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INTRODUCTION

 The incidence of breast cancer accounts for 
the top among all female malignant tumors by 
being 28% or so, severely jeopardizing women’s 
health.1,2 On the other hand, Type-2 diabetes has 
become a public health concern across the world. 
As speculated in some study, the number of adults 
suffering from Type-2 diabetes is going to rise 

 Correspondence:

 Zhe Gao,
 Department of Endocrinology and Metabolic Diseases,
 Hebei General Hospital,
 Shijiazhuang 050051, Hebei, China. 
 E-mail: gz0622@126.com

  * Received for Publication: August 7, 2021

  * Revision Received: January 19, 2022

  * Corrected & Edited: January 26,2022

  * Revision Accepted: * February 15, 2022

Original Article

Effect of Metformin Therapy on Biological Properties 
and Prognosis of Breast Cancer Patients 

Complicated with Type-2 Diabetes
Xiaolu Yan1, Zhe Gao2, 

Yang Li3, Qingxia Li4, Xinna Deng5

ABSTRACT
Objectives: To evaluate the effect of Metformin therapy on patients of breast cancer with complications 
of Type-2 diabetes. 
Methods: Altogether 102 cases of breast cancer complicated with Type-2 diabetes admitted into Hebei 
General Hospital from January 2019 to December 2020 were included in the study. They were divided into 
two groups per whether Metformin was administered in the regimen, namely Metformin group and non-
Metformin group. In the meanwhile, 106 cases of breast cancer without Type-2 diabetes admitted in the 
same period were selected to form a control group. Three groups were compared in terms of general data 
(incl. age, body mass, family history, menopause or not), clinical staging, tumor histological differentiation, 
molecular subtyping (Incl. Luminal A, Luminal B, ERBB2+, Basal-like) and prognosis. 
Results: Compared with the control group, Metformin group and non-Metformin group presented more 
patients with an older age and post-menopause state (P<0.05), but the latter two groups were not 
significantly different (P > 0.05). Patients in Metformin group and non-Metformin group had higher clinical 
staging and histological differentiation and more cases of Basal-like subtype than those in the control 
group (P < 0.05), without significant difference between those two groups (P > 0.05). More cases of local 
relapse, lymphatic and distant metastasis were seen in Metformin and non-Metformin groups, but the 
differences were not significant (P > 0.05). Both groups had lower 5-year survival rates than the control 
group (P < 0.05). Metformin group had a higher overall survival rate as well as a survival rate free of other 
lethal reasons than the non-Metformin group (P < 0.05) but was not significantly different from the control 
group in the survival rate free of other lethal reasons (P > 0.05). 
Conclusions: Type-2 diabetes remains one of the risk factors affecting breast cancer development, progress 
and prognosis, which could lower the 5-year overall survival rate among breast cancer patients. This is 
especially evident among menopaused women. Metformin therapy may improve the prognosis of patients 
of breast cancer complicated with Type-2 diabetes.
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from 0.17 billion in 2000 to 0.36 billion by 2030.3 
Numerous  studies have revealed complications 
in  breast cancer  patients suffering from  diabetes, 
because 20% of breast cancer patients have been 
found to have diabetes in the early stage under the 
effect of such mechanisms as hyperglycemia and 
hyperinsulinemia.4,5 It has been testified in studies 
concerning Type-2 diabetes and malignant tumors 
that Type-2 diabetes could increase the chance of 
breast cancer in some patients.6 
 Being effective in improving symptoms of 
diabetes like hyperglycemia and hyperinsulinemia, 
Metformin is also found promising in fighting 
cancer.7 Some animal and cellular studies have 
been conducted to see the antitumor mechanism 
of Metformin. In their clinical research, Tang8 
suggested it necessary to determine the effect of 
Metformin on reducing breast cancer incidence 
and prognosis through clinical trials based on a 
systematic review. Therefore, to further explore the 
relationship between Type-2 diabetes and breast 
cancer and the effect of metformin treatment on 
prognosis. We performed a retrospective analysis 
of 102 breast cancer patients complicated with 
Type-2 diabetes and 106 breast cancer patients 
with no complications.

