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ABSTRACT

Relevance: Esophageal cancers represent a significant public health and health problem in many parts of the world. Esophageal
cancer development is a multifactorial process associated with various risk factors. Many studies have been identified that have
examined various etiologic factors, including genetics, diet, infections, oral health, and underlying diseases.

This brief review aims to provide a comprehensive survey of cancer epidemiology and a thorough assessment of established and
suspected risk factors associated with esophageal cancer by distinct histologic subtypes.

The purpose was to study the relationship between risk factors and genetic susceptibility in the development of esophageal cancer,

with particular emphasis on two distinct histopathological subtypes.

Methods: The literature review included a search for scientific publications in the following databases: PubMed, Medline, and
Cochrane Lab, using the scientific search engine Google Scholar. The search depth was 10 years.

The literature review included epidemiology studies and assessing the strength of the relationship between risk factors for esophageal
cancer. The review included all studies only among adults, publications in English, as well as publications with clearly formulated

conclusions;

The exclusion criteria were case series, case reports, editorials, and conference abstracts. Out of 462 sources found, 45 were

included in the analysis.

Results: Studies show that several factors increase susceptibility to esophageal cancer, including tobacco use, excessive alcohol

consumption, opioid abuse, hot food and beverage consumption, gastroesophageal reflux disease, obesity, gastric atrophy, poor oral
hygiene, changes in esophageal microbiota, suboptimal diets, viral and bacterial infections, and others. In addition, mutational profiles
of esophageal cancer cells have revealed frequent mutations in specific genes, including TP53, NFE2L2, MLL2, ZNF750, and NOTCH.
Conclusion: The pathogenesis of squamous cell carcinoma cancer exhibits multifactorial properties, with multiple recognized risk
factors contributing to its occurrence. In contrast, the etiology of adenocarcinoma esophageal cancer remains relatively unknown,
requiring ongoing research efforts to elucidate its fundamental causal mechanisms.
Keywords: squamous cell carcinoma, esophageal adenocarcinoma, epidemiology, risk factors, genetics of esophageal cancer.

Introduction: In 2020, Esophageal cancer ranked 7th in
the structure of oncological morbidity (604,000 new cases)
and 6th in mortality (544,000 deaths) [1]. Comparing GLO-
BOCAN 2020 and GLOBOCAN 2022 data, we found an in-
crease in esophageal cancer incidence and mortality (data
for 2022 are presented below).

This disease has two main histological types: squamous
cell carcinoma and adenocarcinoma. In Western countries,
adenocarcinoma predominates [2], while squamous cell
carcinoma predominates in Asia, Eastern Europe, and Afri-
ca, accounting for 90% of esophageal carcinoma cases [3].

Esophageal cancer is a significant public health and
public health problem in many parts of the world. Esopha-
geal cancer development is a multifactorial process associ-
ated with various risk factors. Numerous studies have been
identified that have examined various etiologic factors, in-
cluding genetics, diet, infections, oral health, and underly-
ing medical conditions.

This article briefly reviews the epidemiology of esoph-
ageal cancer and provides an overview of confirmed and

potential risk factors for esophageal cancer by distinct his-
topathological subtypes.

The purpose was to study the relationship risk factors
and genetic susceptibility in the development of esopha-
geal cancer, with particular emphasis on two distinct histo-
pathological subtypes.

Materials and Methods: A search for scientific pub-
lications was conducted in the following databases: Pu-
bMed, Medline, and Cochrane Lab, using the scientific
search engine Google Scholar. The review included stud-
ies devoted to the epidemiology and study of the rela-
tionship between risk factors for esophageal cancer. The
analysis included publications in English with clearly for-
mulated conclusions, except for case reports and case
series, editorials, and conference abstracts. The search
depth was 10 years. Out of 462 sources found, 45 scientif-
ic publications were included in the analysis.

