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Abstract

Esophageal cancer is a familiar malignancy with high incidence and mortality, and the
overall prognosis is poor. The numbers of cases of and deaths from esophageal cancer
have risen rapidly in recent decades. It is one of the most malignant cancers, with
more than 0.6 million new cases and 0.54 million deaths worldwide in 2020. Here, we
present the global epidemiology of esophageal cancer in 2020 and projections to 2030
and 2040 at different geographical levels of continents, regions and countries, and
analyze them by gender, race, geographic region and human development index. We
summarize the prospects for the esophageal cancer burden and risk factors in different
areas, which will be useful for global esophageal cancer clinical therapy and cancer
control planning,
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INTRODUCTION

Esophageal cancer is the eighth most commonly diagnosed
cancer and is the sixth leading cause of cancer death world-
wide."” The burden of this malignant tumor is significantly
high in less developed regions, where almost 80% of all cases
occur. Approximately 70% of cases occur in men, and there is
a 2- to 5-fold difference in incidence and mortality rates
between the sexes.” In addition, esophageal cancer is higher in
middle-aged and elderly populations, and the chance of get-
ting it increases with age.” The cancer burden of esophagus
incidence and mortality is increasing rapidly worldwide,
accompanied by global aging and population growth as well
as the prevalence of associated risk factors such as tobacco
and alcohol consumption, poor diet, lack of excise, and
obesity."* Esophageal cancer is extremely malignant and
prognosis is often poor.

In this review, we collect and analyze the cancer
burden of esophagus incidence and mortality worldwide

esophageal cancer, incidence, mortality, projection

from GLOBOCAN 2020, produced by International
Agency for Research on Cancer, and the esophageal
cancer burden of the United States produced by the
American Cancer Society (ACS). More specifically, we
describe and compare the geographic variability of esoph-
ageal cancer incidence and mortality rate at different
levels of countries, regions and continents. Furthermore,
we assess associations of the four-tier Human Develop-
ment Index (HDI) (low, medium, high, very high, based
on the United Nations Development Programme’s 2020
Human Development Reports) with the incidence and
mortality of esophageal cancer. Subsequently, predictions
about the esophageal cancer burden in 2030 and 2040 are
given. Follow-up and understanding of the current and
future epidemiology of esophageal cancer will be benefi-
cial for the development of effective and timely preven-
tion or treatment strategies. Finally, we summarize the
prospects for the esophageal cancer burden and risk fac-
tors in different geographical areas.
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PATHOLOGY OF ESOPHAGEAL CANCER small cell carcinomas and rare types such as lymphomas

and melanomas.” Most esophageal cancers are SCC or

Cancer of the esophagus occur in several forms: squamous ~ AC.%” In patients with esophageal cancer, SCC accounts for
cell carcinoma (SCC), adenocarcinoma (AC), sarcomas, the overwhelming majority of cases worldwide.
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Estimated new cases of esophageal cancer in 2020, all ages, top 10 countries

Both sex Males Females
China  324,422(13.8) 223,044(19.7) 101,378(8.2)
India 63,180( 4.7) 40,183(6.1) 22,997(3.4)
Japan  26,262( 7.2) 22,166(12.9) 4,096(2.1)
Bangladesh ~ 21,745(14.8) 14,141(18.7) 7,604(10.7)
United States of America 18,309(2.8) 14,384(4.8) 3,925(1.1)
Brazil 10,363(3.7) 8,112(6.5) 2,251(1.4)
Pakistan 10,117(6.5) 5,233(6.6) 4,884(6.4)
United Kingdom 10,109(6.4) 6,984(9.8) 3,125(3.4)
Russian Federation 8,178(3.1) 6,430(6.3) 1,748(0.99)
Germany 7,862(4.0) 6,036(6.5) 1,826(1.8)
World 604,100(6.3) 418,350(9.3) 185,750(3.6)
c Incidence
B Males 1 Females
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FIGURE 1 Incidence of esophageal cancer worldwide in 2020. (a) Distribution of new cases of esophageal cancer by continent, both sexes. (b) Top
10 countries for estimated new cases of esophageal cancer, both sexes, all ages. (c) Age-standardized incidence rate of the four-tier Human Development
Index (HDI) for esophageal cancer worldwide in males and females. ASR, age-standardized rate. GLOBOCAN 2020
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SCC and AC have important distinctions in tumorigene-
sis”® that are based on the type of cell where the cancer
originates. SCC starts in the squamous cells of the esophagus
mucosa and mainly occurs in the cervical esophagus or
upper and middle thoracic esophagus. AC starts in the
gland cells, which are mainly found in the lower thoracic
esophagus. Barrett’s esophagus is a complication of gastro-
esophageal reflux disease characterized by mucosal dysplasia,
may lead to esophageal adenocarcinoma. In addition, adeno-
carcinomas that occur in the gastroesophageal junction, the
area where the esophagus joins the stomach, tend to be classi-
fied as esophageal cancer.

