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Abstract Gastric cancer incidence and mortality decreased substantially over the last decades
in most countries worldwide, with differences in the trends and distribution of the main
topographies across regions. To monitor recent mortality trends (1980–2011) and to compute
short-term predictions (2015) of gastric cancer mortality in selected countries worldwide, we
analysed mortality data provided by the World Health Organization. We also analysed
incidence of cardia and non-cardia cancers using data from Cancer Incidence in Five Conti-
nents (2003–2007). The joinpoint regression over the most recent calendar periods gave
estimated annual percent changes (EAPC) around �3% for the European Union (EU) and
major European countries, as well as in Japan and Korea, and around �2% in North America
and major Latin American countries. In the United States of America (USA), EU and other
major countries worldwide, the EAPC, however, were lower than in previous years. The
predictions for 2015 show that a levelling off of rates is expected in the USA and a few other
countries. The relative contribution of cardia and non-cardia gastric cancers to the overall
number of cases varies widely, with a generally higher proportion of cardia cancers in
countries with lower gastric cancer incidence and mortality rates (e.g. the USA, Canada
and Denmark). Despite the favourable mortality trends worldwide, in some countries the
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declines are becoming less marked. There still is the need to control Helicobacter pylori infec-
tion and other risk factors, as well as to improve diagnosis and management, to further reduce
the burden of gastric cancer.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Gastric cancer is the fourth most common cancer and
the second leading cause of cancer deaths worldwide,
despite its incidence and mortality have been apprecia-
bly declining for several decades [1–3]. The fall in gastric
cancer is mainly due to the decline in the prevalence of
Helicobacter pylori (H. pylori) infection and tobacco
smoking, and to the improvements in food preservation
and diet [4]. However, the patterns in gastric cancer
trends vary substantially across geographical regions
[3,5], reflecting a heterogeneous distribution of the fac-
tors associated with gastric cancer incidence, survival
and mortality, with time, over birth cohorts and across
countries (Fig. 1).

The burden of gastric cancer remains very high in
several countries from Asia, Latin America and Central
and Eastern Europe, whereas in North America and in
most Western European countries it is no longer a com-
mon cancer [1,3,6]. Incidence rates showed differences
according to tumour topography [7,8], with upward
trends in cardia incidence [9,10]. The validity of data
on gastric cancer subtypes is, however, open to discus-
sion [11].

To monitor recent trends in gastric mortality world-
wide, and to compute short-term predictions for selected
otential impact on gastric cancer in
Dissemination of food refrigeration
65], V – Prevalence of Helicobacter

[72], q – [45], � – [46].
countries, we analysed mortality data provided by the
World Health Organization (WHO) [12]. We also ana-
lysed the incidence of cardia and non-cardia cancers in
selected countries worldwide, using available data from
Cancer Incidence in Five Continents (CI5) [6].

2. Methods

2.1. Gastric cancer mortality

We derived official data for gastric cancer mortality
in 41 European countries and in 21 countries from other
areas of the world from the WHO online database, for
the period 1980–2011 [12].

In Europe (defined as the WHO European region),
we considered a few countries of the former Soviet
Union (i.e. Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan and Uzbekistan), even though some of them
had low national coverage and completeness. For the
American continent, 13 countries with satisfactory death
certification coverage and completeness were included
(i.e. Canada, United States of America (USA), Argen-
tina, Brazil, Chile, Colombia, Costa Rica, Cuba, Ecua-
dor, Mexico, Puerto Rico, Uruguay and Venezuela).
Mortality data from gastric cancer were also available
for four Asian countries (i.e. Hong Kong, Japan, the
cidence, survival and/or mortality. * – Stages of cigarette epidemic for
in the United States [62], � – Dissemination of food refrigeration in

pylori infection [27,32,33], / – [66], W – [66], ( – [67], N – [68], R – [69],
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Fig. 2. Joinpoint analysis for gastric cancer mortality in selected European countries, in the European Union, and in other world countries, at all
ages (h) and truncated at 35–64years (s) for men, 1980–2011 (when available) and predictions for 2015 (with the corresponding 95% confidence
interval).
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Republic of Korea and Singapore), for one African
country (Mauritius), and for Australia and New
Zealand.

