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Abstract. Metformin as an adjuvant option for systemic treatment of breast cancer. Avierin D.I.,
Zavizion V.F. The modification of the used and development of new treatment regimens significantly improved the
overall, recurrence-free survival and quality of life of patients with malignant oncological diseases. Recently, drugs
used in non-oncological pathology have been introduced into cancer treatment regimens. This phenomenon is
associated with a better understanding of the biology of tumor cells and the mutations that can change this biology.
Metformin is actively researched in terms of the treatment of various oncological diseases. For the most part, the
modification of the neoadjuvant treatment regimen for early or locally advanced stages of breast cancer results in
a less traumatic variant of surgical procedure, thereby increasing recurrence-free survival. The aim is to
systematize the data on the possibilities of the antitumor metformin usage for neoadjuvant treatment of breast cancer
and to study the results of clinical and morphological effectiveness of the treatment by reviewing the literature. A
search of PubMed from February 2023 showed 258 results on the antitumor effects of metformin, of which only 159
were published in the last 5 years. On this subject only four clinical studies were carried out, and only one of them
pertained to the implementation of metformin in the systemic treatment of breast cancer. For this review, 55 sources
of general and specialized information on anticancer effects of metformin were analyzed. It should be noted that
approximately 60% of the study results were published more than 5 years ago and primarily focused on the
biological, not clinical aspects of metformin usage. Only one study regarding the implementation of metformin for
systemic treatment of breast cancer was carried out by Ukrainian scientists. Currently, there are 2 main hypotheses
regarding the antitumor effect of metformin. First one is driven by its impact on the metabolic function of cells and
energy deficit. Second — the method of regulating the proliferation of tumor cells involves the PIK3 branch of the
regulatory cascade of biological reactions in cancer cells. In addition, metformin reduces the development of
resistance in breast cancer cells, thus allowing active chemotherapy agents to act in synergism. However, further
studies on the effect of metformin used alone or in combination with standard chemotherapy regimens require a
more adequate definition of proto-oncogenic mutations and somatic mutation load. However, it should be
considered that more aggressive therapy of oncological diseases can be a nosocomial selector of more aggressive
clones of the pool of tumor cells. The main questions are whether metformin can be a targeted drug for the treatment
of tumor, whether it is appropriate to use it at the time when the manifestation of evolution disturbances of tumor
cell is minimal and homogeneity is maximal.