EPIDEMIOLOGY OF ESOPHAGEAL CANCER

Esophageal cancer is a type of malignant tumor in digestive
system and is one of the leading causes of cancer-related
death, seriously affecting human health worldwide. In 2020,
there were an estimated 0.6 million new cases of esophageal
cancer and 0.54 million deaths occurred as a result of this
disease based on GLOBOCAN 2020. The methods used to
estimate the global cancer incidence and mortality in 2020 are
based on the most recent data supplied by the population-
based International Agency for Research on Cancer
(IARC) cancer registries for Cancer Incidence in Five Conti-
nents (CI5) Vol. XI. Esophageal cancer is known for its varia-
tion by lifestyle, gender, race, geographic region and HDL

The predominant histological types of esophageal cancer
are SCC and AC, with esophageal SCC being the most com-
mon histological type globally. The incidence of these two his-
tologic subtypes differs by geographic region, race, lifestyle, etc.

Incidence

In 2020, the age-standardized rate of esophageal cancer was
6.3 per 100 000 population. Between 1990 and 2020, the
age-standardized rate of incidence declined by 16.8%, but
the global total incidence rose by 94.7%, from 310 236
to 604 100.>° There is a significant statistical difference
between males and females, with 418 350 cases among males
and 185 750 cases among females (Figure 1b). As shown in
Figure 1b, approximately 70% of newly diagnosed cases occur
in men, and the incidence of esophageal cancer is 2- to 3-fold
different between the sexes globally.

For both sexes combined, in 2020, nearly 79.7% of new
cases of esophageal cancer were detected in Asia (481 552
cases), which represents 59.5% of the global population.
Europe (52 993 cases) accounted for 8.8%, followed by
Africa (27 546 cases) at 4.6%, Northern America (20 806
cases) at 3.4%, Latin America and the Caribbean (19 011
cases) at 3.1%, and Oceania (2192 cases) at 0.4% (Figure 1a).
Figure 1b shows the top 10 countries with the highest num-
ber of new esophageal cancer cases in 2020. Five of these
countries are in Asia: China (324 422 cases, 223 044 cases in
males and 101 378 cases in females), India (63 180 cases,
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Eastern Africa 7.3 I .0
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World 6.3 [ 5.6
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Central and Estern Europe 2.9 I 2.6
Caribbean 2.3 I 2.7
South America 2.8 I 2.6
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Western Asia 4 1.7 I 1.7
Northern Afica 1.5 I 1.5
Western Africa - 1.3 1.2
Central America 0.93 [l 0.89

10 5 0 5 10
ASR (world) per 100,000

FIGURE 2 Region-specific incidence and mortality age-standardized
rates for esophageal cancer worldwide in 2020. Rates are shown in
descending order of the age-standardized rates (ASR) among incidence.
GLOBOCAN 2020

40 183 cases in males and 22 997 cases in females), Japan
(26 262 cases, 22 166 cases in males and 4096 cases in
females), Bangladesh (21 745 cases, 14 141 cases in males
and 7604 cases in females), and Pakistan (10 117 cases, 5233
cases in males and 4884 cases in females). China had the
highest incidence, comprising half of the new global cases.
The incidence of esophageal cancer in China is almost five
times higher than in America. Moreover, according to ACS
analysis, the incidence of esophageal cancer in America has
remained nearly constant in recent years, slightly increasing
in men but decreasing in women over the past few decades.

