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� The global incidence and mortality
rates of oesophageal cancer in 2020
are revealed.

� The 10-year incidence and mortality
trends of oesophageal cancer across
age and gender subgroups are
decreasing in most countries.

� Compared with other continents, the
incidence and mortality trends
especially vary in European countries.

� Nations with very high Human
Development Index (HDI) have the
lowest average incidence and
mortality rates, whereas those with
high HDI have the highest rates.
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Introduction: Oesophageal cancer is a prevalent and deadly cancer around the world.
Objectives: We aimed to present a comprehensive analysis of the global geographic patterns and tempo-
ral trends in the mortality and incidence of oesophageal cancer.
Methods: The mortality and incidence data of oesophageal cancer in 2020 were obtained from the
GLOBOCAN database. Based on World Health Organization (WHO) mortality database and the Cancer
Incidence in Five Continents (CI5), we also retrieved the mortality and incidence age-standardized rates
(ASRs) of oesophageal cancer. The average annual percentage changes (AAPCs) of mortality and incidence
were calculated using the joinpoint regression analysis.
Results: Globally, 0.54 million deaths and 0.6 million new cases were identified in 2020. In the majority of
countries of South America and Asia, the mortality and incidence trends have substantially decreased, but
trends in European countries have varied. The prevalence in European nations varied, but the incidence in
most other continents decreased dramatically. In terms of mortality, the global average rate was 5.6 per
100000, ranging from 16.7 (Malawi) to 0.28 (Belize). European countries varied in mortality, such as
Norway (AAPC, male: 0.68; female: 0.89) and Ireland (AAPC, male: �0.96; female: �1.52). Most non-
European countries saw large decreases in mortality, such as Singapore (AAPC, male: �4.78; female:
nization;
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�6.89). The elderly had more noticeable trends in mortality and incidence in most countries.
Conclusions: We have identified different trends in mortality and incidence among European countries,
whereas declining trends were identified in most non-European countries. However, increasing trends
were identified in specific subgroups of some countries, such as men in Thailand. For populations with
rising mortality and incidence trends, more preventative efforts are required.
� 2023 Published by Elsevier B.V. on behalf of Cairo University. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

In 2020, oesophageal cancer has caused 0.6 million new cases
and 0.54 million deaths worldwide, making it a principal cause
of cancer death [1,2]. Using data of the GLOBOCAN database, we
estimated that incident cases are expected to rise by about 63.5%
by 2040, whereas the number of the death is likely to rise by
approximate 68% [1]. As for the histological subtypes, oesophageal
squamous cell carcinoma and oesophageal adenocarcinoma are
two principal subtypes, with squamous cell carcinoma accounting
for over 85% of all occurrences. Furthermore, oesophageal adeno-
carcinoma is connected to smoking and obesity, whereas oesopha-
geal squamous cell carcinoma is linked to alcohol and cigarette
intake. [3,4]. Changes in the prevalence of the above risk factors
may be substantially contributed to the changes in temporal
trends. As the 6th leading cause of cancer-related death, oesopha-
geal cancer is considered to be a substantial global health burden
[5]. Due to the significant advances in endoscopic diagnosis, basic
research and following treatment strategies, detection at an early
stage has the potential to increase the survival time of patients
with oesophageal cancer [6–9]. Therefore, comprehensively ana-
lyzing the global burden of oesophageal cancer and temporal
trends in mortality and incidence could help the allocation of
healthcare resources, especially in some developing countries.

Because of the importance of epidemiology for health policy
development and the wide variation between regions or popula-
tions, many studies have revealed some health characteristics of
oesophageal cancer, including risk factors, mortality and incidence
[10,11]. A study using data from the Global Burden of Disease
(GBD) project has assessed the burden of oesophageal cancer in
different regions from 1990 to 2017, indicating east Asian nations
had the greatest burden [12]. Moreover, Wang et al. have demon-
strated the age-specific sex differences between different subtypes
of oesophageal cancer [13]. Another study initiated by Li et al. have
predicted the mortality of oesophageal cancer from 2020 to 2030
in China [14]. In addition to investigating the burden of oesopha-
geal cancer in specific countries, trends among people in subgroups
with distinct characteristics should also be analyzed, allowing for
more accurate resource allocation for people of various ages.
According to a recent study, cancer patterns among the elderly in
America differed significantly from those of the younger popula-
tion [15]. However, the global analysis of oesophageal cancer was
only based on the GBD study 2017, which utilized data from esti-
mation and modeling rather than regional registries. And Huang
et al. analyzed the global burden of oesophageal cancer using the
GLOBOCAN, but the research was conducted several years ago
and more supporting data were needed [16]. Moreover, the tempo-
ral trends in mortality and incidence among different gender and
age subgroups remain unclear, which may make developing health
policies for specific populations difficult.

