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Abstract Previous observational studies have suggested

that metformin in diabetes patients may reduce breast

cancer risk more than the reductions from other anti-dia-

betes medications. This randomized, double-blind, pla-

cebo-controlled trial was performed to evaluate the efficacy

of metformin for controlling physical and metabolic pro-

files related to prognosis and adverse events in non-diabetic

breast cancer patients. Female breast cancer patients

(N = 105), at least 6 months post-mastectomy, with obe-

sity (C25 kg/m2) and/or pre-diabetes (fasting blood sugar

levels C100 mg/dL), were randomly assigned to three

groups (placebo, metformin 500 mg, and metformin

1000 mg) stratified by tamoxifen use. A linear mixed

model for repeated measurements among three groups and

ANOVA for profile differences during 6 months of treat-

ment were used for the intention-to-treat analysis. The

metformin 1000 mg group had a significantly greater

decline in glucose and HbA1c levels between treatment

weeks 0 and 6 month (p = 0.008 and 0.009, respectively),

and the declines increased with an increase in body mass

index (BMI) level (p interaction with BMI = 0.007 and

0.067, respectively). A marginally significant different

effect from the metformin 1000 mg treatment was detected

for glucose and HbA1c levels (p interaction = 0.084 and

0.063, respectively) in the intention-to-treat analysis.

Metformin 1000 mg treatment had a favorable effect on

controlling glucose and HbA1C levels in obese non-dia-

betic breast cancer patients, indicating prognostic impor-

tance. Further trials are needed to elucidate the risk–benefit

ratio of long-term use of metformin.

Keywords Metformin � Breast cancer � Glucose �
Postoperative adjuvant

Introduction

Metformin (a biguanide derivative) is the most commonly

prescribed oral medication used as a first-line treatment

choice for type 2 diabetes patients with normal kidney

function. Biologically, metformin inhibits the mammalian

target of rapamycin (mTOR) signaling pathway, which is

the major target for anticancer effects via activation of

the adenosine monophosphate-activated protein kinase

(AMPK) pathway, a cellular energy sensor [1]. AMPK has

a role for peripheral and central energy regulation. In

hypothalamus, AMPK inhibited by metformin reduces the
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appetite, and leptin leads to reduction of body weight. In

contrast, metformin activates the AMPK in liver and

skeletal muscle. Activated AMPK decreases the fatty acid

synthesis, cholesterol synthesis, and gluconeogenesis in

liver, and increases the glucose uptake in muscle [2]. The

AMPK–mTOR-related mechanism involved in met-

formin’s effects is similar to the effects of physical exercise

(a lifestyle modification) with its glucose-lowering capac-

ity and associated health benefit [3, 4].

There is evidence emerging from experimental studies

that metformin can play a crucial anticancer role in breast

cancer [5, 6]. Prior observational studies have suggested

that metformin treatment in diabetic patients, compared to

the effects of other diabetes drugs, can reduce the absolute

risk of cancer development [7–10].

Several recent studies have reported the beneficial

effects of metformin in breast cancer prognoses, including

decreasing the mortality rate in breast cancer patients [7, 9,

10], and on breast cancer-related prognostic factors, such

as reducing fasting insulin levels (by 22.4 %) and body

weight (by 2.5 %), and in an observational study,

improving insulin sensitivity (by 25.6 %) in women with

non-metastatic breast cancer [11]. Moreover, it has been

reported that diabetic breast cancer patients receiving

metformin and neoadjuvant chemotherapy had a higher

pathological complete response (24 %) than that in other

antidiabetic drug-treated (8 %) or pre-diabetic (16 %)

breast cancer patients in a 17-year follow-up dataset that

included 2529 breast cancer patients (metformin vs. non-

metformin, p = 0.007) [12]. The risk of all-cause mortality

was twice as high in breast cancer women with HbA1C

C7.0 % compared with women with HbA1C less than

6.5 % [13]. Therefore, it is assumed that metformin pref-

erentially modifies physical and metabolic conditions in

breast cancer patients, leading to reduce further the recur-

rence of and mortality from breast cancer.

