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Abstract

Esophageal carcinoma (EC) is a highly fatal cancer. The usual therapy for localized squamous cell carcinoma has traditionally
been surgically removing the tumor from its main location. However, recent clinical advancements have led to the development
of new therapeutic options. The available choices encompass chemotherapy which involves continuous administration of 5-
fluorouracil (5-FU), cisplatin, and simultaneous radiation treatment. To enhance clinical outcomes, future advancements would
have to improve the integration of new anticancer medications, the administration of cisplatin, or 5-FU, guided by
pharmacokinetics, and the identification of potential responders through genetic profiling of patients before treatment initiation.
This review provides a comprehensive summary of the information about the genetic variation in ABCB1, ERCC!, TYMS, XPD,
and DYPD genes that most likely contribute to the pharmacokinetic or genotype-guided administration of 5-FUfor the treatment
of oesophageal cancer. The review aims to facilitate personalized treatment strategies for this condition in the future.
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1. Introduction esophageal adenocarcinoma (EAC) histological

Esophageal carcinoma (EC) ranked seventh in
incidence and sixth in death among various
cancers, whereas, death rates for
diagnosed patients reach up to 50% (Sung et al.
2021, Arnold et al. 2015). Most patients exhibit
symptoms in advanced stages, resulting in a
significantly low overall survival rate of 20% at
the five-year mark (Lagergren et al. 2017,
Network 2017, Gao et al. 2014). Several
individuals diagnosed with esophageal cancer
exhibit complex or unresectable disease
(Enzinger and Mayer 2003). The frequency of
esophageal squamous cell carcinoma (ESCC) in
men is two to three times higher than that in
Notably, males dominate the

newly

women.

subgroup (Hongo, Nagasaki, and Shoji 2009).
Unusual proliferation and infiltration in the
squamous or glandular esophageal epithelium
cause EC. Since they are often asymptomatic,
esophageal cancers have a poor prognosis and
are detected late, decreasing the possibility of
cancer excision and cure. A considerable
number of persons diagnosed with esophageal
cancer have either distant metastases or develop
a form of neoplasm that cannot be surgically
removed (Enzinger and Mayer 2003).
Furthermore, Pakistan's rising cancer rates have
become a public health issue, necessitating
government initiatives. Recent publications
show that head and neck cancers account for
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37.38% of the reported cases. Male incidence was
24.52% and female incidence was 13.24%. The
consumption of tobacco, areca nut, chewable
tobacco, snuff, niswar, and other substances
influenced these patterns (Mazahir et al. 2006,
Goldenberg et al. 2004, Rozi and Akhtar 2007).
Despite progress in understanding esophageal
cancer risk factors, developing anti-cancer
medicines has been challenging (Koag et al.
2014). Drug effectiveness and toxicity are
impacted by genetics as
pharmacogenomics  investigations.
genetic studies show how certain genetic
differences
pharmacokinetics and pharmacodynamics.
Examining genetic factors and drug-induced
phenotypes can enhance the effectiveness of
anticancer treatments. This optimization is
achieved through the comprehensive gathering
of substantial data on genetic variations within a
community. Moreover, cancer is a major cause of
illness and mortality in affluent countries, and
inadequate lethal.
Individualized oncology is likely to bode well
for a cancer patient's response to therapy.

evident in
Several

influence medication

treatment can be

2. Pathophysiology

EC is classified as EAC or ESCC depending on
epithelial cell growth. Globally, 84% of
esophageal cancer cases are ESCC, and 15% are
EAC (Bray et al. 2018, Arnold et al. 2020). In
addition, there are small cell/neuroendocrine
and infrequent basaloid esophageal tumors
(Abnet, Arnold, and Wei 2018, Lagergren et al.
2017). ESCC develops in the upper and mid-
esophagus from its squamous epithelial lining.
Risk factors for developing ESCC include
smoking, alcohol use, eating choices (such as hot
drinks, red meat, and nutritional deficiencies),
various carcinogens, and poor oral hygiene.
Epithelial  changes from normal
epithelium to basal cell hyperplasia, low-grade
and then high-grade intra-epithelial neoplasia,

move

and invasive carcinoma (Abnet, Arnold, and
Wei 2018). EAC occurs in the lower third of the
esophagus and is thought to initiate around
glandular cells near the stomach (Huang and Yu
2018). Chronic gastroesophageal reflux disease
also causes

metaplastic changes in the

esophageal epithelium. Moreover, Barrett's
esophagus
epithelium becomes columnar, and low-grade
dysplasia, high-grade dysplasia, and invasive
cancer may follow (Smyth et al. 2017).

occurs when squamous cell

3. Staging of Esophageal Carcinoma

After diagnosis, it is essential to do staging to
determine the appropriate course of therapy.
The TNM categorization system is utilized for
this purpose (Amin et al. 2017). Although tumor
location does not alter staging, it does influence
the treatment plan. Locations include the
cervical, upper, middle, and lower esophagus
depending on the tumor epicenter. Furthermore,
upper-third tumors occur between the thoracic
inlet and the azygos vein, middle esophageal
tumors between the azygos and the inferior
pulmonary esophageal
carcinomas from the inferior pulmonary vein to
the stomach, including the esophagogastric
junction, and cancers above the thoracic inlet are
classified as cervical cancers. Other staging tools
include endoscopic ultrasonography (EUS),
chest, abdomen, pelvic, and neck computed
tomography (CT) and
fluorodeoxyglucose-positron emission
tomography (FDG-PET) or FDG-CT Rice, Patil,
and Blackstone 2017). These staging modes
reinforce each other and provide different
information. The T classification for ESCC may
be determined with 79% accuracy using EUS
(Luo et al. 2016). The ability to distinguish
between T1a (invasion of the lamina propria and
muscularis mucosa) and T1b (invasion of the
submucosa) using EUS may not be universally
feasible. To obtain accurate T classification and

vein, and lower

images,
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Figure 1: Various approaches for the treatment of EC.

