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Abstract. Esophageal squamous cell carcinoma (ESCC) is
an intractable type of cancer that requires novel therapeutic
modalities, since the therapeutic outcomes are often inad-
equate, even in response to multidisciplinary treatment. The
antitumor effect of metformin, an antidiabetic drug, has
been reported in esophageal cancer; however, its effects are
diverse. Since various multidisciplinary therapies are used in
ESCC, the antitumor effect of metformin is expected to be
synergistic in some treatment strategies. The present review
summarizes the antitumor effects of metformin and discusses
its use in combination with existing therapies. The present
study reviewed relevant studies where the molecular targets
of metformin (AMPK and inflammatory system signals) were
described, followed by the classification and organization of its
antitumor effects, and subsequently summarized the current
research on its antitumor effects, especially in ESCC. A number
of studies have reported that metformin prevents the develop-
ment of ESCC and exerts its antitumor effects through various
pathways. In addition, metformin has been shown to inhibit
tumor growth, induce apoptosis, inhibit cancer cell invasion,
migration and angiogenesis into the tumor, and decrease tumor
malignancy, such as metastasis. Furthermore, it may modulate
host tumor immunity in a tumor-suppressive manner and is
expected to improve prognosis following treatment for ESCC.
Notably, metformin may be beneficial in combination with
chemotherapy, such as cisplatin, and radiation. By contrast, it
has been shown to potentially induce resistance to 5-fluoro-
uracil. Finally, the effects of metformin in combination with
other therapies are discussed in the present study, and perspec-
tives on the potential benefits of metformin for future ESCC
treatment are presented. In conclusion, the present review may
be useful in improving the understanding of the wide range
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of antitumor effects of metformin. Although some concerning
points remain, using metformin in ESCC treatment could be
promising. Notably, more knowledge needs to be accumulated
regarding the effects of metformin on ESCC.
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1. Introduction

Esophageal cancer, an incurable gastrointestinal cancer, is
considered the sixth leading cause of cancer-related deaths and
the eighth most common type of cancer globally (1). Esophageal
squamous cell carcinoma (ESCC) is the predominant type
of esophageal carcinoma worldwide, especially in the Asian
belt (2). Esophageal cancer is prone to lymph node metastasis
in the early stages of the disease because the lymphatic system
is well-developed in the esophagus. Duan et al (3) reported
that the lymph node metastasis rate was 17.5% (25/143) even
in pathological T1 esophageal cancer. Furthermore, poor
outcomes in patients with esophageal cancer are also related
to the propensity for metastases, even when tumors are super-
ficial (2). Due to the nature of esophageal cancer, a variety of
treatment strategies are required, and multidisciplinary treat-
ments, such as surgery, chemotherapy, and radiation therapy,
are not sufficiently effective (4). Thus, new treatment methods
are required to improve the clinical outcomes.

Recently, the antitumor effect of metformin, an antidia-
betic drug, has been reported in many cancers (5). Due to its
safety, metformin is widely used to treat diabetes mellitus
(DM). Lactic acidosis is thought to be a significant side effect
of the drug. However, it has been reported that metformin does
not increase the risk of lactic acidosis in patients with type 2
diabetes who do not have heart, renal, or liver failure (6). Since
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it is a well-established DM management drug, metformin can
be anticipated to exhibit beneficial effects as a repurposed
cancer drug.

A wide range of therapeutic strategies, including surgery,
chemotherapy, radiation therapy, and immunotherapy, have
been selected to treat refractory ESCC. These strategies are
often used in combination to improve therapeutic efficacy
further. Metformin is expected to enhance the therapeutic
efficacy of many treatment strategies for ESCC because of
its broad antitumor effects and to exert synergistic effects in
these combined treatments. Therefore, it is very important to
know more about the antitumor effects of metformin; however,
owing to the diversity of the impact of metformin, a compre-
hensive understanding of its mechanism is complex.

In this review, we described the molecular targets of
metformin in ESCC and then categorized and organized the
antitumor effects of metformin in cancer prevention, cancer
suppression, host immunity, and cancer metabolism (Fig. 1).
Finally, we discussed the combined effects of metformin and
other therapies (Fig. 2), and then we provided a perspective on
the potential benefits of metformin in the future treatment of
ESCC.