In this study, we evaluated the efficacy of adjuvant

metformin on improving physical conditions in operable,

obese, non-diabetic breast cancer patients. The study was

not extended to the endpoint of breast cancer patients (i.e.,

cancer recurrence or overall survival time); instead, our

clinical trial investigation focused on the preferential effi-

cacy of metformin on weight loss, improving obesity

indices, and on diabetes profiles.

Methods

This study is a randomized, double-blind, placebo-con-

trolled trial of operable breast cancer patients. Initially, we

evaluated the eligibility of 456 operable breast cancer

patients with stage 0 to stage IIIA breast cancer presenting

between September 2009 and March 2011 at the Seoul

National University Hospital, Seoul, Korea, and who had

undergone mastectomy at Seoul National University

Hospital at least 6 months prior to evaluation. Of them, 351

patients were ineligible or did not agree to participate in the

study. Finally, 105 patients agreed to participate in this

trial. In accordance with the guidelines of the Declaration

of Helsinki and the National Health and Medical Research

Council, all participants provided written informed con-

sent. The study protocol was approved by the Institu-

tional Review Board of Seoul National University Hospital

(H-0810-007-259), and the study was registered in the

www.ClinicalTrials.gov (Identifier: NCT00909506).

Our eligibility criteria were as follows. For inclusion,

trial patients were to be obese (body mass index [BMI]

[25 kg/m2 [14]) or pre-diabetic (100 mg/dL B fasting

blood sugar levels [FBS] \126 mg/dL) women who had

undergone breast cancer surgery (mastectomy); aged over

20 years; more than 6 months since breast cancer surgery

and at least 4 weeks since prior chemotherapy and/or

radiotherapy; without any current medication except

tamoxifen; with normal kidney (within a normal range of

serum creatinine level) and liver (based on the old tuber-

culin/prothrombin time test) functions; with Eastern

Cooperative Oncology Group performance status of 0–2 or

a Karnofsky performance status of 60–100 %; with a life

expectancy of over 12 weeks; with an absolute neutrophil

count C1.5 9 109/L; with a platelet count C100 9 109/L;

preventing pregnancy during the study period; and willing

to sign a written informed consent.

Excluded patients were those diagnosed with diabetes

(Types I or II) and/or taking any insulin-related medica-

tion; with allergic reactions attributed to chemical or bio-

logic compositions similar to metformin; with any medical

history of liver, kidney, cardiac, or infectious diseases or

with angina pectoris or lactic acidosis; with prior or current

use of metformin or any steroid; pregnant or lactating; with

an inability to swallow or digest oral medications; on a diet

and/or medication for weight loss; with anorexia and/or

adephagia; or using concurrent investigational agents.

The 105 included female breast cancer patients were

randomly allocated to one of three intervention groups

stratified by tamoxifen therapy (use vs. non-use) to form a

placebo group (N = 35), a metformin 500 mg group

(N = 35), and a metformin 1000 mg group (N = 35). In

addition, there were three BMI/FBS groups: (1) BMI[ 23

and 100 mg/dL B FBS\ 126 mg/dL; (2) BMI [23 and

FBS \100 mg/dL; and (3) BMI B23 and 100 mg/

dL B FBS\ 126 mg/dL. The stratified randomization was

conducted independently by the Medical Research Col-

laborating Center at Seoul National University Hospital

using a web-based randomization protocol. Study medi-

cations (metformin and placebo) were provided as identi-

cal-appearing capsules in coded containers and were as
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supplied by the manufacturer (Daewoong Pharmaceutical,

Seoul, Korea). Patients, investigators, and collaborators

remained blinded throughout the entire trial.

Ninety-six patients (91.4 %) completed at least

12 weeks of treatment (97.1 % in the placebo group;

94.3 % in the metformin 500 mg group; and 82.9 % in the

metformin 1000 mg group), whereas 81 patients (77.1 %)

continued to take pills for 6 months (80.0 % in the placebo

group; 77.1 % in the metformin 500 mg group; and 74.3 %

in the metformin 1000 mg group). Intergroup differences

in participation rates were not significant (p[ 0.1). Self-

induced drug stoppage due to no beneficial effect was the

most frequent reason for patients not completing the trial in

the placebo group (4 of 7 patients), while withdrawal due

to adverse events was the most frequent reason in both

metformin groups (5 of 8 patients in the metformin 500 mg

group and 5 of 9 patients in the metformin 1000 mg group).

