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EPIDEMIOLOGY OF ESOPHAGEAL CANCER, RISK FACTORS AND

POSSIBILITIES FOR PREVENTION

Milica Bjelakovi¢!, Daniela Benedeto Stojanov!, Ivana Golubovic?,
Marko Bjelakovié?, Marko Gmijovié?

The incidence and mortality of esophageal cancer in developed countries increased in
the last four decades, as opposed to the reduced incidence and mortality of other cancers.
Esophageal cancer is the eighth most common and the sixth leading cause of cancer death in
the world. In the last 3 decades, there has been a shift in the leading histological type of
esophageal cancer in developed countries from esophageal squamous cell to esophageal
adenocarcinoma. Risk factors lead to the appearance of precancerous conditions, squamous
dysplasia as a precursor of esophageal squamous cell carcinoma and Barrett's esophagus as a
precursor of esophageal adenocarcinoma. Tobacco, alcohol, hot Mate drink and pickled
vegetables are associated with increased risk of esophageal cancer, while increased fruit and
vegetable intake could have a preventive effect on esophageal cancer. The evidence about the
influence of distal esophageal sphincter relaxants and histamine 2 receptor antagonists is
contradictory. There is an inverse association of Helicobacter pylori infection and Barrett's
esophagus and esophageal adenocarcinoma. We have low certainty evidence about the effect
of infection with human papilloma virus and different chemical carcinogens like polycyclic
aromatic hydrocarbons, N-nitroso compounds, acetaldehyde, and fumonisins on esophageal
cancer. A number of predisposing conditions like gastro-esophageal reflux disease, Barrett's
esophagus, obesity, hiatal hernia, achalasia, tylosis, and Plummer Vinson syndrome may
increase the risk of esophageal cancer. Primary prevention of esophageal cancer consists of
lifestyle changes like smoking cessation, stopping of alcohol consumption and increased intake
of fruits and vegetables. Secondary prevention consists of chemoprevention, screening and

monitoring program.
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History

Although the main evidence for esophageal
cancer was collected during the 19% and 20t
century, the first data related to the disease came
from Egypt around 3000-2500 BC. In a "Smith sur-
72

gical papyrus" written by Edwin Smith reparation of
the esophagus after perforation is described, but
without a clear emphasis on cancer (1). Galen, 125-
200 AD, a well-known physician and philosopher of
the Roman Empire, published a paper on the causes
and symptoms of esophageal cancer, pointing out
the possibility that meaty growths partially or com-
pletely obstruct the passage of food through the
esophagus (1). Avicenna, who is considered the
father of modern medicine, in one of the papers
entitted "Canon of Medicine" published in 1025,
pointed out that dysphagia is the most significant
symptom of esophageal tumors (2). Earliest evide-
nce came also from some areas of China which are
characterized by a high incidence of esophageal
cancer. As the main symptom in patients, "Ye Ge" is
mentioned, which means dysphagia and belching.
Dysphagia syndrome was reported among the in-
habitants of Henan Province 2000 years ago. Addi-
tionally, a condition called "ge shi bing" has been
described in Linxian Province. Arab clinician Avenzoar
(1090-1162) gave some very useful advice re-
garding the treatment of patients with esophageal
cancer (2). He recommended "injecting food into the
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stomach through a silver tube as well as using nutri-
ent solutions". One of the leading physicians of the
16% century, the Frenchman Jean Francois Fernel
(1497-1558) described scirus and other tumors that
block the esophagus causing dysphagia. Surgeon
John Casaubon, who died of esophageal cancer in
1691, was the first who correctly described the
symptoms of the disease (2).

