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Summary

Purpose: To explore the efficacy of metformin in the treat-
ment of estrogen-dependent endometrial carcinoma (EC) 
complicated with type 2 diabetes mellitus (T2DM), and the 
influencing factors for the prognosis of such patients.

Methods: The clinical data of 68 patients histopathological-
ly diagnosed with estrogen-dependent EC complicated with 
T2DM in our hospital from April 2013 to March 2016, and 
132 estrogen-dependent EC patients with normal blood glu-
cose during the same period were retrospectively analyzed. 
The clinical and pathological features were compared be-
tween diabetic patients and non-diabetic patients. The dia-
betic patients were divided into the metformin group and the 
non-metformin group according to whether metformin was 
taken. The survival curves were plotted and analyzed us-
ing the Kaplan-Meier method, and the overall survival (OS) 
and progression-free survival (PFS) were compared among 
the three groups. Moreover, the multivariate analysis was 
performed using the COX regression model, so as to analyze 
the influencing factors for the prognosis of patients with 
estrogen-dependent EC complicated with T2DM. 

Results: Compared with non-diabetic patients, diabetic pa-
tients had higher age of onset, a higher BMI, higher prone-
ness to hypertension, more advanced tumor stage, a higher 
histological grade, deeper myometrial invasion and a higher 

risk of lymph node metastasis. Both OS and PFS of T2DM 
patients who took metformin were significantly prolonged 
compared with those of T2DM patients who did not take met-
formin (p=0.021, p=0.011). There were no statistically signifi-
cant differences in the PFS and OS between diabetic patients 
who took metformin and non-diabetic patients (p>0.05). Ac-
cording to the results of Cox multivariate analysis, OS was 
obviously shortened in case of high age of onset, complicated 
T2DM, late pathological stage of tumor advanced tumor 
stage, high histological grade, deep myometrial invasion and 
positive lymph node metastasis, while PFS could was obvi-
ously shortened in case of complicated T2DM, late pathologi-
cal stage of tumor advanced tumor stage, high histological 
grade, deep myometrial invasion and positive lymph node 
metastasis. Metformin evidently improved OS and PFS.

Conclusion: Complicated T2DM, high age of onset, ad-
vanced tumor stage, high histological grade, deep myometrial 
invasion and positive lymph node metastasis are factors for 
the poor prognosis of patients with estrogen-dependent EC, 
and metformin can significantly ameliorate both OS and 
PFS in these patients, thereby improving their prognosis.

Key words: metformin, type 2 diabetes mellitus, estrogen-
dependent endometrial carcinoma, prognosis

Introduction

 Endometrial carcinoma (EC), similarly with 
cervical and ovarian carcinoma, is one of the three 
major malignant tumors of the female reproductive 
system, accounting for about one fifth to one third 

of malignancies of the female genital tract. EC re-
fers to a group of epithelial malignant tumors that 
originate in the endometrium, 75-90% of which 
are estrogen-dependent, namely type I EC. EC fre-
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quently occurs in perimenopausal women, and 
obesity, diabetes mellitus (DM) and complicated 
hypertension are high risk factors [1,2]. It has been 
confirmed in evidence-based medicine that patients 
with type 2 DM (T2DM) often have an increased 
risk of EC due to obesity and insulin resistance, and 
EC patients are mostly complicated with T2DM [3]. 
Metformin, as a first-line hypoglycemic agent for 
T2DM, is widely used in the treatment of various 
diseases accompanied by insulin resistance, such 
as polycystic ovary syndrome and metabolic syn-
drome, as well as for the prevention of DM. Recent 
studies have shown that metformin can reduce the 
morbidity and mortality rates of EC through vari-
ous mechanisms, so it is expected to be used as a 
new type of anticancer drug in the prevention and 
treatment of EC [4,5].
 In the present study, the clinical data of 68 
estrogen-dependent EC patients complicated with 
T2DM treated in our hospital from April 2013 to 
March 2016, and 132 estrogen-dependent EC pa-
tients with normal blood glucose during the same 
period were retrospectively analyzed. The clinical 
and pathological features were compared between 
diabetic and non-diabetic patients, the efficacy of 
metformin on estrogen-dependent EC complicated 
with T2DM was explored, and the influencing fac-
tors for the prognosis of patients were analyzed, 
in the hope of providing basis for the treatment of 
such patients. 

