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Recently, several clinical trials have attempted to find evidence that supports the anticancer use

of metformin in breast cancer (BC) patients. The current study evaluates the anticancer activity

of metformin in addition to neoadjuvant chemotherapy (NACT) in locally advanced BC patients.
Additionally, we assess the safety and tolerability of this combination and its effect on the quality of
life (QoL) of BC patients. Eighty non-diabetic female patients with proven locally advanced BC were
randomized into two arms. The first arm received anthracycline/taxane-based NACT plus metformin.
The second arm received anthracycline/taxane-based NACT only. Overall response rate (ORR), clinical
complete response (cCr), pathological complete response (pCR), and breast conservative rate (BCR)
were evaluated between both groups, and correlated with serum metformin concentration. ORR,

cCr, pCR, and BCR increased non-significantly in the metformin group compared to the control group;
80.6% vs 68.4%, 27.8% vs 10.5%, 22.2% vs 10.5%, and 19.4% vs 13.2%, respectively. A trend towards
cCR and pCR was associated with higher serum metformin concentrations. Metformin decreased the
incidence of peripheral neuropathy, bone pain, and arthralgia, although worsened the gastrointestinal
adverse events. Metformin combination with NACT has no effect on the QoL of BC patients.
Metformin combination with NACT is safe, tolerable, and improves non-significantly the clinical and
pathological tumor response of BC patients.

Repurposing existing medications that may have antineoplastic properties motivates recent clinical research
directions to find safe and effective auxiliary anticancer treatments. Oral biguanide metformin, the first-line
treatment for diabetes mellitus type 2, exhibits several appealing antineoplastic attributes that make it challeng-
ing for repurposing as an anticancer treatment?,

In the literature, several retrospective clinical studies have discussed with great attention the anticancer effect
of metformin in breast cancer (BC)*°. The first clinical evidence of the anticancer effect of metformin, Jiraler-
spong et al. (2009) retrospective trial, reccommended the addition of metformin to neoadjuvant chemotherapy
(NACT) as it enhances significantly the pathological complete response (pCR) for diabetic BC patients®. This
study paved the way for further prospective trials to determine the anticancer activity of metformin according
to the patients’ characteristics and BC subtypes®~.
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Most of these trials were conducted in the adjuvant and metastatic BC settings. Although the neoadjuvant
approach is recommended to test the activity of new drugs, as it can augment the capacity to verify the beneficial
combinations of drugs in thoroughly designed early BC clinical trials'®!!. Therefore, we can avoid the overestima-
tion of the potential anticancer effect of metformin, and specify BC groups more likely to benefit from metformin
addition to their anticancer regimen'2.

In such regards, the METTEN prospective study was conducted on human epidermal growth factor receptor
2 positive (HER2 +) non-diabetic BC patients receiving trastuzumab and neoadjuvant chemotherapy in combina-
tion with metformin'2 This study observed that pCR was higher numerically in metformin users compared to
nonusers. However, the study was underpowered, so it could not conclude metformin effectiveness. Additionally,
the METEOR study, which considered neoadjuvant metformin combination with letrozole for postmenopausal
estrogen receptor-positive (ER +) breast cancer patients, observed that the overall clinical response rate was
higher numerically but not significantly in the metformin group compared to the placebo group®®.

From another perspective, potential mechanistic elucidations of metformin’s anticancer activity include its
ability to overcome resistance to certain systemic anticancer treatments or to synergistically improve their anti-
cancer activity>!*1°. Therefore, it is of crucial importance to not only study the characteristics of the patients
and tumor, but also to identify the anticancer treatments that could achieve a safe and effective response with
metformin combination. Hirsch et al. (2009) preclinical study demonstrated that the combination therapy of
metformin and doxorubicin reduced the tumor mass and prevented the disease recurrence much more effectively
than either drug alone in a BC xenograft mouse model'*. Moreover, Rocha et al. (2011) deduced the presence of
the synergistic effect of metformin combination with paclitaxel on adenosine monophosphate-activated protein
kinase (AMPK) signaling that leads to increasing the downregulation of the mammalian target of rapamycin
(mTOR) pathway with the combination treatment rather than either drug alone'®. Moreover, Kalinisky et al.
(2014) raised an important question of whether ethnicity can affect the impact of metformin on BC biology*®.
Racial and ethnic differences have been observed in the response to metformin in diabetes treatment'”. There-
fore, the main objective of this study is to determine whether the combination of metformin with anthracycline/
taxane-based neoadjuvant chemotherapy in Egyptian breast cancer patients could enhance the tumor response.

On the other hand, health-related quality of life (HRQoL) has been considered a main clinical outcome of
cancer research, reflecting patient reported outcomes (PROs)'®. The vital importance of PROs is the expression
of patient satisfaction and endurance to the disease or treatment impacts on the patients’ daily life.

Therefore, in the current study, the primary aim is to determine the effect of adding metformin to the anthra-
cycline/taxane-based neoadjuvant chemotherapy on the clinical benefit in terms of overall response, clinical
complete response, and pathological complete response in locally advanced, operable, Egyptian breast cancer
patients. The secondary aim is to determine the breast conservative rate (BCR) between metformin users and
nonusers and to evaluate the safety profile and tolerability of adding metformin to the neoadjuvant chemo-
therapeutic regimen. Furthermore, the quality of life of breast cancer patients is compared between metformin
users and nonusers using the European Organization for Research and Treatment of Cancer quality of life
questionnaire (EORTC QLQ) core module EORTC QLQ-C30 and the breast cancer-specific module EORTC
QLQ-BR23 module.

Patients and methods

Trial design and participants. A prospective, single-center, open-labelled, block-randomized, controlled
study was conducted from June 2019 till November 2020 in Beni-Suef university hospital, Beni-Suef, Egypt.
Eighty non-diabetic female patients of age between 18 and 65 years, with proven locally advanced breast cancer,
were enrolled in the study. The metformin arm received the first-line NACT regimen (4 cycles doxorubicin
60 mg/m?*/ cyclophosphamide 600 mg/m?, followed by 12 cycles of weekly paclitaxel 80 mg/m?) plus metformin
(1000 mg twice daily)”’. The control arm received the NACT regimen only (4 cycles doxorubicin 60 mg/m?/
cyclophosphamide 600 mg/m?, followed by 12 cycles of weekly paclitaxel 80 mg/m?). Escalation of metformin
dose was done as follows; 500 mg twice daily in the first week, followed by 500 mg three times daily in the sec-
ond week, followed by 1000 mg twice daily till the last chemotherapy cycle. Then, all the patients were eligible
for breast surgery either mastectomy or lumpectomy after 3-4 weeks post last chemotherapy cycle. Adjuvant
trastuzumab was received by HER2 positive patients in our study. The study was approved prospectively by the
Institutional Review Board (IRB) of the Faculty of Pharmacy, Beni-Suef University (REC-H-PhBSU-20012),
and patient consent was obtained from all patients enrolled in the current study. The study was conducted in
accordance with the Declaration of Helsinki, Good Clinical Practice norms, and local and national regulatory
requirements. The study was registered in Clinicaltrials.gov, 22/09/2020, NCT04559308. Approval of the written
informed consent was acquired by all the patients before enrollment to the study.

Eligibility criteria and patients selection. Patients who met the following criteria were eligible for
the study: previously untreated, operable, proven locally advanced BC, with palpable and clinically measur-
able tumors. Locally advanced breast cancers are those with stage I1IB (T3NO0) and stage IIIA though IIIC".
Patients were excluded from this study if the patients were diabetic (hemoglobin Alc (HbAlc)>6.5% or fasting
plasma glucose > 126 mg/dL), early-stage, or metastatic breast cancer. Additionally, exclusion includes patients
with renal impairment (estimated glomerular filtration rate (éGFR) <45 mL/min/1.73 m?), hepatic impairment
(alanine aminotransferase/aspartate aminotransferase (ALT/AST) > 1.5x ULN), impaired cardiac function (left
ventricular ejection fraction (LVEF) < 55%), hypersensitivity to metformin, or at risk of lactic acidosis.

Randomization. Patients were randomly assigned into 1:1 ratio to either the metformin arm or the con-
trol arm with a randomized block design. The stratification factors of our study were menopausal state (pre-
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Figure 1. The CONSORT diagram illustrating the organization of the patients in the study.

menopausal or post-menopausal); body mass index (normal weight, overweight, or obese); and HER2 state
(positive or negative), to decrease the imbalance between treatment groups for factors that might influence both
the prognosis or treatment responsiveness with the addition of metformin to the NACT. Pre-menopausal was
defined as a woman during the reproductive period before the menopause?; post-menopausal was defined as
12 months of spontaneous amenorrhea or 6 months of spontaneous amenorrhea with serum FSH levels>40
mlIU/ml or 6 weeks postsurgical bilateral oophorectomy with or without hysterectomy**?'. Body mass index
(BMI) was categorized as normal weight, ranges from 18.5 kg/m2 to<25 kg/m2; overweight, ranges from
25.0 kg/m2 to < 30 kg/m2; and obese are >30 kg/m2%%. HER2 positive was defined as breast tumors with HER2
overexpressed or amplified.

Accordingly, a total of twelve combined strata were identified. Hence, ninety-six randomization codes were
generated with a block size of 8 patients (4 per arm) for each combined strata. The CONSORT diagram shown in
Fig. 1 illustrates the disposition of patients in the study. Eighty-nine patients were consented and screened. Nine
patients did not meet the inclusion criteria and were excluded from randomization. Furthermore, six patients
were excluded from randomization because of protocol deviation, early withdrawal, treatment-related toxicity,
or lost to follow up. Therefore, seventy-four patients were enrolled and accomplished the study, in which thirty
six of them were allocated in the metformin arm and thirty eight in the control arm.

Objective and outcome evaluation. The primary aim of this study is to evaluate the clinical benefit
and pathological tumor response of combining metformin and neoadjuvant chemotherapy treatment of non-
diabetic locally advanced breast cancer patients. The primary breast lesion and the axillary lymph nodes were
assessed by physical examination, diagnostic bilateral mammography with ultrasound (sonomamography) prior
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to the first chemotherapy cycle. The size of the breast lump diameter was recorded in two dimensions with palpa-
tion and calipers by an experienced clinician. The tumor size was measured by two-dimensional mammography
and three-dimensional sonography. The sum of the diameters (longest for non-nodal lesions, short axis for nodal
lesions) for all target lesions was measured and reported as the baseline sum diameters. The clinical response rate
during the 24 weeks was determined by measuring the changes in the sum of diameters of target lesions from
baseline. Physical examination, with calipers and palpation, was done prior to each chemotherapy cycle every
3 weeks. In addition, the assessment of the tumor size was done by ultrasound and mammography at week 12
and at week 24 (prior to the surgical decision).

