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Abstract
Purpose  Breast cancer patients with metabolic syndrome (MetS) and its components show worse treatment responses to 
chemotherapy. Metformin is a widely used antidiabetic drug which also shows potential anticancer effect. This study aims 
to evaluate the efficacy, safety, and metabolic parameters change of metformin combined with docetaxel, epirubicin, and 
cyclophosphamide (TEC) in neoadjuvant treatment (NAT) for breast cancer patients with metabolic abnormality.
Methods  Eligible breast cancer patients were randomized to receive six cycles of TEC (docetaxel 75 mg/m2, epirubicin 
75 mg/m2, and cyclophosphamide 500 mg/m2, d1, q3w) or TEC with metformin (TECM, TEC with oral metformin 850 mg 
once daily for the first cycle, then 850 mg twice daily for the following cycles). The primary end point was total pathological 
complete response (tpCR, ypTis/0N0) rate.
Results  Ninety-two patients were enrolled and randomized from October 2013 to December 2019: 88 patients were avail-
able for response and safety assessment. The tpCR rates were 12.5% (5/40) and 14.6% (7/48) in the TEC and TECM groups, 
respectively (P = 0.777). There was no difference in Ki67 decrease after NAT between two groups (P = 0.456). Toxicity 
profile were similar between two groups. No grade 3 or higher diarrhea were recorded. Total cholesterol (TC) and high-
density lipoprotein cholesterol worsened after NAT in the TEC arm but remained stable in the TECM arm. The absolute 
increase of TC and low-density lipoprotein cholesterol (LDL-C) was significantly lower in the TECM group compared with 
the TEC group. After a median follow-up of 40.8 (4.7–70.8) months, no survival difference was observed between TEC and 
TECM groups (all P > 0.05).
Conclusion  Adding metformin to TEC didn’t increase pCR rate and disease outcome in breast cancer patients with metabolic 
abnormality. However, additional metformin treatment with chemotherapy would prevent TC and LDL-C increase after NAT.
Trial Registration ClinicalTrials.gov Identifier: NCT01929811.
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Background

Breast cancer (BC) is the most frequent malignancy and the 
second leading cause of cancer death among women world-
wide [1]. Neoadjuvant therapy (NAT) is an increasingly used 
therapeutic strategy for BC. Pathologic complete response 
(pCR), is a powerful predictor of long-term survival [2, 
3]. There is no standard neoadjuvant chemotherapy regi-
men. The NSABP-B27 study demonstrated that preopera-
tive administration of docetaxel following AC increased the 
pathological complete response (pCR) rate from 13.7% to 
26.1% [4]. An M.D.Anderson study showed adding pacli-
taxel prior to preoperative fluorouracil, doxorubicin and 
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cyclophosphamide regimen increased the pCR rate from 
15.7% to 28.2% [5]. Compared to sequential treatment, con-
current use of taxane with anthracycline provide a similar 
response but with shorten treatment duration. Concurrent 
docetaxel, epirubicin and cyclophosphamide (TEC) regimen 
is a well-tolerated and effective neoadjuvant chemotherapy 
regimen for locally advanced BC that results in a pathologic 
complete response rate of 17.6% ~ 25% [6, 7].

