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ABSTRACT
Objective The two major histological types of
oesophageal cancer—adenocarcinoma (AC) and
squamous cell carcinoma (SCC)—are known to differ
greatly in terms of risk factors and epidemiology. To
date, global incidence estimates for individual subtypes
are still lacking. This study for the ﬁrst time quantiﬁed
the global burden of oesophageal cancer by histological
subtype.
Design Where available, data from Cancer Incidence in
Five Continents Vol. X (CI5X) were used to compute,
age-speciﬁc, sex-speciﬁc and country-speciﬁc proportions
of AC and SCC. Nine regional averages were computed
for countries without CI5X data. The proportions were
then applied to all oesophageal cancer cases from
GLOBOCAN 2012 and age-standardised incidence rates
calculated for both histological types.
Results Worldwide, an estimated 398 000 SCCs and
52 000 ACs of the oesophagus occurred in 2012,
translating to incidence rates of 5.2 and 0.7 per
100 000, respectively. Although SCCs were most
common in South-Eastern and Central Asia (79% of the
total global SCC cases), the highest burden of AC was
found in Northern and Western Europe, Northern
America and Oceania (46% of the total global AC
cases). Men had substantially higher incidence than
women, especially in the case of AC (male to female
ratio AC: 4.4; SCC: 2.7).
Conclusions These ﬁrst global estimates of
oesophageal cancer incidence by histology suggested a
high concentration of AC in high-income countries with
men being at much greater risk. This quantiﬁcation of
incidence will aid health policy makers to plan
appropriate cancer control measures in the future.

INTRODUCTION

To cite: Arnold M,
Soerjomataram I, Ferlay J,
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Oesophageal cancer is the eighth most common
cancer worldwide, with an estimated 456 000 new
cases and 400 000 deaths in 2012.1 Around 80%
of all cases occurred in less-developed regions. The
majority of oesophageal cancers can be subdivided
into two main histological subtypes: adenocarcinomas (AC) and squamous cell carcinomas (SCC).
Whereas ACs typically develop in the lower third
of the oesophagus and originate predominantly
from Barrett mucosa, SCC occurs mostly in ﬂat
cells lining the upper two-thirds of the oesophagus.2 High-grade dysplasia is the precursor for both
types, while the development of AC can additionally be characterised by a progression from
Barrett’s metaplasia to dysplasia and ultimately
invasive carcinoma.

Signiﬁcance of this study
What is already known on this subject?

▸ The two main types of oesophageal cancer,
squamous cell carcinoma (SCC) and
adenocarcinoma (AC), differ greatly in their
aetiology and epidemiology. To date, however,
no global incidence estimates exist.
▸ While the incidence of AC has been increasing
in several high-income countries during the
past years, trends in SCC have remained stable
or have decreased.

What are the new ﬁndings?

▸ In this study, we quantiﬁed for the ﬁrst time
the global burden oesophageal cancer by
histological type. In 2012, an estimated
398 000 cases of SCC and 52 000 cases of
occurred globally.
▸ The incidence of SCC was highest in
South-Eastern and Central Asia, where 79% of
all SCC cases occurred. In contrast, the burden
of AC was highest in Northern and Western
Europe, Northern America and Oceania, which
accounted for 46% of the global AC cases.
▸ While SCC is the more common type of
oesophageal cancer on the global scale,
incidence rates of AC notably exceeded those
of SCC in the Netherlands and in the UK. This
was also true for New Zealand, the USA,
Canada, Ireland, Iceland, Australia, Norway,
Malta, Sweden, Bahrain and Cyprus.
▸ For both sites, men had substantially higher
incidence than women. This was more
pronounced for AC, where incidence in men
was on average four times greater than in
women and over eight times greater in
Northern America.

How might it impact on clinical practice in
the foreseeable future?

▸ This quantiﬁcation of incidence accords with
aetiological research and will aid health policy
makers to plan appropriate cancer control
measures in the future.