The clinical response was categorized into four categories according to the RECIST v1.1 criteria; complete
response (CR), partial response (PR), stable disease (SD), and progressive disease (PD)*. With reference to the
baseline tumor size, the disappearance of all target lesions, and lymph nodes size < 10 mm short axis indicates
CR; the decrease in the sum of diameters of target lesions at least 30% indicates PR; at least 20% increase in the
sum of diameters of target lesions indicates PD; and tumor response with neither sufficient shrinkage to qualify
for PR nor sufficient increase to qualify for PD indicates SD. The overall response rate (ORR) is defined as “the
proportion of patients who have achieved a partial or complete response to therapy”. ORR is a direct measure of
anticancer agent tumoricidal activity**. On the other side, the pathological complete response (pCR) is defined
as “the absence of invasive cancer at the primary site and in the axilla following the completion of neoadjuvant
systemic chemotherapy”. pCR definition includes also the presence of residual ductal carcinoma in situ according
to the American Joint Committee on Cancer (AJCC), eighth edition®. All adverse events (AEs) were recorded
and graded using the National Cancer Institute common terminology criteria for adverse events (NCI-CTCAE)
version 4.0.

The diagnosis of locally advanced BC was done by core-needle biopsy. Immunohistochemical (IHC) staining
was used to determine the expression status of estrogen receptor (ER), progesterone receptor (PgR), and HER2
status. Breast tumors with 3 + HER2 scores were considered positive, while 1+ or 0 were considered negative.
In tumors with 2+ scores, HER2 amplification was done by fluorescence in situ hybridization. The evaluation
of the ER, PgR, and HER?2 status expressions were performed using the American Society of Clinical Oncol-
ogy/College of American Pathologists (ASCO/CAP) guidelines?®? . Intrinsic subtypes of breast cancer were
determined according to surrogate clinico-pathological definitions adapted from the 2013 St Gallen Consensus
Conference?®?. Pretreatment diagnostic biopsies were reviewed as regards the histological type of the tumor
according to World Health Organization (WHO) classification of the tumors of the breast™, and grading which
was evaluated according to Nottingham combined histologic grade®’. Clinical staging was defined according to
AJCC manual, eighth edition®.

Analytical determination of circulating metformin in serum. Cancer patients receiving the same
dosage could experience interpatient pharmacokinetic variability of plasma concentration®>*. Therefore, a
correlation of the tumor response with the serum concentration of metformin was done. At the end of the
chemotherapeutic intervention (24 weeks), blood samples were collected 2 to 4 h post last metformin dose
administration. This time is correlated with the maximum concentration (Cmax) of metformin (Tmax=1.75h
to 3.5 h)*%. Serum samples were stored at -20° C until being assayed. Assay of serum metformin concentrations
was accomplished using high-performance liquid chromatography (HPLC) with ultra-violet (UV) detector®.
The chromatographic separation was conducted on a reversed-phase phenyl column at 40°C. The preparation
of samples was complemented through protein precipitation with acetonitrile. The mobile phase consisted of
a mixture of phosphate buffer 0.02 M (pH 7.0) and acetonitrile (50:50, v/v) at a flow rate of 1.0 ml/min. It was
prepared daily and degassed before use. Wavelength was set at 236 nm™.

Patient-Reported Outcomes (PROs) assessment using QLQ-C30 and QLQ-BR23. A secondary
objective of this study is the assessment of the PROs to evaluate the effect of the addition of metformin to the
neoadjuvant chemotherapy regimen on the quality of life (QoL) of BC patients. The PROs were assessed using
the EORTC QLQ-C30 v 3.0° and the EORTC QLQ-BR23 BC module®. The EORTC QLQ-C30 is a 30-item
questionnaire consists of a global QoL scale, 5 functional scales (physical, role, emotional, cognitive, and social
functioning), 3 multi-item symptom scales (fatigue, nausea/vomiting, and pain), and 6 single-item symptom
scales (dyspnea, sleep disturbance, appetite loss, constipation, diarrhea, and financial difficulties). On the other
side, the EORTC QLQ-BR23 questionnaire is composed of 23-items related to BC or its treatment. The QLQ-
BR23 module consists of 4 functional scales (body image, sexual functioning, sexual enjoyment, and future
perspective), 3 multi-items symptoms scales (systemic side-effects, breast symptoms, and arm symptoms), and
one single-item symptom scale (upset by hair loss).

In the PROs assessment step, all the patients were interviewed twice; the first interview was done at baseline,
on the day of the first chemotherapy cycle and the second interview was done on the day of the last chemotherapy
cycle. Then, scoring of the EORTC QLQ-C30 and EORTC QLQ-BR23 were performed according to the EORTC
scoring manual®. After the scoring procedures, all the responses to Likert scale items were linearly transformed
to a 0-100 scale. Higher scores for functional scales and the global scale indicate better QoL. On the other side,
higher scores for symptom scales and single items indicate higher severity of the symptoms and worse QoL.

Statistical analysis. Baseline patient demographics and tumor characteristics were analyzed with frequen-
cies and percentages. For categorical data, a comparison between metformin users and nonusers in the baseline
characteristics was done using the Chi-Squared test or Fisher’s exact test according to the appropriateness. Nor-
mality evaluation for continuous variables was performed using the Kolmogorov-Smirnov test. Continuous data
were represented as mean +standard deviation (SD) using unpaired t-test or as median using Mann-Whitney
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U test when the data were not normally distributed. Univariate and multivariate binary logistic regressions were
performed to predict the effect of metformin addition to NACT on the tumor response, as well as to evaluate the
effects of different baseline characteristics on the clinical and pathological outcomes.

The sample size was calculated based on the expected pCR improvement to detect a change in the binary
response variable from the baseline value of 0.10 to 0.35, with a statistical power (1 —beta) of 80% assuming a two-
sided confidence level (1 —alpha) of 95% with a drop-out rate of 10%. Therefore, the sample size was calculated
as 80 patients (of which 50% were in the metformin group and 50% were in the control group).

In the literature, the frequency of pCR shows various percentages according to several factors. For example,
pCR is low in patients with low-grade HR + tumors, and could be doubled in high-grade HR + subgroup; the
PCR percentage showed 7.5% with low-grade HR + /HER2-; 18.3% with HR + /HER2 +; 30% with HR-/HER2 +;
and 33% with triple negative breast cancer (TNBC)?. Besides, approximately up to 75% of the breast tumors
are ER+%. In the current trial, a pCR of 10% was set as the baseline value in the control group, based on several
studies that showed a pCR of 7.1%, 8.3%, 10.1%, 11%, and 12.4% in locally advanced BC patients**-**. On the
other hand, the setting in this study considered a 25% improvement in the pCR of the metformin group was
based on several studies. The study by Jiralerspong et al. (2009), showed a pCR of 24% in diabetic BC patients
receiving metformin compared to 8% in the control arm®. In addition, the trial by Liubota et al. (2016), found
that the rate of pCR in BC patients with metabolic syndrome receiving neoadjuvant systemic treatment was 31%
in the metformin group versus 6% in the control group®. Furthermore, The trial by Laat et al. (2016), found a
statistically significant association between the pCR and metformin, pCR was achieved in 64.3% in the metformin
arm versus 23.1% in the control arm*.

Analysis of covariance (ANCOVA) test was used to compare the mean scores of the PROs among the QoL
items of the two groups of patients (metformin receiving group and the control group). The analysis was done by
considering the mean scores at the last cycle as the dependent variable, the group of the patient as the independ-
ent variable, and the baseline mean scores as the covariate. P-value (<0.05) is considered statistically significant
with a confidence interval of 95%. All the statistical analyses were carried out using SPSS (IBM Corp. released
2016. IBM SPSS Statistics for Windows, Version 26.0).

Results

Eighty patients with locally advanced breast cancer were included in the current study. Six patients were excluded
due to early withdrawal (n=1), protocol deviation (n=2), treatment related toxicity (n=2), or lost to follow up
(n=1). Seventy-four patients were randomized, 36 patients in the metformin arm and 38 patients in the control
arm were evaluated for the primary and secondary outcomes of the study as shown in Fig. 1.

Baseline patient demographics and tumor characteristics. Table 1 shows a comparison between
the metformin users and the nonusers in terms of their demographic data and tumor characteristics at baseline.
There is no significant difference in the baseline characteristics between both groups.

Pathological complete response (pCR) evaluation. As shown in Table 2, although metformin shows
a numerically higher pCR post neoadjuvant treatment (n=8, 22.2%) compared to the control group (n=4,
10.5%), it did not reach the level of significance (OR 2.429, 95% CI 0.662—8.914, p=0.181). On the other side,
HER?2 + state was a significant predictor of the pCR (OR 3.636, 95% CI 1.022—13.452, p=0.044). In addition,
high histological grade tumors increased significantly the pCR compared to lower histologic grades (OR 6.857,
95% CI 1.796—26.182, p=0.005). Furthermore, a higher baseline proliferation index (Ki67) was associated with
a significant increase of the pCR (OR 8.77, 95% CI 1.018—76.923, p=0.05). According to the multivariate analy-
sis shown in Table 3, it was observed that metformin addition to NACT, in association with the predictors of
PCR, remains non-significant. Besides, the multivariate model illustrates that only a high baseline histological
grade was independently predictive of pCR after adjusting other predictors (OR 6.9, 95% CI 1.323 -36.035,
p=0.022).

Clinical response evaluation. As shown in Table 2, there was a trend towards a significant increase in
cCR of BC patients in the metformin arm (27.8%, n=10) compared to the control arm (10.53%, n=4), (OR
3.269, 95% CI 0.921-11.606, p=0.058). Additionally, ORR increased numerically but not significantly in the
metformin group (80.56%, n=29) compared to the control group (68.42%, n=26), (OR 1.912, 95% CI 0.655 to
5.585, p=0.236). The proliferation index (Ki67) was the only predictor of improved cCR.

Breast conservative rate (BCR) evaluation. As shown in Fig. 2, 19.4% (n=7) of patients in the met-
formin group performed breast conservative surgery compared to 13.15% (n=5) in the control arm. No sig-
nificant difference was observed between both groups in the BCR (OR 1.593, 95% CI 0.456—5.568, p=0.466).