Epidemiology

In developed countries, the incidence and
mortality of esophageal cancer increased in the last
three decades, as opposed to the reduced incidence
and mortality of other cancers. Between 1973 and
2020, the incidence rate of the most common can-
cers including breast, colon, and lung was stable or
decreased in the United States. There has been an
increase in prostate cancer and melanoma, but this
is small compared to the 600% increase in the inci-
dence of esophageal adenocarcinoma (EAC) in the
same period. The risk of developing esophageal can-
cer increases with age and is greatest in the seventh
decade of life. The prognosis is generally poor. The
5-year survival rate ranges between 10 and 13%,
and only 1 in 5 patients survives 3 years or more
(3). Therefore, the esophageal cancer prevention
strategy must take into account its changing epide-
miology. Esophageal cancer is the eighth most com-
mon and the sixth leading cause of cancer death in
the world (4, 5). The average incidence in the world
is 11.5 cases per 100,000 in men and 4.7 per
100,000 in women (6). There are large geographical
variations in the world in terms of incidence and
mortality from esophageal cancer. The incidence, as
well as mortality, can vary from one part of the
world to another up to 500 times (7). It is known
that Asian countries, especially China, India,
Pakistan, and Japan, have the highest rates of eso-
phageal cancer in the world (8). Asian belt of eso-
phageal cancer (the region with the highest inci-
dence rate of esophageal cancer in the world) ori-
ginates from Turkey, goes through Iraq, Iran and
Kazakhstan and ends in North China. The incidence
of esophageal cancer in this zone is 100 cases per
100,000 inhabitants. The incidence is equal in men

and women and is more common in people of
Turkish and/or Mongolian descent than those of
Indo-European descent. Most frequent histological
type in the Asian belt is esophageal squamocellular
cancer. The overall incidence rate is twice as high in
less developed countries then in developed countries
with the highest incidence rates in Asia (9). The
highest EC incidence rates in the standard age struc-
ture population were recorded in China, South and
East Africa, and Japan. More than 90% of esopha-
geal cancers are either squamous cell carcinomas
(SCC) or adenocarcinomas (AC). Other cancers, me-
lanomas, leiomyosarcomas, carcinoids and lympho-
mas occur less frequently in the esophagus.

The epidemiology of the two histological types
of esophageal cancer (squamous cell and adeno-
carcinoma) differs significantly. The most common
histological type in the world is esophageal squa-
mous cell carcinoma (ESCC) while in the USA and
Europe, esophageal adenocarcinoma (EAC) currently
predominates (10).

In the last four decades, there has been a
shift in the leading histological type of esophageal
cancer in developed countries from esophageal
squamous cell to esophageal adenocarcinoma (11,
12). In developed countries, esophageal squamous
cell carcinoma occurs three to four times more often
in men than in women, while in the Asian belt of
esophageal cancer the incidence is the same among
men and women (13).

The risk of developing of esophageal cancer
increases with age. On average, EAC is formed ten
years earlier than ESCC, on average at the age of 53
(11).

Risk factors

Craver (14) and Watson (15), dealing with
the problem of risk factors for the development of
esophageal cancer listed excessive use of alcohol
and tobacco, low socioeconomic status, poor oral
hygiene and consumption of hot beverages as one
of the main ones. Craver also quoted an article from
Argentina that pointed out that consuming Mate
drink, consumed in larger quantities in South
America, as an additional risk factor (Table 1) (14).

Table 1. Risk factors for esophageal cancer

Habits

tobacco, alcohol, hot drinks, mate drinks, pickles

Nutritional deficiencies

insufficient intake of fruits and vegetables, deficiency of
vitamins and minerals

relaxing the lower esophageal sphincter, histamine 2

Medicines .

receptor antagonists
Infections Helicobacter pylori, human papillomavirus
Chemical polycyclic aromatic hydrocarbons, nitrosamines,

acetaldehyde

Physiological or pathological predisposing conditions

gastroesophageal acid reflux, hiatal hernia, achalasia,
tylose

Occupational exposure

silicone and asbestos

Low socioeconomic status
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Risk factors lead to the appearance of pre-
cancerous conditions, squamous dysplasia as a pre-
cursor of esophageal squamous cell carcinoma and
Barrett's esophagus as a precursor of esophageal
adenocarcinoma.