Pedepar. Merdopmin sik ax’lOBAHT CHCTEMHOro JiKyBaHHSI pakKy MoJO04YHOI 3ajo3u. Asepin JL.I.,
3agizion B.®. Moougirxayis cmapux ma cmeopenHs HOBUX cXeM JNIKYBAHHS 3HAYHO NOKPAWUIU 3A2ATbHY,
be3peyuoUBHy UICUBAHICIb MA SAKICHb HCUMML X8OPUX HA 310SAKICHI OHKON02i4HI 3ax60prosatis. OCmanHimM 4acom
YAPOBAODICEHO NIKU, WO GUKOPUCHOBYIOMbC NPU HEOHKOJO2IYHIL namonozii, 00 cxem JNiKY8AHHS OHKOJOSTYHUX
3axeoprosans. Lleil penomen nos’sazanuil 3 Kpawum po3yMIHHAM 0I0N1021i NYXAUHHUX KIIMUH ma Mmymayit, AKi
Modcymyv  3sMiHO8amu Yo Oionociro. Mem@opmin axmugHo 00CRiOHCYEMbCA 6 aACHneKmi JNIKYB8AHHA PIZHUX
OHKOJIO2IYHUX 3AaX80pI06AHbL. 30e0inbuloco mMoougikayis Heoao t108AHMHO20 pedcUMy NIKYB8AHHA NOKAAbHUX OO0
JIOKANIbHO NOWUPEHUX Ccmaoill paxy MOJOYHOI 3aN03U 6xce NPU3gooums 00 MeHW MpasMamuyHo2o 6apianmy
Xipypeiunozo emany ma mum camum 30invuiye be3peyuousHy sudxcueanicmo. Mema — cucmemamu3zyeamu OaHi wjooo
ModcauBoCmell NPOMUNYXIUHHO20 BUKOPUCAHHA MeM@BOPMIHY 018 Heoao t08AHMHO20 NIKYBAHHA PAKY MOJOYHOL
3aN03U MA GUBYEHHS Pe3YIbMamié 00CHIONCeH s KIIHIYHOT ma MOp@ON02iuHOT e(hekmuenocmi iKYyS8AHHA WAAXOM
oenady nimepamypu. 3a nouyxom PubMed NCBI 6i0 momoeo 2023 poky eidobpasiceno 258 pesynomamie ujo0o
NPOMURYXIUHHOT 0ii memepopminy, 3 Hux mineku 159 6ynu onybnikosaui 3a ocmanni 5 poxig. Kniniunux docniodcens
3a meMor NOWYKy 0y0 NPo8edeHo MilbKu 4 ma miibKu 00He WOo00 NPOBAOICEHHS 1020 00 CUCMEMHO20 JIIKYS8AHHS
PAKy MoouHoI 3an03u. [[na Hanucanus 02150y 6yn0 UKOPUCMAaHno ananiz 47 djcepen 3a2anvHol ma cneyianizo8anol
ingpopmayii. Bausexko 60% peszyromamie ycix docniodcenv Oyau npedcmasieni Oinvuie Hidc 5 pokie momy ma
gidobpaosicaroms nepwt 3a 6ce 0i0N02iuHI, a4 He KAIHIYHI acneKkmu GuKopucmawHs memgopminy. Jluwe oowue
00CNiOJHCeHHs OY10 NPOBedeHO BIMYUSHAHUMU GUEHUMU WO000 IMRleMeHmayii Mem@opminy 00 CUcmemHo20
JKY8aHHA paKy mMonouHoi 3ano3u. Hapasi icnye 2 npunyunosi cinomesu w000 npomunyxiuHHoz2o egexmy mem-
Gopminy. Ilepwa 3ymoerena eniueom Ha memaboriuny QyHxyiio kiimun ma eHepeemuynui Oegiyum. [pyea
3YyMOGIeHa 8NAUGOM Ha ochamuduninozumon-3-xinazu (PIK3) wnsax peeynayii nponigpepayii nyxaunnux xiimuH.
Kpim moeo, memeopmin 3menuye po3sumox pe3ucmenHmHocmi 6 Kiimunax paxky monounoi zarosu (PM3), mum
camum 003601I0YU AKMUBHUM XiMiomepaneemuyHum 3acobam dismu cunepziuno 3 Hum. IIpome nooanvuii
00CHi0AHCEHHS 6NAUSY MEMPDOPMIHY, AKUL GUKOPUCIOBYEMBCSL OKPEMO ab0 8 KOMOIHAYIT 31 cCMaHOApMHUMU CXeMAMU
Ximiomepanii, eumazaroms Oilbw O0eMANbHO2O BUSHAYEHHS NPOMOOHKOZEHHUX MYMayii [ COMAMUYHOZO
Mmymayiino2o Hasanmadcenns. Ilpome cnid ypaxosysamu, wo 6Oilbu acpecusHa mepanisi. OHKOAOSIYHUX
3axX60pI0BAHL MOdHCE OYMU HOZOKOMIANbHUM CENeKMOPOM Oilbll A2PeCUBHUX KIOHIE NYLY NYXAUHHUX KIAIMUH.
Tonosuumu 3anuwaromocs NUMAHHA: YU 3MOdHCe Mem@OpMIH Oymu mapeemHum npenapamom O AiKY8aHHs
NYXAUHHUX 30XBOPIOBAHL MA YU OOYLIbHEe 11020 GUKOPUCIIAHHS 8 MOl MOMEHM, KOJIU SUPANCEHICb eBONIOYIHUX
nopyuweHb NYXAUHHUX KAIMUH MIHIMAAbHA, 4 20MO2EHHICMb MAKCUMATbHA.
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A fair number of fundamental and clinical re-
search on tumor biology and tumor resistance to
treatment has been accumulated over the past ten
years. The result is a deeper understanding of the
biology of tumor growth and, therefore, the methods
of treatment that can be implemented in the therapy
of oncological diseases. Thus, cellular senescence,
phenotypic plasticity, epigenetic reprogramming, and
the influence of polymorphic microbiota were added
to the already existing theses regarding tumor bio-
logy. These theses make it clear that the border
between a normal cell and a tumor cell is becoming
less and less visible. In the context of the latest data,
the main question is not which processes are key for
carcinogenesis, but how the tumor manages to
chimerize the biological processes of cellular life.
Eventually, there are fewer gray questions in the
understanding of the nature of the tumor, but new
ones appear instead of the old ones, which can cause
new questions that, in the final understanding, can
change the paradigm of treatment of malignant
tumors [1, 2, 3, 4].