Results: According to Globocan statistics for 2022,
esophageal cancer ranks 11th in the world in terms of
prevalence, with an estimated 511,054 cases per year,
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and also ranks seventh in the world in terms of mortali-
ty, with a total of 445,391 deaths registered per year [4].
In 2022, at the country level, the highest age-standard-
ized incidence rates of esophageal cancer were report-
ed in Bangladesh (16.0 per 100,000 people per year) and
Uganda (13.2 per 100,000 people per year). The lowest
age-standardized rate in the world was in the Repub-
lic of Congo (0.43 per 100,000 people per year). By con-
tinent, the highest age-standardized incidence rates
of esophageal cancer worldwide were reported in Asia
(164.4), Africa (132.3), North America (364.7), and Europe
(280) [10].

In the Republic of Kazakhstan, in 2022, 36,225 cases of
esophageal cancer were verified, including 16,947 in men
and 19,278 in women; 20,686 patients died from this dis-
ease, including 11,365 men and 9,321 women [5]. There are
significant differences in the incidence of esophageal can-
cer between different population groups [6-9].

Esophageal squamous cell carcinoma and esophageal
adenocarcinoma are the two main histological types of es-
ophageal cancer with distinct epidemiological and clinical
features. Worldwide, squamous cell carcinoma is the most
common subtype of esophageal cancer, accounting for
80% of cases [11]. In contrast, esophageal adenocarcino-
ma (20%) is the most common subtype in the white pop-
ulation of developed countries and typically occurs in the
distal esophagus [11].

Risk factors differ between esophageal squamous cell
carcinoma and esophageal adenocarcinoma. Squamous
cell carcinoma is a multifactorial disease with a long list of

putative risk factors, whereas adenocarcinoma has far few-
er established risk factors [12].

A brief description of these risk factors is presented be-
low in Table 1.

Despite the proactive study of the role of genetic fac-
tors in the development and prognosis of esophageal can-
cer, our knowledge in this area remains insufficient. Unlike
some other gastrointestinal malignancies, such as colorec-
tal cancer, there is no clear path of tumor ontogenesis for
esophageal cancer.

The Cancer Genome Atlas network published the re-
sults of a comprehensive genomic analysis of esopha-
geal carcinoma. The analysis of DNA methylation, mRNA
expression, and transcriptional profiles unambiguously re-
vealed significant differences between squamous cell car-
cinoma and esophageal adenocarcinoma, confirming that
they belong to two different tumor types. At the gene ex-
pression level, adenocarcinoma showed increased E-cad-
herin signaling and activation of the ARF6 and FOXA path-
ways through modulation of E-cadherin. Squamous cell
carcinoma is characterized by increased activity of the
Wnt, syndecan, and p63 pathways, which play a key role
in cell differentiation processes. Mutation profiling analy-
sis confirmed frequent mutations of TP53, NFE2L2, MLL2,
ZNF750, NOTCH1, and TGFBR2 in esophageal squamous
cell carcinoma, while recurrent mutations of TP53, CD-
KN2A, ARID1A, SMAD4, and ERBB2 were confirmed in eso-
phageal adenocarcinoma [4 3 1.

Table 2 presents a variety of genetic abnormalities as-
sociated with the development of esophageal cancer.

Table 1 - Risk factors for the development of esophageal cancer depending on histological types (adapted from [12])

Squamous cell q A . . - Links
Factor e it Risk Impact Coefficient Adenocarcinoma Risk Impact Coefficient
Smoking Strong relationship Magnification 3-9 times | Moderate dependence | Increase by 2-3 times 13-14
Alcohol Strong relationship 5x magnification There is no connection. | - 15-17
Opium Moderate connection Increase by 1.6-2 times | No data - 18-19
Consumption of bever- | Moderate connection Increase by 2-3 times There is no connection. | - 20-22
ages at temperatures
265 °C is classified as
“possibly carcinogenic
to humans.”
Gastroesophageal Strong relationship Magnification 5-9 times | There is no connection. | - 23-24
reflux disease
Bod ind Weak to moderate 30% reduction Light to moderate Increase by 1.5-2 times 25
0dy mass Index connection correlation
. Moderately strong Increase by 2 times There is no connection. 26-27
Gastric atrophy connection
* Not brushing one’s Statistically significant | Tooth loss is 28-30
teeth regularly is correlation between associated with 1.3-2
associated with a tooth loss and times increased risk,
moderately increased periodontal disease and periodontitis —
risk. on one hand and 1.4 times.
Deterioration of oral * Tooth loss shows an increased risk of
hygiene a mild to moderate developing esophageal
association. Increase by 2 times adenocarcinoma on
« Periodontitis is also the other.
associated with an Increase by 30-100%
increased risk, but to a
lesser extent (40%). 40% increase
The structure of unique | Possible impact Changes in the Possible increase in 31-32
bacte-rial populations composition of gram- risk
in the oral cav-ity and negative microflora
Microbiological esophagus and the in the esophagus
icro tl'o ogica de-crease in species may contribute to
properties richness of microflora the development of
in these areas may be Barrett’s esopha-
associated. gus, a precursor to
adenocarcino-ma.
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* High-quality diet. Reducing risk Following dietary Reducing risk 33-34
» Adherence to Reducing risk guidelines, physical