Habits
Tobacco

Current and former smokers are at higher risk
for developing esophageal cancer (EC). Smoking
significantly increases the risk of developing ESCC
and less of developing EAC. Active smokers have a 3
to 7 times higher risk of developing ESCC and about
2 times higher risk of developing EAC (16). The risk
of developing EC is directly correlated with the num-
ber of cigarettes smoked as well as the length of
smoking experience (17, 18). The risk persists for
30 years after smoking cessation (19).

Alcohol

Continuous alcohol intake significantly increa-
ses the risk of developing ESCC but not EAC (17,
18) although there are observational studies that
suggest a possible link between alcohol and EAC.
Exposure to tobacco and alcohol has a synergistic
effect on the risk of developing EC. The International
Agency for Research on Cancer (IARC) classified
alcohol as a known cause of EC (20).

Mate

The hot Mate drink, which is an extract of the
herb Ilex paraguayensis, and which is characteristic
of the countries of South America, is considered a
potential risk factor for the formation of EC. The
carcinogenicity of mate beverage is considered to be
a consequence of repeated thermal damage and
exposure to polyaromatic cyclic hydrocarbons. The
first study conducted in Uruguay (21) found a
relative risk of 12.2 for those who drank 2.5 | of
mate beverage per day, and the risk was even
higher, 22.6 for those who consumed alcohol and
smoked. Another study (22) found a risk of 2.8 in
people who drank more than 1 liter of mate per day,
and the risk was even higher (7.1) in those who
drank alcohol and smoked at the same time. In
1991, the IARC classified the hot mate beverage as
a probable carcinogen for humans (Group 2A) (20).

Pickled vegetables

Environmental studies have indicated an in-
creased risk of EC in areas where higher amounts of
pickles are used in the diet. It is assumed that fungi
and yeasts that grow in pickles can release carcino-
gens (23). Results of epidemiological studies are not
consistent. While some of them indicated a signifi-
cant increase in the incidence of EC in others, the
consumption of pickled vegetables did not affect the
incidence of EC. The IARC concluded in 1993 that
pickles were probably carcinogenic to humans
(Group 2B) (24).
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Nutrition deficits
Fruits and vegetables

The World Cancer Research Foundation
(WCRF-AICR) announced in 2016 that there was
evidence, although mostly from observational
studies, that increased fruit and vegetable intake
could have a preventive effect on esophageal cancer
(25). Combining all the evidence, it was concluded
that the risk of developing EC is reduced by about
20% for every 50 g of fruit and vegetables con-
sumed daily (25). The results of recently completed
cohort studies support this view (26, 27).

Vitamin and mineral deficiency

Some areas with a very high incidence of EC,
such as Linxian, China, are characterized by a large
deficiency of vitamins and minerals in the diet. How-
ever, two large randomized controlled clinical trials
(28, 29) and a Cochrane systematic review (30)
have failed to demonstrate a reduction in the inci-
dence of EC after vitamin and mineral supplementa-
tion over 5 to 6 years.

Medicines
Distal esophageal sphincter relaxants (DES)

Asthma medications (B-adrenergic agonists
and theophylline-containing drugs), calcium antago-
nists, nitroglycerin, and benzodiazepines relax the
lower esophageal sphincter and increase acid reflux.
Therefore, they can increase the risk of developing
BE and EAC. Observational studies, however, have
yielded contradictory results (31, 32). Some of them
indicate that medications that lead to DES relaxation
contribute to the formation of about 10% of all EACs
(31, 32).

Histamine 2 receptor antagonists

H2 blockers can reduce EAC risk by reducing
the acidic content of gastroesophageal reflux. How-
ever, they may increase EAC risk by neutralizing
gastric pH, which allows bacteria to proliferate in the
stomach which may result in increased production of
carcinogens such as nitrosamines and acetaldehyde
(12). One study examined the association of H2
blockers and ESCC, finding no association (33).
Another recent study revealed possible increased
risk of esophageal cancer after H2 antagonists (25).