The key to this is the non-mutational epigenetic
reprogramming of cells, both normal and oncological.
Thanks to this, the cell is able to selectively transcribe
a strictly defined set of genes. In a tumor, epigenetic
regulation, combined with gene mutations and gene
instability, produces a unique molecular-genetic land-
scape that underlies the formation of the cell, its life
and, as a result, its treatment. It should be noted that
epigenetic regulation affects:

* signaling cascades that can provoke cell pro-
liferation and cause resistance to chemopreparations
(the PI3K/AKT/mTOR pathway);

* glucose metabolism and strengthen the Warburg
effect;

» hypomethylation of genes implementing epithe-
lial-mesenchymal transition reactions;

* expression of genes whose proteins can be used
for antigen presentation and perform a target role for
T-cytotoxic lymphocytes [1].

Cancer and diabetes are two of the most common
chronic diseases worldwide, which are strongly
linked. Diabetes mellitus is a significant factor in the
unfavorable prognosis for many groups of patients
with an oncological, infectious, cardiology profile,
etc. Many epidemiological studies show a significant
increase in the risk of developing cancer against the
background of diabetes [2, 3].

There is substantial evidence that the risk of
developing and dying from breast cancer is higher in
diabetics compared to nondiabetics, excluding all
other diseases. There are enough publications and
meta-analyses linking increased survival and the use
of antidiabetic drugs in patients with breast cancer
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and diabetes [4, 5]. Thus, the increased risks of the
development of BC among the population of patients
with diabetes mellitus (DM) were found in ret-
rospective and prospective studies (SRR 1.36 (95%
CI, 1.13-1.63)) versus 1.27 (95% confidence interval
(CD), 1.16-1.39) [48].

According to the Centers for Disease Control and
Prevention (CDC) and National Comprehensive
Cancer Network (NCCN), breast cancer is one of the
most common types of cancer in women and rep-
resents a significant public health problem. The
American Cancer Society estimates that one in eight
women will be diagnosed with breast cancer at some
point in their lives, and the incidence increases with
age [6, 50]. Examining the standardized mortality
ratios (SMRs) for each age group, it was found that the
younger group of patients with BC had a higher SMR
than the older group (SMR 9.68, 95% CI: 8.99t0 10.42)
versus SMR 3.11, 95% CI: 2.54 to 3.76) [49]. NCCN
also reports that 15.2% of people diagnosed with breast
cancer die within the first year after diagnosis [6]. The
etiology associated with breast cancer is complex and
involves interactions between environmental, lifestyle,
and genetic factors that together determine tumor risk.
As a rule, oncological diseases occur when cells lose
the ability to stop the proliferation process in
combination with resistance or reduction of the process
of cell death by apoptosis.

Neoadjuvant polychemotherapy (NAPCT) in
early breast cancer may make breast-conserving sur-
gery more feasible and more likely to eradicate
micrometastatic disease than the same chemotherapy
given after surgery, adjuvant polychemotherapy
(APCT). In a general sense, the issue of using
NAPCT can fundamentally change the tactics of
further treatment of the patient, make the prognosis
more favorable. According to some data, only 15 to
45% of cases, including all immunohistochemical
(IHC) types of breast cancer, can achieve a complete
pathological response to NAPCT [7, §].