Safety and tolerability. As shown in Table 4, the most common adverse events experienced by the met-
formin group were gastrointestinal tract (GIT) side effects, especially nausea, vomiting, and diarrhea. Interest-
ingly, metformin improves some adverse events such as neuropathy, bone pain, arthritis, and myalgia. Chem-
otherapy-induced eripheral neuropathy (CIPN) decreased in the metformin group compared to the control
group. In the metformin group, it was observed that 30.56% (n=11) experienced grade I CIPN, and 13.89%
(n=5) experienced grade II CIPN. On the other side, 44.74% (n=17) of patients in the control group experi-
enced grade I CIPN, and 21.05% (n = 8) experienced grade II CIPN. In addition, 13.89% (n=>5) in the metformin
group experienced grade I bone pain compared to 26.32% (n = 10) in the control group. Moreover, 11.11% (n=4)
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Variable Metformin group (N=36) | Control group (N=38) | P-value
Age 0.363
>50 18 (50.00%) 15 (39.47%)

<50 18 (50.00%) 23 (60.53%)

Mean+S.D 49.14+11.22 47.13£10.53 0.426
Ki67 0.222
<20% 14 (38.89%) 21 (55.26%)

>20% 22 (61.11%) 17 (44.74%)

Mean+S.D 26.66+13.88 25.95+19.86 0.691
BMI Category 0.982
Normal weight 8(22.2%) 8 (21.05%)

Overweight 13 (36.11%) 13 (34.21%)

Obese 15 (41.67%) 17 (44.73%)

Mean+S.D 30.44+5.52 30.26+5.87 0.846
Menopausal state 0.65
Premenopause 18 (50%) 20 (52.63%)

Postmenopause 18 (50%) 18 (47.37%)

Hormone receptor status 0.124
ER and/or PgR positive 33 (91.67%) 30 (78.95%)

ER and PgR negative 3(8.33%) 8(21.05%)

HER? status 0.778
Positive 14 (38.89%) 16 (42.11%)

Negative 22 (61.11%) 22 (57.89%)

Intrinsic subtype 0.442

Luminal A 15 (41.67%) 15 (39.4%)

Luminal B/HER2 negative 5(13.89%) 3(3.95%)

Luminal B/HER?2 positive 13 (36.11%) 12 (31.58%)

HER?2 positive/non-luminal 1(2.77%) 4 (10.53%)

TNBC 2 (5.56%) 4(10.53%)

Clinical tumor stage 0.549
T2 2 (5.56%) 4(5.26%)

T3 20 (55.56%) 17 (44.74%)

T4 14 (38.89%) 17 (44.74%)

Clinical nodal stage 0.386
NO 6 (16.67%) 5(13.16%)

N1 22 (61.11%) 22 (57.89%)

N2 8 (22.22%) 8 (21.05%)

N3 0 (0%) 3(7.89%)

Clinical prognostic stage 0.338
1B 5(13.89%) 5(13.16%)

IIIA 16 (44.44%) 15 (39.47%)

111B 15 (41.67%) 18 (47.37%)

Histological grade 0.093
Grade 1and 2 22 (61.11%) 30 (78.95%)

Grade 3 14 (38.89%) 8 (21.05%)

Table 1. Baseline patient demographic and tumor characteristics by study group. Ki67 proliferation index,
BMI body mass index, ER estrogen receptor, PgR progesterone receptor, HER2 human epidermal growth factor
receptor 2, TNBC triple negative breast cancer, SD standard deviation.

experienced grade I arthralgia, and no patients experienced higher grade arthralgia in the metformin group. In
the control group, 18.42% (n=7) experienced grade I arthralgia, and one patient experienced grade II arthralgia.
As well, Grade I myalgia was experienced by 13.89% (n=5) in the metformin group compared to 18.42% (n=7)
in the control group. Grade II myalgia was experienced by 5.56% (n=2) in the metformin group compared to
7.89% (n=3) in the control group. In short, even though metformin addition to anthracycline/taxane-based
chemotherapy showed worse GIT adverse events, an improvement of some low-grade (grade I and II) adverse
events was also observed.
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Pathologic Complete Response (pCR) Overall Response Rate (ORR) Clinical Complete Response (cCR)
Non- Non-
PCR pCRN ORRN | ORRN cCR Non-cCR
Variable | N (%) (%) OR 95% CI | P-value | (%) (%) OR 95% CI | P-value | N (%) N (%) OR 95% CI | P-value
Group
Met- o 28 0.662 to 29 o 0.655 to 10 26 0.921 to
formin 8(22.2%) (77.8%) 2.429 8914 0.181 (80.6%) 7 (19.4%) | 1.912 5.585 0.236 27.8%) | (72.2%) 3.269 11.606 0.058
34 26 12 34
Control 4(10.5%) (89.5%) 1 (68.4%) | (31.6%) 1 4 (10.5%) (89.5%) 1
Age
34 0.330 to 28 13 0.159 to o | 33 0.337 to
<50 7(7.1%) | (g5 990y | 1153 1032 0.824 (683%) | (GL7%) | 0479 Laa1 0.190 8(19.5%) | (g0 505 | 1094 3230 0.885
28 27
0, 0, 0 0y
>50 5(152%) | (g4 g05) |1 (sLa%) | 6(182%)] 1 6 (18.2%) | 27(81.8%) | 1
BMI
Obese/
49 0.188 to 43 15 0.267 to 10 48 0.167 to
;’V‘Z;t O(55%) | gg50) |0790  |3368 |07 | (aa) |(50%) %00 |za21 |09 (7w |827%) |%0% |24 | 0486
Normal 13 12
weight 3(18.8%) (81.2%) 1 12 (75%) | 4 (25%) 1 4 (25.0%) (75.0%) 1
Meno-
pausal
state
Postmen- 31 0.204 to 29 0.655 to 30 0.412 to
opause 5(13.9%) (86.1%) 0.714 2.496 0.598 (80.5%) 7 (19.5%) | 1.912 5585 0.236 6 (16.7%) (83.3%) 1.333 4310 0.631
Premeno- 31 26 12 30
pause 7(184%) | (g 6oy | ! (684%) |(31.6%) || 8Q2L1%) | (799 |1
ER
. 50 0.091 to 43 14 0.384 to 49 0.086 to
0 0,
Positive 7 (12.3%) (87.7%) 0.336 1244 0.103 (75.4%) | (24.6%) 1.28 427 0.688 8 (14.0%) (86.0%) 0.299 1.039 0.057
Negative |5 (29.4%) | 12 1 12 5(29.4%) | 1 6(35.3%) | 11 1
: (70.6%) (70.6%) : : (64.7%)
PgR
. 42 0.348 to 40 11 0.654 to 42 0.381 to
Positive 9 (17.6%) (82.4%) 1.429 5857 0.620 (78.4%) (21.6%) 1.939 5751 0.232 9(17.6%) (82.4%) 1.296 4.412 0.678
) 20 15 Y oo |18
Negative |3 (13.0%) (87.0%) 1 (65.2%) 8(34.8%) | 1 5(21.7%) (78.2%) 1
HER2
- 8 22 1.022 to 21 ) 024 t0 o |22 0.707 to
Positive Q6.7%)* | (73.3%) 3.636 13.452 0.044 (70.0%) 9 (30.0%) | 0.686 1.965 0.483 8(26.7%) (73.3%) 2.303 7507 0.166
. 40 34 10 38
Negative |4 (9.1%) | (g9 g0y |1 77.2%) | (22.8%) | 6 (13.6%) | (g6 495) |1
Histo-
logical
grade
8 14 1.796 to 13 0.115 to 16 0.619 to
Grade 3 (36.4%)** | (63.6%) 6.857 26.182 0.005 (59.1%) 9 (40.9%) | 0.344 1.028 0.056 6(27.3%) (72.7%) 2.062 6.870 0.238
Grade 1 48 42 10 44
and 2 47.7%) | (9230) |1 (80.7%) | (19.3%) |1 8(154%) | (g4 600) |1
Clinical
tumor
stage
6 0.21 to 0.124 to
T2 0 (0%) (100.0%) 0 0.999 5(83.3%) | 1(16.7%) | 2.045 20.054 0.539 1(16.7%) | 5 (83.3%) |1.35 14.73 0.806
29 0.503 to 28 0.432 to 28 0.597 to
T3 8 (21.6%) (78.4%) | 1862 6399 0.352 (7579%) |9 (23:3%) 1273 3716 0.662 9(243%) | (75 600y 217 301 0.240
27 22 27
0, 0, 0
T4 4(129%) | (g7 100y |1 (FLo%) |9 200%) |1 40129%) | (g7 10 | 1
Clinical
nodal
stage
NO and 11 44 0.541 to 44 11 0.944 to 13 42 0.677 to
N1 (20.0%) | (80.0%) |*> 37464 | 0164 (80.0%) | (20.0%) |29 8.962 0.063 (23.6%) | (763%) |>7! 45843 | 0071
N2 and 18 11 18
N3 LG3%) | (62.19%) |1 (57.9%) | 8“21%) |1 1G3%) | 947%) |1
Clinical
stage
0.189 to 0.175 to 0.053 to
Stage IIB | 2 (20.0%) | 8 (80.0%) | 1.125 6.699 0.897 6 (60.0%) | 4 (40.0%) | 0.75 3202 0.699 1(10.0%) | 9 (90.0%) | 0.5 4732 0.546
Continued
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Pathologic Complete Response (pCR) Overall Response Rate (ORR) Clinical Complete Response (cCR)
Non- Non-
PCR pCRN ORRN | ORRN cCR Non-cCR
Variable | N (%) (%) 95% CI | P-value | (%) (%) OR 95% CI | P-value | N (%) N (%) OR 95% CI | P-value
27 0.169 to 27 o 0.943 to o | 24 0.387 to
Stage IIIA | 4 (129%) | (g7 g0y | 0.667 631 0.563 (67.10) | 4(129%) 3375 2082 0.062 7(Q26%)| (77,40 | 1313 e 0.663
27 22 11 27
0 0
Stage ITIB | 6 (18.2%) (81.8%) ©6.7%) | (33.3%) 1 6 (18.2%) (81.8%) 1
Ki67
11 28 1.018 to 27 12 0.11 to 13 26 1.459 to
220% | o820y | (71.8%) |77 76923 | 0:0° 692%) | (30.8%) |1 |176a |92 | (333%)¢ | (66.7%) |28 1L | %02
34 28 34
<20% 1(2.9%) (97.1%) (80.0%) 7(20.0%) | 1 1(2.9%) (97.1%) 1

Table 2. Univariate analysis of variables associated with response according to the different endpoints.

OR Odds Ratio, BMI body mass index, ER estrogen receptor, PgR progesterone receptor, HER2 human
epidermal growth factor receptor 2, Ki67 proliferation index. *Significant as compared to the control group at
P-value<0.05, CI: 95% confidence interval. ** Significant as compared to the control group at P-value<0.01,
CI: 95% confidence interval.