Metabolic syndrome (MetS), a group of metabolic risk 
factors including central obesity, insulin resistance, dys-
lipidemia, and elevated blood pressure, has been shown to 
upregulate inflammatory, adipose-derived cytokines and 
select proteases inhibitors, leading to increased BC risk and 
BC mortality [8, 9]. Compared with BC patients who do not 
have metabolic abnormalities, those with MetS and its com-
ponents show worse treatment responses to chemotherapy 
[10]. Metformin is a widely prescribed oral medication used 
as first-line therapy for type 2 diabetes. Several case–control 
and cohort studies identified that treatment with metformin 
appears to substantially reduce the risk for the development 
of cancer in individuals diagnosed with diabetes, including 
a lower risk for BC [11, 12]. For patients with BC diagnosis, 
some evidence also suggests a role for metformin in prolong-
ing survival [13]. A landmark retrospective study revealed 
that patients with type 2 diabetes and BC who received met-
formin and neoadjuvant chemotherapy appeared to have a 
higher pCR rate than those not receiving metformin [14]. 
Several prospective randomized trials have been conducted 
to evaluate the clinical efficacy of metformin in non-diabetic 
BC patients but had unsatisfactory results. Two small pro-
spective randomized study assessing the efficacy of adding 
metformin to neoadjuvant chemotherapy in non-diabetic BC 
patients both showed a numerically but not statistically sig-
nificant increase of pCR in the metformin arm [15, 16]. 
Also, in the adjuvant setting, the large Phase III randomized 
trial (NCIC CTG MA.32) in non-diabetic high risk early-
stage BC patients, has also failed to detect improvement of 
invasive disease–free survival by adding metformin to stand-
ard adjuvant therapy [17].

To that end, we initiate this phase II study focused on pre-
surgical BC patients with baseline metabolic abnormality, to 
evaluate the efficacy and safety of the addition of metformin 
to TEC chemotherapy, as well as the metabolic parameters 
change during NAT.

Methods

Study design and patients

The NeoMET trial (NCT01929811) is a phase II, rand-
omized, single-center, open-label study, conducted in Ruijin 
Hospital, Shanghai Jiaotong University School of Medicine. 

Eligible patients had histologically confirmed invasive BC, 
tumor ≥ 2 cm or stage IIB or III disease according to the 
American Joint Committee on Cancer staging system, were 
aged between 18 and 70 years, and had not received any 
anti-cancer therapy. Included patients must have at least 
one component of MetS [18, 19]: (1) Overweight measured 
by body mass index (BMI ≥ 25 kg/m2), (2) Elevated fasting 
blood-glucose (FBG ≥ 5.6 mmol/L), (3) Elevated blood pres-
sure (≥ 135 mmHg systolic blood pressure or ≥ 85 mmHg 
diastolic blood pressure) or on antihypertensive drug treat-
ment in a patient with a history of hypertension, (4) Ele-
vated triglycerides (≥ 1.7 mmol/L) or on drug treatment for 
elevated triglycerides, (5) Reduced high-density lipoprotein 
cholesterol (HDL-C) < 1.3 mmol/L or on drug treatment for 
reduced HDL-C. Patients who have been diagnosed with 
diabetes and treated without metformin are allowed to be 
enrolled. Those who received metformin were excluded. 
Key exclusion criteria were stage IV disease, history of non-
breast malignancies, previous use of metformin, inadequate 
organ function, uncontrolled hypertension, pregnancy.

The protocol was approved by the institutional review 
boards of Ruijin Hospital. All patients provided written 
informed consent.

Randomization and treatment procedures

Patients were randomly assigned at a 1:1 ratio to receive 
TEC, or TEC plus metformin (TECM). Randomization 
was stratified according to primary tumor stage (LABC or 
non-LABC). LABC was defined as TanyN2-3M0, or T4Na-
nyM0. TEC (docetaxel 75 mg/m2, epirubicin 75 mg/m2, and 
cyclophosphamide 500 mg/m2) was given intravenously on 
day 1 every 21 days. All patients were premedicated with 
oral dexamethasone 8 mg twice daily for 3 days starting 
1 day prior to docetaxel injection administration based on 
the label of docetaxel. Primary prophylaxis with granulo-
cyte colony-stimulating factor was required in each TEC 
cycle. Metformin was given orally 850 mg once daily for 
the first cycle, then 850 mg twice daily for the following 
cycles. After completion of NAT with 6 intravenous cycles, 
eligible patients underwent surgery within 6 weeks after the 
last scheduled chemotherapy cycle. In case of confirmed 
disease progression at any time during NAT, the patient was 
asked to withdraw from study treatment and receive treat-
ment according to physician’s choice. Additional adjuvant 
chemotherapy was not allowed. Patients with HER2 + dis-
ease received adjuvant trastuzumab every 3 weeks for 1 year 
after surgery. Adjuvant hormonal therapy and radiotherapy 
was prescribed as per local guidelines.
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Data collection and study outcomes