exclude penetration into the muscularis propria,
it may be essential to perform either endoscopic
mucosal resection (EMR) or endoscopic
submucosal dissection (ESD)(Rice, Patil, and
Blackstone 2017). It is recommended that
endoscopic resection be taken into consideration
for the precise evaluation of the depth of
invasion in nodular lesions that are equal to or
smaller than 2cm (Waters and Reznik 2022). The
determination of clinical nodal classification (N)
involves the use of EUS, with or without fine-
needle aspiration (FNA), as well as CT, and
FDG-PET scanning. The sensitivity of EUS in the
absence of biopsy might be as low as 20%,
whereas its diagnostic accuracy can vary
between 64% and 71% (Luo et al. 2016, Kutup et
al. 2007). EUS-guided FNA has been shown to
enhance diagnostic accuracy and so should be
promoted (Cummings et al. 2021). Moreover,
imaging techniques are commonly employed for
the identification of distant metastasis. The
utilization of FDG-PET/CT has been found to
enhance overall accuracy when compared to the
use of CT alone (Rice, Patil, and Blackstone
2017). It is advisable to do a confirmatory tissue
biopsy before classifying a patient as M1 (Amin
et al. 2017). However, some conditions may

benefit from adjunctive staging. Patients with
upper and middle-third cancers should have
bronchoscopy  with  biopsyThe
utilization of endobronchial ultrasound (EBUS)
and narrow-band imaging allows for the
detection of occult invasion. The management of
lower-third cancers has demonstrated success
through laparoscopy, encompassing both
biopsy and peritoneal cytology. This method is
widely employed institutions
(Convie et al. 2015). The inclusion of a repeat
staging laparoscopy following induction
therapy should be taken into consideration,
either as an independent surgery or as an initial
step in a planned resection (Cardona et al. 2013).

routine

in medical

4. Treatment Regimens

Chemotherapy is the treatment
approach for treating EC since it has shown
substantial effectiveness in suppressing tumor
development and decreasing the probability of
distant metastasis. Cisplatin, 5-FU,
doxorubicin  (Dox) are commonly used
chemotherapy drugs for treating EC.
4.1.5-Fluorouracil

Patients diagnosed with ESCC were treated
initially with 5-FU as the primary treatment

primary

and
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method. However, when the dosage increases,
there is a simultaneous increase in toxicity, drug
and side effects. Hence, 5-FU
monotherapy for the treatment of ESCC is

resistance,

insufficient. At the moment, combinations of 5-
FU are utilized to improve its therapeutic
efficacy and reduce its adverse effects, as
indicated in the table below (He et al. 2021).

4.2. Doxorubicin

Dox, a common chemotherapy treatment,
produces oxygen which
damage the DNA. In EC treatment, Dox may
induce significant adverse effects. However,
some studies indicate that mixing orange peel
extract, and naringin reduces Dox's deleterious
effects in EC stem cell-derived xenograft mice
(Tajaldini et al. 2020).
4.3.Paclitaxel and Docetaxel
Radiochemotherapy, which
administration of paclitaxel, is an additional
treatment option for the advanced EC. The
simultaneous use of carbon ion beam irradiation
and docetaxel has a synergistic effect against EC,
indicating a potentially beneficial treatment
strategy for patients with locally advanced
ESCC (Kitabayashi et al. 2006).

4.4. Combination Therapy

Combination therapy is likely to be the most
effective way to treat ESCC while minimizing
and drug The
combination of lapatinib and paclitaxel has a
synergistic impact that inhibits MAPK and AKT
downstream  signaling  molecules
significantly reduces phosphorylated epidermal
growth factor receptor (EGFR) and human
epidermal growth factor receptor 2 (HER2)
activation. As a result, the combination therapy
reduces cell proliferation, stops cells from
migrating and invading, and enhances apoptosis
(Guo et al. 2018).

4.5.Molecular Targeted Therapy

Selective inhibition of EGFR, HER2, and
vascular endothelial growth factor (VEGF) is the

reactive species,

involves the

side effects resistance.

and

main molecular targeted treatment for EC.
Genetic alterations in these important signaling
pathways, including the insulin-like growth
factor 1 receptor (IGF1R), HER2, EGFR, and
UFO (AXL) are frequent in EC. Linsitinib,
cetuximab, and R428 can specifically inhibit
IGFIR-, EGFR-, and AXL-related signaling

cascades. Modulation of these signaling
pathways affects neoplastic cell proliferation,
survival, migration, invasion, and
differentiation, slowing tumor growth (He et al.
2021).