The two subtypes differ greatly in terms of their
male to female ratio, risk factors and incidence patterns across countries.2–4 In recent decades, enigmatic increases in the incidence of oesophageal AC
have been observed among white populations in
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Global incidence of oesophageal cancer by
histological subtype in 2012

Oesophagus

MATERIAL AND METHODS
The estimated total numbers of oesophageal cancers in 2012 by
age, sex and country were obtained from GLOBOCAN 2012.1
For each country, we estimated the age-speciﬁc and sex-speciﬁc
number of SCC and AC cases by multiplying the estimated
number of oesophageal cancer cases in 2012 by the respective
proportions of each histological subtype from relevant cancer
registry data extracted from CI5X14 using one of two methods.
Sex-speciﬁc and age-speciﬁc (<65 and ≥65 years) proportions
of AC and SCC were computed for all countries included in
CI5X except for those with no cases of either AC or SCC in
one of our four substrata (men and women <65 and
≥65 years). Where data were available from multiple regional
registries within a country, cases and populations were pooled
to obtain national proportions. The sum of all carcinomas (AC
+SCC+other carcinomas) was used as the denominator. The
histological types were deﬁned according to the third edition of
the International Classiﬁcation of Diseases for Oncology
(ICD-O-3) which were presented in Cancer Incidence in Five
Continents Vol. IX (CI5IX)15 16; SCCs: 8050–8078 and 8083–
8084; ACs: 8140–8141, 8143–8145, 8190–8231, 8260–8263,
8310, 8401, 8480–8490, 8550–8551 and 8570–8574, 8576.
Other histological subtypes, such as sarcomas, were found to
constitute <1% of all oesophageal cancer cases and were considered negligible. Using this approach, country-speciﬁc proportions could be computed for 57 countries.
For the remaining 127 countries without data in CI5X or
with zero cases in a substratum, proportions were calculated for
nine broad regions. The data for each region were derived from
CI5X and were complemented with data from CI5IX16 and
from the African Cancer Registry Network (AFCRN) for the
sub-Saharan African region. Regions are based on the following
UN geographical regions17: sub-Saharan Africa (including
Eastern, Middle, Southern and Western Africa), Northern Africa
and Western Asia, Central Asia (including India), Eastern and
South-Eastern Asia (including China), Latin America and the
Caribbean, Eastern Europe, Northern and Western Europe,
Southern Europe and Oceania.
Age-standardised incidence rates ( per 100 000 person-years)
were calculated for each country and region and according to
the four categories of human development index (HDI) in
201218 using the direct method and the World Standard
Population.19

(278 000 in men, 120 000 in women), 52 000 were ACs
(41 000 in men, 11 000 in women) and 6000 other carcinomas.
In more than 90% of all countries presented in GLOBOCAN
2012, the rate of oesophageal SCC for both sexes combined
clearly exceeded that of AC. In contrast, a few countries had
higher rates of AC than of SCC, which was most pronounced in
the Netherlands and in the UK but was also true for New
Zealand, the USA, Canada, Ireland, Iceland, Australia, Norway,
Malta, Sweden, Bahrain and Cyprus.

Oesophageal AC
The global incidence of oesophageal AC was 0.7 per 100 000
(1.1 in men and 0.3 in women) and varied greatly across countries (ﬁgures 1 and 2). While the highest incidence rates were
found in Northern and Western Europe, Northern America and
Oceania (ﬁgure 3; see online supplementary annex table 1), the
regions with the lowest rates were Eastern and South-Eastern
Asia and sub-Saharan Africa. On a national level, the highest
rates were observed in the UK (7.2 in men and 2.5 in women),
The Netherlands (7.1 in men and 2.8 in women), Ireland (5.4
in men and 2.9 in women), Iceland (3.9 in men and 2.7 in
women) and New Zealand (4.0 in men and 1.5 in women; see
online supplementary annex table 2 for the full list of estimates
by sex and country). A gradient was found across HDI regions
for men with the highest rates observed in very high HDI countries (2.3 in men and 0.3 in women) and the lowest incidence in
low HDI countries (0.6 in men and 0.3 in women; ﬁgure 4).
Overall, AC rates were substantially higher in men than in
women. The male to female ratio was 4.4, ranging from 1.7 in
sub-Saharan Africa to 8.5 in Northern America.
In absolute terms, most cases of AC occurred in Northern
and Western Europe (22.8%, 12 000 cases), followed by
South-East Asia (including China; 21.9%, 11 500 cases) and
Northern America (21.2%, 11 100 cases; ﬁgure 5). At the
country level, most cases occurred in the US (10 000 cases), of
which 88% were in men.