A significant increase of a number of patients with
a complete morphological response (pCR) after the
neoadjuvant (NA) therapy can significantly increase
the recurrence-free survival (5-year progression-free
survival rate, 80% vs. 53%, (p=0.030) and 5-year
overall survive (OS) rate, 86% vs. 54%, (p =0.042)
than those who did not achieve pCR [53]. That can be
reason of disability reduce after surgical treatment,
lower levels of cardiotoxicity and neurotoxicity,
which can reduce the burden on the financial health
care system of the country, government programs or
insurance systems and financial toxicity for the pa-
tient. This is the most successful justification for
changes in the preoperative tactics of treating patients
with breast cancer [9, 52]. Thus, among the group of
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patients who received NA treatment, the following
results were achieved: no stage change =29.1%, stage
reduction =7.9%, total pCR=19.2%. The results are
associated with improved OS: with triple-negative
BC [HR=0.58, 95% confidence interval (95%
CI1=0.37-0.89), nodal-only pCR was associated with
by improvement of OS as with triple negative
(HR=0.55, 95% CI=0.39-0.76), with luminal-B, her-
2/neu negative (risk ratio =0.54, 95% CI=0.33-0.89).
For patients achieving overall (breast and axillar
nodes) pCR, unadjusted 5-year OS was 0.94 (95%
CI=0.93-0.95), with no difference between patients
who were cNO (hazard ratio =0.95, 95% CI1=0.93-0.96)
or cN1 (hazard ratio =0.94, 95% CI=0.92-0.96) at
diagnosis [51].

One of the clear examples of the need to achieve
pCR was a group of patients who started receiving
targeted therapy (TT) with trastuzumab and, accor-
ding to current protocols, should continue TT for
12 months. However, the European Society for Medi-
cal Oncology (ESMO) at the Annual Meeting 2021
provided initial convincing data on trastuzumab de-
escalation in patients with breast cancer. It should be
noted that such tactics can only be correlated with a
complete tumor response. A meta-analysis of 3 clini-
cal trials showed non-inferior efficacy of 6 months
versus 12 months of adjuvant trastuzumab therapy.
But the absolute difference in 5-year recurrence-free
survival is 0.7% and requires the search for biomar-
kers to choose 6 or 12 months of therapy. The data of
this meta-analysis should already be discussed with
patients, considering the possible balance of benefits
and harms [10].

One of these markers can be the achievement of
pCR after NA therapy, which was once again demon-
strated in another meta-analysis — adding Lapatinib to
Trastuzumab in NA not only improves results, but
these results also correlate with achieving pCR. Thus,
the search for new options for systemic treatment and
modifications of existing ones can ultimately change
the attitude towards adjuvant therapy for breast
cancer and, as a result, reduce the duration of treat-
ment, separate consequences of therapy (cardio and
neurotoxicity), and increase the overall life expec-
tancy of cancer patients [11, 12, 13].

Recently, metformin and other hypoglycemic
drugs have been studied as modifiers or independent
anticancer drugs. This path has already been taken by
coffeine for the treatment of soft tissue sarcomas [14].
Studying metformin effects has demonstrated
increasing of pCR in the group of patients with the
addition of metformin 14.8% versus 6.3% (p-value
0.39) [8]. Considering the analyzed information, three
separate clinical questions should be identified
separately.
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1. Molecular issues. Chronic energy excess and
decrease of physical activity led to systemic changes
in carbohydrate and fatty acid metabolism characte-
rized by systemic hyperglycemia, hyperinsulinemia
with insulin resistance followed by hypoinsulinemia,
increased inflammatory cytokines and adipokines,
altered steroid and growth hormone levels, and dec-
reased immune surveillance and tissue oxygenation.
These changes are common but variable in patients
with obesity and type 2 diabetes and can be modified
by medications, exercise, weight management, socio-
economic factors, access to health care, genetic risk,
and other factors. Patients with these disorders are at
increased risk for cardiovascular events, cancer, and
other diseases associated with significant morbidity
and mortality. In the US, there are ~13.8 million
type 2 diabetics, 5 million undiagnosed diabetics, and
41 million individuals with prediabetes/metabolic
syndrome [15, 17].

Energy-sensing systems are an integral part of
maintaining homeostasis in normal and transformed
cells. Energy deficiency is a common phenomenon in
cancer cells due to insufficient blood supply to meet
the needs of increased cell replication. In energe-
tically stressed cells, AMP-activated protein kinase
(AMPK) is allosterically modified by binding to
adenosine monophosphoric acid (AMP) and adeno-
sine diphosphoric acid (ADP), making them AMPK
target kinases. AMPK activation induces signaling,
upregulates energy production, and inhibits energy
programming for cell growth and motility. In cancer
cells, this shift often does not occur even under stress.
As a result, cancer cells tend to prioritize replication
and motility to promote cancer growth and metas-
tasis. Agents that activate AMPK, particularly met-
formin, re-enter AMPK into a protective/normal
functioning mode to delay proliferation and motility
(migration ability) of cancer cells. [18] It has two
proposed antitumor mechanisms: direct (insulin-
independent) and indirect (insulin-dependent) action.
Metformin is commonly used as a method of com-
bating insulin resistance by reducing the amount of
available glucose in the blood in the treatment of
type 2 diabetes. Activation of AMPK also affects
modulation of adenosine Al receptor, reduction of
insulin and insulin-like growth factor, inhibition of
endogenous reactive oxygen species (ROS), which
may be associated with damage to the deoxyribo-
nucleic acid (DNA) molecule and is another impor-
tant antitumor mechanism that should be noted for
metformin [16]. Jalving and colleagues rely on the
judgment regarding the risk of developing malignant
tumors due to insulin resistance through the activation
of signaling pathways of insulin-like growth factor in
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tumor cells and the strengthening of the role of
estrogen receptors [19].