4.5.1. Drugs Targeting EGFR

The EGFR, commonly referred to as

erythroblastic leukemia viral oncogene homolog
1 (ERBB-1), is a constituent of the ERBB receptor
tyrosine kinase family. It is a transmembrane
protein receptor, encompassing an extracellular
domain responsible for ligand binding, a
transmembrane domain, and an intracellular
domain with kinase activity (Ciardiello and
Tortora 2003). The EGFR dimerizes its
extracellular domain after interacting with its
ligand (EGF). The
dimerizes, activating the kinase domain via self-
phosphorylation. This activation modulates
downstream  molecules, regulating cell
proliferation, differentiation, and invasion. Most
esophageal cancers overexpress EGFR, more
often in ESCC than EAC (Hanawa et al. 2006,
Kawaguchi et al. 2007). Drugs targeting EGFR
are divided into two groups, the first group
includes monoclonal antibodies like cetuximab
and nimotuzumab that specifically bind to the
extracellular region of EGFR. By doing so, they
prevent ligand binding and receptor activation.
The second group includes small molecule
EGFR intracellular tyrosine kinase inhibitors
(TKIs) like gefitinib and afatinib. Trastuzumab,
a recombinant humanized monoclonal antibody
that targets the extracellular domain of HER?2,
treats advanced EC (Sanchez-Vega et al. 2019,
He et al. 2021).

intracellular domain
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Figure 2: The figure illustrates a schematic diagram depicting the molecular targeted therapy approach

for the treatment of EC. (He et al. 2021).

4.5.2. Drugs Targeting Other Molecules

Epithelial-mesenchymal transition is aided by
AXL overexpression during tumor development
(Antony et al. 2016). In EAC, excessive AXL
expression promotes the AKT/B-catenin
pathway, leading to upregulation of c-MYC,
which results in epirubicin resistance.
Suppressing ¢-MYC  expression  restores
epirubicin sensitivity in AXL-dependent drug-
resistant cells. Notably, combining epirubicin
with the AXL inhibitor, R428, inhibited cell
proliferation and tumor development (Hong,
Maacha, and Belkhiri 2018). Hepatocyte growth
factor (HGF) activates transmembrane receptor
tyrosine kinase cellular-mesenchymal epithelial
transition factor (c-MET), which participates in
carcinogenesis by promoting cell proliferation,

apoptosis, and angiogenesis. = HGF/MET
signaling pathway components such as MET,
cyclin D1, and CDK4 are inappropriately
expressed in ESCC cell lines and tissues (Jiang et
al. 2016). R428 and carbotinib, AXL/c-MET
specific inhibitors, reduced ESCC cell and
xenograft tumor growth (Yang et al. 2019).
Therapeutic targets include the mammalian
target of rapamycin (mTOR), a phosphoinositide
3-kinase (PI3K) protein kinase, and polo-like
kinase 1 (plkl), a serine/threonine protein
kinase. Small interfering RNA (siRNA) or PLK1
inhibitors reduce mTOR activity in ESCC.
Particularly, rapamycin and the PLK1 inhibitor,
BI 2536, synergistically disrupt the mTOR
complex (mTORC1/mTORC2) cascade and
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Table 1: 5-FU Combination Therapies.

Combination Type of Effect produced Studies References
Carcinoma Conducted

p-Carotene ESCC Induction of apoptosis, downregulation of BCL-2 and | Invitro and @ (Zhang et al.

and 5-FU PCNA, up-regulation of BAX and caspase-3. invivo 2016)
Decreases the protein levels of CaV-1, p-AKT, p-NF-
kB, p-mTOR, and p-P70S6K in ECA109 cells.

CA3 and5-FU | EAC The transcriptional pathway of YAP/TEAD is @ Invitroand | (Song et al
impeded by the presence of CA3. The concurrent | in vivo 2018)
administration of a combination treatment regimen
leads to a notable reduction in the levels of YAP1,

S0OX9, and Ki67 expression in mouse models.

BAY1143572 | EAC The concurrent administration of these therapies Invitroand @ (Tong et al

and 5-FU results in a decrease in the expression of MCL-1. in vivo 2019)

Hesperetin ESCC The combination therapy demonstrates efficacy in | Invitroand | (Wu et al

and 5-FU inducing cellular death, resulting in the @ invivo 2018)
downregulation of BCL-2 and the up-regulation of
BAX, cleaved caspase-3, and cleaved caspase-9.

Puerarin and ESCC The concurrent use of these substances greatly Invitroand @ (Wang et al

5-FU hampers the process of cell proliferation and triggers = in vivo 2014)
programmed cell death.

ABT-263 and @ ESCC The concurrent administration of multiple therapies = Invitroand | (Chen et al

5-FU exhibits a synergistic effect by enhancing @ in vivo 2015)
programmed cell death and suppressing the

expression of genes associated with stem cell

properties.

activate S6 and 4E-BP1 (Liu et al. 2018) to
produce higher antitumor effects. Another study
found that inhibiting only mTORC2 strongly
inhibited EC cell growth (Lu et al. 2020). The
PI3K/AKT/mTOR/PKM2 signaling pathway was
also inhibited by metformin, a type 2 diabetes
medication. In ECA109 xenografts, metformin
dramatically suppressed tumor growth, thus,
opening the possibility of treating EC with
conventional medications, which are meant to
treat other disorders. CD147 exhibits high
expression in EC tissues, as demonstrated
previously (Li et al. 2017). Another drug,
Matuzumab activates effector cells and hinders
CD147, thereby mitigating the progression of EC
both in vitro and in vivo (Wang et al. 2019).
4.6.Immunotherapy

Antigen-presenting cells, particularly dendritic
cells, can recognize inflammation caused by
tumor cell surface antigens. These antigen-

presenting cells then deliver the antigens to T or
B lymphocytes, triggering an adaptive immune
response. However, tumor cells have developed
several evasion strategies against immune
responses. The main treatments for EC are
immune checkpoint inhibitors and tumor
vaccinations (Zhao, Yu, and Meng 2019).
Typically utilized pharmaceutical agents
include pembrolizumab, nivolumab,
toripalimab, and camrelizumab (Hong and Ding
2019).