Oesophageal SCC
In 2012, the global incidence of oesophageal SCC was 5.2 per
100 000 (7.7 in men and 2.8 in women). The most affected
region was Eastern and South-East Asia with rates of 13.6 per
100 000 in men and 4.3 in women, followed by sub-Saharan
Africa and Central Asia (ﬁgures 1–3; see online supplementary
annex table 1). The highest estimated national rates were those
of Malawi, Turkmenistan, Kenya, Mongolia and Uganda (see
online supplementary annex table 2). Excluding China, the
highest rates were found in low HDI countries for both men
and women (6.9 and 4.6, respectively) and rates were lower for
all other HDI categories (ﬁgure 4).
In general, rates in men exceeded those of women. While the
global male to female ratio of oesophageal SCC was 2.7, it was
highest in Eastern Europe (7.8) and lowest in Northern Africa
and Western Asia (1.2).
About 80% of the global oesophageal SCC cases occurred in
the Central and South-East Asian region, corresponding to
315 000 cases. China alone contributed more than half of the
global cases (53%, 210 000 cases). Of the remaining regions,
sub-Saharan Africa (5.7%, 13 000 cases) and Central and
Southern America (4.1%, 12 000 cases) carried the highest
absolute burden of oesophageal SCC in 2012.

RESULTS

DISCUSSION

In 2012, an estimated 456 000 men and women developed
oesophageal cancer, of which 398 000 cases were SCCs

In this study, we have quantiﬁed, for the ﬁrst time, the global
burden of oesophageal cancer and its geographical variation by
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high-income countries.5 This increase has largely been attributed
to the rising prevalence of obesity, although some controversy
exists around this hypothesis. In contrast, the declining incidence of SCC in more developed regions roughly mirrors the
decline in tobacco smoking, one of the most important risk
factors for SCC.3 SCC remains most common in less-developed
regions of the world, including Africa6–8 and Eastern Asia.9 The
reasons for this are not yet entirely understood.
Although overall global and country-speciﬁc incidence estimates of oesophageal cancer have been available through the
GLOBOCAN project since 1990,10–13 breakdown by histological subtype has not been possible. Here, for the ﬁrst time,
we estimate the global, regional-speciﬁc and country-speciﬁc
incidence of oesophageal cancer by histological type, based on
data from Cancer Incidence in Five Continents Vol. X (CI5X)14
and GLOBOCAN 2012.1

Oesophagus

histological subtype. While the incidence of SCC—the more
common subtype globally—was highest in South-Eastern Asia,
AC predominated in Northern and Western Europe and also in
Northern America and Oceania. For both subtypes, but particularly AC, men had substantially higher incidence of oesophageal
cancer than women.
These results largely support the ﬁndings of previous studies.
High incidence areas of oesophageal SCC have been identiﬁed
in Northern Iran,4 Central Asia and China9 (together forming
the so-called ‘oesophageal cancer belt’) as well as parts of
Eastern Africa.6 8 20 This pattern was also reﬂected in our
results, where high rates of oesophageal SCC were mainly conﬁned to those regions. In contrast, the incidence of oesophageal
AC was greatest in high-income countries such as the US and
the UK, where incidence has increased substantially in recent
decades.3 5 Changing patterns in the epidemiology of the two
types were also conﬁrmed in countries where historically SCC
was the predominant type of oesophageal cancer and AC is now
on the rise. This was, for example, the case in Iran21 where
Arnold M, et al. Gut 2015;64:381–387. doi:10.1136/gutjnl-2014-308124