Pharmacological intervention

During the first 2 weeks of the trial, participants assigned

to the metformin 500 mg and metformin 1000 mg groups

identically took 500 mg of metformin after dinner, while

participants in the placebo group took a placebo after

dinner. After that 2-week period, a second dose of 500

metformin or placebo was added after each breakfast in all

groups for a further 22 weeks (Fig. 1).

After random allocation to groups, we followed study

participants until the end of trial (6 months) by using three

methods. The first follow-up method was direct visits to a

coordinating nurse (at baseline (week 0) and at 4 weeks,

12 weeks, and 6 months). The second method was a

telephone follow-up every 2 weeks, and the third method

was a participants’ self-administrated daily record of the

number of taken pills, responses, and adverse events.

Individual counseling was administered at each visit to

breast cancer clinic by a well-trained research nurse.

Drug adherence was evaluated by counting pills at each

patient visit and by telephone monitoring. Study participant

adherence was recorded when more than 80 % of the drug

dosages were taken during the period following initial

contact. In cases exhibiting non-adherence (i.e., low com-

pliance), the participant was counseled on the importance

of taking the prescribed amount of the medication. Adverse

event occurrences were checked at each visit and during

each telephone survey.

Measurement

Serum creatinine levels were measured at baseline to

evaluate subjects’ kidney function. The FBS, glycated

hemoglobin (HbA1c), and insulin levels were measured at

baseline (week 0), week 12, and end of trial (6 months),

whereas a lipid profile including total cholesterol, HDL-

and LDL-cholesterols, and triglyceride levels was

obtained twice (weeks 0 and 6 months). Anthropometry

(i.e., weight, height, waist circumference, and blood

pressures) and body composition via bioelectrical impe-

dance analysis (Zeus 9.9; Jawon Medical, Kyungsan,

Korea) were measured during every visit. The beck

depression inventory (BDI) and other demographic factors

were collected via questionnaire at baseline and end of

trial (Fig. 1).

Fig. 1 Study protocol for the metformin clinical trial
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Sample size and statistical analyses

The required sample size calculation was based on the

results of a randomized controlled trial of lifestyle inter-

vention and metformin treatment in schizophrenia patients

[15]. In that study, the weight loss after a 12-week trial of

metformin 750 mg and placebo treatments averaged

-3.2 kg (95 % CI -3.9 to -2.5 kg) and 1.2 kg (95 % CI

2.4–3.8 kg), respectively (Fig. 2). We assumed the met-

formin effect was on linear decreasing trend from a 0 kg

weight loss; therefore, the weight loss values expected in

our trial were -2.1 kg for the 500 mg metformin treatment

and -3.2 kg for the 1000 mg metformin treatment. Using

the analysis of variance (ANOVA) equation for estimating

sample sizes suitable for comparisons of three means at the

0.05 level of significance (two-tailed test 0.025) with 90 %

statistical power and equal sample number in each group, a

sample size of 25 patients per group was calculated.

Assuming a 30 % dropout rate, the required sample size

per group was 35 patients.

Changes in the repeated physical and metabolic profiles

among the three groups throughout the trial were compared

by using a linear mixed model, which is a type of repeated

measures ANOVA (RMANOVA). To test the difference

between the two profiles at baseline and the end of trial

among the three treatment groups (24 weeks), we con-

ducted ANOVA (analysis of variance). The distributions in

all covariates among the three groups, such as age,

tamoxifen use (yes vs. no), smoking status (ever vs. never),

regular exercise (yes vs. no), and menopause status (pre-

vs. post-), which act as potential risk factors, were not

statistically significant; therefore, we did not adjust for

these variables. Interactions for changes in the metabolic

profiles between baseline and 24 weeks by metformin

intervention were evaluated according to hormone recep-

tor, BMI, and TMX use.

All intention-to-treat analyses were performed by using

SAS software version 9.2 (SAS Institute, Cary, North

Carolina, USA).

Results

All demographic, anthropometric, and clinic-pathological

factors were well matched among the three treatment

groups (p[ 0.05). Stage 0 and I breast cancers were rel-

atively higher in the placebo group (45.7 %) than in the

other groups (37.1 % in the metformin 500 mg group and

25.7 % in the metformin 1000 mg group), but the differ-

ence was not significant (p = 0.069) (Supplementary

Table 1).