2. Target molecules of metformin

Many target proteins of metformin have been reported, and their
associated effects are diverse. The critical target of metformin
is the 5'-adenosine monophosphate-activated protein kinase
(AMPK) (7.8). A large body of evidence suggests that AMPK
functions as a tumor suppressor and that its expression is down-
regulated in many cancers (9). Metformin activates AMPK via
liver kinase B1 (LKBI) (7). As a result, the expression of the
p-mammalian target of rapamycin (mTOR), p-p70S6K, and
cyclin D1, as well as the expression of the two mTOR-related
genes, 4EBP1 and S6K1, are suppressed, resulting in the
suppression of downstream molecular signaling and conse-
quently ESCC carcinogenesis (10,11).

Another molecular target for metformin is the transforming
growth factor (TGF)-f signaling pathway. Nakayama ef al (12)
reported that metformin inhibits epithelial-mesenchymal
transition (EMT) by suppressing the Smad phosphorylation
pathway and part of the non-Smad pathway downstream of
TGF-p that induces EMT.

Recently, it was reported that metformin inhibits signal
transducer and activator of transcription 3 (STAT3) and
nuclear factor-kappa B (NF-kB) signaling, which are essen-
tial proteins in the inflammatory response of ESCC. STAT3
is an inflammation-related molecule often correlated with
metformin (8,13,14). Smoking is one of the risk factors for
ESCC, and nicotine ingested through smoking interacts with
the choline receptor nicotinic alpha7 subunit (CHRNA7),
which induces cancer stem cells (CSCs) and cancer-initiating
cells (CICs), and subsequently activates the Janus Kinase
(JAK?2)/STAT3/Sox2 signaling pathway (13). Metformin
suppresses CHRNA7 expression via hypermethylation of
CHRNA?7 promoter DNA (13). This inactivation of the
STAT3-Bcl-2 pathway by metformin contributes to the inhibi-
tion of ESCC growth through crosstalk between apoptosis and
autophagy (14). NF-«B is also a master regulator of inflam-
mation and immunity. It has been reported that metformin

decreases the nuclear translocation of NF-kB, thus inhibiting
its activation (15) and inhibiting the phosphorylation of AKT,
an upstream regulator of NF-xB (16). Since metformin has a
wide range of effects, its antitumor effects are intertwined and
diverse.

3. ESCC prevention effects

Metformin effectively reduces the risk of tumor development
in many types of cancer, including ESCC (17). A prospec-
tive cohort study conducted in Sweden between 2005 and
2015 showed that metformin reduces the risk of ESCC (HR
0.68, 95% CI 0.54-0.85). The incidence of ESCC was 3.5 per
100,000 person-years in metformin users and 5.3 per 100,000
person-years in non-users of metformin. The risk reduction
was more pronounced in the new metformin users (HR 0.44,
95% CI 0.28-0.64) and in participants aged 60-69 years (HR
0.45,95% CI 0.31-0.66) (18).

The preventive effects of metformin on ESCC develop-
ment have been demonstrated in vivo. Fan et al (10) used
N-nitroso-N-methyl benzylamine (NMBzA), a specific
carcinogen that induces and promotes esophageal cancer, to
create a model for the ESCC progression in rats. They reported
that metformin significantly decreased the incidence of ESCC
and the number of precancerous lesions in rats treated with
NMBzA (10).

These reports suggest that metformin reduces the risk of
ESCC. Thus, metformin has the potential to be an effective
prophylactic drug in patients with achalasia and other diseases
that are at high risk for the development of ESCC. Therefore,
further studies are warranted.

4. Antitumor and anti-inflammatory effects on ESCC
progression

Cell proliferation and programmed cell death (apoptosis and
pyroptosis). Many studies have shown that metformin affects
ESCC cell proliferation and apoptosis both in vivo and in vitro.
In animal studies, metformin did not affect body weight or
vital signs (10). It also did not cause significant changes in
liver function, kidney function, or blood glucose levels (19). In
addition, no noticeable toxic reactions were observed (11). This
report provides evidence for the safety of metformin.