Infections
Helicobacter pylori infection

Results of 3 recently published meta-analyses
have indicated that gastric colonization with Helico-
bacter pylori is associated with about a 50% re-
duction in the risk of developing EAC (34-36). One
meta-analysis indicated an inverse association of H.
pylori and BE (37). There is no association of Helico-
bacter pylori with ESCC.
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Human papillomavirus

Oncogenic types of HPV, most commonly HPV
16 and HPV 18, are the causes of cervical cancer,
and may play a significant role in the development
of epithelial cancers of the vulva, anus, penis, and
oropharyngeal cavity. The role of HPV in the deve-
lopment of EC is controversial. Despite the fact that
the association of HPV and esophageal tumors has
not been established in most studies, there are also
studies that found this association in about 75% of
cases. In 2006, the IARC concluded that there was
insufficient evidence to indicate carcinogenicity of
HPV in the esophagus (38).

Chemical carcinogens
Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) are
formed during incomplete roasting of organic sub-
stances. The main sources of PAHs are smoking and
air pollution. The causal link between PAHs or sub-
stances containing PAHs and cancer has been esta-
blished for skin, lung and bladder cancers. However,
the facts indicating the association of PAHs or
substances containing PAHs and EC are based solely
on environmental studies (39).

N-Nitroso compounds (NNC)

NNCs are potent animal carcinogens that can
affect the development of cancers of the nasal
cavity, esophagus and stomach. Their role in deve-
loping cancer in humans has not been established
with certainty. A recent umbrella review of 72 meta-
analyses examining the association of nitrosamines
and EC found that consumption of processed meat,
the main source of nitrite and nitrosamines, was
associated with a higher risk of developing EC (40).

Acetaldehyde

Ethanol is converted to acetaldehyde by alco-
hol dehydrogenase and then to acetate by acetal-
dehyde dehydrogenase. In 1999, the IARC classified
acetaldehyde as carcinogen for animals and a possi-
ble carcinogen for humans, mostly because there
was insufficient evidence from human studies at the
time (41).

Fumonisins

Fumonisins are toxins secreted by the fungus
Fusarium verticillioides (formerly Fusarium monili-
forme), which grows mainly on maize. Evidence for
the carcinogenicity of fumonisin in humans is un-
certain and has mainly come from environmental
studies. An observational study indicated no link
between fumonisin exposure and EC (42).

Predisposing conditions
Gastroesophageal reflux disease (GERD)

Symptomatic GE reflux is perhaps the strong-
est risk factor for developing EAC (43). People with
recurrent reflux symptoms have 8 time higher risk
of developing EAC (43). In contrast to EAC, acid
reflux is not considered a risk factor for the develop-
ment of ESCC (43).

Barrett's esophagus

Barrett's esophagus (BE) is considered to be
one of the most significant risk factors for the
development of EAC. Patients with BE have 40 times
higher risk of developing EAC (44). There is no
association of BE and ESCC (44). The overall risk of
developing cancer in a patient with BE is about 0.5%
per year. However, most patients with BE will not
develop EAC.

Obesity

Previous epidemiological studies have indica-
ted that a higher body mass index increases the risk
of developing EAC. A recently published meta-analy-
sis of 22 case-control and cohort studies found that
the risk of EC was significantly higher in obese pa-
tients (45). Obesity also increases the risk of deve-
loping gastroesophageal reflux disease (46), and
Barrett's esophagus (47) that are primary risk fac-
tors for EAC. The trend is the opposite for ESCC.
Progressively higher BMI is associated with progres-
sively lower risk for ESCC (48).

Hiatal hernia

Hiatal hernia may increase the risk for deve-
loping EAC due to increased GE acid reflux. Numer-
ous studies have found an increased risk, with
relative risk ranging from 2 to 6 times (49).

In contrast to EAC, the risk of developing
ESCC is not increased in the presence of a hiatal
hernia.

Achalasia

EC develop in 3% to 7% of patients with
achalasia, which is significantly higher than in the
healthy population. Recent results indicate a 10
times higher risk of developing ESCC and EAC in
patients with achalasia. Corrosive constrictions in-
crease the risk of developing ESCC by about 1000
times (50).