Specifically, Eastern Asia has the highest regional age-
standardized incidence rates for both males and females, fol-
lowed by Eastern Africa, Southern Africa, South-Central Asia,
and Northern Europe. In contrast, the lowest age-standardized
incidence rates are observed in Western Asia, Northern Africa,
Western Africa, and Central America (Figure 2). Significant
differences are shown in age-standardized incidence rates of
esophageal cancer between neighbouring regions, and the high-
est regional age-standardized incidence rate was 13.2 times
higher than the lowest (12.3 vs. 0.93 per 100 000 population).
The highest estimated national-level age-standardized inci-
dences in 2020 were observed in countries in Southern Africa
(Malawi, Zimbabwe, Mozambique), Eastern Asia (Mongolia,
China), and Eastern Africa (Kenya, Uganda, Tanzania)
(Table S1). Malawi has the highest age-standardized incidence
(17.5 per 100 000 population), followed by Mongolia (17.1 per
100 000 population). Cabo Verde and Zimbabwe have the
highest age-standardized incidence rates globally in males and
females, respectively. Furthermore, the esophageal “cancer
belt” is found from northern Iran through Central Asia to
Mongolia and north-central China, where 90% of esophagus
cancer cases are mainly SCC.'”"' Meanwhile, AC occurs
mainly in western countries,'” such as America, the
United Kingdom, France, Norway, and Australia.
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FIGURE 3 Mortality of
esophageal cancer worldwide in
2020. (a) Distribution of deaths for
esophageal cancer by continent,
both sexes. (b) Top 10 countries for
estimated deaths of esophageal
cancer, both sexes, all ages. (c) Age-
standardized mortality rate of the
four-tier Human Development
Index (HDI) for esophageal cancer
worldwide in males and females.
GLOBOCAN 2020

b Estimated deaths of esophageal cancer in 2020, all ages, top 10 countries

Both sex Males
China  301,135(12.7) 206,780(18.3)
India 58,342(4.4) 36,910(5.6)
Bangladesh  20,319(13.9) 13,211(17.5)
United States of America 16,209(2.4) 13,035(4.2)
Japan 12,270(2.8) 10,009(4.9)
Brazil 9,786(3.5) 7,678(6.2)
Pakistan 9,443(6.1) 4,987(6.3)
United Kingdom 8,450(5.0) 5,802(7.6)
Russian Federation 7,527(2.8) 5,912(5.7)
Germany 6,523(3.0) 5,132(5.2)

World  544,076(5.6) 374,313(8.3)

Females

94,355(7.4)
21,432(3.2)
7,108(10.1)
3,174(0.82)
2,261(0.89)
2,108(1.3)
4,456(5.9)
2,648(2.6)
1,615(0.89)
1,391(1.0)
169,763(3.2)

C Mortality

I Males 1 Females

Very high HDI

High HDI

Medium HDI

Low HDI 3.1

10 5 0 5
ASR (world) per 100,000

A racial difference in incidence is also noted for America
(Esophageal cancer burden of the United States produced by
the ACS (https://cancerstatisticscenter.cancer.org/). Esopha-
geal cancer is most common in whites and Amerindians,
African-Americans, Alaskan Natives and Hispanics have a
lower incident rate, followed by Asians and Pacific Islanders.
AC is the predominant esophageal cancer type among
whites, while SCC is major type in African-Americans. In
addition, there has been a decrease in the incidence of
esophageal SCC and an increase in esophageal AC in recent
decades.”

The HDI, one of the most common measures of devel-
opment, is a composite index of life expectancy, education,
and gross national income. It has been reported that the
overall incidence of cancer is positively correlated with
HDL'*'® Figure 1c shows the incidence of esophageal can-
cer for the four-tier HDI in 2020. Age-standardized inci-
dence of esophageal cancer increased with HDI, rising from
a low to a high level (low HDI 3.7, medium HDI 5.3, high
HDI 9.1 per 100 000), but the very high HDI countries
exhibited the lowest incidence rate for both sexes (3.5 per
100 000). Moreover, the incidence ratio of males to females
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Estimated new cases in 2020 and projections to 2030 and 2040
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FIGURE 4 Estimated new cases (a) and deaths (b) of esophageal cancer worldwide in 2020 and projections to 2030 and 2040. GLOBOCAN 2020

increased with HDI level, ranging from 1.34 to 4.69. The
lowest rate in men was observed in low HDI countries, while
that in women was found in very high HDI countries.

Mortality

In 2020, esophageal cancer was the sixth leading cause of
cancer-related death worldwide, with an estimated 0.54 million

deaths. The age-standardized rate of mortality was 5.6 deaths
per 100 000 people (Figure 3b). Between 1990 and 2020, global
age-standardized mortality decreased by 27.5%, but the number
increased by 74.8%, from 311 289 to 544 076.>°