Metformin has also been reported to inhibit esophageal
inflammation by decreasing the expression of inducible
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2),
and interleukin-6 (IL-6) in vivo. Analysis of esophageal
epithelial cells showed that proliferating cell number antigen
(PCNA), a proliferation marker, was decreased, and cleaved
caspase-3, an apoptosis marker, was increased (10). In addi-
tion, metformin reduces tumor size in an ESCC cell line
xenograft model (11,15,20). Analysis of tumors indicated that
growth was inhibited while apoptosis and autophagy were
induced (14,15). These mechanisms are proposed to involve
increased expression of AMPK, p53, p21CIP1, and p27KIP1,
and repression of cyclinD1 (20), and the mTOR-related genes,
4EBP1 and S6K1 (11), in addition to reducing Stat3 activity
and Bcl-2 expression (14).

On the level of the cell cycle, metformin induces GO/G1 arrest,
inhibits proliferation, increases apoptosis, and inhibits colony and
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Figure 1. The effects of metformin against ESCC. Metformin exerts its
antitumor effects by suppressing tumors and improving host tumor immu-
nity. ESCC, esophageal squamous cell carcinoma; AMPK, 5'-adenosine
monophosphate-activated protein kinase; LKBI, liver kinase B1; mTOR,
mammalian target of rapamycin; TGF-f, transforming growth factor-3; JAK,
Janus Kinase; STATS3, signal transducer and activator of transcription 3;
NF-«B; nuclear factor-xB; TIME, tumor immune microenvironment.
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Figure 2. Possible effects of metformin on the effectiveness of ESCC treat-
ment based on basic research. ESCC, esophageal squamous cell carcinoma;
5-FU, 5-fluorouracil.

tumorsphere formation in human ESCC cells in vitro (10,11,19).
The induction of GO/G1 phase arrest was mediated by increased
expression of p21CIP1 and p27KIP1 (20). Concerning apoptosis,
STATS3 and its downstream target, Bcl-2, were inactivated, while
the expression levels of Bax and caspase-3 were increased (14,19).
Furthermore, it has been recently described that metformin
induces pyroptosis, a non-apoptotic inflammatory caspase-depen-
dent programmed cell death (PCD), via Gasdermin D (GSDMD)
in vitro and in vivo (21). These results suggest that metformin
could be an alternative treatment for ESSCs that are refractory to
chemotherapy and radiotherapy, as well as for other cancers with
a pyroptotic mechanism.
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Surprisingly, the sensitivity of ESCC cells to metformin
has been reported to increase under conditions of glucose
deprivation (22). Yu et al (22) noted that evaluating the effect
of metformin under glucose-depleted conditions was more
relevant considering the microenvironment of solid tumors
(typically lower than 0.5 mM) and that the glucose concen-
tration of the culture medium was influential in the in vitro
experimental setup. Further research is needed to elucidate the
underlying mechanism of the differential observed effects of
metformin based on the glucose concentration in the medium.

Interestingly, metformin selectively acts on cancer cells,
whereas Peng et al (23) reported that metformin acts differently
on ESCC cells (EC109) and normal cells (HEEC) because
metformin significantly inhibits growth and induces apoptosis
in cancer cells. Additionally, metformin suppressed STAT3
phosphorylation and Bcl-2 expression in ESCC cells but not in
normal cells (23). Feng et al (14) also reported that metformin
selectively inhibited the growth of ESCC tumor cells but not
immortalized non-cancerous esophageal epithelial cells. These
results suggest that metformin acts specifically on cancer cells,
which may explain the low observed side effects of metformin
administration in vivo.

In a human clinical trial, Wang et al (8) reported the effects
of low-dose metformin (250 mg/day for 7-14 days before
surgery) on ESCC and tumor immunity. Low-dose metformin
did not affect ESCC tumor growth and apoptosis, as assessed
by immunostaining for Ki67 and cleaved caspase-3. As it is
possible to use higher doses for DM treatment, future analyses
of the effects of metformin at higher doses are also desirable.