In this research, by integrating data of multiple databases, we
provided a global perspective on the mortality and incidence of
oesophageal cancer and revealed the current trends in mortality
and incidence around the world. For countries included in our
study, we found different trends in mortality and incidence among
136
European countries, with more declining trends in mortality being
observed for men than women. In addition, declining trends were
identified in most non-European countries. In contrast to the
majority of non-European countries, mortality and incidence
trends for men in Thailand were rising significantly. Moreover,
our findings showed that the elderly had more substantial mortal-
ity and incidence trends than the young. We also evaluated the dif-
ferences of mortality and incidence rates among countries with
different human development indexes. Our findings may assist to
guide health policy decisions and then reduce the future burden
of oesophageal cancer.
Methods

Data retrieval

We utilized similar methods of a recent publication analyzing
the temporal trends in mortality and incidence of mesothelioma
and breast cancer [17–19]. In our study, we have investigated mor-
tality and incidence trends in the recent ten years, and presented
the global burden of oesophageal cancer (ICD-10, C15.0-C15.9) in
2020. Based on the 2020 edition of data from the GLOBOCAN data-
base, we retrieved the mortality and incidence estimates of oeso-
phageal cancer for 185 nations [1]. The Cancer in Five Continents
plus (CI5plus) database was used to access the incidence data of
oesophageal cancer for most countries [20]. We used the World
Population Prospects 2019 to get access to the worldwide popula-
tion data [21]. Besides, we used the Surveillance, Epidemiology,
and End Results (SEER) Program to access the incidence data of
the United States, and we used the Nordic Cancer Registries
(NORDCAN) to retrieve data of nations of North Europe [22,23]. A
total of 43 countries with incidence data were enrolled and data
of 22 countries were at the national level, whereas data from regio-
nal registries were used for the other 21 countries without inci-
dence data at the country level. Furthermore, the WHO mortality
database was used to obtain the mortality data [24]. The mortality
data of the United States and northern European nations were
retrieved via the SEER and the NORDCAN database, respectively
(Table S1). The mortality data of 44 countries were completely
included in this study. According to previous studies in gastroin-
testinal cancer, patients under 50 years old were considered as a
subgroup distinct from older patients, thus we categorized patients
using a 50-year-old cutoff [25,26]. We also used the United Nations
(UN) database to obtain the human development index (HDI) data
[27]. All countries were divided into four HDI categories based on
the quartiles of the distributions: Very High: > 0.799; High: 0.700
to 0.799; Medium: 0.550 to 0.699; Low: < 0.550 [28].

Statistical analysis

We used the Segi-Doll world standard population to adjust the
mortality and incidence data by age, and the age-standardized rates
(ASRs) were used for the following analysis [29]. ASRs was used to
compare the statistics across demographic groups, despite the fact
that the size of the groups or the ages of the group members may
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vary greatly. Next, we analyzed the past 10-year mortality and inci-
dence trends via performing the joinpoint regression analysis [30].
Because the ‘‘zero” or ‘‘missing” value could not be analyzed by
the joinpoint regression, we have excluded all the ‘‘zero” and ‘‘miss-
ing” values in this study. We conducted a logarithmic transforma-
tion of the ASRs and calculated standard errors via the binomial
approximation. The average annual percentage change (AAPC) and
the corresponding 95% confidence interval (CI) were calculated via
using the geometric weighting in people of various nations, gender
and age groups, which revealed the ten-year trends in mortality
and incidence. The length of each segment was assigned weights
equal to the specified time interval. The detailed formula or AAPC

was: AAPC = exp
P

wibiP
wi

� �
� 1

� �
x 100. The wis is the length of each

segment in the range of years, whereas bis represents the slope coef-
ficient for each segment in the desired range of years. We compared
themagnitudeof AAPCwith zero andwe regarded the insignificance
as a stable trend, aiming to generate statistical significance. If the
AAPC iswithinone segment, the t-distribution is applied; otherwise,
the normal (z) distribution is used. And P < 0.05 was considered sta-
tistically significant.