Esophageal cancer is a refractory disease that starts in
the inner of the esophagus wall and grows outward through
the other layers, such as mucosa, submucosa, muscularis
propria and adventitia, therefore early esophageal carcino-
mas usually do not have obvious symptoms, leading to
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detection at a late stage and very poor prognosis.'®™'® More-
over, nearly half of patients develop distant metastasis
within 5 years."” Because of its high malignancy and poor
prognosis, esophageal cancer also has high mortality accom-
panied by high incidence. As show in Figure 3a, the distribu-
tion of esophageal cancer mortality in six continents is
similar to that of its incidence. The 10 countries with the
highest incidence are also the 10 countries with the most
deaths (Figure 3b). Regions with high age-standardized inci-
dence rates also have the highest age-standardized mortality,
although there is a slight change in ranking (Figure 2).
China has the largest number of deaths from esophageal
cancer, more than half of the total deaths worldwide
(Figure 3b), and Malawi (16.7 per 100 000) and Mongolia
(16.2 per 100 000) have the highest mortality rate globally.
Cabo Verde has the highest age-standardized mortality rate
in the world for men, and the highest mortality rate for
women is observed in Malawi (Table S2).

There is also some correlation between esophageal can-
cer mortality and HDI. The mortality rate of esophageal
cancer per HDI group (very high, high, medium, low) in
2020 is shown in Figure 3c. The death rates in low, medium,
high and very high HDI countries are 3.6, 4.9, 8.3, and 2.6
per 100 000 population, respectively. Furthermore, the age-
standardized mortality rate for males and females also
increases with HDI level, ranging from 1.32 to 4.74.

Future burden of esophageal cancer in 2030
and 2040

The prevalence of esophageal cancer has grown dramatically
worldwide in recent years. If current trends continue, as
shown in Figure 4. Based on GLOBOCAN 2020, the esti-
mated numbers of esophageal cancer cases and deaths in
2030 and 2040 are calculated by multiplying the rates in 2020
by the expected population in 2030 and 2040. It is projected
that 739 666 new cases of and 723 466 deaths from esopha-
geal cancer will occur in 2030, and there will be 987 723 new
cases and 914 304 deaths in 2040 around the world, with a
31.4% and 33.0%, 63.5% and 68.0% more than in 2020,
respectively. The highest change in the number of new cases
is projected to occur in Africa, rising from 27 546 in 2020 to
38 656 (increase of 40.3%) in 2030 and 54 279 (increase of
97.9%) in 2040. The lowest change is Europe, rising from
52993 in 2020 to 59 626 (increase of 12.5%) in 2030 and
64 720 (increase of 22.1%) in 2040. In addition, the largest
number of new cases will still occur in Asia, rising from
481 552 in 2020 to 642 148 (increase of 33.3%) in 2030
and 803 911 (increase of 66.9%) in 2040 (Figure 4a). The
projected esophageal cancer deaths in 2030 and 2040 in six
continents is similar to the new cases (Figure 4b).

The burden of esophageal cancer increases substantially
at all HDI levels (Table S3). The striking magnitude of the
increase can be seen in low HDI countries. High HDI coun-
tries would experience the greatest new cases and deaths in
2030 and 2040.

a Estimated new cases of esophageal cancer
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FIGURE 5 Estimated new cases (a) and deaths (b) of esophageal
cancer in China, India, and the United States in 2020 and projections to
2030 and 2040. GLOBOCAN 2020

At the country level, estimates of esophageal cancer cases
and deaths in the top three most populous countries, China,
India, and the United States, in 2030 and 2040 are shown in
Figure 5. The number of new cases in China is predicted to
increase from 324 422 in 2020 to 435 958 in 2030 and to
529 621 in 2040. The number of deaths in China is pre-
dicted to increase from 301 135 in 2020 to 416 509 in 2030
and to 525 362 in 2040. In India, the number of new cases is
projected to grow from 63 180 in 2020 to 83 332 in 2030
and to 105 640 in 2040, while the number of deaths is pro-
jected to grow from 58 342 in 2020 to 76 731 in 2030 and to
97179 in 2040. The number of new cases in the
United States is predicted to increase from 18 309 in 2020 to
a projected 21 755 in 2030 and 24 590 in 2040. The number
of deaths in the United States is predicted to increase from
16 209 in 2020 to a projected 19 611 in 2030 and 22 593
in 2040.

With increasing level and aging of the world population,
as well as the prevalence of associated risk factors such as
tobacco and alcohol assumption, poor diet, lack of exercise
and obesity, it is very likely the predicted estimates for
esophageal cancer will be reached in 2030 and 2040.