Targeted metabolic mechanisms for cancer treat-
ment have been proposed as a simpler approach than
targeting mutated gene substrates to kill all cancer
cells at once. Since the degree of metabolic repro-
gramming that occurs in a cancer cell goes far beyond
the regulation of sugar-dependent pathways (War-
burg effect), it covers almost all metabolic aspects
and takes into account the extremely high biological
flexibility of cancer cells, targeting glycolysis or
specific metabolic pathways in cancer can be as
challenging as targeting somatic mutations [20].
Yamaguchi et al provide evidence on the existence of
drugs that can act on a wide spectrum of the cascade
of glycolytic metabolism of malignant cells at various
stages of the cycle and development, and confirm this
in an experiment on cell cultures. However, it is
impossible to build a treatment strategy for the patient
until the patient's genetic metabolism is analyzed, the
range of metabolic pathways is determined, and the
use of the drug will not be associated with a
randomized "switch" of glycolysis, and on the other
hand, the question of the safety of using these
inhibitors, since, for example, brain cells have a high-
level glycolysis [21].

Cells can escape death from metabolic inhibitors
by turning off the glycolytic pathway and switching
to aerobic respiration. If cancer cells depend on
glycolysis they can easily carry out these metabolic
changes to hide among non-proliferative oxidative
phosphorylation-dependent normal cells until the
treatment ends, then there is a possibility that the
metabolic features of cancer cells will return after the
treatment with glycolysis inhibitors is stopped [22].

Malignant cells support proliferation, and thus
tumor progression in general, by adapting to meta-
bolic changes and finding new proliferation-stimu-
lating factors. Tumor cells are able to change meta-
bolism due to increased absorption of glucose and
fermentation of the latter to lactate, regardless of the
conditions of oxygen supply. Glucose metabolism in
tumor cells is regulated by many factors from
protooncogenes mutations to directly carcinogenic
factors. Reprogramming of tumor cells is a complex
process involving the interaction of different
signaling pathways, such as target of rapamycin
(mTOR) in mammalians, Akt/phosphatidylinositol 3-
kinase (PI3K), PTEN, AMPK. Metformin activates
the phosphorylation (AMPK-P) pathway by inhibi-
ting complex 1 of the mitochondrial respiratory chain.
Breast adenocarcinoma cells typically express high
levels of Akt/phosphatidylinositol-3-kinase (PIK3), a
target of signaling pathway of rapamycin (mTOR) in
mammalians, which reduces their ability to undergo
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apoptosis [23]. In studies on cell cultures and with
xenotransplants, the dosage of metformin up to
150 mg/kg/day was analyzed in single-mode and in
combination with cytostatic drugs and radiation
therapy [23] Metformin also induced folate and
homocysteine accumulation in both primary tumors
stem cells and next-generation cells of the CAMA-1
population, indicating abnormalities in nucleotide
synthesis associated with defects in the tetra-
hydrofolate pathway [54].

Considering the activation of AMPK and the
effect on hormone receptors, metformin provides a
unique and, as a rule, less toxic effect on the inhibition
of cell replication. The ability of metformin to induce
cell death in breast cancer germ cells is of significant
clinical significance given their role in therapeutic
resistance, stabilization, and disease progression.
Therefore, there is now more research on potentially
effective modification, prevention, and antitumor the-
rapy for many types of cancer [24, 25, 26, 27].