Ethics statement

The use of anonymized, publicly accessible data did not need
ethical approval. Access to and use of data from the aforemen-
tioned databases did not need the patient consent.
Results

Mortality and incidence rates of oesophageal cancer

According to the GLOBOCAN 2020 database, there were 604,100
new cases of oesophageal cancer identified worldwide in 2020,
with China having the most new cases. The global average inci-
dence was 6.3 per 100000, with rates ranging from 17.5 (Malawi)
to 0.28 (Belize). Asia had the greatest incidence of ASR (ASR, 8.5),
whereas Latin America and the Caribbean had the lowest (ASR,
2.4). In terms of gender differences, men (ASR, 9.3) had approxi-
mately three times the worldwide incidence of oesophageal cancer
as women (ASR, 3.6), indicating that oesophageal cancer has
gender-specific effects. In terms of mortality, the global average
rate was 5.6 per 100000, with rates ranging from 16.7 (Malawi)
to 0.28 (Belize). And 544,076 individuals died from oesophageal
cancer worldwide in 2020, with China having the largest number
of fatalities. When it comes to continents, the highest mortality
rates were in Eastern Asia (ASR, 10.7), Eastern Africa (ASR, 7.0),
and Central and Southern Africa (ASR, 6.4). Men’s mortality (ASR,
8.3) was approximately-three times greater than women’s (ASR,
3.2), indicating that gender differences exist in mortality. To dis-
play the whole data, we utilized Fig. 1 and Table 1.

Trends in mortality

Men’s trends in mortality decreased in the majority of nations,
ranging from �0.33 (Portugal) to �5.15 (the black population in
the United States). All countries in South and North America, as
well as the majority of Asian countries, exhibited declining trends,
whereas European countries showed substantial variations (Fig. 2,
Table S6). Northern European countries had slightly increasing
trends, while other European countries had declining or constant
trends. In addition, when compared to males in other Asian
nations, men in Thailand had an opposite tendency (AAPC, 4.72),
which was the highest AAPC and ranked the first among all the
countries (Fig. 3, Table S2). In 9 nations, women’s trends in
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mortality were growing, and the trends in women’s mortality rates
were similar to those of men in most countries (AAPCs, �6.89 to
6.7). The top three populations or nations with the lowest AAPC
were Singapore (AAPC, �6.89), Costa Rica (AAPC, �4.84) and Chile
(AAPC, �4.76). European countries showed different trends, with
three Eastern European countries showing a significant trend of
high growth, including Estonia (AAPC, 6.70), Latvia (AAPC, 4.64)
and Lithuania (AAPC, 1.98), while other European countries
showed a trend of decline or slight increase. In the United States,
the decline for blacks is more than four times that for whites,
and the country has one of the lowest AAPCs in the world. Similar
results were found in the patterns of mortality ASRs.

Trends in incidence

Among men, most nations in Asia, South America and North
America had a declining trend in incidence, whereas Uganda and a
few European countries experienced a considerable rise (AAPCs,
�9.1 to 3.3, Fig. 4, Table S3). A total of 20 countries or populations
exhibited declining trends, with Bahrain (AAPC, �9.1), India (AAPC,
�5.43) and the black in the United States (AAPC, �4.99) having the
most dramatic declines. In addition, 15 countries showed increasing
trends in incidence, with Uganda (AAPC, 3.3), Netherlands (AAPC,
1.96) and Thailand (AAPC, 1.8) ranking first, second, and third,
respectively. Moreover, we divided patients into two subgroups:
patients younger than fifty years old and those older than fifty years
old. Most nations showed similar trends in these two groups, while
certain countries, such as Japan, Norway, and Finland, had opposite
tendencies in these two divisions. Thirteen nations had a significant
decline in the younger population, while six countries experienced
an increase (AAPCs, �6.6 to 6.18, Figure S2, Table S5). Our findings
revealed that the young had more significant trends in European
countries, whereas trends among the old were more significant in
countries of Asia and North America. In terms of the elderly popula-
tion, we identified that 18 countries showed a considerable drop,
with Bahrain (AAPC, �15.45) having the largest drop (Figure S1,
Table S4). While 12 countries had a drastic increase, with Uganda
having the highest increase (AAPC, 3.3), followedby theNetherlands
(AAPC, 2.08, Figure S1, Table S4).