Invasion, migration, metastasis. Metformin inhibits cancer
cell invasion and migration, which are essential hallmarks
for invasion and metastasis. In an in vitro study, metformin
inhibited the migration and invasion of cancer cells (10,15)
and increased the expression of the epithelial marker
E-cadherin (15). Furthermore, metformin suppressed the
expression of matrix metalloproteinase (MMP)-2, MMP-9,
and N-cadherin (16). This expression signature has been
suggested to be inhibited in a phosphorylated AKT-dependent
manner (16). Metformin also inhibits tumor growth, suppresses
lung metastasis, and decreases the expression of MMP-2 and
MMP-9 in vivo (19). Thus, metformin inhibits the migration
and invasion of esophageal cancer cells by regulating the
expression of migration- and invasion-related genes.

Nakayama et al (12) reported the effects of metformin
on EMT induction via ionizing radiation (IR). They first
observed that IR irradiation induced the expression of TGF-f,
hypoxia-inducible factor (HIF)-1a, mesenchymal markers
(vimentin and N-cadherin), transcription factors (Slug, Snail,
and Twist), and MMPs. They observed that metformin
suppresses EMT-induced morphology and motility, but the
mechanism is not mediated through TGF-fbut instead through
phosphorylation of its downstream Smad2 and Smad3 (12).
Metformin enhanced IR-induced phosphorylation of AMPK.
However, mTOR phosphorylation was enhanced by radiation
and inhibited by metformin (12).

Yang et al (24) reported an experiment to simulate the ESCC
microenvironment using a tumor-conditioned medium (TCM)
from ESCC cell culture's supernatant or human ESCC tissue
homogenate's supernatant. TCM promotes tumor angiogenesis
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by transforming normal endothelial cells (NECs) into tumor
endothelial cells (TECs). However, metformin inhibited the
transition of NECs into TECs in the ESCC microenvironment
by inhibiting the JAK/STAT3/c-MYC signaling pathway.
Yang et al (24) first validated metformin's inhibitory effect
on angiogenesis in vivo using a human ESCC patient-derived
xenograft (PDX) mouse model (24).

These results indicate that metformin inhibits metastasis,
invasion, and angiogenesis and exerts antitumor effects. These
properties directly relate to patient prognosis, suggesting that
metformin may improve prognosis.

Cancer immunity. Metformin improves the tumor immune
microenvironment (TIME) in esophageal cancer, as reported
in a human clinical trial conducted by Wang et al (8). Low-dose
metformin (250 mg/day for 7-14 days before surgery) changes
the TIME to an anticancer state (8). Metformin reprogrammed
TIME to ‘infiltration-inflammation’ and increased the number
of infiltrating CD8+ cytotoxic T lymphocytes and CD20+
B-lymphocytes. Furthermore, an increase in tumor-suppres-
sive macrophages (CD11c+ M1 macrophages) and a decrease
in tumor-promoting macrophages (CD163+ M2 macrophages)
have been observed (8).

In the ESCC mouse model (4-NQ O-induced ortho-
topic ESCC mice 16 weeks old, metformin 50 mg/kg/day),
short-term metformin treatment reprogrammed TIME as
previously observed in humans, while long-term treatment
further shifted TIME to an active state (e.g., decreased CD4+
FoxP3+ regulatory T-cells) and suppressed ESCC growth (8).
Regarding the mechanism by which metformin regulates
CD4+ CD25+ regulatory T-cells in the microenvironment, it
has been reported that regulatory T-cells, which proliferate in
the tumor mass, are induced to undergo apoptosis, and their
number is drastically reduced. Detailed examination revealed
that fatty acid-dependent oxidative phosphorylation, the
primary source of energy metabolism of regulatory T-cells,
was reduced. Instead, the glucose-dependent glycolytic
system was enhanced, activating the pathway that leads to
cell death (25). Others have reported that metformin enhances
the phagocytosis of ESCC cells by macrophages in vitro (8)
and also alters the production of effector cytokines as tumor
necrosis factor-oa(TNF-a) and IL-10 in immune cells by
inducing AMPK activation and STAT3 inactivation (6).