Baseline physical examination, breast ultrasound, and 
mammography were done within 2 weeks before study 
treatment. Physical examination and ultrasound were 
repeated every two cycles and performed before surgery. 
Core needle biopsy and surgical specimens were assessed 
in the Department of Pathology, Ruijin Hospital. Estro-
gen receptor (ER), progesterone receptor (PR) and HER2 
status were evaluated by immunohistochemical (IHC) in 
paraffin-embedded tumor samples before and after NAT. 
The cutoff value for ER or PR positivity was no less than 
1% tumor cells with positive nuclear staining. For IHC 
HER2 2 + patients, fluorescence in-situ hybridization 
(FISH) was then done to confirm the HER2 status. HER2 
positive (HER2 +) BC was considered as HER2 3 + by 
IHC or positive by FISH. Triple negative breast cancer 
(TNBC) was defined as ER-, PR-, and HER2-.

Weight, BMI, fasting serum insulin, C-peptide, glucose, 
triglyceride, cholesterol, HDL-C and low-density lipopro-
tein cholesterol (LDL-C) were assessed before and after 
NAT. Homeostasis model assessment of insulin resistance 
(HOMA-IR) and homeostasis model assessment of β-cell 
function (HOMA-β) was calculated by fasting glucose and 
insulin measured on the same day. HOMA-IR = glucose 
(mmol/L) × insulin (μIU/mL)/22.5. HOMA-β = {20 × insu-
lin (μIU/mL)/[glucose (mmol/L)-3.5]}%.

The primary endpoint was total pathological complete 
response (tpCR) rate, defined as the absence of invasive 
tumor in the breast and axilla, remaining in-situ lesions 
were allowed (ypT0/Tis ypN0). Pathological complete 
response in the breast (bpCR) was defined as the absence 
of invasive tumor in the breast, with or without residual 
positive lymph nodes. Secondary endpoints included 
clinical response rate (derived clinical response accord-
ing to RECIST version 1.0), event-free survival (EFS), 
disease-free survival (DFS), overall survival (OS) and 
safety. Events for calculation of EFS included disease pro-
gression during neoadjuvant chemotherapy, all local and 
regional recurrences, distant metastasis, second malignant 
carcinoma, contralateral BC, and deaths of any cause. EFS 
interval was measured from the date of initial diagnosis 
to the date of last follow-up or above events. DFS defini-
tion was similar with EFS exclusive of disease progres-
sion. OS was defined as the time interval from the date 
of initial diagnosis to the date of last follow-up or death. 
We assessed laboratory parameters, performance status, 
and vital signs at every cycle and monitored adverse 
events continuously until 28 days after the last treatment. 
We graded the intensity of these events according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events version 3.0.

Statistical analysis

Based on a two-group binomial design, to detect an abso-
lute increase of 15% in the rate of pCR in the TECM arm, 
compared with the assumed rate of 20% in the TEC arm at 
a significance level of 0.2 with more than 80% power, the 
estimated sample size was 200 eligible patients (100 in each 
group) with an assumed dropout rate of 20%. After 92 of 
200 planned patients were randomized, the trial was prema-
turely closed due to slow recruitment, which left the study 
underpowered relative to its primary endpoint (i.e., pCR). 
Statistical analysis was done based on actual enrollment 
with exploratory purpose. P values should not be used for 
drawing conclusions about the impact on pCR when adding 
neoadjuvant metformin to chemotherapy.