METHODS

Ethical Approval: The study was approved by the 
Institutional Ethics Committee of Hebei General 
Hospital on July 08, 2019 (No. K20190423), and 
written informed consent was obtained from all 
participants.
This is a retrospective study. The sample size 
required for each group was calculated by the 
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. Altogether 
102 cases of breast cancer complicated with Type-
2 diabetes admitted into our hospital from Jan. 
2019 to Dec. 2020 were collected according to the 
principle of random draw. They were divided 
into two groups (Metformin & non-Metformin) 
as per whether Metformin was included in their 
therapeutic regime. Another 106 cases of breast 
cancer alone were also included through random 
sampling to form a control group. All the breast 
cancer patients underwent surgical operation and 
were pathologically confirmed as having invasive 
breast cancer after the surgery. 
Inclusion criteria:  Diabetes diagnosis criteria: 
The diagnostic criteria were based on the 1999 
WHO/IDF diagnostic criteria, namely symptoms 

+ fasting plasma glucose ≥ 7.0 mmol/L, or random 
blood glucose ≥ 11.11 mmol/L.  Diagnosis of breast 
cancer: All breast cancer patients were diagnosed 
by ultrasound and MRI, and confirmed as 
invasive carcinoma by surgical histopathological 
examination.  The age ranged from 45 to 65 years 
old.  Clinical staging of breast cancer at I-III.  
Histological grading of breast cancer was 1-3.  The 
duration of breast cancer was less than one year.  
Patients or their family members  signed consent 
Form.
Exclusion Criteria:
• Patients of type-1 diabetes or secondary 

diabetes.
• Patients of breast carcinoma in situ, bilateral 

breast cancer, or male breast cancer.
• Patients suffering from severe heart, liver and 

kidney insufficiency and unable to be controlled 
satisfactorily.

• Patients not suitable for metformin treatment.
• Patients who need insulin to control their blood 

glucose.
Research methods: Demographical data of patients 
in three groups were collected to compare them 
in terms of their clinical characteristics (incl. age, 
body mass, family history, menopause or not), 
pathological features and prognosis. The clinical 
staging, histological grading and breast cancer’s 
molecular subtyping were done in accordance with 
American Joint Committee on Cancer (AJCC, 7th 
Edition), Scarff-Bloom-Richardson (SBR) improved 
grading system and St. Gallen Breast Cancer 
Conference held in March 2011, respectively. Blood 
glucose control was implemented, both before 
and after the surgical operation. Metformin was 
given at doses of 500mg twice or three times a 
day, adjusted according to blood glucose results. 
The adverse reactions such as lactic acidosis, 
gastrointestinal reaction, hypoglycemia and renal 
insufficiency were observed during medication, 
and the hypoglycemic program and symptomatic 
treatment was adjusted. All patients in the study 
were followed up by telephone for five years after 
receiving treatment at our hospital. 
Statistical Process: Data were processed using 
SPSS 22.0 statistical software. All measurement data 
were expressed as mean ± standard deviation, and 
all enumeration data were checked with χ2 test or 
rank sum test. P < 0.05 was considered significant.

RESULTS

 There were no significant differences in body 
mass index or family history among the three 
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groups (P > 0.05). The proportion of elderly 
patients and menopausal patients in the metformin 
and non-metformin groups was significantly 
higher than that in the control group (P < 0.05), 
but there was no significant difference between 
the former two groups (P > 0.05) (Table-I).
 The proportion of patients with grade I clinical 
stage was significantly lower in the Metformin 
and non-Metformin groups than in the control 
group, while the proportion of patients with 
Grade- II or III clinical stage was significantly 
higher (P<0.05). The proportion of patients 
with Grade-I or II histological grading was 
significantly lower in the Metformin and non-
Metformin groups than in the control group, 
while the proportion of patients with grade 3 
histological grading was significantly higher 
than the control group (P<0.05). Compared with 
the control group, Metformin and non-Metformin 
groups had a higher proportion of patients with 
molecular subtypes Luminal A or Basal-like, and 
a lower proportion of patients with molecular 