These results suggested that metformin modulated the
immune status of the host in a tumor-suppressive manner
(Table I). These findings highlight the promising potential of
metformin in combination with treatment focusing on cancer
immunity, especially immunotherapy using immune check-
point inhibitors (ICIs).

Antitumor effect via metabolism, 2-Deoxyglucose (2DG).
Since glycolysis is enhanced in tumors even in the presence
of oxygen due to the Warburg effect and ATP generation is
more dependent on aerobic glycolytic metabolism than on
mitochondrial metabolism (26), glucose metabolism is one
of the targets of cancer therapy. 2-Deoxyglucose (2DG),
a glucose analog, inhibits hexokinase, the first restriction
enzyme in the glycolytic system, and acts as an inhibitor of
glucose metabolism (27). Both mitochondrial dysfunction and
aerobic glycolysis are signs of aggressive cancer growth, and

the glycolytic inhibitor, 2DG, appears to be a promising treat-
ment tool (28). As metformin is known to decrease oxidative
phosphorylation in ATP biosynthesis in the mitochondrial
inner membrane [27], the combination of metformin and 2-DG
is expected to be effective.

The dual combination therapy of metformin and 2-DG
synergizes apoptosis induction by decreasing Bcl-2 expression
and increasing p53 expression in vitro (28). It has been reported
that both glycolysis and oxidative phosphorylation are simulta-
neously induced in ESCC cancer stem cells (CSCs) depending
on the Hsp27-AKT-HK?2 pathway. In addition, the combination
of 2-DG and metformin, which inhibits the glycolytic system
and oxidative phosphorylation, led to the suppression of tumor
growth, including tumor size and weight, in a xenograft tumor
model (29). The combinatorial therapy of metformin and 2DG
has already been used for positron emission tomography (PET)
scans, seizure disorders, and DM and is expected to allow for
rapid evaluation of clinical efficacy (28).

5. Combination with current therapies

Improving treatment outcomes. The use of metformin in
ESCC treatment has been reported to enhance the prognosis
and prolong overall survival (OS). Van De Voorde et al (30)
reported that the use of metformin improved OS and distant
metastasis-free survival in 196 patients with esophageal
cancer treated with trimodality therapy (distant metas-
tasis-free survival, P=0.040; overall survival, P=0.012).
Although this study included a large number of patients
with esophageal cancer having adenocarcinoma (adeno-
carcinoma, n=137; squamous cell carcinoma, n=36; other,
n=4) and only a small number of patients taking metformin
(non-diabetic, n=172; diabetic without metformin, n=5;
diabetic taking metformin, n=19), the study was conducted
in a relatively large number of patients and was considered
meaningful.

Chemotherapy. Cisplatin and 5-FU, which are used in the
treatment of many patients, were also noted. As for cisplatin,
there have been a series of reports that its combination with
metformin enhances its antitumor effect. Basic experiments
suggest that the combination of metformin and chemotherapy
is beneficial, as metformin inhibits cell proliferation and
promotes cell apoptosis, thereby enhancing the effects of
cisplatin (11).

Interestingly, metformin synergistically enhanced the
cytotoxicity of cisplatin under glucose-depleted conditions,
which is representative of the microenvironment of solid
tumors. Possible mechanisms include enhanced cytotoxicity
by metformin, markedly reduced intracellular ATP levels,
AKT and AMPK signaling pathway abnormalities, and
impaired DNA repair (22).