Methods 

General data

 The clinical data of 200 patients with estrogen-de-
pendent EC treated in our hospital from April 2013 to 
March 2016 were retrospectively analyzed, including 68 
estrogen-dependent EC patients complicated with T2DM 
(T2DM group) and 132 estrogen-dependent EC patients 
with normal blood glucose (Control group). In the T2DM 
group, 36 patients used to take or were taking metformin 
orally (including in combination with other hypoglyce-
mic agents) (Metformin group), and 32 patients never 
took metformin without undergoing standardized hypo-
glycemic therapy or were taking other drugs to control 
blood glucose (Non-metformin group). The patients with 
estrogen-dependent EC underwent surgery performed 
by the same group of experienced senior gynaecologists 
in our hospital, and they were positively diagnosed by 
senior pathologists through histopathologic examina-
tion. EC was staged based on the 2009 staging criteria of 
the International Federation of Gynecology and Obstet-
rics (FIGO). T2DM was diagnosed under the assistance 
of endocrinologists in our hospital. Exclusion criteria: 
patients whose complete medical data could not be ob-
tained, such as the pathology report, or with who had 
non-estrogen-dependent EC according to the pathology 
report, those who, or whose families, refused to accept 

the postoperative standardized therapeutic regimen de-
veloped by physicians according to the clinical practice 
guidelines for EC, young patients who needed to pre-
serve their fertility or underwent progesterone therapy, 
those receiving unsatisfactory cytoreductive surgery 
(CRS), or those receiving no operative treatment due 
to severe medical complications. All patients enrolled 
adhered to the Declaration of Helsinki, and signed the 
informed consent. This study was approved by the Ethics 
Committee of Chengdu Second People’s Hospital. Signed 
written informed consents were obtained from all par-
ticipants before the study.

Treatment methods

 According to the clinical practice guidelines for EC, 
the patients with estrogen-dependent EC underwent the 
operative treatment performed by the same group of ex-
perienced senior gynaecologists in our hospital (CRS for 
advanced EC patients, with satisfactory efficacy, namely 
no visible lesions or residual lesions <1 cm. Compre-
hensive staging surgery for early EC patients). After 
the operation, the patients were treated with standard-
ized treatment or followed-up based on clinical practice 
guidelines according to the results of the pathological 
examination. 

Observation indexes

 In this study, the follow-up started from the initial 
definitive diagnosis (namely the date on the postopera-
tive pathology report) until March 2019, and the content 
included whether the patients had recurrence or metas-
tasis of EC, the time of recurrence or metastasis as well 
as related treatment, drug therapy and blood glucose 
control for T2DM patients, and whether the patients died, 
time and specific cause of death. New tumor lesions oc-
curring after standardized radical therapy and complete 
remission, whose histopathologic type was consistent 
with that of the primary lesions indicated tumor recur-
rence. Diagnostic criteria for recurrence and metastasis 
of EC: After the standardized treatment was discontinued 
for more than 6 months, the recurrence or metastasis of 
EC could be confirmed in one of the following three cases 
during follow-up, and other new cancers were excluded: 
1) pelvic-abdominal or distant space-occupying lesions 
measurable in the gynecological or imaging examina-
tion, 2) no space-occupying lesions measurable in the 
clinical or imaging examination, but the level of serum 
tumor marker CA-125 continuously rose, and 3) pleu-
roperitoneal fluid confirmed by the clinical or imaging 
examination, and cancer cells found by the cytological 
examination. There were two observation end points 
in this study, namely progression-free survival (PFS, 
the time from the date on the postoperative pathology 
report to the date of confirmed tumor recurrence and 
metastasis) and overall survival (OS, the time from the 
date on the postoperative pathology report to the date 
of confirmed death from any cause). If the patient died 
due to causes other than tumor recurrence, and tumor 
recurrence and metastasis could not be confirmed by 
clinical evidence before death, the end point of PFS was 
defined as the time of death. If tumor recurrence or death 
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could still not be confirmed clinically before the end of 
follow-up, the end points of PFS and OS were defined as 
the time of the last follow-up. 

Statistics

 Statistical Product and Service Solutions (SPSS) 22.0 
software (IBM, Armonk, NY, USA) was used for statistical 
analysis. The measurement data were expressed as mean 
± standard deviation (χ±s), and t-test was performed for 
the intergroup comparison. The enumeration data were 
expressed as rate (%), and χ2 test was performed for the 
intergroup comparison. The survival curves were plot-
ted and analyzed using the Kaplan-Meier method. The 
log-rank test was used to detect whether PFS and OS 
had statistically significant differences among the three 
groups, while the correlations of each factor with PFS 
and OS were analyzed using Cox multivariate analysis. 
p<0.05 suggested statistically significant differences.