There was within-subject effect according to the time

(baseline, 12, 24 weeks, or baseline, 24 weeks) in meta-

bolic profiles and depression symptom score (Table 1). The

Fig. 2 Study participants in the SNU metformin trial
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Table 1 Treatment outcomes of the metformin clinical trial: intention-to-treat analysis

Baseline Week 12 Week 24 p value1 p value2 p value3

Mean (SE) Mean (SE) Mean (SE)

Weight (kg)

Placebo 66.1 (1.4) 65.4 (1.3) 65.0 (1.3) 0.634 \0.001 0.238

Metformin 500 mg 67.8 (1.4) 67.1 (1.4) 67.3 (1.5)

Metformin 1000 mg 67.2 (1.5) 66.2 (1.5) 66.5 (1.4)

BMI (kg/m2)

Placebo 26.2 (0.4) 26.9 (0.5) 26.9 (0.5) 0.502 \0.001 0.577

Metformin 500 mg 26.0 (0.4) 26.7 (0.5) 26.5 (0.5)

Metformin 1000 mg 26.2 (0.4) 26.9 (0.5) 26.9 (0.5)

Waist (cm)

Placebo 85.1 (1.4) 84.9 (1.3) 84.2 (1.3) 0.322 0.746 0.144

Metformin 500 mg 86.5 (1.2) 86.8 (1.3) 86.8 (1.3)

Metformin 1000 mg 87.4 (1.2) 86.6 (1.1) 87.4 (1.1)

Glucose (mg/dL)

Placebo 90.8 (1.3) 91.0 (1.2) 90.6 (1.0) 0.787 0.038 0.094

Metformin 500 mg 90.2 (1.3) 90.5 (1.6) 88.9 (1.4)

Metformin 1000 mg 94.4 (2.3) 90.8 (2.0) 88.7 (2.3)

Insulin (lIU/mL)

Placebo 8.7 (0.5) 8.3 (0.4) 8.1 (0.4) 0.572 0.066 0.659

Metformin 500 mg 8.9 (0.6) 8.4 (0.6) 8.3 (0.4)

Metformin 1000 mg 8.4 (0.5) 8.4 (0.7) 7.2 (0.3)

HbA1c (%)

Placebo 5.86 (0.05) 5.80 (0.05) 5.82 (0.05) 0.753 0.026 0.073

Metformin 500 mg 5.86 (0.04) 5.82 (0.05) 5.84 (0.04)

Metformin 1000 mg 5.88 (0.06) 5.81 (0.06) 5.68 (0.07)

Total cholesterol (mg/dL)

Placebo 193.5 (6.8) 188.4 (7.1) 0.914 0.029 0.900

Metformin 500 mg 196.3 (6.0) 193.2 (6.0)

Metformin 1000 mg 194.6 (7.2) 190.1 (5.5)

Triglyceride (mg/dL)

Placebo 154.4 (15.8) 139.7 (13.7) 0.491 0.557 0.246

Metformin 500 mg 151.1 (13.6) 164.8 (19.3)

Metformin 1000 mg 141.6 (13.7) 128.9 (12.9)

HDL-cholesterol (mg/dL)

Placebo 49.6 (1.5) 50.7 (2.0) 0.272 0.185 0.933

Metformin 500 mg 51.5 (2.2) 52.1 (2.2)

Metformin 1000 mg 54.1 (2.0) 55.0 (2.2)

LDL-cholesterol (mg/dL)

Placebo 112.4 (4.8) 110.7 (5.6) 0.971 0.087 0.775

Metformin 500 mg 114.6 (5.1) 109.6 (5.2)

Metformin 1000 mg 112.1 (579) 108.9 (4.6)

Depression symptom (score)4

Placebo 12.7 (1.3) 10.4 (1.3) 0.813 0.002 0.294

Metformin 500 mg 10.9 (1.2) 10.3 (1.0)

Metformin 1000 mg 11.9 (1.0) 10.5 (1.0)

1 Between-subject effect among the three treatment groups
2 Within-subject effect according to the time (baseline, 12, 24 weeks or baseline, 24 weeks)
3 Interaction of between-subject and within-subject effects
4 Beck depression inventory score: 0–9 reflects minimal depression; 10–18 reflects mild depression; 19–29 reflects moderate depression; and

30–63 reflects to severe depression
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Table 2 Changes in the diabetic profiles between baseline and 24 weeks by metformin intervention: intention-to-treat analysis

Mean (SE) of the difference values between two profiles at baseline and at the end of trial

Total

patients1
HR?2 HR-2 BMI\25 25 BBMI

\27

BMI C27 Tamoxifen

(-)

Tamoxifen

(?)