Regarding the study of metformin in the treatment
of breast cancer, it reduces the recurrence of cancer
by preferentially killing differentiated rather than
undifferentiated cancer cells. However, in combi-
nation with chemotherapy, metformin is particularly
active against undifferentiated cells and more aggres-
sive types of breast cancer (luminal B/triple-nega-
tive). Metformin treatment activates AMPKao and
inhibits COX-2 expression in breast cancer cells [28].

In studies of cells (in vitro) resistant to trastuzu-
mab, as well as in xenograft models, the combination
of trastuzumab and metformin significantly reduced
CD44 +, CD24—/low subpopulations (cancer stem
cells) and reduced tumor volume. In combination
with doxorubicin (A), paclitaxel (T) or carboplatin
(P), metformin can also kill germ cells and reduce the
effective dose required for highly toxic chemotherapy
agents, minimizing the risk of chemotherapy drugs
overdose and their cumulative effect. On the other
side the dosing of metformin as an anticancer therapy
has not been optimized, metformin-based cancer
clinical trials are based on its antidiabetic use (850 mg
orally once or twice daily). The ability of metformin
to inhibit cancer cell proliferation and promote
apoptosis requires supraphysiological concentrations
of the drug (>5 mM), which are much higher than
those used in patients with type 2 diabetes treated
with standard metformin [29, 30, 31].

In addition, metformin also reduces the deve-
lopment of resistance in breast cancer cells, thereby
allowing active chemotherapy agents to act syner-
gistically with metformin. It also blocks two cellular
pathways of nicotinamide adenine dinucleotide
(NAD+) regeneration, resulting in complete loss of
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NAD+ function in tumor cells. As a result, NAD+ de-
pletion, in turn, leads to cell death [32, 33, 34].

2. Resistance to metformin in the prevention
and treatment of breast cancer. Circulating glucose
may be an important factor in the response to met-
formin treatment in cancer patients. Menendez and
colleagues reported that the effectiveness of
metformin increased in breast cancer cells that had
been deprived of glucose [35].

Glucose concentration affects cell signaling and
metformin-related changes. As shown by studies per-
formed using 4 representative cell lines T-47D (ER+,
PR+, HER2-), SK-BR-3 (ER-, PR-, HER2+), MDA-
MB-468 (triple negative) and MDA- MB-231 (triple
negative) breast cancer, at a high concentration of
glucose, in comparison with cells cultured in its
physiological concentrations, cell proliferation, clo-
nogenicity is stimulated, the cell cycle and cell moti-
lity are accelerated (migratory properties and the
probability of epithelial-mesenchymal transition
increase), and apoptosis is suppressed at the same
time. In each of the studies, metformin-related chan-
ges were generally enhanced at physiological glucose
concentrations (up to 6.1 mmol/L) compared to sup-
raphysiological glucose levels. These data sub-
stantiate the effect of glucose with or without met-
formin on changes in the expression and activation of
critical signaling molecules. The correlation between
the amount of glucose in the culture assays and the
expression of Akt, mTOR, STAT3 and ERK was not
observed. Elevated glucose levels were associated
with increased levels of phosphorylated variants p-
mTOR and p-MAPK. As a result of the addition of
metformin to the cell cultures, the level of p-Akt, p-
mTOR, p-STAT3 decreased significantly, but the
levels of mTOR, Akt, Stat3, p-erbB-2 and erbB2, p-
EGFR and EGFR, and IGF-1p did not change. These
effects were generally observed in cell culture studies
under moderate glucose levels of 5 mmol/L to
10 mmol/L, but they were less pronounced in cells
cultured at 17 mmol/L. B-actin expression has not
correlated with glucose levels or under metformin
modification impact. These data indicate that the
concentration of glucose in cell cultures can influence
both the basal activation of multiple signaling mole-
cules and the efficacy of the addition of metformin to
a systemic treatment regimen.

Glucose allows metformin to inhibit procarcino-
genic signal transduction more effectively in mali-
gnant cells. Metformin protects normal cells at the
physiological glucose level, causing inhibition of the
life cycle in BC cells. A clear example is the change
in the concentration of some RNA molecules (FASN,
LSS and GRB2 and INSIGI1), which expression
depends on the concentration of glucose. A change or,
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conversely, no change in the concentration of FASN,
LSS can correlate with the ability of more resistance
and survival of breast cancer cells evolved. Further
studies also confirmed that failure to maintain glucose
homeostasis leads to a more aggressive triple negative
phenotype of BC [36].