Group and Histological Group, HER2, Ki67, and
Group and HER2 Group and Ki67 grade Histological grade
Variable OR (95% CI) P-value | OR (95% CI) P-value | OR (95% CI) P-value | OR (95% CI) P-value
Group
. 2.690 (0.700 to 3.474 (0.570 to 1.807 (0.452 to 3.697 (0.445 to
Metformin 10.335) 0.15 21.17) 0.177 7.224) 0.403 30.690) 0.226
Control 1 1 1 1
HER2
L 3.917* (1.030 to 2.035 (0.349 to
Positive 14.899) 0.045 11.872) 0.239
Negative 1 1
Ki67
7.634 (0.824 to 4.497 (0.423 to
0,
=>20% 70.752) 0.074 47.753) 0.117
<20% 1 1
Histological
grade
6.195 **(1.591 to 6.905* (1.323 to
Grade 3 24.123) 0.009 36.035) 0.022
Grade 1&2 1 1

Table 3. Multivariate analysis of the factors associated significantly with pCR on the univariate level. OR Odds
Ratio, HER2 human epidermal growth factor receptor 2, Ki67 proliferation index. *Significant as compared to
the control group at P value<0.05, CI: 95% confidence interval. ** Significant as compared to the control group
at P value<0.01, CI: 95% confidence interval.

Serum metformin concentration. Three samples were inadequately withdrawn and were excluded from
the analysis. The mean concentration was 1.36 ng/ml (+£0.35) with a range from 0.71 ng/ml to 2.08 ng/ml.
Figure 3 shows the level of circulating metformin in correlation with the tumor response. Even though it was
observed that the number of patients with higher circulating levels of metformin experienced better response,
non-significant relation was observed between the serum concentration and the tumor response.

Assessment of the QoL using QLQ-C30 and QLQ-BR23. Concerning the EORTC QLQ-C30, base-
line mean scores for global QoL, functional scales, and symptoms scales were almost similar in the metformin
group and the control group. Additionally, there was no significant difference between the mean scores of the
PROs in the two groups from baseline to the last chemotherapy cycle in any of the EORTC QLQ-C30 question-
naire scales as shown in Table 5.

On the other side, there was no observed significant difference in the functional scales PROs of the EORTC
QLQ-BR23 tool between the metformin group and the control group, considering baseline mean scores of the
PROs as the covariates. Besides, the two functional scales, sexual functioning and sexual enjoyment were nei-
ther feasible for scoring nor for statistical analysis as most of the patients refused to respond to their questions.
Additionally, no statistically significant difference between the two groups in the symptoms scale was observed
in the breast symptoms, arm symptoms, upset by hair loss, and systematic therapy side effect as shown in Table 6.
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Pathologic Complete Response (pCR) 8(22.22%) 4 (10.53%) 0.662 8.914 0.181
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Mastectomy 29 (80.56%) 33 (86.84%) 1

Figure 2. Effect of metformin on the different endpoints.

Anemia 14 (38.89%) | 8(22.22%) |2 (5.56%) |0 (0.00%) |13 (34.21%) |10 (26.32%) |3 (7.89%) |0 (0.00%)
Neutropenia 4(11.11%) | 5(13.89%) |2(5.56%) |0(0.00%) |3(7.89%) |5(13.16%) |3 (7.89%) |0 (0.00%)
Febrile Neutropenia | 1(2.78%) | 1(2.78%) | 1(2.78%) |0(0.00%) |0(0.00%) |2(5.26%) |0 (0.00%) |0 (0.00%)
Thrombocytopenia | 1(2.78%) | 0(0.00%) | 0(0.00%) | 0(0.00%) |0(0.00%) | 0(0.00%) |0 (0.00%) |0 (0.00%)

Nausea 11(30.56%) | 17 (47.22%) |2 (5.56%) |0 (0.00%) |12 (31.58%) |15(39.47%) |1 (2.63%) |0 (0.00%)
Vomiting 9(25.00%) | 15 (41.67%) |0 (0.00%) |0 (0.00%) |13 (34.21%) |11(28.95%) |0 (0.00%) |0 (0.00%)
Constipation 3(8.33%) 1(278%) | 0(0.00%) |0(0.00%) |7(18.42%) |2(5.26%) |0 (0.00%) |0 (0.00%)
Diarrhea 12(33.33%) | 5(13.89%) | 1(2.78%) |0(0.00%) |14 (36.84%) |1(2.63%) |0 (0.00%) |0 (0.00%)
Abdominal pain 6(16.67%) | 0(0.00%) | 0(0.00%) |0(0.00%) |5(13.16%) |0(0.00%) |0 (0.00%) |0 (0.00%)

ALT/AST increased | 5(13.89%) | 1(2.78%) | 0(0.00%) |0(0.00%) |4 (10.53%) |1 (2.63%) 0(0.00%) | 0 (0.00%)
Acute kidney injury | 1(2.78%) | 0(0.00%) | 0(0.00%) |0(0.00%) |2(5.26%) |0 (0.00%) 0(0.00%) | 0 (0.00%)

Fatigue 20 (55.56%) |12 (33.33%) |3(8.33%) |0(0.00%) |24 (63.16%) |9 (23.68%) |3 (7.89%) |0 (0.00%)
Dizziness 6(1667%) |2(556%) | 0(0.00%) |0(0.00%) |4(10.53%) [0(0.00%) |0(0.00%) |0 (0.00%)
Arthralgia 4(11.11%) | 0(0.00%) |0(0.00%) |0(0.00%) |7(18.42%) |1(2.63%) |0(0.00%) |0 (0.00%)
Myalgia 5(13.89%) |2(5.56%) | 0(0.00%) |0(0.00%) |7(18.42%) |3(7.89%) |0 (0.00%) |0 (0.00%)
Bone pain 5(13.89%) | 1(2.78%)  |0(0.00%) |0(0.00%) |10(26.32%) |1(2.63%) |0 (0.00%) |0 (0.00%)
Sensory neuropathy | 11 (30.56%) |5 (13.89%) |0 (0.00%) |0 (0.00%) |17 (44.74%) |8 (21.05%) |0 (0.00%) |0 (0.00%)
Dyspnea 4(11.11%) | 3(8.33%) | 0(0.00%) |0(0.00%) |4(10.53%) |1(2.63%) |0 (0.00%) |0 (0.00%)
Alopecia 2(5.56%) |34 (94.44%) |0(0.00%) |0(0.00%) |3(7.89%)  [35(92.11%) |0 (0.00%) |0 (0.00%)
Skin rash 5(13.89%) |2(5.56%) | 0(0.00%) |0(0.00%) |3(7.89%) |3 (7.89%) |0 (0.00%) |0 (0.00%)

Table 4. Common adverse events reported in relation with the treatment group. ALT/AST Alanine
aminotransferase/Aspartate aminotransferase.
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Figure 3. Box plot and whiskers of the relation between serum metformin level and the response of the
different endpoints.

Baseline mean scores + SD Last cycle mean scores +SD
Variable Metformin group | Control group | Metformin group | Control group | P-value
Global QoL and Functional Scales
Global Health 69.8+10.9 68.3+10.8 58.3+12.6 57.1+12.1 0.841
Physical function 76.8+19.3 77.1+17.2 61.6+19.1 66.3+18.7 0.077
Role function 85.4+15.1 81.6+22.9 74.5%£25.3 73.3+£27.6 0.433
Emotional function 46.1+26.4 454+22.1 52.1+21.2 53.2+24.3 0.941
Cognitive function 75.3+19.9 73.3+20.3 754+17.2 70.0+20.7 0.078
Social function 70.1+£26.4 74.1£23.2 57.1£26.9 62.1+22.9 0.598
Symptom Scales
Fatigue 35.2+20.5 40.7£25.3 61.3+25.5 60.8+£27.3 0.442
Nausea and Vomiting 34+14.2 5.1+12.01 56.3+30.2 50.4+35.1 0.377
Pain 27.7+252 31.6+254 35.0+£24.9 41.2+31.3 0.462
Dyspnea 12.8+22.2 14.5+27.1 2334252 23.9+27.3 0.841
Insomnia 41.8+28.7 39.3+£19.3 43.3+28.4 40.0+£26.3 0.646
Appetite loss 13.7£25.9 19.6+29.1 72.5%259 67.5+32.4 0.489
Constipation 10.3£21.6 17.9+30.2 18.3+£27.2 28.3+38.9 0.602
Diarrhea 4.2+13.5 3.4+10.1 21.6+£29.7 16.7£26.1 0.464
Financial difficulties 32.4+26.1 27.3+28.4 40.8+31.5 38.3+£34.2 0.756

Table 5. Comparison of the mean scores of EORTC QLQ-C30 global QoL, functional, and symptoms scales
between the metformin group and the control group at baseline and last chemotherapy cycle. QoL quality of
life, EORTC QLQ European Organization for Research and Treatment of cancer quality of life questionnaire,
SD standard deviation, P-value: the variance from baseline between the two groups using ANCOVA test.

Discussion

Previous breast cancer (BC) researches proposed that metformin possesses both direct and indirect anticancer
mechanisms. The direct anticancer effects are particularly through inhibition of AMPK/mTOR pathway*’. On the
other side, the indirect effects on cancer cells are exhibited by its ability to lower the blood glucose level, inflam-
matory molecules, insulin level, and circulating insulin-like growth factors (IGF)*-*. Additionally, metformin
has shown preclinical broad effects on multiple targets of the deregulated lipid and carbohydrate metabolism
associated with BC'.

Stratified randomization prevents imbalance between treatment groups for known factors that influence
prognosis or treatment responsiveness. In the literature, different factors could influence the response of either
the anticancer therapy or the anticancer effects of metformin. The maximum desirable number of strata is
unknown, but experts argue for keeping it small*>. In the current study, the stratification was performed based
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Baseline mean scores + SD Last cycle mean scores+SD
Variable Metformin group | Control group | Metformin group | Control group | P-value
Functional Scales
Body image 84.8+20.4 86.2+17.8 60.6+15.7 64.3+13.8 0.278
Future perspective 40.8+33.3 44.16+34.9 47.5+28.1 50.0+£29.2 0.863
Symptom Scales
Upset by hair loss 3.3+10.1 6.6+15.4 81.6+23.8 84.1+21.3 0.744
Systematic therapy side effect 11.4+74 12.8+8.1 53.2+16.9 60.2+£17.2 0.104
Breast symptoms 21.25+27.7 17.9+21.5 14.1+18.7 13.5+16.6 0.186
Arm symptoms 24.7£285 252+29.9 19.4+23.2 18.1+£23.4 0.218

Table 6. Comparison of the mean scores of EORTC QLQ-BR 23 functional and symptoms scales between
the metformin group and the control group at baseline and last chemotherapy cycle. EORTC QLQ European
Organization for Research and Treatment of cancer quality of life questionnaire, SD standard deviation,
P-value: the variance from baseline between the two groups using ANCOVA test.

on the factors that could affect the response of metformin in BC patients including HER2 status, BMI, and
menopausal state®*. The ALTTO study and the study by Kim et al. (2015) showed that the survival outcomes
were significantly enhanced in diabetic patients with HER2 + BC following the addition of metformin, and par-
ticularly with HR + %, The insulin-like growth factor 1 (IGF-I) receptor, insulin receptor, and HER2 act through
the same downstream signaling pathway via phosphatidylinositol 3-kinase (PI3K)/AKT/mTOR; the presence
of interactions at multiple levels between PI3K/AKT/mTOR, estrogen, growth factor signaling, and the recep-
tor tyrosine kinase cascade stimulates cancer cell proliferation and survival. As metformin can suppress one or
more of these signaling pathways, it shows anticancer effects, particularly in HER2 + BC. Although BMI might
be a reliable marker for potential diabetes, several studies have shown beneficial anticancer effects of metformin
in obese and overweight BC patients®**. Obesity is responsible for increasing the production of estrogen, and
consequently, stimulating estrogen-dependent tumor growth, and adipocytes are the main source of the enzyme
aromatase responsible for converting androgens to estrogens. Furthermore, the higher the adiposity, the more
insulin resistance and hyperinsulinemia, which in turn increase the levels of IGF1 and BC cell proliferation®.
Hence, metformin may exert an anticancer effect in obese patients through the reduction of insulin resistance
and its antiproliferative activity. Moreover, Goodwin et al. (2008) found that insulin levels were significantly
higher in postmenopausal compared to premenopausal BC patients®®. Furthermore, the study by Yam found
that obesity contributes to worse outcomes in postmenopausal women with breast cancer’.