rates of AC, especially in women, were among the highest in the
Central Asian region.
In general, chronic irritation and inﬂammation of the
oesophageal mucosa have been postulated to increase the risk of
oesophageal SCC. The two strongest risk factors are smoking
and alcohol consumption, which have been found to account
for more than 75% of all SCC cases in high-income countries.22 23 Frequent consumption of extremely hot beverages is
common risk factor for oesophageal SCC in less-developed
regions. While for instance in Latin America, hot mate drinking
has been shown to double the risk of oesophageal SCC,24 the
consumption of very hot beverages was associated with a ninefold increase in risk in Southern China.25 In the latter study,
high-temperature cooking methods, including barbecuing and
frying, were also found to increase the risk for oesophageal
cancer. In Iran, opium use has been found to increase mortality
from oesophageal cancer by 50%.26 Also, low socioeconomic
status, poverty and poor oral hygiene have been linked to
an increased risk of oesophageal SCC.23 27 28 Studies from
383
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Figure 1 Age-standardised incidence rate (ASR) per 100 000 of (A) oesophageal adenocarcinoma and (B) squamous cell carcinoma in men.
AC, adenocarcinoma; SCC, squamous cell carcinoma.

Oesophagus

high-incidence areas in Africa have suggested that smoking,
occupational exposures and nutritional deﬁciencies may be
responsible for the high burden of oesophageal SCC in that
region.6 20 29
The strongest known risk factor for oesophageal AC is gastrooesophageal reﬂux disease, alongside its more severe manifestation, Barrett’s oesophagus.30 31 In more recent years, prevalence
of the latter has reached a plateau in high-prevalence countries
such as the Netherlands and the UK.32 Given a lag time of about
10 years between the onset of Barrett’s oesophagus and progression to severe dysplasia,33 the high and potentially rising incidence of oesophageal AC may also slowdown in these areas.
Although obesity promotes the development of gastrooesophageal reﬂux and also acts as an independent risk factor for
oesophageal AC,34 35 obesity trends do not seem to be entirely
concordant with the trends seen for oesophageal AC.5 36
Recent evidence has suggested a possible role of Helicobacter
pylori (H pylori) in the increasing rates of oesophageal AC.37
H pylori lowers gastric acid secretion, hence gastric oesophageal
384

reﬂux. Its declining prevalence in many Western countries38 may
have led to higher levels of gastric acidity and therefore higher
incidence of oesophageal AC. This could, in part, explain the
high incidence observed in Northern America and Northern and
Western Europe, where the prevalence of H pylori infection is
among the lowest in the world. Similarly, there seems to be an
inverse association between H pylori infection and the prevalence
of overweight,39 40 meaning that gradual decreases in H pylori
prevalence could be related to the obesity epidemic—a major risk
factor of oesophageal AC.
The marked sex difference in the incidence of oesophageal AC
and its geographical variation have been discussed previously41
and still remain to be elucidated, as none of the above-described
risk factors offer a complete explanation for this disparity. Sex
hormones have been suggested to offer protection against this
tumour in women; breast feeding, for instance, has been shown
to decrease the risk for oesophageal AC in women.42 Also,
altered levels of adipokines such as leptin produced by visceral
adipose tissue, which is more often observed in men, have been
Arnold M, et al. Gut 2015;64:381–387. doi:10.1136/gutjnl-2014-308124

Gut: first published as 10.1136/gutjnl-2014-308124 on 15 October 2014. Downloaded from http://gut.bmj.com/ on January 8, 2023 by guest. Protected by copyright.