Diet vegetarian diets, such activity, and monitoring

e as the Mediterranean BMI can help minimize
diet. your risk of develop-ing
esophageal cancer.

» Excessive Increase by 2 times * Increased Reduction by 25% 35-40
consumption of consumption of fruits
canned vegetables and vegetables Increase by 30-70%
is associated with a * Increased
moderate increase in consumption of red and
risk. processed meat Reduction by 40%
« Higher red and Increase by 30-70% * Increased Connection not
processed meat carbohydrate established
consumption was consumption
associated with a * Increased Unknown
weak but statistically consumption of poultry
significant cor-relation. and fish

Introducing certain * Increased Reduction by 45% * Increased

foods consumption of fruits consumption of dairy
and vegetables greatly products
reduces the risk.
« Higher carbohydrate Reduction by 40%
intake significantly
reduces the risk.
» Consumption of Connection not
poultry and fish established
produces inconsistent
results.
» Consumption of Connection not
dietary fats and dairy established
products.
* There is no reliable - No correlation. - 41
association between
most subtypes of
human papillomavirus
(HPV) and the occur-
rence of esophageal
cancer. Some rare
HPV subtypes may

Viral infection be associated with an
increased risk.
» Data on the
association of other
viruses with the
development of
esophageal cancer are
contradictory and re-
quire further study.

Bacterial infecti Helicobacter pylori 50% reduction No correlation. - 42

acterial infection bacteria

Table 2 - Overview of genetic abnormalities associated with
esophageal cancer [44]

Genetic abnormality chuae:_g?r? grsnge” Adi%%:ng|-
Cell cycle 90% 86%
RTK anomaly 59% 76%
Cell differentiation 57% 42%
Chromatin remodeling 36% 22%

Studies of molecular abnormalities in esophageal can-
cer have revealed similarities with tumors in adjacent an-
atomical regions. Thus, esophageal adenocarcinoma
exhibits similar molecular characteristics to gastric adeno-
carcinoma, and esophageal squamous cell carcinoma ex-
hibits significant similarities to head and neck squamous
cell carcinoma [44].

Discussion: This review analyzes the current under-
standing of the epidemiology, predisposing, and possi-
ble risk factors for the development of esophageal can-
cer, distributed by the main histological subtypes of the
disease. The identified risk factors were categorized into
genetic predispositions, dietary and eating habits, con-
comitant diseases, infections, microbiome composition,
metabolic disorders, and other factors. It is important to

note that the available literature does not contain data
on the relationship between these risk factors and the
prognosis of the disease. Additional studies are needed
to confirm the identified results and clarify their impact
on tumor biology.

Recent advances in the molecular analysis of esopha-
geal cancer have convincingly demonstrated that adeno-
carcinoma and squamous cell carcinoma are genetically
and biologically distinct oncological diseases. The identi-
fied specific genetic abnormalities indicate differences in
the physiological mechanisms of development of these tu-
mors, which requires the development of individual ther-
apeutic approaches.

Itis important to note that the molecular profile of eso-
phageal adenocarcinoma shows similarities with the chro-
mosomal instability characteristic of gastric cancer. How-
ever, esophageal squamous cell carcinoma shows genetic
similarities with other categories of malignancies.