In most nations, women’s incidence patterns were similar to
men’s. A total of 14 countries had a drastic decline in incidence,
the most of which were in Asia, South America, North America
and Oceania (AAPCs, �7.2 to �0.4, Fig. 4, Table S3). In Europe, six
countries had a growing trend and three countries had a sharp fall,
indicating trends in incidence among women were insignificant in
most European countries, such as United Kingdom, Italy and
France. And countries with the largest increase were the Czech
Republic (AAPC, 3.48), Japan (AAPC, 2.2) and Netherlands (AAPC,
1.97). The similar conclusion could be drawn according to the inci-
dence ASRs across the countries (Fig. 2, Table S7). We then com-
pared the trends in incidence among the younger and elder
populations, finding that in the majority of nations, rises among
the elderly were more substantial (Figure S2, Table S5). Aside from
the majority of nations that had a constant trend, 11 countries or
populations had a decreasing trend in incidence among younger
women, with China having the largest decrease (AAPC, �5.22).
Only three countries, Denmark (AAPC, 1.17), Lithuania (AAPC,
4.04) and Estonia (AAPC, 2.22) had significant increases among
the young. And most nations, such as Sweden, Germany, and
France, had negligible AAPCs, implying that the incidence of young
women was steady in most countries. In terms of the elderly pop-
ulation, 18 countries or populations showed a significant drop,
with Chile having the largest decrease (AAPC, �7.19), followed by
China (AAPC, �5.99, Figure S1, Table S4). Furthermore, 10
countries, consisting of nine European countries and Japan, had
an upward trend (AAPCs, 0.54 to 3.37).



Fig. 1. The global estimated mortality and incidence of oesophageal cancer in 2020, both sexes, all ages. ASR, age-standardized rate. Graph was produced by GLOBOCAN 2020
(https://gco.iarc.fr/).
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Mortality and incidence rates among countries with different HDIs

We also compared the mortality and incidence rates of men and
women in countries with varying HDIs. In terms of incidence, we
found that nations with a very high HDI had lower incidence rates
for both male and female than other nations, especially among
women. Interestingly, nations with very high HDI have the lowest
average incidence rates (ASR, 3.5), while nations with high HDI
have the highest rates (ASR, 9.1). In addition, the average incidence
rates were lower among women than men in countries with differ-
ent HDI levels. And mortality rates showed a similar trend across
HDI levels (Fig. 5). High HDI countries had the highest average
mortality (ASR, 8.3), whereas nations with very high HDI has the
lowest rates (ASR, 2.6).

Discussion

The global burden of oesophageal cancer is critical for the pre-
vention and treatment of this disease, which has been studied
based on the GBD 2017 study [12]. Some regional studies, such
138
as those conducted in Japan and China, have also investigated
the geographic burden of oesophageal cancer [31,32]. However,
no comprehensive study has identified current trends in mortality
and incidence of oesophageal cancer according to gender and age.
Gender and age are also important variables in carcinogenesis
[33,34]. In our research, we analyzed data from different regions
around the world, showing patterns of esophageal cancer mortality
and incidence. We found that (1) nations with very high HDI tend
to have lower mortality and incidence rates than other countries,
especially among women; (2) the majority of Asian, South Ameri-
can, and North American countries have decreasing mortality and
incidence trends among men and women, whereas men in Thai-
land have significant increasing mortality and incidence trends;
(3) European countries showed significant variations in mortality
and incidence patterns; (4) when compared with the younger pop-
ulations, the elder ones have a more dramatic trend in mortality
and incidence; (5) slight difference was observed in mortality
and incidence trends among men and women.

The burden of oesophageal cancer differed significantly among
nations with various HDI levels. Previous research has established



Table 1
The incidence and mortality of oesophageal cancer in different regions.