subtypes Luminal B or ERBB2+ (P<0.05). These 
results indicate that patients of breast cancer 
complicated with Type-2 diabetes may have 
worse prognosis. When Metformin group and 
non-Metformin group were compared in those 
three aspects, they weren’t significantly different 
(P > 0.05) (Table-II, III & IV).
 Compared with patients in the control group, 
those in Metformin group and non-Metformin 
group suffered from higher risks of local relapse, 
lymphatic and distant metastasis, but the 
differences all remained insignificant (P > 0.05). 
The latter two groups had significantly lower 
5-year overall survival rates than the control 
group (P < 0.05), while they weren’t evidently 
different from each other when compared alone 
in those aspects (P > 0.05). The Metformin group 
had significantly higher overall survival rate and 
survival rate free of other lethal reasons than the 
non-Metformin group (P < 0.05), but it was not 
significantly different from the control group (P > 
0.05) (Table-V).

Breast Cancer Patients Complicated with Type-2 Diabetes

Table-I: A comparison of three groups in clinical features [ ±s, n(%)].

Group No. Age (year) Body mass 
(Kg/m²)

Family history
[n(%)]

Menopause or not [n(%)]

Menopause Non-Menopause

Metformin 44 56.78±7.95 26.27±8.22 8(18.2) 15(34.1) 29(65.9)

Non-Metformin 58 55.67±8.28 27.96±3.75 12(20.7) 18(31.0) 40(69.0)

Control 106 50.48±9.16 26.85±3.42 18 (17.0) 46(43.4) 60(56.6)

Table-II: A comparison of three groups in clinical staging [n(%)].

Group No.
Clinical staging

I II III IV

Metformin 44 12 (27.3) 17(38.6) 15(34.1) 0(0)

Non-Metformin 58 14(24.2) 22(37.9) 22(37.9) 0(0)

Control 106 47(44.3) 34(32.1) 25(23.6) 0(0)

Table-III: A comparison of three groups in histological grading [n (%)].

Group Case
Histological grading

1 2 3

Metformin 44 26(59.1) 11(25.0) 7(15.9)

Nom-Metformin 58 34(58.6) 13(22.4) 11(19.0)

Control 106 65(61.3) 32(30.2) 9(8.5)
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DISCUSSION

 In recent years, breast cancer and diabetes have 
become common diseases threatening human health 
and life. Their morbidities and mortalities are also 
increasing. Both domestic and foreign studies have 
found that the incidence of malignant tumors in 
patients with diabetes was significantly increased. 
Breast cancer has become the most common 
malignant tumor and important cause of death in 
women.1,9 The connection between diabetes and 
breast cancer was gradually attached with great 
importance. Type-2 diabetes may be a risky factor 
affecting the incidence of breast cancer.10 Breast 
cancer is heterogeneous. According to its clinical 
characteristics and molecular typing, the treatment 
response and prognosis are also different.11 For this 
reason, we examined the clinical characteristics, 
pathological features and prognosis of patients in 
three groups under question.
 In this study, there was no significant difference 
in body weight among the three groups, which 
indicating obesity is a risk factor for both diabetes 
and breast cancer. Evidence-based medicine has 
confirmed that overweight and obesity could 
enhance the probability of breast cancer for women 
in menopause.12 The pathogenesis may stay linked 
to more in vivo adipokines, change in the levels 
of hormones like estrogen, insulin, and leptin, 
biological properties arising from obesity and 
chronic inflammation as well.13 Li, et al. reported 