(N = 105) (N = 79) (N = 22) (N = 32) (N = 34) (N = 38)

Weight (kg)

Placebo -1.1 (0.3) -0.8 (0.3) -2.1 (0.8) -0.8 (0.4) -0.7 (0.5) -0.1 (0.5) -0.2 (0.8) -0.4 (0.2)

Metformin 500 mg -0.5 (0.3) -0.3 (0.2) -1.2 (1.4) -1.0 (0.5) -0.4 (0.3) -1.1 (0.5) -1.3 (0.6) -0.6 (0.2)

Metformin 1000 mg -0.6 (0.2) -0.6 (0.3) -0.5 (0.3) -0.2 (0.1) -0.3 (0.2) -1.9 (0.6) -1.0 (0.5) -0.9 (0.3)

p value3 0.220 0.403 0.352 0.468 0.762 0.055 0.468 0.345

p interaction with HR or BMI or

TMX use

0.268 0.050 0.537

BMI (kg/m2)

Placebo -0.4 (0.1) -0.3 (0.1) -0.9 (0.3) -0.3 (0.2) -0.2 (0.2) -0.1 (0.3) -0.2 (0.3) -0.4 (0.1)

Metformin 500 mg -0.3 (0.1) -0.3 (0.1) -0.4 (0.5) -0.6 (0.2) -0.4 (0.2) -0.4 (0.2) -0.6 (0.2) -0.4 (0.1)

Metformin 1000 mg -0.5 (0.1) -0.5 (0.1) -0.2 (0.2) -0.5 (0.2) -0.4 (0.1) -0.8 (0.2) -0.6 (0.2) -0.4 (0.1)

p value3 0.718 0.378 0.249 0.641 0.617 0.146 0.479 0.998

p interaction with HR or BMI or

TMX use

0.084 0.099 0.480

Waist (cm)

Placebo -1.0 (0.5) -0.7 (0.6) -2.0 (0.9) -0.2 (0.5) 1.0 (0.8) 1.5 (1.0) -0.0 (0.6) 1.6 (1.0)

Metformin 500 mg 0.4 (0.5) 0.0 (0.4) 2.1 (2.7) -0.3 (0.8) -0.5 (0.3) -1.0 (0.8) -0.1 (0.4) 0.0 (0.7)

Metformin 1000 mg -0.0 (0.5) -0.1 (0.6) 0.2 (0.6) 0.3 (0.5) -1.8 (1.1) -1.1 (0.8) -0.4 (0.5) -1.9 (1.0)

p value3 0.131 0.566 0.124 0.781 0.075 0.079 0.841 0.071

p interaction with HR or BMI or

TMX use

0.196 0.061 0.105

Glucose (mg/dL)

Placebo -0.3 (1.1) -0.2 (1.3) -2.5 (1.8) -2.1 (2.4) -0.5 (1.4) 2.7 (1.3) -0.2 (1.1) 0.9 (1.6)

Metformin 500 mg -1.3 (1.1) -1.3 (1.3) 0.4 (1.3) -1.0 (1.4) -0.6 (1.6) -1.9 (2.1) -2.1 (1.2) -1.7 (1.4)

Metformin 1000 mg -5.7 (1.6) -5.9 (1.8) -4.9 (3.3) 1.0 (1.2) -5.2 (2.7) -9.6 (2.6) -5.2 (2.5) -5.9 (2.0)

p value3 0.008 0.020 0.443 0.571 0.598 0.003 0.161 0.025

p interaction with HR or BMI or

TMX use

0.635 0.007 0.463

HbA1c (%)

Placebo -0.04

(0.04)

-0.05

(0.05)

0.01

(0.07)

-0.02

(0.04)