5. Genetic Variations and the Efficacy &
Adverse Effects of 5-FU

EC remains a devastating malignancy with a
high mortality rate. While advancements in
treatment modalities have been made,
chemotherapy remains a cornerstone of therapy.
However, its success is often hampered by
variable drug responses and severe adverse
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Table 2: Summary of Pharmacogenetic Studies Highlighting the Polymorphisms Associated with
Efficacy and Adverse Effects of 5-FU treatment

SNPs

Sample
Size

Population

Disease

Effect/association

Reference(s)

ABCC2

ABCB1

ABCC2

ERCC1

SLC23A2

DPYD

TYMS

XPD

DPYD

DPYD

DPYD

DPYD

1512762549

151045642

15717620

153212986

152681116

1513037458

154987219

rs1110277

152297595

15151264360

rs13181

153918290

1567376798

15115232898

153918290,
15115232898

rs3918290

158 Japanese EC Neutropenia (Nomura et al.
2020)
158 Japanese EC Neutropenia (Nomura et al.
2020)
239 Japanese EC Hematological Toxicity | (Fujita et al.
2022)
143 Italian EC Positive predictive (Rumiato et
marker al. 2013)
49 Japanese EC Predict clinical response = (Minegaki et
al. 2014)
49 Japanese EC Predict long-term (Minegaki et
survival al. 2014)
49 Japanese EC Severe Acute Leukopenia = (Minegaki et
al. 2014)
49 Japanese EC Stomatitis (Minegaki et
al. 2014)
128 Caucasian EC Adverse effects (Gross et al.
2008)
57 Japanese EC Hyponatremia (Arakawa et
al. 2018)
57 Japanese EC Hyponatremia (Arakawa et
al. 2018)
227 Caucasians EC Life-threatening adverse | (Saif 2013)
effects
227 Caucasians EC Life-threatening adverse | (Saif 2013)
effects
Case African American CcC Life-threatening adverse | (Saif et al.
report effects 2014)
23 Caucasians, EC Mucositis, cytopenia, (Saif et al.
African Americans, hypotension, respiratory = 2007)
South-Asians distress,
2038 Netherlands EC Fatal adverse effects (Deenen et al.

2016)

effects. Increasingly, research is focusing on the
role of genetic factors in influencing these
outcomes.

This review highlights the potential of
pharmacogenetics in optimizing 5-FU therapy
for EC. 5-FU is a widely employed
chemotherapeutic agent, but individual
responses and toxicities can vary significantly.

Studies have identified several genetic

polymorphisms that influence 5-FU metabolism
and impact its efficacy and safety. For example,
ABCB1 and ABCC2 have been linked to severe
neutropenia following 5-FU and cisplatin
treatment.  Similarly, = ERCCI  1rs3212986
polymorphism may be a prognostic marker for
neoadjuvant cisplatin/5-FU therapy.
Additionally, single nucleotide polymorphisms
(SNPs) in SLC23A2, DPYD, TYMS, and XPD
have also been associated with clinical
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outcomes, adverse effects, and risk of severe
toxicity, respectively (Table 2). These findings
suggest that personalized medicine approaches,
incorporating pharmacogenetic testing, can
significantly improve EC treatment. Tailoring 5-
FU dosage based on individual genetic profiles
can optimize efficacy while minimizing the risk
of life-threatening adverse effects. This can lead
to improved patient outcomes and quality of life.
Several other studies have demonstrated the
potential of pharmacogenetic testing in guiding
5-FU therapy. For instance, (Minegaki et al. 2014)
identified SLC23A2 SNPs as potential predictors
of clinical response and long-term survival,
while (Gross et al. 2008) found that a common
DPYD  polymorphism strongly impacts
fluoropyrimidine-related side effects. In
addition, (Saif et al. 2014) studies highlighted the
importance of DPYD testing in identifying
individuals at risk of severe toxicity and
advocated for alternative therapy options or
dose modifications for carriers of this variant.
Furthermore, (Deenen et al. 2016) demonstrated
the cost-effectiveness of upfront DPYD*2A
testing, emphasizing its potential for optimizing
healthcare resource allocation. These studies
collectively ~ support the integration of
pharmacogenetics into clinical practice to
personalize 5-FU therapy and improve EC
treatment outcomes.

Despite the encouraging discoveries, there are
constraints. A significant number of studies are
conducted on a small scale and need further
confirmation through analysis of more
expansive datasets. Moreover, the practical use
of pharmacogenetic testing necessitates the use
of standardized techniques and standards.
Subsequent investigations should prioritize the
validation of current discoveries, investigate
other genetic variations, and formulate all-
encompassing clinical protocols for the
integration of pharmacogenetics into regular
medical practice.

6. Conclusions and Research Gap

We found that convincing data supporting the
significance of pharmacogenetics in enhancing
the effectiveness of 5-FU treatment for EC is
available. By integrating genetic testing into
clinical practice, we may customize treatment

methods, enhance patient results, and
eventually alleviate the impact of this
debilitating  illness. =~ Although  several
polymorphisms have been recognized as

possible indicators of both responsiveness and
toxicity, there is still a scarcity of data for many
variations, especially in ethnically varied
groups. Validation of current findings and
discovery of further genetic markers pertinent to
5-FU therapy in esophageal cancer necessitates
the implementation of extensive, meticulously
planned research projects. Further investigation
is required to establish
recommendations for integrating genetic data
into treatment planning and dose modifications.
It is crucial that different ethnic and social
groups are provided with fair and equal access
to pharmacogenetic testing to
discrepancies in healthcare results. Research is
required to overcome obstacles to entry and
formulate tactics for adopting pharmacogenetic
testing in underprivileged populations.

evidence-based

decrease

Conflict of Interest
The authors declare that they have no competing
interests.