higher ratios of older age and menopause state in 
the patients of breast cancer with Type-2 diabetes 
complications.14 Michels discovered the probability 
for Type-2 diabetes patients to get breast cancer 
was 17% higher than those non-diabetes patients 
and this was especially evident in the menopaused 
women.15 The aforesaid academic results were in 
line with our study findings here that include an 
older average age and a higher ratio of menopause 
(65.9% and 69%, respectively) in the Metformin 
group and non-Metformin group than the control 
group (56.6%). However, no statistical difference 
is detected in baseline clinical features between 
Metformin group and non-Metformin group.
 As for pathological features, according to the 
findings made by Peairs16, patients of breast cancer 
with Type-2 diabetes complications had more 
advanced clinical staging and worse prognosis. As 
shown in  this study, both Metformin group and 
non-Metformin group had more advanced clinical 
staging than the control group, since 72.7% and 
75.8% of patients in those two groups were in Stage 
II/III in contrast to 55.7% in the control group, 
which was consistent with the previous studies. 
In addition, molecular subtyping also affected the 
prognosis of patients. Patients of triple negative 
breast cancer (TNBC) were usually expected to 
experience the worst prognosis. In our study, 
histological grading was higher and Basal-like 
molecular subtype (or TNBC) was more common in 
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Table-V: A comparison of three groups in prognosis.

Group No.

Breast cancer incident (no.) Lethal cause (no.) Survival (no, %)

Local 
relapse

Distant 
metastasis

Lymphatic 
metastasis

Breast 
cancer Others Overall 

survival rate
Survival rate free of 
other lethal reasons

Metformin 44 4 6 5 5 3 36(81.8) 39(88.6)

Non-Metformin 58 6 11 7 10 4 44(75.9) 48(82.8)

Control 106 7 12 11 15 4 91(85.8) 95(89.6)

Table-IV: A comparison of three groups in molecular subtyping [n (%)].

Group No.
Molecular subtyping

Luminal A Luminal B ERBB2+ Basal-like

Metformin 44 10(22.7) 16(36.4) 3(6.8) 15(34.1)

Non-Metformin 58 11(19.0) 22(37.9) 5(8.6) 20(34.5)

Control 106 14(13.2) 54(51.0) 13(12.2) 25(23.6)
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Metformin group and non-Metformin group, which 
was similar to the literature.16 However, two groups 
of breast cancer with Type-2 diabetes complications 
were not significantly different from each other in 
terms of clinical staging, histological grading and 
molecular subtyping. In this study, more patients 
in Metformin group experienced local relapse and 
lymphatic and distant metastasis than those in the 
non-Metformin group though in a significant way. 
Type-2 diabetes patients experienced a lower 5-year 
overall survival rate than normal people, no matter 
whether Metformin was administered. As indicated 
by the perspective study of Villareal17 on recurrent 
and metastatic breast cancer patients, compared 
with normal glucose group, the high glucose group 
(> 130 mg/dl) had a significantly shorter overall 
survival period. Erickson18 also witnessed worse 
prognosis and lower overall survival rate among 
female breast cancer patients that had glycosylated 
hemoglobin >7% when compared with the control 
group. All the findings listed above suggested that 
abnormal glucose metabolism may speed up the 
progress of breast cancer. Thus, it is important to 
enhance control on disturbance of carbohydrate 
metabolism among breast cancer patients.
 Metformin is a first-line oral hypoglycemic 
agent for treating Type-2 diabetes, which inhibit 
gluconeogenesis in livers via strengthening hepatic 
sensitivity to insulin so as to bring down the levels 
of insulin and glucose in blood circulation. Thus, we 
divided Type-2 diabetes patients into two groups 
as per their hypoglycemic therapy for prognosis 
analysis, namely Metformin group and non-
Metformin group. Metformin group had higher 
overall survival rate than the non-Metformin one, 
even after other lethal causes were ruled out. But 
no statistical difference was detected between them 
and the control group. Reduced overall survival rate 
observed in the non-Metformin group may be partly 
attributed to non-cancer factors19, such as untimely 
or non-standard treatment and death arising from 
diabetic complications in varying degrees. A 
conclusion that was worth of special mention here 
was that even after other lethal reasons were ruled 
out, Metformin group and non-Metformin group 
enjoyed obvious survival strengths. This further 
showed potential of Metformin in fighting cancer. 
It may be used as a brand-new anti-cancer agent 
in clinical practice. Studies indicated Metformin 
was effective in improving glycometabolism 
and fighting multiple cancers. The study of 
Kusturica20 indicated patients of Type-2 diabetes 
had lower risk of having breast cancer when taking 