In the current study, it was noted that some factors showed varying proportions between the two groups, such
as histological grade and intrinsic subtype, as these factors were not included in the stratification factors. Even
though their total percentage could be comparable to the literature®”>®, it was found that HER2 +/non-luminal
and TNBC were more common in the control group, which may be more likely to result in a better response to
the chemotherapy rather than a difference in the efficacy of metformin.

The first clinical evidence of the anticancer properties of metformin, Jiralerspong et al. (2009) observational
study showed a significant correlation between the addition of metformin to the NACT and the pCR rates in
diabetic BC patients. However, in the current study, it was observed that the clinical and pathological response
values were enhanced numerically but not significantly by metformin use in operable locally advanced BC
cohorts receiving anthracycline/taxane-based chemotherapeutic regimen, in agreement with the METTEN
study'?. Moreover, the MYME trial failed to provide evidence to support the anticancer effects of adding met-
formin to the first-line chemotherapy treatment in metastatic BC”. This result could be due to the decrease of
the potential role of metformin on host metabolism to modulate the response to chemotherapy in the presence
of aggressive tumor load as in advanced BC’. In addition, Pimentel et al. (2019) did not recommend the use of
metformin in non-diabetic metastatic BC patients, as no beneficial effect of the combination of metformin with
chemotherapy was observed™.

Zhao et al. (2017) proposed that higher doses of metformin can exert its direct anticancer effects on
AMPK-mTOR pathway®. Therefore, 2gm/daily dose was administered to the patients in the current study. The
interpatient pharmacokinetic variability of metformin serum concentration could be experienced in cancer
patients receiving the same dosage, due to abnormalities in absorption, distribution, elimination, and protein
binding that could affect their response to the same dose of metformin®?. Moreover, identifying genetic dif-
ferences in drug metabolism may be particularly fruitful in understanding pharmacokinetic variability. The
antitumor activity of metformin could also be dependent on the cellular uptake of the drug, which is primarily
regulated by the membrane transporter organic cation transporterl (OCT1), because of metformin hydrophilic
and cationic composition®®%. Some clinical trials referred to the possible influence of OCT1 expression on the
response of BC patients to metformin as an anticancer agent, which in some individuals or BCs may be altered
to be more or less effective in transporting metformin into the cell by polymorphism or genetic error'®,

In the current study, it was observed significantly higher pCR in patients with HER2 + BC irrelevant to met-
formin use. In addition, it was found that high baseline levels of Ki67 were associated significantly with pCR.
Previous studies have shown that axillary pCR was associated with high levels of Ki67 expression, high histologic
grade, ER-negativity, and HER2-positivity**°. Another trial showed that increased expression of Ki67 is an index

Scientific Reports |

(2022) 12:7656 | https://doi.org/10.1038/s41598-022-11138-3 nature portfolio



www.nature.com/scientificreports/

of good prognosis in patients responding to chemotherapy, but an index of poor prognosis in patients with no
response to chemotherapy®.

Moreover, and in agreement with previous studies, it was found that high-grade tumors were significantly
associated with pCR®”¢%. A high histological grade can predispose to superior chemotherapeutic response because
of either their independent influence on the tumor’s sensitivity to chemotherapeutic treatment or being a predic-
tor for triple-negative tumor cells molecular subtype that is associated with better response to chemotherapy®.
Additionally, the Clustered Neo-Bioscore trial turned to a better understanding of the prognostic factors for
women with non-pCR carcinoma which showed a good response in high-grade tumors®. In the current study,
the increased proportion of high histological grade in the metformin group might be one of the reasons for the
higher pCR in this group.

Goorts et al. (2017) indicated that the clinical tumor size is the most important prognostic factor for pCR%.
However, the present study could not find a correlation between tumor size and pCR. This could be justified
because the selected patients in this study were with proven locally advanced BC. Thus, the cases of small tumor
size were associated with the high nodal stage or skin infiltration.

In agreement with Martin-Castillo et al. (2018), the BCR was higher numerically in the metformin group
compared to the control group. However, this superiority in BCR should not be treated as a true clinic-molecular
benefit of the metformin users. As it is known that breast conservation depends on numerous factors that include
tumor size and location, the presence of ductal carcinoma in-situ, the presence of multifocal lesions, and the
compliance of patients’.

On the other side, the most common adverse events in both groups were blood disorders, GIT side effects,
neuropathic events, fatigue, and hair loss. It is worth mentioning that the metformin group experienced worse
GIT symptoms in agreement with the literature”!>16%%71_ Besides, it was observed a lower incidence of adverse
events; arthralgia, myalgia, and bone pain in the metformin group in comparison to the control arm. These results
are supported by preclinical studies, which observed the ability of metformin to prevent or treat osteoarthritis
through the attenuation of osteoarthritis structural worsening and the modulation of pain’2. This beneficial effect
could be due to the activation of AMPK, which has a potential therapeutic target for osteoarthritis’. Besides,
even though chemotherapeutics are associated with a significant loss in bone mineral density of BC patients;
fortunately, metformin improves the quality of bones and reduces fracture risk. A potential reason for this effect
is the key role of AMPK in signaling pathways involved in bone physiology’*. Hence, metformin can be used as
an adjuvant treatment in bone disorders, and can decrease bone metastases”.

In addition, patients receiving metformin were experiencing fewer and lower intensity events related to neu-
ropathy. A possible explanation for this improvement in the metformin group can be deduced from the following
premises. Chemotherapy-induced peripheral neuropathy (CIPN), characterized by loss of sensory sensitivity
and pain in hands and feet, is a major dose-limiting toxicity associated with many chemotherapeutics’®. Mao-
Ying et al. (2014) preclinical study concluded that metformin possesses an underlying neuroprotective beneficial
mechanism, due to the reduction of peripheral nerve endings loss’®. Also, AMPK is capable of regulating a
variety of cellular processes such as mitochondrial metabolism and protein translation, in which many of them
are thought to contribute to pathological pain including CIPN”’. Given the effect of metformin on the activa-
tion of AMPK, therefore it can lead to the reduction of neuropathic events. Moreover, clinically, metformin has
shown a decrease in daily pain scores of diabetic patients suffering from low-back pain’®. Therefore, metformin
is thought to have an anti-neuropathic pain effect in clinical populations. Clearly, future prospective studies are
needed to understand the association between the use of metformin and neuropathic pain.

The HRQoL is a multidimensional construct covering at least several key dimensions, such as disease-related
and treatment-related symptoms, physical, psychological and social functioning”. Therefore, one of the main
objectives in the treatment of BC patients is to maintain their QoL.

Patient-reported outcome (PRO) is a type of clinical outcome assessment that examines how a patient feels
or functions directly from the patient without interpretation by others, and has been acknowledged by the food
and drug administration (FDA) as an important approval endpoint®*®!. Thus, a PRO measure is an effective
instrument for eliciting information from patients about treatments and their benefits in ways that healthcare
practitioners are frequently unaware. The impact on QoL is a considerable point when weighing the risks and
benefits of breast cancer therapy®. As the case with breast cancer symptoms, these adverse events interfere with
the daily activities and impose considerable challenges on breast cancer patients. When presenting a cancer treat-
ment’s benefit to regulators, providers, payers, and ultimately to patients, it is ideal that the treatment improves
survival and suppresses tumor development while also protecting patients’ quality of life, symptom experience,
and overall perceived health status. As metformin could worsen some adverse events related to GIT symptoms,
therefore, PROs could affect the compliance and adherence of the patients to their treatment, as well as their
concordance. Hence, a trade-off between the risk and benefit of metformin addition to a highly emetogenic
chemotherapeutic regimen on the outcomes of BC patients is needed. In the current study, PROs were examined
as a secondary outcome for breast cancer patients.

In the literature, the effect of metformin on the quality of life of BC patients was conducted by only two trials
using the core questionnaire EORTC QLQ-C30°*%. Both trials observed non-significant difference in the QoL
of BC patients by the addition of metformin to their treatments. However, they did not use a specific tool for BC
patients in the evaluation. Therefore, it is of vital importance to evaluate the QoL of BC patients using the breast
cancer specific module, EORTC QLQ-BR23 module.

Following the EORTC QLQ-C30 scales, the present study revealed no clinically or statistically significant
variance from baseline between the metformin group and the control group. Functional scales showed various
results between the two groups but without achieving a level of significance. In agreement with the results of
Pimentel et al. (2019), it was observed a non-significant deterioration of physical function scores from baseline in
the metformin group compared to the control group. In addition, it was observed a non-significant improvement
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in the cognitive function of BC patients receiving metformin. A potential justification by Lin et al. (2018), which
concluded an improvement in the cognitive function of patients with non-dementia vascular cognitive impair-
ment and abnormal glucose metabolism receiving metformin®®. This could be explained by the ability of met-
formin to penetrate rapidly the blood-brain barrier, protect neurons via anti-inflammatory action, and improve
brain energy metabolism®. However, we should cautiously deal with these results, as the patients’ characteristics
were different from the current study such as the diabetic and the cognitive states. Additionally, Hartman et al.
(2019) found that metformin might not positively affect neurocognitive functioning among BC survivors in
general. However, verbal functioning could be enhanced by weight loss among individuals with higher BMI®>.