These studies showed that metformin protects
normal cells in the presence of physiological amounts
of glucose, while it induces cell cycle arrest in breast
cancer cells. Conversely, glucose disposal induced
breast cancer cell death, regardless of the following
subtypes: ER +, HER2 + and triple negative. Mo-
reover, under hyperglycemic conditions an excess
supply of glucose rescue triple-negative MDA-MD-
231 from damaging factors induced by cell death. It
is hypothesized that this is due to the production of
sufficient energy for proliferation by aerobic
glycolysis using excess glucose. Further studies also
confirmed that failure to maintain glucose
homeostasis leads to a more aggressive triple-
negative breast cancer phenotype [37].

Resistance to treatment is inherent in breast can-
cer, and metformin appears to be no exception.
Menendez's group used chronic metformin exposure
to establish metformin-resistant cells. In general,
there are 3 main questions regarding the use of
metformin for the treatment of malignant tumors:

1. This is a rather different concentration of met-
formin in plasma and in tissues, including tumor and
different microenvironment of the tumor and trans-
plants — which can give a significant error in the
interpretation of data from xenograft models to a real
clinical trial.

2. Rather imprecise and diverse interpretation of
studies and pharmacodynamics. Solving this issue
will help to understand the exact mechanism of in-
teraction and optimize the rational use of metformin,
its dosage, and regimen.

3. A major challenge in dosing and/or admini-
stering metformin to optimize plasma drug levels is
how to ensure that high concentrations of metformin
induce tumor regression with minimal toxicity to
normal tissue.

4. Identification of predictive biomarkers of met-
formin response and accurate patient selection are
important to ensure that the true response rate is
measured without bias by including patients who do
not respond to metformin simply because they are not
suitable candidates to benefit from it. The wvast
majority of current metformin-based clinical trials
have not selected patients on the basis of a particular
biomarker, which may have improved the poor
response rate commonly observed [38,39].

Acquired resistance to metformin causes rep-
rogramming of the genetic material/transcriptome in
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breast cancer cells. This is closely associated with a
high metastatic potential, which complicates treat-
ment due to excessive adaptability to a toxic (chemo-
induced) environment. The efficacy of metformin
was also reduced in breast cancer overexpressing
BRCA-2, a gene associated with the suppressive
function of AMPK. The BRCA2 gene is overex-
pressed in 10% to 20% of breast cancer patients,
making it a potential precision therapy for metformin-
resistant breast cancer cells. Many promising studies
propose a tailored genetic approach targeting specific
genetic mutations, such as BRCA-1/2, with combina-
tion therapy to reduce acquired metformin resistance,
for example, using platinum drugs or olaparib [40].

Usually, initial planning of treatment tactics,
including NA chemotherapy, is based on primary
biological data and tumor staging. It should be con-
sidered that this method can select more aggressive
clones of cells, with a general decrease in the tumor
burden. In such cases, disease recurrences are treated
with a significantly lower tumor response rate. On the
other hand, conversion of receptor status after NA
treatment and/or differentiation of expression of
receptor status or mutational burden is a sign of
biological heterogeneity within the same tumor,
which is also reflected in PIK3CA (phosphatidy-
linositol-4,5-bisphosphate 3-kinase, catalytic subunit
alpha) mutation status. In a systematic review and
meta-analysis, the overall frequency of discordant
PIK3CA status in primary and metastatic tumors was
9.8% (95% CI 7.0-13.0). This phenomenon in the
primary and metastatic tumor has both a direct and an
inverse nature. The presence of a PIK3CA mutation in
the metastasis and its absence in the primary tumor is
detected with a frequency of 8.9% (95% CI 6.1-12.1)
and vice versa with a frequency of 14% (95%
CI 11.8-18.2) [55]. Understanding this feature of the
disease is important when making therapeutic
decisions and further planning studies of the primary
and secondary focus. Such a conversion may cor-
relate with a decrease in the response to tumor treat-
ment and the acquisition of resistance to treatment,
including in combination with metformin.