Results

Comparisons of clinical and pathological features 

 A total of 68 estrogen-dependent EC patients 
complicated with T2DM and 132 estrogen-depend-
ent EC patients with normal blood glucose were 
enrolled in this study. The analysis of clinical data 
in both groups revealed that compared with the 
Control group, the T2DM group had higher age of 
onset [(58.35±8.73) years old vs. (55.67±7.80) years 
old, p=0.028], a higher BMI [(33.83±5.64) kg/m2 vs. 
(26.33±5.95) kg/m2, p=0.001], a more advanced tu-
mor stage (a larger proportion of patients in stage 
III-IV, p=0.006), a higher histological grade, namely 

poorer tumor differentiation (p=0.026), deeper my-
ometrial invasion (p=0.012), more frequent lymph 
node metastasis (p=0.043) and higher proneness to 
hypertension (p=0.040) (Table 1).

Comparison of patient survival

 To analyze the effect of metformin treatment 
on the survival time of estrogen-dependent EC pa-
tients complicated with T2DM, the clinical baseline 
data were first compared between the Metformin 
group and the Non-metformin group. The results 
showed that there were no statistically significant 
differences in the age of onset, BMI, tumor stage, 
histological type, depth of myometrial invasion, 
presence or absence of lymph node metastasis and 
hypertension between the two groups (p>0.05), 
with comparable results (Table 2). 
 According to the follow-up results, at the end 
of the follow-up, the median OS and PFS were 
48.6±5.0 and 48.3±5.4 months in the Metformin 
group, 36.9±5.1 and 34.4±4.8 months in the Non-
metformin group, and 46.6±5.3 and 43.5±5.0 
months in the Control group. Besides, the survival 
curves of patient’s OS and PFS were plotted using 
the Kaplan-Meier method (Figure 1). The results of 
the log-rank test revealed that OS in the Non-met-
formin group was significantly shorter than that 
in the Metformin group (p=0.021) and the Control 
group (p=0.044), while PFS in the Non-metformin 
group was also significantly shorter than that in 
the Metformin group (p=0.011) and the Control 
group (p=0.007), showing statistically significant 

Parameters T2DM group
n=68

Control group
n=68

p value

Age, years 58.35±8.73 55.67±7.80 0.028

BMI (kg/m2) 33.83±5.64 26.33±5.95 0.001

FIGO stage, n (%) 0.006

I 17 (25.0) 67 (50.8)

II 29 (42.6) 35 (26.5)

III 18 (26.5) 25 (18.9)

IV 4 (5.9) 5 (3.8)

Histologic grade, n (%) 0.026

G1 23 (33.8) 71 (53.8)

G2 28 (41.2) 40 (30.3)

G3 17 (25.0) 21 (15.9)

Depth of myometrial invasion, n (%) 0.012

No or shallow 38 (55.9) 97 (73.5)

Deep 30 (44.1) 35 (26.5)

Lymph node metastasis 11 (16.2) 10 (7.6) 0.043

Hypertension 31 (45.6) 41 (31.1) 0.040
T2DM: Type 2 diabetes mellitus; BMI: Body Mass Index; FIGO: International Federation of Gynecology and Obstetrics

Table 1. Comparison of clinical and pathological characteristics of patients in T2DM group and Control group
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differences. Both OS and PFS in the Metformin 
group were longer than those in the Control group, 
but the differences were not statistically significant 
(OS: p=0.586, PFS: p=0.897).

Cox multivariate analysis of prognosis

 The clinical and pathological data were sorted 
out, and 7 variables were determined: age of on-
set, BMI, whether T2DM was complicated, whether 
metformin was taken, tumor stage, histological 
grade, depth of myometrial invasion, and lymph 
node metastasis, followed by Cox multivariate anal-
ysis using the SPSS 22.0 software, so as to explore 
the influencing factors for the prognosis of estro-
gen-dependent EC (Tables 3 & 4). It was found that 

the age of onset, whether T2DM was complicated, 
whether metformin was taken, tumor stage, histo-
logical grade, depth of myometrial invasion, and 
lymph node metastasis were influencing factors 
for the OS of estrogen-dependent EC patients. OS 
was shortened under in case of high age of onset, 
complicated T2DM, advanced tumor stage, high 
histological grade, deep myometrial invasion and 
positive lymph node metastasis, while metformin 
evidently improved OS. Moreover, whether T2DM 
was complicated, whether metformin was taken, 
tumor stage, histological grade, depth of myome-
trial invasion, and lymph node metastasis were in-
fluencing factors for the PFS of estrogen-dependent 
EC patients, PFS was obviously shortened under in 