The studies demonstrate the need for personalized
treatment of each histological subtype of esophageal can-
cer and their separate consideration in clinical trials. This is
especially important when studying the effectiveness of
neoadjuvant, adjuvant, and systemic chemotherapy.

Oncology and Radiology of Kazakhstan, Ne3 (73) 2024

105



LITERATURE REVIEWS

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

Conclusion: The pathogenesis of squamous cell carci-
noma is multifactorial, with well-established risk factors
contributing to its development. In contrast, the etiolo-
gy of esophageal adenocarcinoma remains poorly under-
stood and requires continued research to identify the un-
derlying causal mechanisms.
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AHJATIA

OHELI KATEPJII ICITTHIH THCTOJIOI'MAJIBIK TUIITEPIH ITUAEMUOJIOI UAJIBIK
TEHAEHIASAJIAPBIH )KOHE OHBIMEH BAMJIAHBICTBI KAVIIT ®AKTOPJIAPBIH 3EPTTEY:
9JIEBUETKE IIOJY

A.B. Tynsnesa', M.A. Aummazambemosa', B.B. Bezynos', H. M. A6ounazuesa', M.b. Kanoviposa',
I'.C. Hazapéexosad', B.I1I. Kyamosa', A.E. [3mypzanosa’

'«Mapart OcnaHoB aTblHgarbl BaTbic KasakcTaH MeanumHa yHusepenteTi» KeAK, AkTebe, KasakctaH Pecnybnmkach

O3exminizi. Onew Kamepii iciei — oneMHiy Konmezen OONIKMepiHOe OeHCAYIbIK cakmayobiy Kypoeui moceaeci bonvin mabdwiiadvl. Oneu
KamepJi icieiniy 0amysl spmypii Kayin paxmopnapslmer Oauianbicmsl kKon ¢axmopisl npoyecc 6016in maodwvliaovl. Opmypii SMUOL0USLTbIK
Gakmoprapowvl, convly WiHOe 2eHeMUKANBIK, OUEMANbIK, UHDEKYUSLIbIK, aYbl3 KYbICLIHbIY OCHCAVAbIZbIH JICOHE OHbIMEH OaulaHbICIbl

aypyaapobl maiKbliaumsli KOnmezen 3epmmeyiep Hcypeizinoi.

Byn gvickawa wony Kamepni icik anudemuoroSUsCoiHA HCAH-ACAKMbL WLOTLY AHCACATObL JCOHE OHeul Kamepai ICIeIHiY aHbIKMA2aH JHCOHe
KYOikmi Kayin ¢hakmopaapviH HaKmsl 2UCON02USIbIK munmep 60ublHuLa 6a2anaiosi.

3epmmeyoin maxcamor — Oyn 3epmmeyoiy maxcamvl onew Kamepni icieiniy OamyblHOdebl KAYin (axmopiapbl MeH 2eHemuKaibiy
OetlimOIiniK apacvlHoazbl KapblM-KamulHaAcKa OAca Ha3ap ayoapa omulpbin, eKi mypii Sucmonocusisly cyomunmepee epexue Hasap ayoapa
OMBIPLIN, KeweHol INUOEMUOTIOLUSIBLK, 3ePImeY JCypeizy O01bln madwblidaobl.

Aoicmepi: Ooebuemmepdi wony Keneci monimemmep 6A3aCbIHOA2bI 2bLILIMU HCAPUATAHBIMOAPObL [30ey0i Kammblovl: PubMed, Medline,
Cochrane Lab, Google Scholar evinvimu iz0ey srcytiecin Konoamny apkwiavl. I30ey mepenoiei — 10 sicola.