Metformin exerts its antitumor effects by modulating
oxidation-reduction homeostasis. It acts as a pro-oxidant
by reducing intracellular glutathione, a major intracel-
lular antioxidant against reactive oxygen species (ROS). It
has been reported that the concomitant use of metformin
suppresses the cisplatin-induced increase in intracellular
glutathione and increases sensitivity to cisplatin in vitro and
in vivo (31). However, it was reported that metformin protects
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A, Immune cells

Effect of
Target Main function metformin Mentioned mechanism (Refs.)
CD8* T cell Cytotoxic effects 1 Increase p-AMPK positive cells, ®)
TNF-a1
CD4* Foxp3* T cell Immune suppression (regulatory) l 8)
CD20" B cell Antibody production, T cell activation 1 ®)
CD11c* macrophage (M1) Immune elimination 1 Increase p-AMPK positive cells, 8)
TNF-a1,IL-10]
CD163* macrophage (M2) TAM; angiogenesis promotion l ®)
B, Cytokines
Effect of
Target Main function metformin Mentioned mechanism (Refs.)
IL-6 Regulation of immune response and l Activate AMPK and attenuate (6,10)
inflammation downstream signaling such as
mTOR
IL-10 Suppression of the immune system l Activate AMPK and inactivate (6,8)
STAT3
TNF-a Elimination of tumor cells 1 Activate AMPK and inactivate (6.,8)
STAT3
TGB-p Regulates cell proliferation and 1 Activate AMPK and suppress (12)
differentiation, and promotes cell death mTOR signal

AMPK, 5'-adenosine monophosphate-activated protein kinase; TNF-a, tumor necrosis factor-a; IL, interleukin; mTOR, mammalian target
of rapamycin; STAT3, signal transducer and activator of transcription 3; TGB-f, transforming growth factor-f; TAM, tumor-associated

macrophage.

cells from the cytotoxicity of cisplatin by inducing a reduc-
tive intracellular environment that decreases cisplatin-DNA
adduct formation. They also noted that caution should be
taken when administering cisplatin to diabetic patients on
metformin (32).

Another chemotherapeutic agent used to treat ESCC is
5-fluorouracil (5-FU). Unlike cisplatin, metformin treatment
induced significant resistance to 5-FU in vitro (33). This
resistance is thought to be due to overall changes in nucleo-
tide metabolism, such as increased expression of thymidylate
synthase and thymidine kinase 1, which are established
mechanisms of 5-FU resistance that increase the intracellular
dTTP pool and dilution of 5-FU assimilates (33).

Metformin in combination with cisplatin during chemo-
therapy has been reported in both directions. However,
metformin in combination with 5-FU has the risk of inducing
resistance and should be treated with caution. As chemo-
therapy plays a critical role in the treatment of ESCC, further
studies on this combination therapy are required.

Radiation therapy. Radiation therapy (RT) is essential for
treating ESCC as chemotherapy and surgery, and the effect of
metformin on its efficacy has also been studied. Clinical data

suggest that metformin improves progression-free and overall
survival in various cancer patients treated with RT, although
the results are not always consistent (34).

Metformin has been reported to inhibit hypoxia-induced
resistance to radiotherapy in ESCC. Hypoxia is a critical
cause of radioresistance because oxygen is a source of free
radicals necessary for ionizing radiation (IR) to kill tumor
cells. Hypoxia can induce a series of cellular biological
transformations to prevent the harmful effects of IR (35). In
ESCC, miR-340-5p, highly expressed in exosomes derived
from hypoxic tumor cells, induces radiotherapy resistance by
targeting KLF10. However, metformin increases the expres-
sion of KLF10 and enhances radiosensitivity (35).

Although there are few reports related to ESCC, reports on
other carcinomas suggest that the combination of metformin
and RT is promising. RT shows an abscopal effect, which
is thought to be induced by tumor immune activation, and
metformin enhances tumor immunity, as mentioned earlier.
Thus, a synergistic effect is expected in ESCC, and further
studies are required to confirm this effect.

Effect on surgery. Since surgery is an essential treatment for
ESCC, we would like to discuss the effects of metformin on
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surgical outcomes. Although there are no direct reports on
the surgical outcomes of ESCC, there are some reports on
other cancers as follows, and the impact is controversial. For
colorectal cancer, Fransgaard et al (36) showed no association
between diabetes or metformin treatment and recurrence-free
or disease-free survival after surgery for colorectal cancer. In
addition, Kaushik et al (37) reported that metformin did not
improve prostate cancer outcomes after radical prostatectomy.