Metformin than other hypoglycemic agents. When 
conducting a retrospective study on breast cancer 
patients that accepted adjuvant chemotherapy, El-
Benhawy21 founded administration of Metformin 
during adjuvant therapy period could significantly 
improve the survival rate and overall survival 
rate of patients of breast cancer complicated with 
Type-2 diabetes. Bowker et al followed 10,309 cases 
of tumor complicated with Type-2 diabetes for 
5.5 years on average, finding fatality rates among 
patients taking Metformin, sulfonylureas and 
insulin to be 3.5%, 4.9% and 5.8%, respectively. 
This cohort study proved tumor patients having 
Type-2 diabetes had lower fatality rate if taking 
Metformin.22 The specific antitumor mechanism of 
Metformin needs further elucidation. As reported, 
the drug fights cancer mainly via reducing the 
glucose and insulin in blood circulation.23 Besides, 
Metformin could also inhibit mTOR (Mammalian 
Target of Rapamycin) compound 1 signal pathway 
through liver kinase B1-mediated AMPK (AMP-
activated protein kinase) activation so as to inhibit 
cell growth.24 According to the study of Schott, 
Metformin could improve antitumor immunity by 
stimulating Tm lymphocyte proliferation of breast 
cancer patients.25 The drug could selectively inhibit 
breast cancer stem cells26 as well as the expression 
of adhesion molecule CD24,27 which was both a 
marker of breast cancer stem cells and an indicator 
of TNBC’s poor prognosis. Nevertheless, the breast 
cancer cell inhibiting mechanism of Metformin 
may shed light on seeking new therapeutic targets 
and affect the decision-making concerning clinical 
mediation. All those have demonstrated the clinical 
research value of Metformin in breast cancer 
prevention and treatment.

Limitations of this study: This was a retrospective 
study. It is necessary to further conduct a 
prospective long-term observational study on 
the preventive effect of Metformin in which 
actual prescription period and dosage over the 
time should be analyzed. The study should also 
include non-diabetes patients in order to determine 
whether Metformin is effective only for the breast 
cancer patients with diabetes complications or all 
the breast cancer patients. In future studies we 
should further determine the acting mechanism 
and clinically suitable population of the Metformin.

CONCLUSION

 Diabetes could be a risk factor affecting breast 
cancer development and prognosis and reducing 

Breast Cancer Patients Complicated with Type-2 Diabetes
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the 5-year overall survival among breast cancer 
patients. This was especially prominent in the 
menopaused women. Special attention should be 
paid to the glucose control during treatment of breast 
cancer patients complicated with Type-2 diabetes. 
Administration of Metformin could improve the 
survival rate and prognosis of breast cancer patients 
complicated with diabetes regardless of its unclear 
antitumor mechanism.

Declaration of conflicting interest: The authors 
declare that there is no conflict of interest.

Funding: This research received no specific grant 
from any funding agency in the public, commercial, 
or not-for-profit sectors.

REFERENCES
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer 

statistics. CA Cancer J Clin. 2011;61(2):69-90. doi: 10.3322/caac.20107.
2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J 

Clin. 2019;69(1):7-34. doi: 10.3322/caac.21551
3. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 

of diabetes: estimates for the year 2000 and projections for 2030. 
Diabetes Care. 2004;27(5):1047-1053. doi: 10.2337/diacare.27.5.1047

4. Wolf I, Sadetzki S, Catane R, Karasik A, Kaufman B. Diabetes 
mellitus and breast cancer. Lancet Oncol. 2005;6(2):103-111. doi: 
10.1016/S1470-2045(05)01736-5

5. Pan XF, He M, Yu C, Lv J, Guo Y, Bian Z, et al. Type-2 Diabetes and 
Risk of Incident Cancer in China: A Prospective Study Among 0.5 
Million Chinese Adults. Am J Epidemiol. 2018;187(7):1380-1391. doi: 
10.1093/aje/kwx376