Funding
This study did not receive any internal or
external funding.

Study Approval
Not Applicable.

Consent Forms
Not Applicable.

Mol. Med. Com. 03 (02) 2023, 93-106



Authors Contributions

AA conceptualized the study, SIR, AA, and ZB
performed the literature search, SFS and AA
analyzed the studies and wrote the initial
manuscript. All authors contributed to the final
manuscript and helped in revisions.

Acknowledgments

The authors acknowledge the support of Shifa
Tameer-e-Millat University, Islamabad, Pakistan
in the write-up of this manuscript.

References
Abnet, Christian C, Melina Arnold, and Wen-
Qiang Wei. 2018. "Epidemiology of

esophageal squamous cell
carcinoma." Gastroenterology no. 154
(2):360-373.

Amin, Mahul B, Stephen B Edge, Frederick L
Greene, David R Byrd, Robert K
Brookland, Mary Kay Washington,
Jeffrey E Gershenwald, Carolyn C
Compton, Kenneth R Hess, and
Daniel C Sullivan. 2017. AJCC cancer
staging manual. Vol. 1024: Springer.

Antony, Jane, Tuan Zea Tan, Zoe Kelly, Jeffrey
Low, Mahesh Choolani, Chiara
Recchi, Hani Gabra, Jean Paul Thiery,
and Ruby Yun-Ju Huang. 2016. "The
GAS6-AXL signaling network is a
mesenchymal  (Mes)  molecular
subtype—specific therapeutic target
for ovarian cancer." Science signaling
no. 9 (448):ra97-ra97.

Arakawa, Yasuhiro, Yoshihiro Shirai, Kazumi
Hayashi, Tanaka, Akira
Matsumoto, Katsunori Nishikawa,
and Shingo Yano. 2018. "Effects of
gene polymorphisms on the risk of
severe hyponatremia during DCF
chemotherapy for patients with
esophageal squamous cell

Yujiro

carcinoma.”" Oncology Letters no. 16
(4):5455-5462.

Arnold, Melina, Jacques Ferlay, Mark I van
Berge Henegouwen, and Isabelle
Soerjomataram. 2020. "Global burden
of oesophageal and gastric cancer by
histology and subsite in 2018." Gut
no. 69 (9):1564-1571.

Arnold, Melina, Isabelle Soerjomataram, Jacques
Ferlay, and David Forman. 2015.
"Global incidence of oesophageal
cancer by histological subtype in
2012." Gut no. 64 (3):381-387.

Freddie, Jacques Ferlay, Isabelle
Soerjomataram, Rebecca L Siegel,
Lindsey A Torre, and Ahmedin
Jemal. 2018. "Global cancer statistics
2018: GLOBOCAN  estimates of
incidence and mortality worldwide
for 36 cancers in 185 countries." CA: a
cancer journal for clinicians no. 68
(6):394-424.

Cardona, Kenneth, Qin Zhou, Mithat Gonen,

Manish A Shah, Vivian E Strong,
Murray F Brennan, and Daniel G
Coit. 2013. "Role of repeat staging

Bray,

laparoscopy  in  locoregionally
advanced gastric or
gastroesophageal =~ cancer  after

neoadjuvant therapy." Annals of
surgical oncology no. 20:548-554.
Chen, Qiongrong, Shumei Song, Shaozhong
Wei, Bin Liu, Soichiro Honjo, Ailing
Scott, Jiankang Jin, Lang Ma, Haitao
Zhu, and Heath D Skinner. 2015.
"ABT-263 induces apoptosis and
synergizes with chemotherapy by

targeting stemness pathways in
esophageal cancer." Oncotarget no. 6
(28):25883.

Ciardiello, Fortunato, and Giampaolo Tortora.
2003. "Epidermal growth factor
receptor (EGFR) as a target in cancer

Mol. Med. Com. 03 (02) 2023, 93-106



therapy: understanding the role of
receptor other
molecular determinants that could
influence the response to anti-EGFR
drugs." European journal of cancer no.
39 (10):1348-1354.

expression and

Convie, Liam, RJ Thompson, Ray Kennedy,

WDB Clements, PD Carey, and JA
Kennedy. 2015. "The current role of
staging laparoscopy in
oesophagogastric cancer." The Annals
of The Royal College of Surgeons of
England no. 97 (2):146-150.

Cummings, Donelle, Joyce Wong, Russell Palm,

Deenen,

Sarah Hoffe, Khaldoun Almhanna,
and Shivakumar Vignesh. 2021.
"Epidemiology, diagnosis, staging
and multimodal therapy  of
esophageal and gastric tumors."
Cancers no. 13 (3):582.

Maarten ], Didier Meulendijks,
Annemieke Cats, Marjolein K
Sechterberger, Johan L Severens,
Henk Boot, Paul H Smits, Hilde
Rosing, Caroline MPW Mandigers,
and Marcel Soesan. 2016. "Upfront
genotyping of DPYD* 2A to
individualize fluoropyrimidine
therapy: a safety and cost analysis."
Journal of Clinical Oncology no. 34
(3):227-34.

Enzinger, Peter C, and Robert ] Mayer. 2003.