Ooebuemmepze WOy MbIHAIAPObI KAMMUObL: SNUOEMUOLO2US, OHew Kamepil iCIieiHiK Kayin ¢akmopiapeiibly OAUAAHbICHIHbIY KYULIH
cunammaumuln dcone Oazanaumvin 3epmmeyiep. Lllony mex epecekmepee apnanean 6apnvik 3epmmeyiepoi, a2bliwbli mindepinoeei
AHCAPUSAIAHBIMOAPODL, COHOAU-AK HAKMbL MYAHCHIPLIMOAPLL 6ap 6achLIbIMOapObl KAMMUObL,

vieapuiny kpumepuiiiepine Hca20atiiap cepusicol, JHcaz20ai mypaivl ecenmep, peOaKyusiibl MAKaiaiap Jeone Konpepenyus mesucmepi Kipoi.

Bapnvieer 462 0epexkoz mabwviivin, mandayaa 45 2bliblMu HCAPUAIAHBIM eH2IZL10I.

Homuoicenepi: 3epmmeynep onewmiy Kamepni icicine ce3immanovikmul Oipneute (akmopiapobvly Hco2apbliamamuvliivli Kopcemeoi,

COHbIH TWIHOe MeMeKi MymblHY, AIKO20Ab0i UWAMAOAH MbIC MYMbIHY, Onuouomepoi mepic nauddaiamy, biCMblK MAMax neH CYCbIHOapoObl
MymulHy, 2acmpodzopazeanrbobl peuiokc aypyvl, cemizoik, ACKA3auHblY AmMpouUACsl, aybl3 KYblCbIHbIY 2USUEHACHl Haulap OOLybl, oHeul
MUKPOOUOMACHIHBIY 632epYi, CYOONMUMANbObL eMec OUemandap, 8UpyCmolk deone baxmepusiivlk ungexyusiap sxcone m.0. Convimen Kamap,
onewminy Kamepii icik dcacyuanapvinviy Mymayuansik npogunvoepi TP53, NFE2L2, MLL2, ZNF750, NOTCH koca anreanda, apuaiivi 2endepoe
JHCUl Mymayusnaposbl aHbLKMaobi.

Kopvoimuinowr: JKannax scacywansi kapyunoma amepii icieiniy namoeenesi onvly naiioa 601ysind bIKNai emenin Konme2en MoublHOA12aAl
Kayin ¢axkmopnapvimer 0Oipee ken gaxmopnvl KacuemmepOoi kepcemeoi. Kepicinwe, enew xamepni icieiHiy a0€HOKAPYUHOMACHIHbIH
IMUONOLUACHL CATBICIMBIPMATLL Mypoe 6eneiciz 6onvin Kana depedi, Oyn onubly Heeizel KO30blpabl MEXAHUIMOEPIH AHLIKMAY Yuin y30IKCi3
sepmmeynepoi Kasxcem emeoi.

Tyiiinoi co3oep: dcainak Heacywanvl KApYUHoMd, oHeul d0eHOKAPYUHOMACHL, INUOEMUONO2US, KAVIn hakmoprapwl, onew oObIpbiHblY
2eHeMUKACDL.
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AHHOTALNUS

WCCJIEJOBAHUE MOJTUIIOB PAKA MMIIEBOJA, SIIMJIEMUAOJOI MUECKUX TEHJIEHIIUIA
N CBA3AHHBIX ®AKTOPOB PUCKA:
OB30P JIMTEPATYPbI

A.B. Tynsesa', M.A. Aimmazaméemosa', B.B. Bezynos', H. M. A6ounazuesa', M.b. JKanowviposa',
I'.C. Hazapoexosa', B.III. Kyamosa', A.E. I3mypzanoea’

'HAO «3anapHo-KasaxcTaHckuit MeauumHckui yHBepeuTeT um. Mapata OcnaHoBa, 1. Aktobe, Pecnybnuka KasaxcraH

Axmyanvnocmy: Pax nuweeooa npedcmasnaom coboil 3HauumenvHyo npoonemy 6 oonracmu 30pasooxpaHenus 60 MHO2UX CMPAHax Mupd.
Passumue paka nuujeooa — 3mo MHO20PAKMOPHbIIL NPoOYyecc, CEA3AHNYIN ¢ paA3IUIHBIMU hakmopamu pucka. Beinio eviasneno mmodxcecmso
uccne006aHull, 6 KOMOPbIX U3YUANUCH PA3IUYHbLE IMUOL02UYECKUe PAKMOPbl, 6KII0OYAsA 2eHemudecKue, ouemuieckie, UHPeKyuu, 300pogve
nonocmu pma, ¢hornoguie 3a601e6aHUS.