6. Au Yeung SL, Schooling CM. Impact of glycemic traits, Type-2 
diabetes and metformin use on breast and prostate cancer risk: A 
Mendelian randomization study. BMJ Open Diabetes Res Care. 
2019;7(1):e000872. doi: 10.1136/bmjdrc-2019-000872

7. Goodwin PJ, Stambolic V, Lemieux J, Chen BE, Parulekar WR, 
Gelmon KA, et al. Evaluation of metformin in early breast cancer: 
A modification of the traditional paradigm for clinical testing of 
anti-cancer agents. Breast Cancer Res Treat. 2011;126(1):215-220. 
doi: 10.1007/s10549-010-1224-1

8. Tang GH, Satkunam M, Pond GR, Steinberg GR, Blandino G, 
Schunemann HJ, et al. Association of Metformin with Breast 
Cancer Incidence and Mortality in Patients with Type II Diabetes: 
A GRADE-Assessed Systematic Review and Meta-analysis. Cancer 
Epidemiol Biomarkers Prev. 2018;27(6):627-635. doi: 10.1158/1055-
9965.EPI-17-0936

9. Sheree DM, Sean LM. Metabolicreprogramming in type2diabetes and 
the development of breast cancer. J Endocrinol. 2018;237(2):R35-R46.

10. Gouveri E, Papanas N, Maltezos E. The female breast and diabetes. 
Breast. 2011;20(3):205-211. doi: 10.1016/j.breast.2011.02.019

11. Shipitsin M, Campbell LL, Argani P, Weremowicz S, Bloushtain-
Qimron N, Yao J, et al. Molecular definition of breast tumor 
heterogeneity. Cancer Cell. 2007;11(3):259-273. doi: 10.1016/j.
ccr.2007.01.013

12. Suzuki R, Orsini N, Saji S, Key TJ, Wolk A. Body weight and 
incidence of breast cancer defined by estrogen and progesterone 
receptor status - A meta-analysis. Int J Cancer. 2009;124(3):698-712. 
doi: 10.1002/ijc.23943

13. Goodwin PJ, Stambolic V. Impact of the obesity epidemic on 
cancer. Annu Rev Med. 2015;66:281-296. doi: 10.1146/annurev-
med-051613-012328

14. Li Z, Luo Y, Gong Y, Liu Y, Qiu W, Tu J. Clinical features and 
molecular phenotypes of breast cancer in patients with type-2 
diabetes mellitus. Asian Pac J Cancer Prev. 2011;12(9):2183-2188.

15. Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, Colditz 
GA, et al. Type-2 diabetes and subsequent incidence of breast cancer 
in the Nurses’ Health Study. Diabetes Care. 2003;26(6):1752-1758. 
doi: 10.2337/diacare.26.6.1752

16. Peairs KS, Barone BB, Snyder CF, Yeh HC, Stein KB, Derr RL, et al. 
Diabetes mellitus and breast cancer outcomes: A systematic review 
and meta-analysis. J Clin Oncol. 2011;29(1):40-46. doi: 10.1200/
JCO.2009.27.3011

17. Villarreal-Garza C, Shaw-Dulin R, Lara-Medina F, Bacon L, Rivera D, 
Urzua L, et al. Impact of diabetes and hyperglycemia on survival in 
advanced breast cancer patients. Exp Diabetes Res. 2012;2012:732027. 
doi: 10.1155/2012/732027

18. Erickson K, Patterson RE, Flatt SW, Natarajan L, Parker BA, Heath 
DD, et al. Clinically defined Type-2 diabetes mellitus and prognosis 
in early-stage breast cancer. J Clin Oncol. 2011;29(1):54-60. doi: 
10.1200/JCO.2010.29.3183 

19. Luo J, Virnig B, Hendryx M, Wen S, Chelebowski R, Chen C, et al. 
Diabetes, diabetes treatment and breast cancer prognosis. Breast 
Cancer Res Treat. 2014;148(1):153-162. doi: 10.1007/s10549-014-3146-9