Besides, the emotional function last cycle mean scores enhanced numerically from the baseline values in both
groups of patients, irrelevant to the metformin use. That could be due to the decrease of anxiety and depression
scores among the patients, as all the patients were recently informed about their ominous disease just before
being enrolled in the study. Although AlHussain et al. (2020) deduced that metformin has an antidepressant
effect in non-diabetic patients with polycystic ovarian syndrome, no observed significant difference was reported
between the two groups of BC patients enrolled in the present study®. Moreover, it was noted a decrease in social
functioning scores from baselines among the participants of the two groups of patients. That deterioration in
social function Likert scales suffered by the patients could be related to the adverse effects of the chemotherapy
administration especially hair loss and fatigue.

As well, variance from baseline between the metformin group and the control group of the symptoms scales
did not reach a significant level. It is also known that metformin causes GIT disturbances and elevated homo-
cysteine levels, which in turn can cause chronic fatigue®’.

It was observed that insomnia symptom scales did not show a statistically significant difference between the
metformin group and the control group. This result is against the Wiwanitkit et al. (2012), which showed that
metformin, the insulin sensitizer, can lead to sleep disturbance, which may affect patterns of normal dreams?®®.

The strength of this trial included the homogeneity of the treatment received by the patients in the study,
and the homogenous patient population since all the patients were nondiabetic with proven locally advanced
BC. In addition, following the CONSORT guidelines methodology in the trial. Furthermore, the stratification
criteria could give a trustworthy prediction model of the potential prognostic factors that were associated with
metformin anticancer activity in BC settings in the previous trials®***. However, the study was limited by the
stratification factors that could affect the response to metformin rather than the response to chemotherapy
in order to avoid over-stratification. It is noteworthy that most low- and middle-income countries in Africa
experience severe limitations with drug access®, thus the availability of the anti-HER2 therapy for the patients
in our hospital is post-surgery.

The current trial, based on the preliminary statistical setting, did not prove a significant effect in the clinical
response and the pathological response in locally advanced breast cancer patients receiving neoadjuvant chemo-
therapy and metformin. However, it was found that the primary outcomes of the study enhanced numerically.
Thus, larger clinical trials are needed to determine whether the non-significance is due to the lack of beneficial
effect of metformin or due to the effectiveness of metformin did not reach the expected response of the current
trial. It is also recommended to stratify the patients based on the factors that could affect the response to the
anticancer therapy such as intrinsic subtypes.

The improvement of response in the metformin group was observed in some cohorts of patients includ-
ing HER2 overexpression, also patients without or with low nodal involvement (N0-N1) at baseline, which
could need further investigation. Furthermore, the serum metformin concentration should be correlated to the
response of the patients. Additionally, more studies are needed to assess the beneficial effect of metformin on
cognitive function, osteoarthritis, bone pain, and CIPN.

Conclusion

Although metformin combination with anthracycline/taxane chemotherapy did not show significant improve-
ment in the clinical and pathological tumor responses as well as the BCR of operable locally advanced BC, it
was observed that all the outcomes were enhanced numerically in the metformin group compared to the control
group.

On the other side, the main prognostic factors of locally advanced breast cancer response to anthracycline/
taxane-based neoadjuvant treatment include HER2 + BC, high baseline Ki67, and higher histological grade.
Moreover, the addition of metformin to a complex chemotherapy regimen was safe and tolerable. Metformin
users experienced a worsening of the GIT symptoms and an improvement in CIPN, bone pain, myalgia, and
arthralgia. No significant effect was associated with metformin use on the quality of life of breast cancer patients.
Finally, metformin was observed to be safe and tolerable, and could be added to the neoadjuvant chemothera-
peutic regimen.

Received: 18 May 2021; Accepted: 19 April 2022
Published online: 10 May 2022

References
1. Coyle, C., Cafferty, E. H., Vale, C. & Langley, R. E. Metformin as an adjuvant treatment for cancer: A systematic review and meta-
analysis. Ann. Oncol. 27, 2184-2195. https://doi.org/10.1093/annonc/mdw410 (2016).
2. De, A. & Kuppusamy, G. Metformin in breast cancer: Preclinical and clinical evidence. Curr. Probl. Cancer 44, 100488. https://doi.
org/10.1016/j.currproblcancer.2019.06.003 (2020).
3. Kim, H. J. et al. Metformin increases survival in hormone receptor-positive, HER2-positive breast cancer patients with diabetes.
Breast Cancer Res. 17, 64. https://doi.org/10.1186/s13058-015-0574-3 (2015).

Scientific Reports |

(2022) 12:7656 | https://doi.org/10.1038/s41598-022-11138-3 nature portfolio


https://doi.org/10.1093/annonc/mdw410
https://doi.org/10.1016/j.currproblcancer.2019.06.003
https://doi.org/10.1016/j.currproblcancer.2019.06.003
https://doi.org/10.1186/s13058-015-0574-3

www.nature.com/scientificreports/

4. Bayraktar, S. et al. Effect of metformin on survival outcomes in diabetic patients with triple receptor-negative breast cancer. Cancer
118, 1202-1211. https://doi.org/10.1002/cncr.26439 (2012).

5. Jiralerspong, S. et al. Metformin and pathologic complete responses to neoadjuvant chemotherapy in diabetic patients with breast
cancer. J. Clin. Oncol. 27, 3297-3302. https://doi.org/10.1200/JC0.2009.19.6410 (2009).

6. Engels, C. C. et al. The influence of insulin-like Growth Factor-1-Receptor expression and endocrine treatment on clinical outcome
of postmenopausal hormone receptor positive breast cancer patients: A Dutch TEAM substudy analysis. Mol. Oncol. 10, 509-516.
https://doi.org/10.1016/j.molonc.2015.10.010 (2016).

7. Nanni, O. et al. Metformin plus chemotherapy versus chemotherapy alone in the first-line treatment of HER2-negative metastatic
breast cancer. The MYME randomized, phase 2 clinical trial. Breast Cancer Res. Treat. 174, 433-442. https://doi.org/10.1007/
$10549-018-05070-2 (2019).

8. Sonnenblick, A. et al. Impact of diabetes, insulin, and metformin use on the outcome of patients with human epidermal growth fac-
tor receptor 2-positive primary breast cancer: Analysis from the ALTTO phase III randomized trial. J. Clin. Oncol. 35, 1421-1429.
https://doi.org/10.1200/JCO.2016.69.7722 (2017).

9. Yam, C. et al. Efficacy and safety of the combination of metformin, everolimus and exemestane in overweight and obese postmeno-
pausal patients with metastatic, hormone receptor-positive, HER2-negative breast cancer: A phase II study. Invest. New Drugs 37,
345-351. https://doi.org/10.1007/s10637-018-0700-z (2019).

10. Berry, D. A. & Hudis, C. A. Neoadjuvant therapy in breast cancer as a basis for drug approval. JAMA Oncol. 1, 875-876. https://
doi.org/10.1001/jamaoncol.2015.1293 (2015).

11. DeMichele, A. et al. The neoadjuvant model is still the future for drug development in breast cancer. Clin. Cancer Res. 21, 2911~
2915. https://doi.org/10.1158/1078-0432.CCR-14-1760 (2015).

12. Martin-Castillo, B. et al. A phase 2 trial of neoadjuvant metformin in combination with trastuzumab and chemotherapy in women
with early HER2-positive breast cancer: The METTEN study. Oncotarget 9, 35687-35704. https://doi.org/10.18632/oncotarget.
26286 (2018).

13. Kim, J. et al. Phase II randomized study of neoadjuvant metformin plus letrozole versus placebo plus letrozole for ER-positive
postmenopausal breast cancer [METEOR Study]. J. Clin. Oncol. 37, 576-576. https://doi.org/10.1200/JC0.2019.37.15_suppl.576
(2019).

14. Hirsch, H. A,, Iliopoulos, D., Tsichlis, P. N. & Struhl, K. Metformin selectively targets cancer stem cells, and acts together with
chemotherapy to block tumor growth and prolong remission. Cancer Res. 69, 7507-7511. https://doi.org/10.1158/0008-5472.
CAN-09-2994 (2009).

15. Rocha, G. Z. et al. Metformin amplifies chemotherapy-induced AMPK activation and antitumoral growth. Clin. Cancer Res. 17,
3993-4005. https://doi.org/10.1158/1078-0432.CCR-10-2243 (2011).

16. Kalinsky, K. et al. Presurgical trial of metformin in overweight and obese patients with newly diagnosed breast cancer. Cancer
Invest. 32, 150-157. https://doi.org/10.3109/07357907.2014.889706 (2014).

17. Kim, C. et al. Racial/ethnic differences in sex hormone levels among postmenopausal women in the diabetes prevention program.
J. Clin. Endocrinol. Metab. 97, 4051-4060. https://doi.org/10.1210/jc.2012-2117 (2012).

18. Bonnetain, F et al. How health-related quality of life assessment should be used in advanced colorectal cancer clinical trials. Ann.
Oncol. 28, 2077-2085. https://doi.org/10.1093/annonc/mdx191 (2017).

19. Kirby, I. B., Edward, M. & Copeland, I. W.J. G. V. S. K. The breast: Comprehensive management of benign and malignant diseases
5th edn. (Elsevier, 2017).

20. Sherman, S. Defining the menopausal transition. Am. J. Med. 118(Suppl 12B), 3-7. https://doi.org/10.1016/j.amjmed.2005.11.002
(2005).

21. Guidance for Industry-FDA, https://www.fda.gov/media/75802/download (2003).

22. Gilmore, J. Body mass index and health. Health Rep. 11, 31-43 (1999).

23. Eisenhauer, E. A. et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer
45, 228-247. https://doi.org/10.1016/j.ejca.2008.10.026 (2009).

24. Barh, D. Omics approaches in breast cancer: Towards next-generation diagnosis, prognosis and therapy. (2014).

25. Gabriel N. Hortobagyi, J. L. C. in AJCC Cancer Staging Manual (2018).

26. Hammond, M. E. H. et al. Am. Soc. Clin. Oncol. 28, 2784-2795. https://doi.org/10.1200/jc0.2009.25.6529 (2010).

27. Wolff, A. C. et al. Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: American Society
of Clinical Oncology/College of American Pathologists clinical practice guideline update. Arch. Pathol. Lab. Med. 138, 241-256.
https://doi.org/10.5858/arpa.2013-0953-SA (2014).

28. Goldhirsch, A. et al. Personalizing the treatment of women with early breast cancer: Highlights of the St Gallen International
Expert Consensus on the Primary Therapy of Early Breast Cancer 2013. Ann. Oncol. 24, 2206-2223. https://doi.org/10.1093/
annonc/mdt303 (2013).

29. Cardoso, E. et al. Early breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up+t. Ann. Oncol. 30,
1194-1220. https://doi.org/10.1093/annonc/mdz173 (2019).

