell growth in vivo: a preoperative prospective trial.
Cancer 2014;120:2986–95.

[37] Bonanni B, Puntoni M, Cazzaniga M, et al. Dual effect of metformin on
breast cancer proliferation in a randomized presurgical trial. J Clin Oncol
2012;30:2593–600.


	Continuous use of metformin can improve survival in type 2 diabetic patients with ovarian cancer
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Statistical analysis

	3 Results
	3.1 Patient demographics and baseline clinical characteristics
	3.2 Metformin use and survival analysis

	4 Discussion
	References