Response rate and toxicities were compared between arms 
using two-tailed fisher’s exact or χ2 test. Survival data were 
analyzed for all patients and subgroups with Kaplan–Meier 
method, and the resulting curves were compared between 
groups with log-rank tests. Summary statistics for weight 
and metabolic variables are presented as median, interquar-
tile change (IQR). The statistical significance of difference 
between baseline and post-NAT for each patient group was 
tested by Wilcoxon rank sum test. The statistical signifi-
cance of differences between groups for changes between 
baseline and post-NAT (defined as median of [post-NAT 
value – baseline value]) were tested using the Mann Whitney 
U test. All statistical tests were two-sided and carried out at 
significance level of 0.05 using the SPSS statistical software 
package (version 23.0; IBM Company, Chicago, IL).

Results

Patient characteristics and treatment

Enrollment detail is demonstrated in Fig. 1. A total of 92 
patients underwent randomization between October 2013 
and December 2019, of whom 50 were randomized to 
TECM and 42 to TEC. Two patients in the TECM arm 
and two in the TEC arm refused treatment and were not 
included in response assessment. Overall, 88 patients (48 
in the TECM arm and 40 in the TEC arm) were eligible 
as intention-to-treat and safety population. Among the 88 
patients, 41 patients in the TECM arm and 35 patients in 
the TEC arm received 6 full cycles of NAT and had sur-
gery, and the rest 7 patients in the TECM arm and 5 in the 
TEC arm discontinued due to disease progression, adverse 
events or patient's decision. The mean cycles of NAT were 
5.84 (TECM) and 5.87 (TEC). Dose intensity of docetaxel 
was 99.6% in both arms. Dose intensity of metformin was 
96.4%. Two patients in the TECM arm discontinued to take 
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metformin since the second treatment cycle. One was due 
to grade 2 diarrhea and the other was due to patient's will.

Baseline characteristics were balanced across treat-
ment groups (Table 1). The median age of 54 years in both 
groups. 44.0% of patients had LABC in the TECM group 
compared with 33.3% in the TEC group (P = 0.296). Overall, 
twenty-one (22.8%) patients had one component of MetS, 30 
(32.6%) patients were with two components of MetS and 41 
(44.6%) patients had three or more elements of MetS, which 
was also comparable between two arms (P = 0.528). Among 
the 11 patients with hyperglycemia, two was diagnosed with 
diabetes at the time of enrollment and was not treated with 
metformin for diabetes, both of whom were randomized to 
the TECM group. Twelve (13.0%) patients were with HER2 
positive disease and 19 (20.7%) had TNBC.

Tumor response to NAT

Clinical and pathological response in NAT are summa-
rized in Table 2. A tpCR was noted in 7 of 48 patients 
(14.6%) in the TECM arm, compared with 5 of 40 (12.5%) 
in the TEC arm (P = 0.777; Table 2). Another case in 
the TEC arm achieved bpCR with residual disease in the 
nodes. The tpCR rate was 17.0% among LABC and 8.6% 
in patients with non-LABC, and there was no significant 
difference between treatment groups (Supplementary 
Table 1). The tpCR rate was 22.2%, 6.9%, 17.4%, 7.1% 
and 50.0% in patients with 1, 2, 3, 4 and 5 components 

of MetS, respectively (Supplementary Table 2). Objec-
tive response (complete response or partial response) 
rate was 57.5% in TECM arm and 52.5% in the TEC 
arm (P = 0.906). Progressive disease was recorded in 6 
(12.5%) patients in the TECM group and 3 (7.5%) patients 
in the TEC arm. Forty-five (93.7%) patients received 
TECM treatment underwent surgery, while 38 (95.0%) 
received TEC treatment underwent surgery. The breast 
conserving rate was 10.4% in the TECM arm and 12.5% 
in the TEC arm (P = 0.759). In patients with residual dis-
ease after NAT, the median percentage change of Ki67 
after NAT was −10 (−25, 0) in the TECM arm and −10 
(−27.3, 0) in the TEC arm (P = 0.456).