"Esophageal cancer." New England
Journal of Medicine no. 349 (23):2241-
2252.

Fujita, Kazuma, Satoru Motoyama, Yusuke Sato,

Akiyuki Wakita, Yushi Nagaki,
Yoshihiro Minamiya, and Masatomo
Miura. 2022. "Association between
ABCC2 polymorphism and
hematological toxicity in patients
with esophageal cancer receiving

platinum plus 5-fluorouracil

therapy." Esophagus no. 19:146-152.

Gao, Yi-Bo, Zhao-Li Chen, Jia-Gen Li, Xue-Da

Hu, Xue-Jiao Shi, Zeng-Miao Sun,
Fan Zhang, Zi-Ran Zhao, Zi-Tong Li,
and Zi-Yuan Liu. 2014.
landscape of esophageal squamous
cell carcinoma." Nature genetics no. 46
(10):1097-1102.

"Genetic

Goldenberg, David, Juna Lee, Wayne M Koch,

Gross,

Michael M Kim, Barry Trink, David
Sidransky, and Chul-So Moon. 2004.
"Habitual risk factors for head and
neck cancer." Otolaryngology —Head
and Neck Surgery no. 131 (6):986-993.
Eva, Birgit Busse, Matthias
Riemenschneider, Steffi Neubauer,
Katharina Seck, Hanns-Georg Klein,
Marion Kiechle, Florian Lordick, and
Alfons Meindl. 2008. "Strong
association of a common
dihydropyrimidine dehydrogenase
gene polymorphism with
fluoropyrimidine-related toxicity in
cancer patients." PloS one no. 3
(12):e4003.

Guo, Xiao-fang, Sai-sai Li, Xiao-fei Zhu, Qiao-

Hanawa,

hua Dou, and Duan Liu. 2018.
"Lapatinib in combination with
paclitaxel plays synergistic
antitumor effects on esophageal
squamous cancer." Cancer

Chemotherapy and Pharmacology no.
82:383-394.

Mitsuhiko, Shioto Suzuki, Yoh
Dobashi, Tetsu Yamane, Koji Kono,
Nobuyuki Enomoto, and Akishi Ooi.
2006. "EGFR protein overexpression
and gene amplification in squamous
cell carcinomas of the esophagus."
International journal of cancer no. 118
(5):1173-1180.

Mol. Med. Com. 03 (02) 2023, 93-106



He, Shiming, Jian Xu, Xiujun Liu, and Yongsu

Hong, Jun,

Hong, Ye,

Zhen.  2021. "Advances and
challenges in the treatment of
esophageal cancer." Acta
Pharmaceutica  Sinica B no. 11

(11):3379-3392.

Selma Maacha, and Abbes Belkhiri.
2018. "Transcriptional upregulation
of c-MYC by AXL confers epirubicin
resistance in esophageal

adenocarcinoma." Molecular Oncology
no. 12 (12):2191-2208.

and Zhen-Yu Ding. 2019. "PD-1
inhibitors in  the  advanced
esophageal cancer." Frontiers in

pharmacology no. 10:1418.

Hongo, Michio, Yutaka Nagasaki, and Tomotaka

Shoji. 2009. "Epidemiology of
esophageal cancer: Orient to
Occident. Effects of chronology,

geography and ethnicity." Journal of
gastroenterology and hepatology no. 24
(5):729-735.

Huang, Fang-Liang, and Sheng-Jie Yu. 2018.

"Esophageal cancer: risk factors,
genetic association, and treatment."
Asian journal of surgery no. 41 (3):210-
215.

Jiang, Sen, Chao Zhao, Xiaodi Yang, Xiangyang Li,

Qing Pan, Haijin Huang, Xuyang
Wen, Husheng Shan, Qianwen Li,
and Yunxiang Du. 2016. "miR-1
suppresses the growth of esophageal
squamous cell carcinoma in vivo and
in vitro through the downregulation
of MET, cyclin D1 and CDK4
expression." International journal of
molecular medicine no. 38 (1):113-122.

Kawaguchi, Yoshihiko, Koji Kono, Kousaku

Mimura, Hidemitsu Sugai, Hidenori

Akaike, and Hideki Fujii. 2007.
"Cetuximab  induce  antibody-
dependent  cellular  cytotoxicity

against EGFR-expressing esophageal

squamous cell carcinoma."
International Journal of Cancer no. 120
(4):781-787.

Kitabayashi, Hiroyuki, Hideaki Shimada,

Shigeru Yamada, Shigeo Yasuda,
Tadashi Koichi Ando,
Hirohiko Tsujii, and Takenori Ochiai.
2006. "Synergistic
suppression induced in esophageal
squamous cell carcinoma cells by
combined treatment with docetaxel

Kamata,

growth

and heavy carbon-ion beam
irradiation." Oncology reports no. 15
(4):913-918.

Koag, Myong-Chul, Yi Kou, Hala Ouzon-
Shubeita, and Seongmin Lee. 2014.
"Transition-state destabilization
reveals DNA
polymerase (3 proceeds across the
chemically wunstable lesion N7-
methylguanine." Nucleic acids research
no. 42 (13):8755-8766.

Kutup, A, B-C Link, PG Schurr, T Strate, JT Kaifi,
M Bubenheim, S Seewald, EF
Yekebas, N Soehendra, and JR
Izbicki. 2007. "Quality control of
endoscopic ultrasound in
preoperative staging of esophageal
cancer." Endoscopy no. 39 (08):715-
719.