Figure 2 Age-standardised incidence rate (ASR) per 100 000 of (A) oesophageal adenocarcinoma and (B) squamous cell carcinoma in women.
AC, adenocarcinoma; SCC, squamous cell carcinoma.
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suggested to contribute to markedly differential incidence of AC
by sex.43 This has been supported by the observation that
patients with Barrett’s oesophagus have a greater waist circumference than population controls, even within strata of body mass
index.44
To date, no national screening programmes for oesophageal
cancer exist. Since incidence in most countries is low, costs for

screening (using endoscopy) are relatively high and risk of complications is substantial, experts refrain from recommending
larger-scale oesophageal cancer screening.45 46 Screening for
preinvasive stages, for example, Barrett’s oesophagus for AC,
should target high-risk patients with chronic gastro-oesophageal
reﬂux disease and multiple risk factors, that is, older age, male
sex, obesity and family history.45 In high-risk regions such as

Figure 4 Age-standardised incidence
rate per 100 000 of oesophageal
cancer by histological subtype, HDI
and sex (excluding China). AC,
adenocarcinoma; SCC, squamous cell
carcinoma; HDI, human development
index.
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Figure 3 Age-standardised incidence rate per 100 000 of oesophageal cancer by histological subtype, region and sex. AC, adenocarcinoma; SCC,
squamous cell carcinoma.

Oesophagus

Northern Iran and China, screening of asymptomatic adults
using endoscopy has yielded rather low detection rates, suggesting the need for other screening methods and more accurate
risk stratiﬁcation.47 48 Other, non-endoscopic screening
methods and surveillance modalities including inﬂatable balloons and sponges have been developed but have remained
unsuccessful due to their lack of sensitivity.46
To ensure the validity of our approach, we used only highquality data from cancer registries included in CI5X to compute
proportions, and subsequently incidence rates, of oesophageal
AC and SCC. Setting a minimum number of cases per registry
led to the exclusion of mainly African registries, where there
were in general very few AC cases. For countries without data in
CI5X, regional proportions were computed using a comprehensive set of data from CI5 Vols. IX–X and from the AFCRN.
Using regional proportions disregards any heterogeneity across
countries within the regions, for example, in the case of the
sub-Saharan African and Central Asian region, where data came
from only a very limited number of cancer registries with sufﬁcient cases and data quality. However, in agreement with previous reports, SCC accounted for over 90% of all oesophageal
cancer cases in many sub-Saharan African countries6–8 and conﬁrmed the high burden of this subtype in the Eastern part of
the continent.
It is also important to note that GLOBOCAN itself represents
incidence estimates that are based on the best data available but
nevertheless need to be interpreted with caution, especially for
countries where estimates are based on poor, insufﬁcient or
proxy data. Applying proportions to the estimates of those
countries adds an additional layer of uncertainty around the
true incidence ﬁgures. Furthermore, it is possible that misclassiﬁcation has affected our results. This is rather unlikely in the case
of SCC because its histological appearance is quite distinct from
that of AC. However, misclassiﬁcation of cancers of the gastrooesophageal junction could have led to an underestimation of
the incidence of oesophageal AC.37 49
Despite the limitations above, estimating the global and
country-speciﬁc burden of oesophageal cancer by histological
subtype remains of great importance for future cancer control
strategies. As mortality data, that is, basic death certiﬁcation
information, are less speciﬁc than incidence data coming from
registration and do not provide any indication of histological
386

subtype, this work was not repeated for other cancer indicators.
Yet, since oesophageal cancer is often fatal, with 5-year survival
rates of 19% (2003–2009) in the USA50 and 12% (2000–2007)
in Europe,51 mortality and incidence patterns are likely to be
very similar.

CONCLUSION
While the incidence of SCC was highest in South-Eastern Asia,
Eastern Africa and Latin America, AC predominated—sometimes even exceeding SCC—in Northern and Western Europe,
Northern America and Oceania. Overall, these data support previous ﬁndings in relation to the prevalence and geographical
variation of the respective subtypes. Yet, no comprehensive
explanation for high rates of SCC in some areas, for example,
Eastern Africa, exists based on currently known risk factors and
requires further research. This quantiﬁcation of incidence will
aid health policy makers to plan appropriate cancer control
measures.
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