Incidence Mortality

Both sexes Male Female Both sexes Male Female

Regions Cases ASR per
100,000

Cases ASR per
100,000

Cases ASR per
100,000

Cases ASR per
100,000

Cases ASR per
100,000

Cases ASR per
100,000

World 604,100 6.3 418,350 9.3 185,750 3.6 544,076 5.6 374,313 8.3 169,763 3.2
Africa
Eastern Africa 16,137 7.3 8514 8.4 7623 6.4 15,188 7 8028 8 7160 6.1
Middle Africa 2136 2.5 1343 3.3 793 1.8 2030 2.4 1275 3.2 755 1.7
Northern Africa 3254 1.5 1750 1.7 1504 1.4 3152 1.5 1694 1.7 1458 1.3
Southern Africa 3610 6.7 2109 9.4 1501 4.8 3449 6.4 2049 9.1 1400 4.5
Western Africa 2409 1.3 1318 1.5 1091 1.1 2278 1.2 1240 1.4 1038 1.1
Americas and

Caribbean
Caribbean 1703 2.8 1311 4.7 392 1.2 1647 2.7 1267 4.6 380 1.1
Central America 1779 0.93 1315 1.5 464 0.43 1704 0.89 1249 1.5 455 0.43
Northern America 20,806 2.9 16,298 4.8 4508 1.1 18,480 2.4 14,800 4.2 3680 0.84
South America 15,529 2.8 11,779 4.7 3750 1.2 14,448 2.6 10,992 4.4 3456 1
Asia
Eastern Asia 357,779 12.3 251,456 18.2 106,323 6.8 319,118 10.7 221,846 15.9 97,272 6
South-Central

Asia
105,034 5.6 65,281 7.1 39,753 4.2 97,436 5.2 60,429 6.5 37,007 3.9

South-Eastern
Asia

14,439 2 11,576 3.4 2863 0.72 13,695 1.9 10,999 3.3 2696 0.68

Western Asia 4300 1.7 2309 2 1991 1.5 4114 1.7 2194 1.9 1920 1.5
Europe
Northern Europe 12,968 5.3 9070 8.2 3898 2.7 10,985 4.2 7717 6.6 3268 2
Southern Europe 6307 1.8 4892 3.2 1415 0.63 5564 1.5 4355 2.6 1209 0.5
Western Europe 18,283 4.1 13,938 6.6 4345 1.8 14,842 3 11,403 5.2 3439 1.2
Central and

Eastern Europe
15,435 2.9 12,517 5.7 2918 0.81 14,120 2.6 11,435 5.1 2685 0.73

Oceania
Australia and New

Zealand
1916 3.1 1387 4.8 529 1.4 1564 2.4 1164 3.9 400 1

Melanesia 247 3.5 161 5 86 2.3 234 3.4 152 4.8 82 2.2
Micronesia 13 2.3 10 3.8 3 1.1 13 2.3 10 3.8 3 1.1
Polynesia 16 2.2 16 4.4 0 0 15 2 15 4.1 0 0
HDI
High HDI 362,576 9.1 250,143 13.3 112,433 5.2 337,168 8.3 232,396 12.3 104,772 4.8
Very high HDI 111,343 3.5 87,210 6.1 24,133 1.3 85,497 2.6 66,433 4.5 19,064 0.95
Medium HDI 111,582 5.3 70,828 6.9 40,754 3.8 103,722 4.9 65,815 6.4 37,907 3.5
Low HDI 18,457 3.7 10,060 4.3 8397 3.2 17,558 3.6 9569 4.1 7989 3.1
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a link between HDI and cancer incidence and death rates in a vari-
ety of cancers. For example, increasing gradients in mortality and
incidence were identified with increasing levels of HDI for colorec-
tal cancer [35]. Despite the fact that oesophageal cancer is one of
the gastrointestinal cancers, we found that nations with very high
HDI had the lowest average mortality and incidence ASRs, whereas
countries with high HDI had the highest average ASRs. Oesopha-
geal adenocarcinoma and oesophageal squamous cell carcinoma
are two primary subtypes of oesophageal cancer, each has its
own set of risk factors. The risk factors of oesophageal adenocarci-
noma were male sex, obesity, and reflux [36], whereas the risk fac-
tors of oesophageal squamous cell carcinoma were alcohol
consumption, cigarette smoking and intake of red meat
[12,37,38]. Lifestyle variations may contribute to the ASR disparity
between countries with very high and high HDI levels. In addition,
people in nations with very high HDI may be more health-
conscious and can undergo endoscopic examination more easily,
resulting in lower mortality and incidence ASRs. Potential patients
could be identified at an early stage in countries with very high
HDI, then properly examined for diagnosis and treated promptly.
Patients with oesophageal cancer might be completely treated at
an early stage thanks to the frequency of minimally invasive ther-
apy, and the disease burden could be minimized in nations with
very high HDI [7]. Herein, to reduce the burden of oesophageal can-
cer in the future, more attention should be paid for people other
than those in countries with very high HDI.
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The mortality and incidence trends differed among European
countries, with a little increase in males of Nordic countries and
opposing trends in the majority of Southern European countries.
People in different parts of Europe have distinct lifestyles, which
might result in diverse trends [39]. Different demographic shifts
in European countries may potentially be a contributing factor to
various patterns. Studies have found that oesophageal adenocarci-
noma were more prevalent in European countries than the oeso-
phageal squamous cell carcinoma [40]. Compared with women,
our results showed that men in most European countries had much
higher mortality and incidence ASRs in the recent decades, which
were consistent with prior studies showing that men were more
prone to develop oesophageal adenocarcinoma. [36]. In most Euro-
pean countries, the patterns in mortality and incidence were like-
wise distinct. In almost half of European nations, young men
showed decreasing incidence trends and most young women had
steady trends, and more declining trends in mortality were
observed for men than women. Furthermore, smoking and alcohol
consumption have been regarded as possible risk factors for oeso-
phageal cancer, which might be contributing to the gender dispar-
ities [41]. Previous publications have revealed that female who
smoke are much more sustainable to some respiratory cancer than
male [42,43]. Herein, establishing strict rules on smoking and alco-
hol consumption may help lower the disease burden of esophageal
cancer. In comparison to other malignancies, oesophageal cancer
had a lower prevalence in European nations. The trends were less