Lagergren, Jesper, Elizabeth Smyth, David
Cunningham,
Lagergren. 2017.  "Oesophageal
cancer." The Lancet mno. 390
(10110):2383-2396.

Li, Hui, Chunxiang Jiang, Dongwen Wau,
Shupeng Shi, Mengting Liao, Jing
Wang, Yanwen Li, and Zihao Xu.
2017. "The  prognostic  and
clinicopathologic characteristics of
CD147 and esophagus cancer: A

how human

and Pernilla

Mol. Med. Com. 03 (02) 2023, 93-106



meta-analysis." PLoS One no. 12
(7):e0180271.

Liu, Ting-Ting, Kai-Xia Yang, Jing Yu, Ying-Ya

Cao, Jian-Song Ren, Jia-Jie Hao, Bei-
Qing Pan, Sai Ma, Li-Yan Yang, and
Yan Cai. 2018. "Co-targeting PLK1
and mTOR induces synergistic
inhibitory effects against esophageal
squamous cell carcinoma." Journal of
Molecular Medicine no. 96:807-817.

Lu, Zhaoming, Xiaojing Shi, Fanghua Gong,

Shenglei Li, Yang Wang, Yandan
Ren, Mengyin Zhang, Bin Yu, Yan Li,
and Wen Zhao. 2020.
"RICTOR/mTORC2 affects
tumorigenesis and  therapeutic
efficacy of mTOR inhibitors in
esophageal squamous cell
carcinoma." Acta Pharmaceutica Sinica
B no. 10 (6):1004-1019.

Luo, Lin-na, Long-jun He, Xiao-yan Gao, Xin-xin

Huang, Hong-bo Shan, Guang-yu
Luo, Yin Li, Shi-yong Lin, Guo-bao
Wang, and Rong Zhang. 2016.
"Endoscopic ultrasound for
preoperative esophageal squamous
cell carcinoma: a meta-analysis."
PLoS One no. 11 (7):e0158373.

Mazahir, Samia, Rabia Malik, Maria Maqgsood,

Kanwal AliRaza Merchant, Farida
Malik, Atif Majeed, Zafar Fatmi,
Muhammad Rizwanulhaq Khawaja,
and Shehzad Ghaffar. 2006. "Socio-
demographic correlates of betel,
areca and smokeless tobacco use as a
high risk behavior for head and neck
cancers in a squatter settlement of
Karachi, Pakistan." Substance abuse
treatment, prevention, and policy no. 1
(1):1-6.

Minegaki, Tetsuya, Akiko Kuwahara, Motohiro

Yamamori, Tsutomu Nakamura,
Tatsuya Okuno, Ikuya Miki, Hideaki

Omatsu, Takao Tamura, Midori
Hirai, and Takeshi Azuma. 2014.
"Genetic polymorphisms in SLC23A2
as predictive biomarkers of severe
acute toxicities after treatment with a
definitive  5-fluorouracil/cisplatin-
based chemoradiotherapy in
Japanese patients with esophageal
squamous cell carcinoma."
International journal of medical sciences
no. 11 (4):321.

Network, Cancer Genome Atlas Research.

2017. "Analysis Working Group:
Asan University; BC Cancer Agency;
Brigham and Women’s Hospital;
Broad Institute; Brown University;
Case Western Reserve University;
Dana-Farber Cancer Institute; Duke
University; Greater Poland Cancer
Centre; Harvard Medical School."
Nature no. 541 (7636):169-75.

Nomura, Hisanaga, Daiki Tsuji, Ken Demachi,

Nobuo Mochizuki, Haruki
Matsuzawa, Tomonori Yano,
Hiroyuki Daiko, Satoshi Fujii,
Takashi Kojima, and Kunihiko Itoh.
2020. "ABCB1 and ABCC2 genetic
polymorphism as risk factors for
neutropenia in esophageal cancer
patients treated with docetaxel,
cisplatin, and 5-fluorouracil
chemotherapy." Cancer Chemotherapy
and Pharmacology no. 86:315-324.

Rice, Thomas W, Deepa T Patil, and Eugene H

Blackstone. 2017. "AJCC/UICC
staging of cancers of the esophagus
and  esophagogastric  junction:
application to clinical practice."

Annals of cardiothoracic surgery no. 6
(2):119.

Rozi, S, and S Akhtar. 2007. "Prevalence and

predictors of smokeless tobacco use
among high-school males in Karachi,

Mol. Med. Com. 03 (02) 2023, 93-106



Rumiato,

Pakistan." EMH]-Eastern
Mediterranean Health Journal, 13 (4),
916-924, 2007 .

Enrica, Francesco Cavallin, Elisa
Boldrin, Matteo Cagol, Rita Alfieri,
Daniela Basso, Carlo Castoro,
Ermanno Ancona, Alberto Amadori,
and Alberto Ruol. 2013. "ERCC1
C8092A (rs3212986) polymorphism
as a predictive marker in esophageal
cancer  patients treated  with
cisplatin/5-FU-based = neoadjuvant
therapy."  Pharmacogenetics  and
Genomics no. 23 (11):597-604.

Saif, M Wasif, Kostas Syrigos, Ranee Mehra,

Saif,

Lori K Mattison, and Robert B Diasio.
2007. "Dihydropyrimidine
dehydrogenase deficiency (DPD) in
GI malignancies: experience of 4-
years." Pakistan journal of medical
sciences quarterly no. 23 (6):832.
Muhammad Wasif. 2013.
"Dihydropyrimidine dehydrogenase
gene (DPYD) polymorphism among
Caucasian  and
patients with 5-FU-and capecitabine-
related toxicity using full sequencing
of DPYD." Cancer genomics &
proteomics no. 10 (2):89-92.

non-Caucasian

Saif, Muhammad Wasif, Adam M Lee, Steven

M Offer, Kathleen McConnell,
Valerie Relias, and Robert B Diasio.
2014. A DPYD variant (Y186C)
specific to individuals of African
descent in a patient with life-
threatening 5-FU  toxic effects:
potential for an individualized
medicine approach. Paper read at
Mayo Clinic Proceedings.