Safety

The most common adverse events occurred in more than 
10% of study population were leucopenia, neutropenia, ane-
mia, nausea, vomiting, anorexia, diarrhea, fatigue, hand foot 
syndrome, alopecia, arthralgia, and elevated liver enzymes 
(Fig. 2). Most adverse events were grade 1–2. The most 
common adverse events of grade 3 or higher were neutrope-
nia and leucopenia, which was 42.5% and 55.0% in the TEC 
arm and 22.9% and 45.8% in the TECM arm, retrospectively. 
Grade 1–2 diarrhea was reported by 22.9% of patients from 
the TECM arm and 12.5% of patients from the TEC arm. No 
grade 3 or higher diarrhea was recorded in both arms. No 

Fig. 1   Study flow chart. PD progressive disease, AE adverse events, TEC docetaxel(T), epirubicin(E), and cyclophosphamide(C), TECM TEC 
and metformin(M)
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severe adverse event was recorded. There is no significant 
increase of adverse events by adding metformin to TEC as 
NAT.

Table 1   Patient demographics at baseline

Characteristics TECM
N (%)

TEC
N (%)

Pa

Age, years 0.882
   ≤ 50 21 (42.0) 17 (40.5)
   > 50 29 (58.0) 25 (59.5)

Menstrual status 0.934
  Pre/Peri- 21 (42.0) 18 (42.9)
  Post 29 (58.0) 24 (57.1)

BMI, kg/m2 0.140
   ≤ 25 13 (26.0) 17 (40.5)
   > 25 37 (74.0) 25 (59.5)

Hyperglycemia 0.989
  No 44 (88.0) 37 (88.1)
  Yes 6 (12.0) 5 (11.9)

Lipid metabolism disorder 0.522
  No 6 (12.0) 7 (16.7)
  Yes 44 (88.0) 35 (83.3)

Hypertension 0.566
  No 38 (76.0) 34 (81.0)
  Yes 12 (24.0) 8 (19.0)

Number of MetS components 0.528
  1 11 (22.0) 10 (23.8)
  2 13 (26.0) 17 (40.5)
  3 15 (30.0) 8 (19.0)
  4 9 (18.0) 5 (11.9)
  5 2 (4.0) 2 (4.8)

Pathologic type 0.931
  IDC 42 (84.0) 35 (83.3)
  Others 8 (16.0) 7 (16.7)

Primary T stage 0.412
  T0-2 38 (76.0) 28 (66.7)
  T3-4 12 (24.0) 13 (33.3)

Primary N stage 0.489
  N0 2 (4.0) 4 (9.5)
  N1 21 (42.0) 14 (33.3)
  N2 14 (28.0) 15 (35.7)
  N3 13 (26.0) 8 (19)

LABC 0.296
  No 22 (44.0) 14 (33.3)
  Yes 28 (56.0) 28 (66.7)

ER status 0.648
  Negative 14 (28.0) 10 (23.8)
  Positive 36 (72.0) 32 (76.2)

PR status 1.000
  Negative 25 (50.0) 21 (50)
  Positive 25 (50.0) 21 (50)

HER2 status 0.746
  Negative 44 (88.0) 36 (85.7)
  Positive 6 (12.0) 6 (14.3)

Ki67, % 0.313
   ≤ 20 13 (26.0) 15 (35.7)

BMI body mass index, MetS metabolic syndrome, IDC invasive 
ductal carcinoma, LABC locally advanced breast cancer, ER estrogen 
receptor, PR progesterone receptor, HER2 human epithelial growth 
factor-2, HR hormonal receptor, TNBC triple negative breast cancer
a P values were calculated using the �2 test

Table 1   (continued)

Characteristics TECM
N (%)

TEC
N (%)

Pa

   > 20 37 (74.0) 27 (64.3)
Molecular subtype 0.515

  HR + HER2- 32 (64.0) 29 (69.0)
  HR + HER2 +  5 (10.0) 3 (7.1)
  HR-HER2 +  1 (2.0) 3 (7.1)
  TNBC 12 (24.0) 7 (16.7)