Tylosis
Genetic defect in the 17925 region, charac-
terized by hyperkeratosis of the palms and soles, is

associated with a high risk of developing ESCC after
65 years of age (51).
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Plummer Vinson syndrome

PVS is also associated with increased risk of
developing esophageal cancer (52).

Exposure to harmful substances

Various studies have indicated that exposure
to asbestos may increase the risk of developing EC 2
to 16 times. The IARC has classified asbestos and
silicon in the group of human carcinogens (Group 1
carcinogens), mostly because of their effect on lung
cancer and mesothelioma (53).

Low socio-economic status

A large number of epidemiological studies
have confirmed that the risk of developing ESCC is

higher in populations with lower socioeconomic
status (SES) (13). Higher tobacco and alcohol use or
poor nutrition among people with lower SES are
responsible for increased risk. Less data is available
for EAC (54). Recent studies have indicated that SES
is inversely associated with EAC as well, but one
study found no association (55).

Population attributable risk (PAR) is defined
as the proportion of disease in a population that can
be attributed to a particular risk factor.

About 78.7% (95% CI 66.5%-87.3%) EAC
compared to 89.4% ESCC cases can be attributed to
one or more well-defined risk factors, of which
smoking, alcohol, body mass index and GERD con-
tribute the most (Table 2) (56).

Table 2. Population attributable risk for esophageal adenocarcinoma (EAC) and
esophageal squamous cell carcinoma (ESCC)

Risk factor PAR-EAC
Smoking 39.7%
BMI 41.1%
GERD 29.7%
Low fruit and vegetable intake 15.3%
Combined PAR 78.7%

Risk factor PAR-ESCC
Smoking 56.9%
Alcohol 72.4%
Low fruit and vegetable intake 28.7%
Combined PAR 89.4%

Antioxidants Control Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI

Occurrence of esophageal cancer
ATBC 2003 47 21846 13 7287 8.8% 1.21 [0.B5, 2.23] I
CARET 2004 44 9420 29 8894 181% 1.43[0.90, 2.29] =
HFS 2002 31 102649 26 10267 12.2% 1189071, 2.01] T
Munoz 1935 4 3058 3 305 1.5% 1.33[0.30, 5.91] [ —
MIT2 19493 123 1857 128 1661 5B5% 0.96 [0.76, 1.22] |
MPCT 1986 2 G53 5 659 1.2% 0.40([0.08, 2.07] —
SUWVIMAX 2004 2 6481 2 EB536 0.9% 1.01 (014, 7.18] [ E—
YyHS 2005 4 18937 3 19939 1.5% 1.33[0.30, 5.96] I
Zhu 2003 a 118 1 a4 0.3% 015001, 3.72]
Subtotal {95% CI) 70686 55602 100.0% 1.06 [0.89, 1.28] y
Total ewents 257 20
Heterogeneity: Tau®= 0.00; Chif=4551, df=8{(P=070) F=0%
Test for overall effect: £= 0.66 (F=0.51)

Figure 1. Occurrence of esophageal cancer after supplementation with antioxidants
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Prevention
Prevention of esophageal cancer can be
divided into primary and secondary.

Primary

Primary prevention consists of lifestyle
changes that reduce the prevalence of known risk
factors like smoking cessation, stopping of alcohol
consumption and increased intake of fruits and
vegetables (57).

Secondary

Secondary prevention consists of chemopre-
vention (use of specific natural or synthetic chemical
agents to reverse, suppress, or prevent the progres-
sion of precancerous conditions to invasive cancer),
screening and monitoring program (58).

Pharmacological chemoprevention
Antioxidant supplements

Antioxidants protect against oxidative stress
involved in the pathogenesis of many diseases in-
cluding esophageal cancer. Antioxidant supplements
containing beta-carotene, vitamins A, C, E, and
selenium have no effect on the incidence of EC
(Figure 1) (30).