Sanchez-Vega, Francisco, Jaclyn F Hechtman,

Pau Castel, Geoffrey Y Ku, Yaelle
Tuvy, Helen Won, Christopher ]
Fong, Nancy Bouvier, Gouri ]

Nanjangud, and Joanne Soong. 2019.
"EGFR and MET amplifications
determine response to HER2
inhibition in =~ ERBB2-amplified
esophagogastric  cancer."  Cancer
discovery no. 9 (2):199-209.

Smyth, Elizabeth C, Jesper Lagergren, Rebecca C

Fitzgerald, Florian Lordick, Manish
A Shah, Pernilla Lagergren, and
David Cunningham. 2017.
"Oesophageal cancer." Nature reviews
Disease primers no. 3 (1):1-21.

Song, Shumei, Min Xie, Ailing W Scott, Jiankang

Jin, Lang Ma, Xiaochuan Dong,
Heath D Skinner, Randy L Johnson,
Sheng Ding, and Jaffer A Ajani. 2018.
"A novel YAP1 inhibitor targets CSC-
enriched radiation-resistant cells and
exerts strong antitumor activity in
esophageal
Molecular cancer therapeutics no. 17
(2):443-454.

adenocarcinoma."

Sung, Hyuna, Jacques Ferlay, Rebecca L Siegel,

Mathieu Laversanne, Isabelle
Soerjomataram, Ahmedin Jemal, and
Freddie Bray. 2021. "Global cancer
statistics 2020: GLOBOCAN
estimates of incidence and mortality
worldwide for 36 cancers in 185
countries." CA: a cancer journal for
clinicians no. 71 (3):209-249.

Tajaldini, Mahboubeh, Firooz Samadi, Ayyoob

Khosravi, Azim Ghasemnejad, and
Jahanbakhsh Asadi. 2020. "Protective
and anticancer effects of orange peel
extract and naringin in doxorubicin
treated esophageal cancer stem cell
xenograft tumor mouse model."
Biomedicine & Pharmacotherapy no.
121:109594.

Tong, Zhimin, Alicia Mejia, Omkara Veeranki,

Anuj Verma, Arlene M Correa,
Rashmi Dokey, Viren Patel, Luisa

Mol. Med. Com. 03 (02) 2023, 93-106



Maren Solis, Barbara Mino, and

Riham Kathkuda. 2019. "Targeting

CDK9 and MCL-1 by a new CDK9/p-

TEFb inhibitor with and without 5-

fluorouracil in esophageal

Therapeutic
Advances in Medical Oncology no.
11:1758835919864850.

Wang, Jun, Zi-Rong Yang, Xu-Feng Guo, Jia
Song, Ji-Xiang Zhang, Jing Wang,
and  Wei-Guo  Dong.  2014.
"Synergistic of puerarin
combined with 5-fluorouracil on
esophageal  cancer."  Molecular
Medicine Reports no. 10 (5):2535-2541.

Wang, Miao, Shuai Zhang, Qian Sun, Xiangmin
Yang, Yu Wang,
Yumeng Zhu, Hui Yao, and Yu Li.
2019. "Dual effects of an anti-CD147
antibody for esophageal
therapy." Cancer Biology & Therapy
no. 20 (12):1443-1452.

Waters, John K, and Scott I Reznik. 2022.
"Update  on
squamous cell esophageal cancer."
Current oncology reports no. 24 (3):375-
385.

Wu, Dandan, Jiao Li, Xue Hu, Jingjing Ma, and
Weiguo Dong. 2018. "Hesperetin
inhibits Eca-109 cell proliferation and
invasion by suppressing the
PI3K/AKT signaling pathway and
synergistically enhances the anti-
tumor effect of 5-fluorouracil on
esophageal cancer in vitro and in
vivo." RSC advances no. 8 (43):24434-
24443,

Yang, Pei-Wen, Yu-Cheng Liu, Ya-Han Chang,
Ching-Ching Lin, Pei-Ming Huang,
Kuo-Tai Hua, Jang-Ming Lee, and
Min-Shu Hsieh. 2019. "Cabozantinib
(XL184) and R428 (BGB324) inhibit
the growth of esophageal squamous

adenocarcinoma."

effects

Runze Shang,

cancer

management  of

cell carcinoma (ESCC)." Frontiers in
Oncology no. 9:1138.

Xiangzhan Zhu,
Huang, Lei Chen, Yanxia Liu,
Qinghua Li, Jishi Song, Shanshan Ma,
Kun Zhang, and Bo Yang. 2016. "B-
Carotene synergistically enhances

Zhang, Yanting, Tuanjie

the anti-tumor effect of 5-fluorouracil

on esophageal squamous cell
carcinoma in vivo and in vitro."
Toxicology Letters no. 261:49-58.

Zhao, Qian, Jinming Yu, and Xue Meng. 2019. "A
good start of immunotherapy in
esophageal cancer." Cancer medicine

no. 8 (10):4519-4526.

Mol. Med. Com. 03 (02) 2023, 93-106



	Abstract