20. Kusturica J, Kulo Cesic A, Gusic E, Maleskic S, Rakanovic-Todic 
M, Secic D. Metformin use associated with lower risk of cancer 
in patients with diabetes mellitus Type-2. Med Glas (Zenica). 
2017;14(2):176-181. doi: 10.17392/910-17

21. El-Benhawy SA, El-Sheredy HG. Metformin and survival in 
diabetic patients with breast cancer. J Egypt Public Health Assoc. 
2014;89(3):148-153. doi: 10.1097/01.EPX.0000456620.00173.c0

22. Bowker SL, Majumdar SR, Veugelers P, Johnson JA. Increased 
cancer-related mortality for patients with Type-2 diabetes who use 
sulfonylureas or insulin. Diabetes Care. 2006;29(2):254-258. doi: 
10.2337/diacare.29.02.06.dc05-1558

23. Dowling RJ, Zakikhani M, Fantus IG, Pollak M, Sonenberg N. 
Metformin inhibits mammalian target of rapamycin-dependent 
translation initiation in breast cancer cells. Cancer Res. 
2007;67(22):10804-10812. doi: 10.1158/0008-5472.CAN-07-2310

24. Brown KA, Hunger NI, Docanto M, Simpson ER. Metformin inhibits 
aromatase expression in human breast adipose stromal cells via 
stimulation of AMP-activated protein kinase. Breast Cancer Res 
Treat. 2010;123(2):591-596. doi: 10.1007/s10549-010-0834-y

25. Schott S, Bierhaus A, Schuetz F, Beckhove P, Schneeweiss A, 
Sohn C, et al. Therapeutic effects of metformin in breast cancer: 
involvement of the immune system? Cancer Immunol Immunother. 
2011;60(9):1221-1225. doi: 10.1007/s00262-011-1062-y

26. Iliopoulos D, Hirsch HA, Wang G, Struhl K. Inducible formation 
of breast cancer stem cells and their dynamic equilibrium with 
non-stem cancer cells via IL6 secretion. Proc Natl Acad Sci U S A. 
2011;108(4):1397-1402. doi: 10.1073/pnas.1018898108

27. Vazquez-Martin A, Oliveras-Ferraros C, Del Barco S, Martin-Castillo 
B, Menendez JA. The anti-diabetic drug metformin suppresses self-
renewal and proliferation of trastuzumab-resistant tumor-initiating 
breast cancer stem cells. Breast Cancer Res Treat. 2011;126(2):355-
364. doi: 10.1007/s10549-010-0924-x

Authors’ Contributions:

XY & ZG: Designed this study and prepared this 
manuscript. They are also responsible for the 
accuracy and integrity of this study.
YL & QL: Collected and analyzed clinical data.
XD: Significantly revised this manuscript.

Xiaolu Yan et al.

 Authors:

1. Xiaolu Yan,
 Department of Oncology,
2. Zhe Gao,
 Department of Endocrinology and Metabolic Diseases,
3. Yang Li,
 Department of Oncology,
4. Qingxia Li,
 Department of Oncology,
5. Xinna Deng,
 Department of Oncology,
1-5: Hebei General Hospital, 
 Shijiazhuang 050051, 
 Hebei, China.


	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk95382005
	_GoBack
	_GoBack
	OLE_LINK1
	_GoBack
	_Hlk84883349
	_Hlk84795695
	_GoBack
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk48765418
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK20
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK21
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk80237630
	_GoBack
	_Hlk82849545
	_GoBack
	_Hlk90978508
	_GoBack
	_GoBack
	_Hlk74401505
	_Hlk74942807
	_GoBack
	_Hlk85792714
	_Hlk78715730
	_Hlk76417179
	_Hlk76417218
	_Hlk76417632
	_GoBack
	_GoBack
	_GoBack
	_Hlk74049160
	_Ref67317061
	_GoBack
	_gjdgxs
	_30j0zll
	_GoBack
	_Hlk85438010
	_Hlk85438051
	_Hlk12857052
	_Hlk12857100
	_GoBack
	_Hlk68129485
	_Hlk68129552
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk94196460
	_GoBack
	_GoBack
	_Hlk75875439
	_GoBack