Parameters Metformin group
n=36

Non-Metformin group
n=32

p value

Age, years 59.07±8.83 58.31±9.24 0.730

BMI (kg/m2) 32.82±4.48 34.37±3.87 0.134

FIGO stage, n (%) 0.444

I-II 26 (72.2) 20 (62.5)

III-IV 10 (27.8) 12 (37.5)

Histologic grade, n (%) 0.836

G1 13 (33.8) 10 (53.8)

G2 15 (41.2) 13 (30.3)

G3 8 (25.0) 9 (15.9)

Depth of myometrial invasion, n (%) 0.666

No or shallow 21 (55.9) 17 (73.5)

Deep 15 (44.1) 15 (26.5)

Lymph node metastasis, n (%) 5 (16.2) 7 (7.6) 0.389

Hypertension, n (%) 14 (45.6) 17 (31.1) 0.239
T2DM: Type 2 diabetes mellitus; BMI: Body Mass Index; FIGO: International Federation of Gynecology and Obstetrics

Table 2. Baseline clinical and pathological characteristics of estrogen-dependent endometrial carcinoma patients with 
T2DM

Figure 1. Kaplan-Meier survival curves of the studied patients. A: The overall survival rate of patients in the Met-
formin group was significantly higher than that in the Non-Metformin group (p=0.021). The difference between the 
overall survival rate of patients in the Metformin group and control group had no statistical significance (p=0.586).
B: The progression-free survival rate of patients in the Metformin group was significantly higher than that in the Non-
Metformin group (p=0.011). The difference between the progression-free survival rate of patients in the Metformin group 
and control group had no statistical significance (p=0.897).
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case of complicated T2DM, advanced tumor stage, 
high histological grade, deep myometrial invasion 
and positive lymph node metastasis, while met-
formin evidently improved PFS. 

Discussion

 EC is one of the three major malignant tumors 
of the female reproductive system, and its morbid-
ity rate shows an increasing trend in recent years 
due to changes in lifestyle. DM is one of the high-
risk factors for EC. Metformin can improve insulin 
resistance and serve as a classical therapeutic drug 
for DM. According to recent studies, metformin 
possesses an anticancer effect, and it is expected 
to play an important role in the prevention and 
treatment of EC since it has an effect on the high-
risk factors for EC and the tumor itself.
 In recent years, studies have demonstrated that 
metformin can reduce cancer risk and improve the 
survival rate of T2DM patients with breast, pros-
tate, colorectal and head-neck cancer [4,6,7]. It 
has been confirmed through in vitro experiments 
that metformin can inhibit the proliferation and 

growth of a variety of human malignant tumor 
cells, including gastric cancer, pancreatic cancer, 
medullary thyroid carcinoma and EC, in a dose-
dependent manner, cause cell cycle arrest and apo-
ptosis, and reduce invasion and metastasis [8-10]. 
Related research has revealed that metformin is 
able to enhance the sensitivity to radiotherapy, and 
combined radiotherapy can effectively inhibit the 
proliferation and local recurrence of tumor cells, 
and improve prognosis [11]. The retrospective stud-
ies and basic experimental studies by Kitazon and 
Rocha et al showed that the synergistic anticancer 
effect of metformin with chemotherapeutic drugs 
can effectively enhance the chemotherapeutic ef-
ficacy, and that lower-dose chemotherapeutic drugs 
can achieve therapeutic effects, reduce the inci-
dence of adverse chemotherapy reactions, lower 
the resistance to chemotherapeutic drugs, selec-
tively kill cancer stem cells, and reduce the risk of 
tumor recurrence [12]. Progesterone therapy, one of 
the effective treatment measures for EC, is mainly 
used in patients with advanced inoperable cancer 
or recurrent cancer, as well as in young patients 
with early EC in order to preserve fertility. Met-