0.02 (0.08) -0.13

(0.06)

-0.05 (0.06) -0.03 (0.05)

Metformin 500 mg -0.01

(0.04)

0.01

(0.04)

-0.24

(0.15)

0.01

(0.05)

-0.10

(0.10)

0.02

(0.07)

-0.12 (0.09) -0.02 (0.05)

Metformin 1000 mg -0.21

(0.06)

-0.17

(0.07)

-0.33

(0.10)

0.03

(0.06)

-0.28

(0.12)

-0.31

(0.09)

-0.25 (0.09) -0.19 (0.08)

p value3 0.009 0.064 0.052 0.759 0.117 0.019 0.169 0.037

p interaction with HR or BMI or

TMX use

0.170 0.085 0.644

Insulin (lIU/mL)

Placebo -0.7 (0.4) -0.1 (1.1) -0.9 (0.5) 0.3 (0.6) 0.4 (0.9) -0.5 (0.8) 0.1 (0.9) -0.6 (0.6)

Metformin 500 mg -0.6 (0.5) 0.6 (1.4) -0.7 (0.6) -0.5 (0.6) -1.7 (1.0) -0.9 (0.6) -0.8 (0.7) -0.9 (0.7)

Metformin 1000 mg -1.2 (0.5) -0.0 (0.6) -1.6 (0.6) -0.3 (0.5) -1.8 (0.7) -1.4 (1.1) -1.2 (0.9) -1.3 (0.5)

p value3 0.593 0.878 0.457 0.598 0.182 0.804 0.540 0.740

p interaction with HR or BMI or

TMX use

0.869 0.614 0.682

Total cholesterol (mg/dL)

Placebo -5.2 (2.9) -2.9 (3.4) -11.3

(6.3)

-0.5 (5.7) -1.0 (4.6) 4.3 (5.8) -11.3 (4.8) -1.4 (3.6)

Metformin 500 mg -3.1 (2.7) -3.1 (3.0) -5.8 (6.8) -5.0 (3.9) -6.8 (5.1) -4.1 (5.0) -7.1 (4.8) -1.4 (3.2)
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intention-to-treat analysis results showed the metformin

1000 mg group to have a marginally significant mean

decrease from baseline to end of trial in glucose and

HbA1C levels relative to the change in levels in the pla-

cebo and metformin 500 mg groups (p interaction = 0.094

and 0.073, respectively). Over the trial period, insulin

levels showed non-significant decreases in all groups.

Moreover, weight loss, the other obesity indices, and lipid

profiles were not significantly associated with metformin

effects.

Our analysis of the change in glucose and HbA1c levels

between baseline and end of trial showed that the met-

formin 1000 mg group had the greatest decline in glucose

and HbA1c levels between week 0 and 6 months

(p = 0.008 and 0.009, respectively) (Table 2). Patients’

BMI levels modified the metformin effect over the

0–6 months treatment period resulting in significant chan-

ges to glucose and HbA1c levels (p interaction with

BMI = 0.007 and 0.0.085, respectively). Moreover, the

0–6 month glucose and HbA1c decline levels in the

Table 2 continued

Mean (SE) of the difference values between two profiles at baseline and at the end of trial

Total

patients1
HR?2 HR-2 BMI\25 25 BBMI

\27

BMI C27 Tamoxifen

(-)

Tamoxifen

(?)

(N = 105) (N = 79) (N = 22) (N = 32) (N = 34) (N = 38)

Metformin 1000 mg -4.5 (4.1) -5.1 (5.4) -2.9

(3.0)

-15.5

(12.2)

-9.7 (5.3) -5.9 (2.4) -6.6 (8.0) -3.4 (4.8)

p value3 0.900 0.920 0.483 0.356 0.358 0.334 0.828 0.912

p interaction with HR or BMI or

TMX use

0.636 0.080 0.782

Triglyceride (mg/dL)

Placebo -14.6

(14.2)

-11.9

(17.8)

11.8

(17.2)

-1.5

(24.9)

-12.3

(10.3)

-36.6

(38.8)

4.4 (11.1) 8.7 (19.9)

Metformin 500 mg -13.8

(16.1)

15.3

(19.5)

5.4 (4.3) -8.1

(21.5)

0.6 (40.5) -26.6

(25.2)