30. WHO Classification of Tumours of the Breast. 4th edn, Vol. 4 (2012).

31. Elston, C. W. & Ellis, I. O. Pathological prognostic factors in breast cancer. I. The value of histological grade in breast cancer:
Experience from a large study with long-term follow-up. Histopathology 19, 403-410. https://doi.org/10.1111/j.1365-2559.1991.
tb00229.x (1991).

32. Ratain MJ, P. W. J. in Holland-Frei Cancer Medicine. 6th edn Vol. 6 (2003).

33. EORTC. EORTC Scoring Manual (Third Edition). 2001, https://www.eortc.org/.

34. Scheen, A.]. Clinical pharmacokinetics of metformin. Clin. Pharmacokinet. 30, 359-371. https://doi.org/10.2165/00003088-19963
0050-00003 (1996).

35. Porta, V. et al. HPLC-UV determination of metformin in human plasma for application in pharmacokinetics and bioequivalence
studies. J. Pharm. Biomed. Anal. 46, 143-147. https://doi.org/10.1016/j.jpba.2007.10.007 (2008).

36. EORTC. EORTC QLQ-C30 (Version 3). EORTC Study Group on Quality of Life. 1995, https://qol.eortc.org/.

37. EORTC. EORTC QLQ-BR23. (version 1). EORTC Study Group on Quality of Life. 1994, https://qol.eortc.org/.

38. Cortazar, P. et al. Pathological complete response and long-term clinical benefit in breast cancer: The CTNeoBC pooled analysis.
Lancet (London, England) 384, 164-172. https://doi.org/10.1016/s0140-6736(13)62422-8 (2014).

39. Dai, X,, Xiang, L., Li, T. & Bai, Z. Cancer hallmarks, biomarkers and breast cancer molecular subtypes. J. Cancer 7, 1281-1294.
https://doi.org/10.7150/jca.13141 (2016).

40. Jeon, Y. W. et al. A multicenter phase II trial of neoadjuvant chemotherapy with docetaxel and gemcitabine in locally advanced
breast cancer. J. Breast Cancer 20, 340-346 (2017).

41. Parmar, V. et al. Pathological complete response in locally advanced breast cancer: Determinants and predictive significance. Natl.
Med. J. India 25, 132-136 (2012).

42. Kim, S. I et al. Molecular subtypes and tumor response to neoadjuvant chemotherapy in patients with locally advanced breast
cancer. Oncology 79, 324-330. https://doi.org/10.1159/000322192 (2010).

43. Chou, H. H. et al. Impact of age on pathological complete response and locoregional recurrence in locally advanced breast cancer
after neoadjuvant chemotherapy. Biomed. J. 42, 66-74. https://doi.org/10.1016/j.bj.2018.10.007 (2019).

Scientific Reports | (2022) 12:7656 | https://doi.org/10.1038/s41598-022-11138-3 nature portfolio


https://doi.org/10.1002/cncr.26439
https://doi.org/10.1200/JCO.2009.19.6410
https://doi.org/10.1016/j.molonc.2015.10.010
https://doi.org/10.1007/s10549-018-05070-2
https://doi.org/10.1007/s10549-018-05070-2
https://doi.org/10.1200/JCO.2016.69.7722
https://doi.org/10.1007/s10637-018-0700-z
https://doi.org/10.1001/jamaoncol.2015.1293
https://doi.org/10.1001/jamaoncol.2015.1293
https://doi.org/10.1158/1078-0432.CCR-14-1760
https://doi.org/10.18632/oncotarget.26286
https://doi.org/10.18632/oncotarget.26286
https://doi.org/10.1200/JCO.2019.37.15_suppl.576
https://doi.org/10.1158/0008-5472.CAN-09-2994
https://doi.org/10.1158/0008-5472.CAN-09-2994
https://doi.org/10.1158/1078-0432.CCR-10-2243
https://doi.org/10.3109/07357907.2014.889706
https://doi.org/10.1210/jc.2012-2117
https://doi.org/10.1093/annonc/mdx191
https://doi.org/10.1016/j.amjmed.2005.11.002
https://www.fda.gov/media/75802/download
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1200/jco.2009.25.6529
https://doi.org/10.5858/arpa.2013-0953-SA
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://doi.org/10.1111/j.1365-2559.1991.tb00229.x
https://www.eortc.org/
https://doi.org/10.2165/00003088-199630050-00003
https://doi.org/10.2165/00003088-199630050-00003
https://doi.org/10.1016/j.jpba.2007.10.007
https://qol.eortc.org/
https://qol.eortc.org/
https://doi.org/10.1016/s0140-6736(13)62422-8
https://doi.org/10.7150/jca.13141
https://doi.org/10.1159/000322192
https://doi.org/10.1016/j.bj.2018.10.007

www.nature.com/scientificreports/

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Chen, X. S. et al. Molecular subtype can predict the response and outcome of Chinese locally advanced breast cancer patients
treated with preoperative therapy. Oncol. Rep. 23, 1213-1220. https://doi.org/10.3892/or_00000752 (2010).

Liubota, R. et al. 302P-Metformin in neoadjuvant systemic treatment in breast cancer patients with metabolic syndrome. Ann.
Oncol. 27, 94. https://doi.org/10.1093/annonc/mdw365.81 (2016).

Laat, A. V. D. & Landaverde, D. U. Neoadjuvant metformin along with systemic therapy increase pathological complete responses
in breast cancer: Results of a cross-sectional study, Hospital Mexico, Costa Rica.. Science 34, e12519-e12519. https://doi.org/10.
1200/JC0O.2016.34.15_suppl.e12519 (2016).

Dowling, R. J., Zakikhani, M., Fantus, I. G., Pollak, M. & Sonenberg, N. Metformin inhibits mammalian target of rapamycin-
dependent translation initiation in breast cancer cells. Cancer Res. 67, 10804-10812. https://doi.org/10.1158/0008-5472.CAN-07-
2310 (2007).

Dowling, R. J., Goodwin, P. J. & Stambolic, V. Understanding the benefit of metformin use in cancer treatment. BMC Med. 9, 33.
https://doi.org/10.1186/1741-7015-9-33 (2011).

Fidan, E. et al. The effects of rosiglitazone and metformin on inflammation and endothelial dysfunction in patients with type 2
diabetes mellitus. Acta Diabetol. 48, 297-302. https://doi.org/10.1007/s00592-011-0276-y (2011).

Vallianou, N. G., Evangelopoulos, A. & Kazazis, C. Metformin and cancer. The review of diabetic studies. RDS 10, 228-235. https://
doi.org/10.1900/rds.2013.10.228 (2013).

Wahdan-Alaswad, R. S., Edgerton, S. M., Salem, H. S. & Thor, A. D. Metformin targets glucose metabolism in triple negative breast
cancer. J. Oncol. Transl. Res. https://doi.org/10.4172/2476-2261.1000129 (2018).

Kernan, W. N., Viscoli, C. M., Makuch, R. W,, Brass, L. M. & Horwitz, R. I. Stratified randomization for clinical trials. J. Clin.
Epidemiol. 52, 19-26. https://doi.org/10.1016/s0895-4356(98)00138-3 (1999).

Barakat, H. E., Hussein, R. R. S., Elberry, A. A., Zaki, M. A. & Elsherbiny Ramadan, M. Factors influencing the anticancer effects
of metformin on breast cancer outcomes: A systematic review and meta-analysis. Expert Rev. Anticancer Ther. https://doi.org/10.
1080/14737140.2022.2051482 (2022).

Patterson, R. E. et al. The effects of metformin and weight loss on biomarkers associated with breast cancer outcomes. J. Natl.
Cancer Inst. 110, 1239-1247. https://doi.org/10.1093/jnci/djy040 (2018).

Dupont, J. & Le Roith, D. Insulin-like growth factor 1 and oestradiol promote cell proliferation of MCF-7 breast cancer cells: New
insights into their synergistic effects. Mol. Pathol. 54, 149-154. https://doi.org/10.1136/mp.54.3.149 (2001).

Goodwin, P. J. et al. High insulin levels in newly diagnosed breast cancer patients reflect underlying insulin resistance and are
associated with components of the insulin resistance syndrome. Breast Cancer Res. Treat. 114, 517-525. https://doi.org/10.1007/
$10549-008-0019-0 (2009).

Reddy, S. M. et al. Long-term survival outcomes of triple-receptor negative breast cancer survivors who are disease free at 5 years
and relationship with low hormone receptor positivity. Br. J. Cancer 118, 17-23. https://doi.org/10.1038/bjc.2017.379 (2018).
Rakha, E. A. et al. Breast cancer prognostic classification in the molecular era: The role of histological grade. Breast Cancer Res.
12, 207. https://doi.org/10.1186/bcr2607 (2010).

Pimentel, I. et al. A phase II randomized clinical trial of the effect of metformin versus placebo on progression-free survival in
women with metastatic breast cancer receiving standard chemotherapy. Breast 48, 17-23. https://doi.org/10.1016/j.breast.2019.
08.003 (2019).

Zhao, Y. et al. A randomized phase II study of aromatase inhibitors plus metformin in pre-treated postmenopausal patients with
hormone receptor positive metastatic breast cancer. Oncotarget 8, 84224-84236. https://doi.org/10.18632/oncotarget.20478 (2017).
Graham, G. G. et al. Clinical pharmacokinetics of metformin. Clin. Pharmacokinet. 50, 81-98. https://doi.org/10.2165/11534
750-000000000-00000 (2011).

Thor, R. S. W.-A. a. A. D. in Metformin (ed Anca Pantea Stoian) (2020).

Hadad, S. et al. Evidence for biological effects of metformin in operable breast cancer: A pre-operative, window-of-opportunity,
randomized trial. Breast Cancer Res. Treat. 128, 783-794. https://doi.org/10.1007/s10549-011-1612-1 (2011).

Jin, X., Jiang, Y. Z., Chen, S., Shao, Z. M. & Di, G. H. A nomogram for predicting the pathological response of axillary lymph node
metastasis in breast cancer patients. Sci. Rep. 6, 32585. https://doi.org/10.1038/srep32585 (2016).

Vila, J. et al. Nomograms for predicting axillary response to neoadjuvant chemotherapy in clinically node-positive patients with
breast cancer. Ann. Surg. Oncol. 23, 3501-3509. https://doi.org/10.1245/s10434-016-5277-1 (2016).