Thus, the heterogeneous nature of breast cancer
complicates the treatment of the disease. However, in
vitro studies strongly support a role for metformin,
one of the most commonly used antidiabetic drugs, as
a general therapy for most, if not all, subtypes of
breast cancer. In addition, the possibility of using
metformin as a dual treatment for cancer and diabetes
is an important consideration as the comorbidity of
cancer and diabetes increases over time worldwide.
As highlighted in these in vitro studies, the mecha-
nism of action of metformin is still unclear and affects
more than one cellular signaling pathway [41].
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3. Clinical option of metformin using in syspe-
mic treatment. Xi and colleagues examined specific
breast cancer subtypes and found that the nondiabetic
metformin group in patients with luminal-A, luminal-
B (HER-2/neu hegative) and luminal-B (HER-2/neu
positive) had a better prognosis compared to the non-
diabetic group that did not receive metformin. Ho-
wever, in the diabetic groups, only in luminal-A and
luminal-B (HER-2/neu positive) type cancer, met-
formin-treated patients had a better prognosis than
metformin-naive group. It should also be noted that
the results of the studies demonstrate that body mass
index was not an independent prognostic factor. This
is a retrospective study with limited factor selection; in
addition, there were differences in the timing of medi-
cation and the amount of medication used by patients.
Glycemic control and degree of disease progression
were also unclear; therefore, further prospective
studies should be conducted among patients consi-
dering dose, regimen, and body mass index.

In independent studies, metformin demonstrated
reduced cell proliferation in insulin-resistant
patients with the luminal-B subtype of breast
cancer, although overall, metformin did not
significantly alter cell proliferation in this patient
cohort with a mean proportional increase of 4.0%
(95% CI, -5.6% to 14.4%) after 4 weeks. Diabetes
patients with the HER-2/neu+ subtype had better
tumor response rate with metformin therapy by Cox
regression analysis (p=0.026, HR=1.42, CI 95%
1.04-1.94) and had better survival rate (p=0.023,
HR=0.47, 95% CI 0.24-0.90) [42,43]. In contrast,
considering clinical cases of breast cancer patients
from 2005 to 2011, Besic and colleagues indicated
that long-term use of metformin in diabetes group
was not associated with the distribution of breast
cancer subtypes (p=0,01) [44]. Min and colleagues
studied patients with type 2 diabetes and breast
cancer who were treated with metformin
monotherapy or monotherapy with other hypogly-
cemic drugs. Patients in the metformin group had a
lower probability of metastases in the lymph nodes
than when using other antidiabetic drugs (p<0.05).
This suggests that metformin can overcome tumor
resistance to standard treatments [45]. In contrast,
Besic and colleagues found that there was no
change in PR expression between the metformin
and non-metformin groups. During this study
253 patients were examined (both premenopausal
and postmenopausal). It was concluded that the
different distribution of breast cancer molecular
subtypes in these three groups of patients was due
to other breast cancer risk factors, such as patient
age or obesity (p=0.01) [44]. Blood glucose
monitoring may provide a sufficient basis for
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further prediction of adverse effects of metformin
in combination with polychemotherapy or targeted
therapy and provide some insight into the response
of patients to metformin and that pharmacological
glucose deprivation combined with metformin
treatment may benefit hyperglycemic patients
[46, 47].

CONCLUSIONS

1. Medical science has advanced rapidly in the
field of cancer treatment, and research groups are
constantly searching for and developing new and
more effective drugs/methods to treat cancer. Ho-
wever, in a world where cancer is one of the most
lethal diseases, it will depend on the results of
ongoing clinical trials to determine and recommend
whether metformin is feasible and beneficial as a
modifier or an independent anticancer drug.

2. Further study of the receptor status for biological
profiling of subtypes of breast cancer is required for a
more complete study of the interaction of metformin
with tumor cells, anticancer drugs, and study of the
safety profile. The extrapolation of the metformin
studies to the use of hormonal therapy can become an
additional evidence base for expanding the use of met-
formin in the treatment of other oncological diseases.

3. Considering the review of the issues in the
article a list of the most of current topical tasks of
further research of metformin is formed. On the base
of the department of oncology and medical radiology

of the Dnipro State Medical University, the clinical
aspects of the use of metformin in the NA treatment
of breast cancer are being studied from the year 2020
and include consideration of the following issues:

a) safety and toxicity profile;

b) prediction, correction, and treatment of side
effects and complications;

c) research on the dependence of the effect on the
dose of metformin and the clinical effect, calculation
of the dose;

d) analysis and prediction of the clinical effect of
breast cancer systemic treatment with the metformin
addition;

e) search for clinical and laboratory markers pre-
dicting tumor response with the addition of metformin.
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