25.9 (27.6) -12.6 (19.3)

Metformin 1000 mg -12.7 (8.6) -22.0

(10.6)

14.2

(10.2)

-14.9

(19.3)

-20.0

(13.8)

-6.8

(15.0)

-17.8 (20.9) -21.6 (11.5)

p value3 0.246 0.246 0.907 0.810 0.813 0.250 0.332 0.438

p interaction with HR or BMI or

TMX use

0.620 0.556 0.716

HDL-cholesterol (mg/dL)

Placebo 1.1 (1.1) -0.2 (1.2) 1.5 (2.0) 1.5 (2.5) 0.9 (1.0) -0.1 (1.9) 1.2 (1.1) 1.1 (1.7)

Metformin 500 mg 0.6 (1.1) 0.6 (1.4) 0.6 (0.4) -0.4 (1.9) 1.2 (1.2) 0.6 (1.8) -0.4 (1.5) 1.5 (1.5)

Metformin 1000 mg 0.9 (1.1) 1.0 (1.4) 0.3 (1.6) 1.6 (3.1) 1.6 (2.3) 0.9 (1.9) -1.6 (1.3) 1.5 (1.5)

p value3 0.933 0.804 0.865 0.818 0.955 0.925 0.337 0.984

p interaction with HR or BMI or

TMX use

0.790 0.719 0.654

LDL-cholesterol (mg/dL)

Placebo -1.7 (2.8) 0.6 (3.4) -10.6

(5.2)

-0.3 (4.7) -1.8 (9.1) 1.8 (5.6) -4.7 (5.2) 0.1 (3.3)

Metformin 500 mg -5.1 (3.4) -0.4 (4.0) -6.8

(6.1)

-5.6 (3.7) -5.8 (4.7) -6.8 (5.4) -6.7 (6.3) -1.4 (4.6)

Metformin 1000 mg -3.2 (3.7) -2.8 (4.9) -13.3

(9.2)

-5.3 (4.3) 4.5 (6.4) -9.6 (7.0) -3.2 (3.9)

p value3 0.775 0.606 0.609 0.307 0.881 0.352 0.856 0.840

p interaction with HR or BMI or

TMX use

0.635 0.231 0.988

1 Four patients were not measured for ER and PR. Of them, three patients had no information on the HER2 receptor

2HR? breast cancer indicates breast cancer that is ER? or PR?; HR- breast cancer indicates breast cancer that is ER-/PR- or for which the

status of both receptors is unknown; TNBC indicates triple-negative breast cancer
3 The p values were based on ANOVA (analysis of variance) to test the difference between the two profiles at baseline and the end of trial among

the three treatment groups (24 weeks)
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metformin group were modified more by the rise of BMI

levels than the BMI-related modifications in the other two

groups. Patients’ hormone receptor (HR) status and TMX

use did not modify the metformin effect.

The types and numbers of adverse events are summa-

rized in Supplementary Table 2. The proportion of total

adverse events increased from placebo to metformin

500 mg and metformin 1000 mg groups (5.7, 14.3, and

20.0 %, respectively), but the increase was not significant

(p trend = 0.08). There was one serious event (dizziness)

in the metformin 500 mg group. Unexpected adverse

events were reported in 2 patients in the metformin 500 mg

group and 1 patient in the metformin 1000 mg group. Of

the unexpected events, a new breast mass occurred in the

metformin 1000 mg group, and a pleural mass was detec-

ted in the metformin 500 mg group; the tumors were Stage

IIa grade 3 and Stage IIIa grade 3, respectively.

Discussion

This randomized, double-blind, placebo-controlled trial

evaluated the preferential efficacy of metformin in obese,

non-diabetic, breast cancer patients, and the results showed

that daily treatment with 1000 mg of metformin produced

favorable effects, as indicated by decreases in glucose and

HbA1c levels relative to placebo and 500 mg treatments.