In contrast, Chan et al (38) found that metformin
improved the prognosis of hepatocellular carcinoma (HCC)
in patients with DM. The hazard ratio of metformin use in
HCC patients with DM was 0.65 (P<0.05, 95% CI=0.60-0.72)
for HCC recurrence and 0.79 (P<0.05, 95% CI1=0.72-0.88) for
OS after liver resection. Interestingly, the risk reduction in
hepatocellular carcinoma recurrence after liver resection was
significantly associated with a dose/duration dependent on
accumulated metformin usage (38). Kaltenmeier et al (39)
reported that metformin improved outcomes for patients who
underwent surgery for colorectal liver metastasis (CRLM).
They divided patients into metformin (n=62) or no metformin
(n=208), and patients on metformin had significantly
longer Recurrence-free survival (RFS) (HR: 0.44, 95% CI:
0.26-0.75, P<0.002; Median RFS: 49 months vs. 33 months)
and OS (HR 0.60, 95% CI 0.31-0.97, P<0.048, Median OS:
72 months vs. 60 months) (39). Similarly, Luo et al (40)
showed that metformin usage significantly improved OS in
hepatitis B virus (HBV)-related HCC patients with DM after
radical resection (hazard ratio: 0.558, 95% CI: 0.385-0.810).

These reports suggest that metformin could improve the
prognosis after surgery. However, the effects might depend on
the types of cancers and patients' conditions. Further studies
about the effects of metformin on ESCC after esophagectomy
as a radical surgery are required.

6. Future treatment strategy

This chapter discusses how to use metformin in the treatment
of ESCC. Of course, further study is needed, but it is beneficial
to consider this aspect.

The results of clinical trials should be given particular
attention. As mentioned, low doses of metformin administered
preoperatively improved TIME, although it did not improve
tumor growth or apoptosis (8), so perioperative metformin
administration is likely beneficial. Especially in diabetic
patients who are not on metformin, it is advisable to change
the therapeutic agent to metformin.

In addition, since the prognosis was improved in treatment
with trimodality therapy (30), it is desirable to administer
metformin after surgery. However, when 5-FU plus cisplatin
is used as chemotherapy, it might be necessary to switch to
cisplatin alone or different combination drugs, as metformin
seems to produce 5-FU resistance. However, the choice of
concomitant drug is tough. Docetaxel is under-reported, and
2DG needs further investigation. Nivolumab is most likely
useful because it improves the immune status, and this also
needs further investigation.

Therefore, even in the absence of diabetes complications, it
would make sense to take metformin under careful follow-up,
with attention to the above items, to improve treatment
outcomes.

7. Conclusion

In this review, we comprehensively searched and summarized
studies conducted on the effects of metformin on ESCC. Many
studies have reported that metformin exerts antitumor effects;
however, its actions are diverse. Hanahan and Weinberg identi-
fied important cancer properties as hallmarks of cancer (41),
and according to their categories, metformin has been
reported to affect cell proliferation, escape from cell death,
abnormal glucose metabolism, abnormal immune function,
increased inflammation, increased metastatic invasion, and
increased angiogenesis. Therefore, metformin is a promising
adjunct drug for treating these types of cancer, targeting their
specific hallmarks. Many studies have reported the enhanced
therapeutic effects of combination therapy, such as improved
efficacy of metabolic inhibitors and sensitivity to chemo-
therapy and radiotherapy, thus nominating metformin as a
promising therapeutic approach for ESCC.

Although this paper is only a narrative review based
on the literature, metformin is expected to be helpful
as an adjunct to the treatment of ESCC, given its clinical
effectiveness in preventing ESCC and ultimately improving
ESCC treatment outcomes. Metformin is also an appealing
therapeutic approach as it is already in use clinically for
the treatment of DM and is more likely to be approved as a
cancer treatment than a completely novel drug. However, as
mentioned earlier, the effects of metformin are diverse and do
not necessarily lead to antitumor effects or improved treat-
ment outcomes. Therefore, when treating ESCC, the use of
metformin depends on the choice of the treatment approach
and its underlying mechanism. In particular, chemotherapy
using cisplatin, immunotherapy, and metabolic therapy with
2DG should be further investigated in combination with
metformin.
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