Denkert, C. et al. Ki67 levels as predictive and prognostic parameters in pretherapeutic breast cancer core biopsies: A translational
investigation in the neoadjuvant GeparTrio trial. Ann. Oncol. 24, 2786-2793. https://doi.org/10.1093/annonc/mdt350 (2013).
Goorts, B. et al. Clinical tumor stage is the most important predictor of pathological complete response rate after neoadjuvant
chemotherapy in breast cancer patients. Breast Cancer Res. Treat. 163, 83-91. https://doi.org/10.1007/s10549-017-4155-2 (2017).
Gass, P. et al. Prediction of pathological complete response and prognosis in patients with neoadjuvant treatment for triple-negative
breast cancer. BMC Cancer 18, 1051. https://doi.org/10.1186/s12885-018-4925-1 (2018).

Resende, U, Cabello, C., Ramalho, S. O. B. & Zeferino, L. C. Prognostic assessment of breast carcinoma submitted to neoadjuvant
chemotherapy with pathological non-complete response. BMC Cancer 19, 601. https://doi.org/10.1186/s12885-019-5812-0 (2019).
Guarneri, V. et al. Preoperative chemotherapy plus trastuzumab, lapatinib, or both in human epidermal growth factor receptor
2-positive operable breast cancer: Results of the randomized phase II CHER-LOB Study. 30, 1989-1995, https://doi.org/10.1200/
jc0.2011.39.0823 (2012).

Fenn, K. et al. Phase 1 study of erlotinib and metformin in metastatic triple-negative breast cancer. Clin. Breast Cancer 20, 80-86.
https://doi.org/10.1016/.clbc.2019.08.004 (2020).

Li, H. et al. Exploration of metformin as novel therapy for osteoarthritis: Preventing cartilage degeneration and reducing pain
behavior. Arthritis Res. Ther. 22, 34-34. https://doi.org/10.1186/s13075-020-2129-y (2020).

Axelsen, C. T,, Jensen, A. B., Jakobsen, E. H. & Bechmann, T. Bone loss during neoadjuvant/adjuvant chemotherapy for early stage
breast cancer: A retrospective cohort study. Mol. Clin. Oncol. 8, 767-772. https://doi.org/10.3892/mc0.2018.1615 (2018).
Jeyabalan, J., Shah, M., Viollet, B. & Chenu, C. AMP-activated protein kinase pathway and bone metabolism. J. Endocrinol. 212,
277-290. https://doi.org/10.1530/joe-11-0306 (2012).

Bahrambeigi, S., Yousefi, B., Rahimi, M. & Shafiei-Irannejad, V. Metformin; an old antidiabetic drug with new potentials in bone
disorders. Biomed. Pharmacother. 109, 1593-1601. https://doi.org/10.1016/j.biopha.2018.11.032 (2019).

Mao-Ying, Q. L. et al. The anti-diabetic drug metformin protects against chemotherapy-induced peripheral neuropathy in a mouse
model. PLoS ONE 9, e100701. https://doi.org/10.1371/journal.pone.0100701 (2014).

Price, T. ], Das, V. & Dussor, G. Adenosine monophosphate-activated protein kinase (AMPK) activators for the prevention, treat-
ment and potential reversal of pathological pain. Curt. Drug Targets 17, 908-920. https://doi.org/10.2174/13894501166661511020
95046 (2016).

Taylor, A. et al. The use of metformin is associated with decreased lumbar radiculopathy pain. J. Pain Res. 6, 755-763. https://doi.
org/10.2147/JPR.S52205 (2013).

Velikova, G. et al. Health-related quality of life in EORTC clinical trials—30 years of progress from methodological developments
to making a real impact on oncology practice. Eur. J. Cancer Suppl. 10, 141-149. https://doi.org/10.1016/S1359-6349(12)70023-X
(2012).

Scientific Reports |

(2022) 12:7656 | https://doi.org/10.1038/s41598-022-11138-3 nature portfolio


https://doi.org/10.3892/or_00000752
https://doi.org/10.1093/annonc/mdw365.81
https://doi.org/10.1200/JCO.2016.34.15_suppl.e12519
https://doi.org/10.1200/JCO.2016.34.15_suppl.e12519
https://doi.org/10.1158/0008-5472.CAN-07-2310
https://doi.org/10.1158/0008-5472.CAN-07-2310
https://doi.org/10.1186/1741-7015-9-33
https://doi.org/10.1007/s00592-011-0276-y
https://doi.org/10.1900/rds.2013.10.228
https://doi.org/10.1900/rds.2013.10.228
https://doi.org/10.4172/2476-2261.1000129
https://doi.org/10.1016/s0895-4356(98)00138-3
https://doi.org/10.1080/14737140.2022.2051482
https://doi.org/10.1080/14737140.2022.2051482
https://doi.org/10.1093/jnci/djy040
https://doi.org/10.1136/mp.54.3.149
https://doi.org/10.1007/s10549-008-0019-0
https://doi.org/10.1007/s10549-008-0019-0
https://doi.org/10.1038/bjc.2017.379
https://doi.org/10.1186/bcr2607
https://doi.org/10.1016/j.breast.2019.08.003
https://doi.org/10.1016/j.breast.2019.08.003
https://doi.org/10.18632/oncotarget.20478
https://doi.org/10.2165/11534750-000000000-00000
https://doi.org/10.2165/11534750-000000000-00000
https://doi.org/10.1007/s10549-011-1612-1
https://doi.org/10.1038/srep32585
https://doi.org/10.1245/s10434-016-5277-1
https://doi.org/10.1093/annonc/mdt350
https://doi.org/10.1007/s10549-017-4155-2
https://doi.org/10.1186/s12885-018-4925-1
https://doi.org/10.1186/s12885-019-5812-0
https://doi.org/10.1200/jco.2011.39.0823
https://doi.org/10.1200/jco.2011.39.0823
https://doi.org/10.1016/j.clbc.2019.08.004
https://doi.org/10.1186/s13075-020-2129-y
https://doi.org/10.3892/mco.2018.1615
https://doi.org/10.1530/joe-11-0306
https://doi.org/10.1016/j.biopha.2018.11.032
https://doi.org/10.1371/journal.pone.0100701
https://doi.org/10.2174/1389450116666151102095046
https://doi.org/10.2174/1389450116666151102095046
https://doi.org/10.2147/JPR.S52205
https://doi.org/10.2147/JPR.S52205
https://doi.org/10.1016/S1359-6349(12)70023-X

www.nature.com/scientificreports/

80. Walton, M. K. et al. Clinical outcome assessments: Conceptual foundation-report of the ISPOR clinical outcomes assessment-
emerging good practices for outcomes research task force. Value Health ]. Int. Soc. Pharmacoecon. Outcomes Res. 18, 741-752.
https://doi.org/10.1016/j.jval.2015.08.006 (2015).

81. McKee, A. E., Farrell, A. T, Pazdur, R. & Woodcock, J. The role of the U.S. food and drug administration review process: Clinical
trial endpoints in oncology. The Oncologist 15 Suppl 1, 13-18, https://doi.org/10.1634/theoncologist.2010-S1-13 (2010).

82. Harbeck, N. et al. Breast cancer. Nat. Rev. Dis. Primers 5, 66. https://doi.org/10.1038/s41572-019-0111-2 (2019).

83. Niraula, S. et al. Metformin in early breast cancer: A prospective window of opportunity neoadjuvant study. Breast Cancer Res.
Treat. 135, 821-830. https://doi.org/10.1007/s10549-012-2223-1 (2012).

84. Lin, Y. et al. Evaluation of metformin on cognitive improvement in patients with non-dementia vascular cognitive impairment
and abnormal glucose metabolism. Front. Aging Neurosci. 10, 227. https://doi.org/10.3389/fnagi.2018.00227 (2018).

85. Hartman, S. J. et al. The effects of weight loss and metformin on cognition among breast cancer survivors: Evidence from the Reach
for Health study. Psychooncology 28, 1640-1646. https://doi.org/10.1002/pon.5129 (2019).

86. AlHussain, E et al. Metformin improves the depression symptoms of women with polycystic ovary syndrome in a lifestyle modi-
fication program. Patient Prefer Adherence 14, 737-746. https://doi.org/10.2147/PPA.S244273 (2020).

87. Khurana, R. & Malik, I. S. Metformin: Safety in cardiac patients. Heart (British Cardiac Society) 96, 99-102. https://doi.org/10.
1136/hrt.2009.173773 (2010).

88. Wiwanitkit, S. & Wiwanitkit, V. Metformin and sleep disorders. Indian J. Endocrinol. Metab. 16(Suppl 1), S63-S64. https://doi.
0rg/10.4103/2230-8210.94262 (2012).

89. Vanderpuye, V. et al. An update on the management of breast cancer in Africa. Infect. Agents Cancer 12, 13. https://doi.org/10.
1186/s13027-017-0124-y (2017).

Acknowledgements
Authors would like to acknowledge the medical staff at Beni-Suef University Hospital for their exemplary care,
enthusiastic participation, and valuable support.

Author contributions

H.E.B. devised the main conceptual ideas and designed the study under supervision of M.A.Z. H.E.B. performed
experiments and conducted the data collection under supervision of M. E. R. H.E.B. conducted the data analyses
under supervision of R. R. H. H.E.B. and R. R. H wrote the manuscript and A. A. E. commented the manuscript.
M.E.R,, A. A.E, M.A. Z., and R. R. H. supervised, directed and managed the study. All authors have read and
approved the final version of the manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB). This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.E.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:7656 | https://doi.org/10.1038/s41598-022-11138-3 nature portfolio


https://doi.org/10.1016/j.jval.2015.08.006
https://doi.org/10.1634/theoncologist.2010-S1-13
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.1007/s10549-012-2223-1
https://doi.org/10.3389/fnagi.2018.00227
https://doi.org/10.1002/pon.5129
https://doi.org/10.2147/PPA.S244273
https://doi.org/10.1136/hrt.2009.173773
https://doi.org/10.1136/hrt.2009.173773
https://doi.org/10.4103/2230-8210.94262
https://doi.org/10.4103/2230-8210.94262
https://doi.org/10.1186/s13027-017-0124-y
https://doi.org/10.1186/s13027-017-0124-y
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	The impact of metformin use on the outcomes of locally advanced breast cancer patients receiving neoadjuvant chemotherapy: an open-labelled randomized controlled trial
	Patients and methods
	Trial design and participants. 
	Eligibility criteria and patients selection. 
	Randomization. 
	Objective and outcome evaluation. 
	Analytical determination of circulating metformin in serum. 
	Patient-Reported Outcomes (PROs) assessment using QLQ-C30 and QLQ-BR23. 
	Statistical analysis. 

	Results
	Baseline patient demographics and tumor characteristics. 
	Pathological complete response (pCR) evaluation. 
	Clinical response evaluation. 
	Breast conservative rate (BCR) evaluation. 
	Safety and tolerability. 
	Serum metformin concentration. 
	Assessment of the QoL using QLQ-C30 and QLQ-BR23. 

	Discussion
	Conclusion
	References
	Acknowledgements