There have been five recent clinical trials of metformin

intervention in breast cancer patients [16–20]. Although a

placebo-controlled trial is necessary to compare pre- and

post-treatment effects since breast cancer patients after

breast surgery usually lose weight due to the operation and

voluntarily change their behaviors and lifestyles toward a

healthy lifestyle pattern, two trails did not use placebo

group [16, 17]. Also blinding method is important to avoid

information bias; however, only two trials had blinding

[18, 20]. Even though one trial was single-arm trial [17],

three trials were used with metformin for a short-term

under 1 month [17–19]. Only one trial continued to use

high-dose metformin (1000 and 1500 mg with dose esca-

lation protocol from 500 mg) for at least 5 months [16];

however, this study had no blinding and placebo group.

Our study can overcome the limitations of prior trials: we

included multiple comparisons with repeated measurement

among multiple groups, a blind method including placebo

with identical-appearing pills, different metformin dose

levels with dose escalation, and a long treatment period.

Also, our trial evaluated the interaction between BMI and

metformin in diabetes profiles.

Despite the effectiveness of the high dose of metformin,

the adverse events increased by dose levels [18]. In our

study, two patients showed a new breast and pleural mass

for taking metformin, respectively. Both patients had Stage

IIa and IIIa grade 3 breast cancers. Although these events

were causally unrelated, all adverse events, in particular, in

high-grade cancer patients should be closely monitored

during postoperative adjuvant metformin therapy.

Our study showed that metformin was more effective in

non-diabetic breast cancer patients with a high BMI

([27 kg/m2). Similarly, Bonanni et al. [18] reported that

glucose levels were reduced by metformin treatment in

non-diabetic breast cancer patients with BMI[27 kg/m2.

It is encouraging that, regardless of HR status, there was

a beneficial effect of metformin on diabetes profiles in non-

diabetic breast cancer patients. An in vitro study, which

indicated that metformin’s role in inhibiting cell prolifer-

ation is independent of those of estrogen and HER2

receptors [21], supports our result.

Metformin has anticancer effect through insulin-dependent

and non-dependent pathway [22]. Metformin activates

AMPK directly resulting in inhibition of mTOR, cell growth,

and proliferation. Also metformin acts on cancer cell indi-

rectly by reducing hepatic gluconeogenesis and circulating

insulin level. Insulin is a potential biologic mediator to

expression of insulin/IGF-1 receptors on breast cancer cells.

In an epidemiologic study, metformin significantly lowered

fasting insulin levels by 22.4 % and improved insulin sensi-

tivity by 25.6 % [11]. In our study, insulin level decreased by

14.3 % after 6 month treatment of metformin 1000 mg

compared to 6.9 % decrease in the placebo group, although

there was no statistical significance due to small sample size.

Further studies are needed to determine whether long-

term use of metformin by breast cancer patients can be

tolerated without serious adverse events, and whether such

long-term metformin treatment is effective as a tertiary

preventive against breast cancer recurrence and mortality.

A new phase III randomized trial to define the efficacy of

metformin as adjuvant treatment among early-stage breast

cancer patients is in underway worldwide.

Some factors limit the conclusions that can be drawn

from our clinical trial. First, this trial did not permit long-

term evaluation of advantages of metformin treatment in

terms of breast cancer prognosis, since it was performed

over a short 6-month period. Second, the dropout popula-

tion (28.6 %) in our study was relatively high. Such losses

and small sample size could result in insufficient statistical

power in our per-protocol analysis. Despite these limita-

tions, the results of this randomized, double-blind, placebo-

controlled study to evaluate the effects of metformin

intervention on multiple parameters in non-diabetic breast

cancer patients who underwent breast cancer surgery and

adjuvant systemic therapy indicate that metformin use has

therapeutic potential in a non-diabetic population with a

specific disease history. Compared to prior clinical trials,

our trial compensated for the absence of multiple within-

and between-subject comparisons.
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In summary, daily 1000 mg metformin treatment had a

favorable effect on controlling glucose intolerance, indi-

cating its prognostic importance. Even though we could not

make firm conclusion regarding the tendency toward a

dose-dependent increase in adverse events due to small

sample size, further study with evaluation of causal rela-

tionship and large sample size is required. Although we

could not evaluate metformin’s efficacy on prolonged

survival of breast cancer patients, the results do indicate an

anticancer potential of metformin, thereby improving the

prognosis of breast cancer patients. Additional clinical

trials with larger numbers of breast cancer patients are

needed to elucidate the risk–benefit ratio of long-term use

of metformin and evaluate metformin-related patient sur-

vival benefits.
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