A
ge

-s
ta

nd
ar

di
ze

d 
R

at
e 

(p
er

 1
00

00
0)

mortality-male
mortality-female

incidence-male
incidence-femaleYear

0

5

10

15

20

1995 2000 2005 2010

Uganda

0

5

10

15

20

2000 2004 2008 2012

Bahrain

0

5

10

15

20

2000 2004 2008 2012

China

0

5

10

15

20

1980 1990 2000 2010

Hong Kong, China

0

5

10

15

20

1990 2000 2010

India

0

5

10

15

20

1980 2000 2020

Israel

0

5

10

15

20

1980 1990 2000 2010

Japan

0

5

10

15

20

1990 2000 2010

Philippines

0

5

10

15

20

1980 1990 2000 2010 2020

Singapore

0

5

10

15

20

1990 2000 2010 2020

South Korea

0

5

10

15

20

1980 1990 2000 2010 2020

Thailand

0

5

10

15

20

2000 2005 2010 2015 2020

Turkey

0

5

10

15

20

1980 1990 2000 2010 2020

Austria

0

5

10

15

20

1980 1990 2000 2010

Belarus

0

5

10

15

20

1980 1990 2000 2010

Belgium

0

5

10

15

20

1980 1990 2000 2010

Bulgaria

0

5

10

15

20

1990 2000 2010

Croatia

0

5

10

15

20

1990 2000 2010 2020

Czech Republic

0

5

10

15

20

1940 1960 1980 2000 2020

Denmark

0

5

10

15

20

1980 1990 2000 2010 2020

Estonia

0

5

10

15

20

1960 1980 2000 2020

Finland

0

5

10

15

20

1980 1990 2000 2010

France

0

5

10

15

20

1990 2000 2010 2020

Germany

0

5

10

15

20

1960 1980 2000 2020

Iceland

0

5

10

15

20

1980 1990 2000 2010

Ireland

0

5

10

15

20

1980 1990 2000 2010

Italy

0

5

10

15

20

1980 1990 2000 2010

Latvia

0

5

10

15

20

1980 1990 2000 2010

Malta

0

5

10

15

20

1980 1990 2000 2010

Netherlands

0

5

10

15

20

1960 1980 2000 2020

Norway

0

5

10

15

20

1980 1990 2000 2010

Poland

0

5

10

15

20

1980 1990 2000 2010

Portugal

0

5

10

15

20

1980 1990 2000 2010 2020

Russian Federation

0

5

10

15

20

1990 2000 2010 2020

Slovenia

0

5

10

15

20

1980 1990 2000 2010

Spain

0

5

10

15

20

1960 1980 2000 2020

Sweden

0

5

10

15

20

1995 2000 2005 2010 2015

Switzerland

0

5

10

15

20

1980 1990 2000 2010

United Kingdom

0

5

10

15

20

1980 1990 2000 2010

Australia

0

5

10

15

20

1980 1990 2000 2010

New Zealand

0

5

10

15

20

1980 1990 2000 2010 2020

Brazil

0

5

10

15

20

1980 1990 2000 2010

Chile

0

5

10

15

20

1990 2000 2010

Colombia

0

5

10

15

20

1980 1990 2000 2010 2020

Costa Rica

0

5

10

15

20

2000 2005 2010 2015

Cyprus

0

5

10

15

20

1980 1990 2000 2010

Ecuador

0

5

10

15

20

1980 1990 2000 2010 2020

Canada

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA Black

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA White

0

5

10

15

20

1995 2000 2005 2010

Uga

0

5

10

15

202

2000 2004 2008 2012

Bahrain

0

5

10

15

20

2000 2004 2008 2012

China

0

5

10

15

20

1980 1990 2000 2010

Hong Kong, China

0

5

10

15

202

1990 2000 2010

India

S h K

0

5

10

15

20

1980 2000 2020

Israel

0

5

10