Table 2   Clinical and pathological response in neoadjuvant therapy

tpCR total pathological complete response (ypT0/isN0), bpCR breast 
pathological complete response (pT0/is), CR complete response, PR 
partial response, SD stable disease, PD progressive disease, TEC 
docetaxel(T), epirubicin(E), and cyclophosphamide(C), TECM TEC 
and metformin(M)
a P values were calculated using the �2 test
b Evaluated in patients who received study treatment and surgery
c Evaluated in patients who received study treatment
d Evaluated in patients who received study treatment, surgery and had 
residual disease in the breast at surgery

Response TECM
N (%)

TEC
N (%)

Pa

tpCRb 0.777
  No 41 (85.4) 35 (87.5)
  Yes 7 (14.6) 5 (12.5)

bpCRb 0.956
  No 31 (85.4) 34 (85.0)
  Yes 7 (14.6) 6 (15.0)

Clinical responsec 0.760
  CR 3 (6.2) 3 (7.5)
  PR 24 (50.0) 18 (45.0)
  SD 15 (31.3) 16 (40.0)
  PD 6 (12.5) 3 (7.5)

Breast surgeryb 0.930
  Mastectomy 40 (83.3) 33 (82.5)
  Breast conserving 5 (10.4) 5 (12.5)
  No surgery 3 (6.3) 2 (5.0)

Ki67(%) changed 0.456
  Median (Q1, Q3) −10 (−25, 0) −10 (−27.3,0)
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MetS‑related variables change pre‑ and post‑NAT

The changes of metabolic parameters post- and pre-NAT 
are summarized in Supplementary Table 3 and Supple-
mentary Fig. 1. A significant increase of triglyceride was 
observed in both TEC [0.39, IQR (−0.10, 1.08), P = 0.005] 
and TECM [0.28, IQR (−0.20, 0.70), P = 0.008] groups 
(Supplementary Fig.  1f). The elevation of TC [TEC: 
0.26, IQR(−0.29, 1.15), P = 0.037, TECM: −0.18, IQR 
(−0.67, 0.58), P = 0.458, Supplementary Fig. 1 g) were 
more frequently reported in the TEC arm but not in the 
TECM arm, as well as the decrease of HDL-C (TEC: 
−0.12, IQR (−0.34, 0.09), P = 0.004, TECM: −0.09, IQR 
(−0.18,0.13), P = 0.167, Supplementary Fig. 1 h). Other 
MetS-related variables, including weight, BMI, insulin, 
C-peptide, glucose, HOMA-IR, HOMA-β, were compara-
ble before and after NAT in both arms (all P > 0.05, Sup-
plementary Fig. 1a-e, 1i-k).

The absolute change of MetS-related variables pre- and 
post-NAT were also calculated and compared between two 
arms (Supplementary Table 3). The absolute increases of 
TC were significantly lower in the TECM group com-
pared with the TEC group [TEC: 0.26, IQR (−0.29, 
1.15), TECM: −0.18, IQR (−0.67, 0.58), P = 0.028]. Low-
density lipoprotein cholesterol (LDL-C) increased in the 
TEC arm but decreased in the TECM arm [TEC: 0.42, 
IQR (−0.33, 0.77), TECM: −0.14, IQR (−0.64, 0.33), 
P = 0.036]. The change of other metabolic parameters 
including weight, blood-glucose, etc. during NAT was 
comparable between TEC and TECM arms (all P > 0.05, 
Supplementary Table 3).