CONCLUSIONS

As one of the most common malignancies, esophageal cancer
has become an urgent global health challenge and the
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growing trend of esophageal cancer cases is expected to con-
tinue for the next two decades and beyond. Based on GLO-
BOCAN 2020 analysis from 1990 to 2020, there was a
decrease in the global age-standardized rates of incidence and
mortality, but an increase in new cases of and deaths from
esophageal cancer. The incidence and mortality of esophageal
cancer indicate variations for gender, race, and geographic
region. Furthermore, there was a positive relationship
between the incidence of esophageal cancer and mortality
and HDI level. The age-standardized incidence and mortality
of esophageal cancer increase with HD], rising from low level
to high level, and are lowest in countries with very high HDI.

A high male predominance is found for esophageal
cancer, with risk 2- to 3-fold higher for men than for
women worldwide in 2020. Cabo Verde has the highest
age-standardized incidence and mortality rates in males.
In females, Zimbabwe has the highest age-standardized
incidence rate, and the highest mortality rate is observed
in Malawi. The causes for this gender difference in esoph-
ageal cancer are still unclear. Different exposure to high-
risk factors such as alcohol and tobacco,”™*' hormonal
influences,”>** and abdominal obesity, particularly in
men,”* probably led to this male predominance.

In terms of geographical distribution, Eastern Asia has
the highest regional standardized incidence and mortality,
followed by Eastern Africa, Southern Africa, and South-
Central Asia. Approximately 80% of new cases and deaths
take place in Asia. China has the heaviest burden of esopha-
geal cancer, accounting for more than half of the world.
Esophageal SCC is the predominant histological type in
high-risk regions of esophageal cancer. In most African
countries, tobacco and alcohol consumption are the two
main risk factors for esophageal cancer.”***’ In addition,
firewood cooking and the use of white maize flour had
strong associations with SCC in Malawi.”® In the Asian
esophageal “cancer belt”, drinking hot liquids, high-temper-
ature cooking, poor oral hygiene, and low socio-economic
status were reported to increase the risk of SCC.***° Smok-
ing and heavy alcohol intake are the two main risk factors
for SCC in western counties.”’ In addition, betel quid chew-
ing is a suspected risk factor for SCC,** and risk for esopha-
geal SCC increases by more than 41-fold versus alcohol and
tobacco in Taiwan Region.”> Most esophageal cancers are
SCC or AC, but these two types of cancer have very distinct
risk factors and geographic distribution. The highest risk
factor for AC is gastro-esophageal efflux, especially Barrett’s
esophagus,’ along with obesity” and decreased Helicobac-
ter pylori.® AC occurs mainly in western countries, such as
the United States, the United Kingdom, France, Norway and
Australia, and probably represents two-third of cases in
high-income countries.”” Furthermore, the incidence of AC
is rising due to the increase in the risk factors of obesity
(especially waist circumference) and gastroesophageal
efflux.">*® Special attention should be paid to the link
between the prevalence of overweight individuals and
increasing obesity and the incidence of AC in most

countries, as this is likely to contribute greatly to the future
burden of esophageal cancer.

Finally, with the increase in aging of the world popula-
tion, and the prevalence of associated risk factors, it is
strongly expected that the real incidence of esophageal can-
cer would reach the predicted one in 2030 and 2040. In
recent years, the incidence of SCC, accounting for approxi-
mately 90% of all esophageal cancer cases worldwide, has
decreased in most countries, probably because of dietary
improvements, and less smoking and heavy drinking,
etc.,””*" but new cases of SCC are rising with the growth in
and aging of the world population. Moreover, a rapid
increase in the incidence of AC is occurring in high-
income countries,'” and it is predicted that AC incidence
will surpass that of SCC in the near future. Further actions
are necessary to address this phenomenon to prevent an
increase in new cases of SCC and AC. Furthermore, as AC
and SCC have distinct outcomes, treatment strategies, and
response profiles to therapy,*"** there is a need for differ-
ent management strategies for them. Although the overall
prognosis of patients with esophageal cancer is gradually
improving due to surgical improvements, medical
advances, and neoadjuvant therapy, overall survival is still
poor.**™*® A third to half of cancers are preventable®” and
earlier diagnosis, for example through endoscopic screen-
ing, has provided better outcomes by identifying the cancer
at an early stage. In a community-based study in rural
China, considerable reductions in esophageal SCC inci-
dence (—43%) and mortality (—45%) were observed after
one-time endoscopic screening followed by normative
treatment for precancerous lesions among individuals
aged 40-69 years.*® Strategies for the prevention of
esophageal cancer and methods for early detection are
therefore urgently needed, and these require worldwide
attention and effort from policymakers, researchers, and
clinicians.
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