15

20

1980 1990 2000 2010

Japan

0

5

10

15

20

1990 2000 2010

Philippines

0

5

10

15

20

1980 1990 2000 2010 2020

Singapore

0

5

10

15

202

1990 2000 2010 2020

South KoreaKK

0

5

10

15

20

1980 1990 2000 2010 2020

Thailand

0

5

10

15

20

2000 2005 2010 2015 20

TuTT rkey

20
0

5

10

15

20

1980 1990 2000 2010 2020

Austria

0

5

10

15

202

1980 1990 2000 2010

Belarus

0

5

101

151

202

1980 1990 2000 2010

Belgium

0

5

10

15

20

1980 1990 2000 2010

Bulgaria

0

5

10

15

20

1990 2000 2010

Croatia

0

5

10

15

20

1990 2000 2010 2020

Czech Republic

0

5

10

15

20

1940 1960 1980 2000 2020

Denmark

0

5

10

15

202

1980 1990 2000 2010 2020

Estonia

0

5

10

15

20

1960 1980 2000 2020

Finland

0

5

10

15

20

1980 1990 2000 2010

France

0

5

10

15

20

1990 2000 2010 2020

Germany

0

5

10

15

20

1960 1980 2000 2020

Iceland

0

5

10

15

20

1980 1990 2000 2010

Ireland

0

5

10

15

20

1980 1990 2000 2010

Italy

0

5

10

15

20

1980 1990 2000 2010

Latvia

0

5

10

15

20

1980 1990 2000 2010

Malta

0

5

10

15

20

1980 1990 2000 2010

Netherlands

0

5

10

15

20

1960 1980 2000 2020

Norway

0

5

10

15

20

1980 1990 2000 2010

Poland

0

5

10

15

20

1980 1990 2000 2010

Portugal

0

5

10

15

20

1980 1990 2000 2010 2020

Russian Federation

0

5

10

15

20

1990 2000 2010 2020

Slovenia

0

5

10

15

20

1980 1990 2000 2010

Spain

S

0

5

10

15

20

1960 1980 2000 2020

Sweden

0

5

10

15

20

1995 2000 2005 2010 2015

Switzerland

0

5

10

15

20

1980 1990 2000 2010

United Kingdom

B il Chil C l bi

990 000 0 0 0 0 980 990 000 0 0

0

5

10

15

20

1980 1990 2000 2010

Australia

0

5

10

15

20

1980 1990 2000 2010

New Zealand

C Ri C

990 000 0 0 980 990 000 0 0 0 0 000 005 0 0 0 5

0

5

10

15

20

1980 1990 2000 2010 2020

Canada

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA Black

0

5

10

15

20

1970 1980 1990 2000 2010 2020

USA White

0

5

10

15

20

1980 1990 2000 2010 2020

Brazil

0

5

10

15

20

1980 1990 2000 2010

Chile

0

5

101

151

202

1990 2000 2010

Colombia

0

5

10

15

202

1980 1990 2000 2010 2020

Costa Rica

0

5

10

15

20

2000 2005 2010 2015

Cyprus

E d

Bra il Chil C l bi C Ri C

0

5

10

15

20

1980 1990 2000 2010

Ecuador

AfricaAf iAfricaAfricaAandaanda fffAAAAAandaandaAfriAdada aaarr ccii aaaaaandanda AsiaAsiaAAAsiAAsiaassiiaaa

EEuropeEEurope

O iOceaniaOOOO iiOOceania

 North America

South o 1

2  South America

Fig. 2. Current trends in mortality and incidence of oesophageal cancer by country or population in men and women.
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significant than counties in other continents, implying minor
changes in individual risk variables, which was consistent with
prior research of single countries like Netherlands and Finland
[44,45].