Parameters OR 95% CI p value

Age 1.23 1.08-1.57 0.034

BMI 2.63 0.93-6.16 0.112

T2DM 1.54 1.38-3.36 0.008

Metformin 0.46 0.30-0.93 0.011

FIGO stage 2.24 1.18-7.71 0.006

Histologic grade 1.39 1.14-1.95 0.019

Muscular invasion 1.17 1.04-1.68 0.045

Lymph node metastasis 1.89 1.57-8.73 0.010

OR: Odds ratio; CI: Confidence interval; T2DM: Type 2 diabetes mellitus; BMI: Body Mass Index; FIGO: International Federation of Gynecology 
and Obstetrics

Table 3. Multivariate analysis of predictors for overall survival time in patients with estrogen-dependent endometrial 
carcinoma

Parameters OR 95% CI p value

Age 2.09 0.95-3.24 0.074

BMI 2.35 0.86-5.40 0.093

T2DM 1.83 1.21-4.69 0.007

Metformin 0.41 0.21-0.87 0.009

FIGO stage 2.79 1.32-8.91 0.001

Histologic grade 1.26 1.16-1.82 0.027

Muscular invasion 1.33 1.08-1.38 0.031

Lymph node metastasis 2.89 1.34-9.31 0.003

OR: Odds ratio; CI: Confidence interval; T2DM: Type 2 diabetes mellitus; BMI: Body Mass Index; FIGO: International Federation of Gynecology 
and Obstetrics

Table 4. Multivariate analysis of predictors for progression-free survival time in patients with estrogen-dependent 
endometrial carcinoma
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formin can directly activate the expression of the 
progesterone receptor through activating AMPK, 
and also activate its transcription through inhib-
iting IGF-1/P13K/Akt, thereby reversing proges-
terone resistance. The newly-discovered cross-talk 
between insulin and estrogen signaling pathways 
may also play a role [13]. It is reported in multiple 
retrospective cohort studies that the survival rate 
of T2DM patients treated with metformin is signifi-
cantly improved and the risk of EC-related death 
is greatly reduced compared with that of T2DM 
patients not treated with metformin and patients 
without T2DM [14,15]. The anti-EC effect of met-
formin may be related to the ATM-LKB1-AMPK-
mTOR signaling pathway and its inhibition of cell 
cycle, as well as to the regulation of insulin and 
insulin-like growth factor levels and the selective 
killing of cancer stem cells [16-19].
 Studies have shown that the level of serum 
insulin in patients with EC is significantly higher 
than that in normal people, and insulin resistance 
is more common in patients with EC than in nor-
mal healthy people [20]. It can be reasonably specu-
lated based on the above association that insulin 
resistance is related to the occurrence and devel-
opment of EC, and such metabolic syndromes as 
DM, hypertension and obesity [21]. In this study, 
it was found that estrogen-dependent EC patients 
complicated with T2DM had higher age of onset, a 
higher BMI, a more advanced tumor stage, a higher 
histological grade, namely poorer tumor differen-
tiation, deeper myometrial invasion, more frequent 
lymph node metastasis, and higher proneness to 
hypertension. According to follow-up results, met-
formin significantly prolonged both the PFS and 
OS of estrogen-dependent EC patients complicated 

with T2DM. The results of Cox multivariate analy-
sis showed that high age of onset, advanced tumor 
stage, complicated T2DM, high histological grade, 
deep myometrial invasion and lymph node metas-
tasis were factors for the poor prognosis of these 
patients, consistent with the literature reports.
 The present study has several limitations. For 
example, the sample size was small, the follow-
up time was insufficient, the influence of medi-
cal complications, administration dose and time 
of metformin, and different therapeutic regimens 
were not analyzed, some patients failed to be regu-
larly reexamined, and there was deviation in the 
accurate time of tumor recurrence and metastasis, 
all of which affected the prognostic analysis of EC 
patients. In the future, further large-sample mul-
ticenter randomized controlled trials are needed to 
verify the influencing factors for the prognosis of 
estrogen-dependent EC complicated with T2DM, 
as well as the association between metformin and 
DM prognosis and estrogen-dependent EC and its 
mechanism. 

Conclusions

 Complicated T2DM, high age of onset, ad-
vanced tumor stage, high histological grade, deep 
myometrial invasion and positive lymph node me-
tastasis are factors for the poor prognosis of pa-
tients with estrogen-dependent EC, and metformin 
can significantly ameliorate both the OS and PFS of 
these patients, thereby improving their prognosis.
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