Hannwiii aumepamypHbviii 0030p onucbléaem snU0eMuUoNI02uI0 paKa nuyeeo0d U OYeHKU YCMaAHOBNEHHbIX U 603MOICHBIX (PaKmopos pucka
10 paA30eNbHbIM 2UCTNOI02UYECKUM NOOMUNAM, MAKUMU KAK NJIOCKOKAEMOYHbLI PAK U d0eHOKAPYUHOMA.

Henv uccnedosanus — nposeoeHue 6cecmopoHHe20 INUOEMUOIO2UYECK020 00C1e008aHUS, COCPEOONOUEHHO20 HA 63AUMOCEA3U
Medcoy hakmopamu pucka u 2eHemuuecKkou UySCMEUMeNbHOCHU NPpU PA36UMuUU paka nuiyeeood, ¢ 0coOblM AKYeHMoM Ha OmoebHble
2ucmonamono2uyeckue noomunbl.

Memoowt: IIposeden nouck nayunvix nyoruxkayuii ¢ creoyiouux dasax oannvix: PubMed, Medline, Cochrane Lab npu nomowu nayunot
nouckosoti cucmemor Google Scholar. B 0630p 6viau 6xkitoueHbl UccIe008anUsl, NOCEAUEHHBIE INUOEMUOTOSUU U UZYUEHUS CBA3U MeNCOY
gaxmopamu pucka paka nuujesoda. B ananus eownu nyOiuxayuu na aneiuiicKOM A3biKe ¢ 4emKO COPMYIUPOSAHHBIMU 8bIBOOAMU, 3d
UCKTIOYeHUeM OMUEMOE 0 CIYYAAX U CEPUAX CYYaes, peOaKyuoHHbLX cmametl u me3ucos Kongepenyuil. I nyouna noucka — 10 nem. Beezo 6vL10
natioeno 462 ucmounHuKa, 6KIAOUEeHO 8 anaIu3 45 Hayunvlx nyorukayuil.

Pesynvmamui: Hccneoosanus nokazulearom, Yno HeKomopbsie aKmopsl NOSLIUAION Yy6CMEUMETbHOCHb K PAKY NUWe600a, 6 MOM Yucie
KypeHile, anko2ob, nompeodienue HapKomuuecKux gewecms, nompeoienue 2opavux nuuegvlx npooyKmos u HanumKo8, 2acmpod3ogazeanvhas
pedaiokcHan 60ae3Hb, odcupenue, ampodus JceryoKd, nioxas OpanrbHas 2UUeHd, USMeHeHUs 6 MUKpoOuome nuueood, cyoonmumaibHle
Ouemul, supycuvle u bakmepuanvhvie ungexyuu u opyeue. Kpome mozo, mymayuonnsvie npoghuiu pakosvlx Kiemox nuuegooa oonapy#cuiu
uacmoete mymayuu, makue kax TP53, NFE2L2, MLL2, ZNF750, NOTCH.

3axniouenue: Ilamozeenes paka n10CKOKIENMOUHOU KAPYUHOMbL NPOABIAEH MHO20QAKMOPHbIE CEOUCEA, ¢ MHOMCECBOM NPUSHAHHBIX
paxmopos pucka, cnocobcmsyouux e2o 603HUKHoseHuI0. Hanpomue, smuono2us adeHoKapyuHoMbl paka nuueeo0a 0cmaemcs OMmHOCUMeNbHO
u3yueHHo, mpedys NOCMOAHHBIX UCCIEO08AMENLCKUX YCUUTL O BLIABNEHUIO ee PYHOAMEHMATLHBIX NPUYUHHBIX MEXAHUZMOB.

Knroueswvie cnosa: snuoemuonocus, (akmopvl pucka, 2eHemukd paka nuwjesood, NIOCKOKIEMOYHAs KAPYUHOMA, AOeHOKAPYUHOMA
nuuesood.
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