Moreover, we found that the mortality and incidence trends
were declining among male and female in most countries we ana-
lyzed in Asia, South America and North America. In these conti-
nents, the elderly showed more evident mortality and incidence
trends than the younger population. The significant decline in mor-
140
tality and incidence of oesophageal cancer might indicate the
development of the treatment approach or the changing patterns
of risk factors linked to economic growth. For instance, neoadju-
vant chemotherapy and immunotherapy for oesophageal cancer
before the surgery were considered novel treatments, and several
clinical trials were underway to find the optimum treatment
[46,47]. Moreover, certain low- and middle-income nations have
seen a considerable dietary change in recent years, with greater
intake of animal-source foods, which may contribute to the drop
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[48]. In Asia, the majority of countries, such as China, had greater
mortality and incidence and showed a drastic decrease in the past
few years. As more and more individuals become aware of esopha-
geal cancer, their dietary habits may alter over time, which may be
one of causes leading to the remarkable decline. The focus should
be on diseases with rising trends in incidence and mortality as
we reassessed how to allocate healthcare resources to these popu-
lations. Interestingly, in contrast to other Asian nations, men in
Thailand showed growing mortality and incidence trends in the
last ten years. However, we identified a significant drop in mortal-
ity and incidence trends among women in Thailand. With the rapid
expansion of economy, men’s living patterns in Thailand may alter,
141
resulting in this dramatic increase. More attention should be paid
to populations with both increasing trends in incidence and mor-
tality, such as males in Thailand. And specific cohort studies are
recommended to be initiated to evaluate risk factors among these
people. In the United States, the black people have higher ASRs and
are experiencing more dramatic declines in mortality and inci-
dence. The improvement of the living standard of the these people
in recent years may result in a drastic decrease [49,50]. Our find-
ings revealed that mortality and incidence rates of the black popu-
lation have reached levels similar to those of other ethnic groups in
recent years, indicating that the health care system of the United
States is working effectively in terms of oesophageal cancer.
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Nevertheless, there were still some limitations to this research.
First, due to the restrictions of the databases, we lacked the
mortality and incidence data in many underdeveloped nations,
leading to some bias in our research. And all the databases lacked
the histological data that allowed us to stratify patients with ade-
nocarcinoma and squamous cell carcinoma. Second, because we
did not consider the data from less developed regions of these
countries, we might overestimate the data for countries with only
one cancer registry. In addition, because of the suboptimal report-
ing mechanism and limited resources, we might underestimate
data from less developed countries. Third, due to the difference
of cancer registries in multiple countries and over time, it might
be hard to compare the mortality and incidence rate directly. How-
ever, the comparison of gender and age subgroups within the same
nation was unaffected.
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Conclusions

To conclude,we comprehensively analyzed the geographical dis-
parities of mortality and incidence of oesophageal cancer by gender
andage, aswell as current trends inmultiple countries. Regardless of
the decreasing trends in most countries included in our study, the
worldwide patient population remained high. The trends inmortal-
ity and incidence of oesophageal cancer varied among European
countries, but decreased in countries across other continents, such
as China and the United States. The decease might be attributable
to the implementation of earlier preventative strategies and a more
straightforward approach to advanced therapeutic interventions
among countries included in our analysis. Compared with the
majority of non-European countries, mortality and incidence trends
formen in Thailandwere rising significantly. Andmortality and inci-
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dence trendswere also identified among individuals inNordic coun-
tries. In addition, the elderly had more substantial mortality and
incidence trends than the young. To diminish the impact on society,
potential risk factors are expected to be monitored in populations
with increasing trends. Further studies are needed to determine
the causes behind populations with increased trends in mortality
and incidence of oesophageal cancer. And detailed information of
many developing and underdeveloped countries not included in
our study should be collected and analyzed.
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