NSAIDs, aspirin

A systematic review and meta-analysis of 9
studies concluded that aspirin and other NSAIDs

Figure 2. Barrett's esophagus

reduce the risk of EC in a dose-response manner
(59). Phase III RCT (AsSpECT trial: Aspirin Esome-
prazole Chemoprevention Trial) evaluated the bene-
ficial and harmful effects of the combination of aspi-
rin and esomeprazole for EC prevention (60). High-
dose PPI and aspirin significantly improved out-
comes in patients with Barrett's esophagus (60).
One RCT in which high doses of IPP were tested in
order to suppress acid secretion and reduce BE
showed a small but statistically significant regression
of BE after elimination of reflux symptoms, which
was confirmed by pH monitoring and recording of
subjective symptoms.

Screening - EAC

Screening of patients with BE is still contro-
versial given the lack of evidence that screening has
the effect on reducing mortality from EAC (61). The
annual rate of neoplastic transformation of BE is
0.5% (61). Standard endoscopy with biopsy is the
most reliable in diagnosing BE. There are several
limitations of screening like low negative predictive
significance, risk, discomfort and cost (Figure 2).

Supervision - EAC

Endoscopic supervision is recommended due
to the association of BE with EAC, slow progression
of BE through dysplasia to EAC, increasing incidence
of EAC, poor prognosis of EAC when detected in the
symptomatic phase, and better prognosis after
treatment of dysplasia/neoplasia detected by moni-
toring (Figure 3) (61).

Figure 3. Esophageal cancer
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Conclusion

Esophageal cancer is a very aggressive and

common cancer in the world. Although ESCC and
EAC differ in histology and geographic distribution,
many of their risk factors and carcinogenetic mecha-
nisms are identical. The most common risk factor for

10.

78

developing EAC is Barrett's esophagus. The most
important risk factors for developing ESCC are to-
bacco, alcohol, and a diet poor in fruits and vegeta-
bles. Elimination of risk factors responsible for the
development of esophageal cancer can result in re-
duced incidence and mortality rates.
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Incidencija raka jednjaka i mortalitet izazvan rakom jednjaka u razvijenim zemljama
porasli su u poslednje Cetiri decenije, za razliku od smanjene incidencije i mortaliteta kod
drugih karcinoma. Rak jednjaka je osmi najcesci karcinom i Sesti vodeci uzrok smrti od raka u
svetu. U poslednje 3 decenije dosSlo je do promene vodeceg histoloskog tipa karcinoma
jednjaka, u razvijenim zemljama, sa skvamoznih celija jednjaka na adenokarcinom jednjaka.
Faktori rizika dovode do pojave prekanceroznih stanja, skvamozne displazije, kao prekursora
skvamoznog karcinoma jednjaka i Baretovog jednjaka, kao prekursora adenokarcinoma
jednjaka. Duvan, alkohol, topli Mate napitak i kiselo povrée povezuju se sa povecanim rizikom
od raka jednjaka, dok bi povecan unos voca i povréa mogao preventivno da utiCe na rak
jednjaka. Dokazi o uticaju relaksansa distalnog ezofagealnog sfinktera i antagonista histamin
2 receptora su kontradiktorni. Postoji inverzna povezanost infekcije Helicobacter pilori i
Baretovog jednjaka i adenokarcinoma jednjaka. Imamo nisku sigurnost dokaza o uticaju infe-
kcije humanim papiloma virusom i razlicitim hemijskim kancerogenima, kao Sto su policikli¢ni
aromaticni ugljovodonici, N-nitrozo jedinjenja, acetaldehid i fumonizini na rak jednjaka. Brojni
predisponirajuéi uslovi, kao Sto su gastroezofagealna refluksna bolest, Baretov jednjak,
gojaznost, hijatalna hernija, ahalazija, tiloza i Plummer Vinsonov sindrom mogu povecati rizik
od raka jednjaka. Primarna prevencija raka jednjaka sastoji se od promene nacina Zivota,
koje obuhvataju prestanak pusenja, prestanak konzumiranja alkohola i poveéan unos voca i
povrca. Sekundarna prevencija sastoji se od hemoprevencije, skrininga i programa pracenja.

Acta Medica Medianae 2021,60(4):72-81.

Kljucne reci: rak jednjaka, rizik, prevencija

This work is licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0) Licence

81