Survival

After a median follow-up of 40.8 months (range: 4.7 to 
70.9 months), 15 cases were recorded to have disease pro-
gress, recurrence or death, including 8 in the TECM group 
and 7 in the TEC group. Only one patient in the TEC group 
died following recurrent BC. No difference of EFS (3-year 
estimated EFS 85.9% vs 82.0%, P = 0.987, Supplementary 
Fig. 2a) or DFS (3-year estimated DFS 90.6% vs 82.3%, 
P = 0.451, Supplementary Fig. 2d) were observed between 
two treatment groups. EFS (3-year estimated EFS 90.0% vs 
84.2%, P = 0.459 Supplementary Fig. 2b) and DFS (3-year 
estimated DFS 90.0% vs 84.2%, P = 0.460, Supplementary 
Fig. 2e) were also similar between patients achieved tpCR or 
non-tpCR, or among patients stratified combining treatment 
group and tpCR status (Supplementary Fig. 2c, f). 3-year 
estimated OS was 100.0% in TECM group and 97.1% in 
TEC group.

Discussion

Our study demonstrated that the addition of metformin to 
TEC did not significantly improve tpCR rate or survival rate 
in BC patients with metabolic abnormality. Ki67 decrease 
after NAT were observed in both treatment groups but with-
out significant difference. TC and LDL-C increasement after 
NAC was alleviated by adding metformin to TEC.

Pre-clinical research has identified inhibitory effects of 
metformin on the proliferation of BC cells in culture and also 
on tumor growth in mice [20]. In 2009, Jiralerspong et al. 

0% 15% 30% 45% 60% 75%75% 60% 45% 30% 15%
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Neutropenia

Anemia
Nausea

Vomiting
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Diahhrea

Fatigue
Hand foot syndrome
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Arthragia
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Grade 1-2
Grade  ≥3

TECMTEC

Fig. 2   Adverse events. TEC docetaxel(T), epirubicin(E), and cyclophosphamide(C), TECM TEC and metformin(M), ALT alanine aminotrans-
ferase, AST aspartate aminotransferase
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showed in a retrospective BC patients cohort receiving NAT, 
that adding metformin to regular NAT led to a higher pCR 
rate for diabetic BC patients, which provided the first clini-
cal evidence of the efficacy of metformin as a NAT partner 
in BC treatment [14]. However, in the NeoMET trial, met-
formin did not add to the treatment efficacy of chemotherapy 
backbone TEC in patients with metabolic abnormality, with 
relatively low pCR rate in both arms, in agreement with pre-
vious prospective studies. The METTEN study assessed the 
efficacy of adding metformin to neoadjuvant chemotherapy 
plus trastuzumab in early-stage non-diabetic human epi-
dermal growth factor receptor-2 positive (HER2 +) BC but 
closed prematurely with a reduced sample size after 84 of 
244 planned patients were randomly assigned [15]. The pCR 
rate was numerically higher in the metformin-containing 
arm (65.5%) than in the control arm (58.6%), without sta-
tistical significance. Another Egypt randomized controlled 
trial including 80 LABC patients regardless of subtypes also 
showed a numerically but not statistically increase of pCR 
(22.2% vs 10.5%) by adding metformin to anthracycline/
taxane-based NAT [16]. An exploratory analysis from the 
METTEN study showed that HER2 + patients bearing the 
rs11212617 C allele, which was found to be associated with 
the metabolic response to metformin in patients with type 
2 diabetes [21], had a significantly higher probability of 
pCR in the metformin-containing arm [22]. The benefit of 
metformin might be restricted to selected patients. In the 
current trial including patients with abnormality compo-
nent of MetS, only 12% of patients reported hyperglycemia 
at baseline, and only 13% of patients had HER2 + disease, 
which might contribute to the negative results of the trial. 
Moreover, over 60% of patients enrolled in this study were 
with HR + /HER2- subtype, which was related with lower 
pCR rate compared with other subtypes treated with NAT.

In our study, Ki67 reduction were observed in both treat-
ment groups but without significant difference between 
groups. Two pre-surgical trials observed a significant but 
numerically small decrease in Ki67, which was 3.3% to 
3.5%, after a median of 14–18 days of metformin use [23, 
24]. In other two pre-surgical BC trials using metformin for 
23–28 days before surgery, no change in Ki67 was identi-
fied [25, 26]. Small sample size and different duration of 
metformin use might contribute to the difference of results. 
In addition, metformin was administrated with the back-
bone of chemotherapy in our trial. The absolute decrease 
of Ki67 after neoadjuvant chemotherapy has been reported 
to be larger (13.0% to 14.6%) in previous studies [27, 28]. 
In our study, the Ki67 decrease may be driven by the use of 
chemotherapy and the effect of metformin may be weakened 
and no longer significant.

In our study, TC and HDL-C worsened after NAT in the 
TEC arm but remained stable in the TECM arm. The abso-
lute increase of TC was significantly lower in the TECM 

group compared with the TEC group, while the increase of 
LDL-C was reversed by adding metformin to TEC. These 
results indicated that the use of metformin can contribute to 
alleviate the worsening of lipid profile during chemotherapy. 
In a pre-surgical trial of metformin in 35 overweight and 
obese BC patients, in which metformin was administered 
for a median of 23 days between diagnosis and surgery, a 
significant reduction in BMI, cholesterol, and leptin was 
also observed [26]. In our study, we also identified the ben-
efit of metformin on preventing the increase of cholesterol. 
However, the differences of BMI between two arms were 
not detected. The chemotherapy backbone and the host dif-
ference i.e., baseline obese status of patients might contrib-
ute to the different results. In the MA.32 study, improved 
weight, insulin, glucose, leptin and CRP were observed 
after metformin use in the adjuvant setting [29], while the 
difference of these markers has not been identified in our 
study. We need to notice that in MA.32 trial, chemotherapy, 
if given, was completed at least one month prior to enroll-
ment. The concurrent use of chemotherapy in our study may 
weaken the benefit of metformin.

Our study didn’t demonstrate survival difference by add-
ing metformin during NAT in patients with at least one 
component of MetS. The benefit of metformin in long-term 
survival of BC patients was ambiguous in previous studies. 
A meta-analysis including five phase II randomized con-
trolled trials showed that additional use of metformin was 
not associated with improved PFS or OS in non-diabetic BC 
patients [30]. A retrospective study of patients with surgi-
cally resected BC in South Korea showed that metformin 
administration may be associated with reduced mortality 
especially in patients receiving hormonal therapy or HER2 
targeted therapy [31]. The MA.32 study showed that met-
formin improved invasive disease–free survival and overall 
survival only in HER2 + population with any C allele of the 
rs11212617 SNV [17]. In our study, we enrolled ER + (75%), 
ER- (25%) and HER2 + (13%) patients, while the trial wasn’t 
powered enough for subgroup analysis in different subtypes.

One major concern regarding the utility of metformin 
is its known ability to induce diarrhea, which might limit 
patient compliance, particularly when combined with cyto-
toxic chemotherapy [32]. In the NeoMET study, no grade 3 
or higher diarrhea were recorded. The most common grade 
3 or higher adverse events were neutropenia and leucopenia 
in both arms. Our study confirmed that adding metformin to 
neoadjuvant chemotherapy can be well-tolerated.

Limitations of the current trial lay in that, first of all, 
the premature termination and relatively small enrollment 
led to the impuissance to draw a convincing conclusion, or 
to conduct further subgroup analysis. Meantime, we didn’t 
conduct pathologic biopsy or metabolic measurements dur-
ing the course of NAT, thus unable to reflect the dynamic 
influence of metformin on tumor progression or metabolic 
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disturbances in these patients. Further follow-up might offer 
additional information on the long-term outcomes of met-
formin-treated patients.

In conclusion, the NeoMET trial showed that adding met-
formin to TEC had no significant improvement on pCR rate 
and long-term survival in BC patients with metabolic abnor-
mality. However, the addition of metformin would prevent 
TC and LDL-C increase after NAT. Our study can be a refer-
ence when designing any further trials of this intervention.
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