Since three different Revisions of the International
Classification of Diseases (ICD) were used in the period
considered, we extracted, as applicable, those corre-
sponding to the codes A047 (ICD-8) [13], B091 (ICD-
9) [14] and C16 (ICD-10) [15]. Population figures based
on official censuses were also obtained from the WHO
database [12].

We computed country- and sex-specific mortality
rates for each 5-year age group and calendar period,
and derived age-standardised rates by the direct method,
using the world standard population, for all ages and
truncated at 35–64 years. For the European Union
(EU) as a whole, rates were computed using the aggre-
gated number of deaths in its 27 member states as
defined in January 2007, and the corresponding popula-
tions; Cyprus was excluded as mortality data were only
available for a limited number of recent years. Interpo-
lation of missing data was made only for the construc-
tion of the EU rates; when data were not available for
a country, the nearest available figures were replicated
(i.e. generally those of the previous or subsequent year).

In order to identify significant changes in mortality
trends for selected countries, we performed joinpoint
regression analysis allowing for up to three joinpoints
[16]. For each of the identified trends, we computed
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Fig 2. (continued)
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the estimated annual percent change (EAPC) by fitting a
regression line to the natural logarithm of the rates using
calendar year as a regression variable. The average
annual percent change (AAPC), based on an underlying
joinpoint model, was also calculated, and it was esti-
mated as the geometric weighted average of the EAPCs,
with the weights equal to the lengths of each time inter-
val segment [17].

For the EU as whole and for selected countries from
different world regions, we computed predicted numbers
of gastric cancer deaths and rates for the year 2015.
These were derived by fitting a joinpoint model to each
5-year age-specific number of certified deaths, assuming
a Poisson distribution, in order to identify the most
recent trend segment [18]. Then, a linear regression
was performed on mortality data from each age group
over the time period identified by the joinpoint model
as the most recent trend, in order to compute the
predicted age-specific number of deaths, the correspond-
ing 95% confidence intervals (CIs) and prediction
intervals (PIs). The PI is a measure of uncertainty that
accounts for the random nature of future predicted
values, by adding an extra term in the standard error
calculation [19]. We computed age-standardised mortal-
ity rates (and the corresponding 95% CIs and PIs) for
2015 using the predicted population data, obtained from
Eurostat [20], whenever available, and from The United
Nations’ Department of Economic and Social Affairs
[21], otherwise.
2.2. Gastric cancer incidence

We obtained incidence data from the most recent vol-
ume of CI5 – volume X [6], corresponding to the period
2003–2007, and we considered gastric cancer incidence
by topography defined as cardia (C16.0), non-cardia
(fundus, C16.1; body, C16.2; pyloric, C16.3; pylorus,
C16.4; lesser and greater curvature, C16.5–6) and other
parts (C16.8–9) [15]. When data from more than one
cancer registry were available in the same country, we
added the number of incident cases from all registries.

We mapped the proportion of cardia and non-cardia
cancers among those with known topography, by sex,
using ArcGIS [22]. The analysis was restricted to coun-
tries with at least 20% of the cases with topography
defined as cardia or non-cardia, and a minimum of
100 cases in these topography groups.

3. Results

3.1. Trends in mortality

The findings from the joinpoint regression over the
period 1980–2011 in the 19 largest countries and in the
EU as a whole are given in Figs. 2 and 3 and in Supple-
mentary Table 1.

Trends were significantly downward in all countries,
for both men and women. In the EU as a whole,
EAPCs over the most recent period were �3.7% in
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Fig. 3. Joinpoint analysis for gastric cancer mortality in selected European countries, in the European Union, and in other world countries, at all
ages (h) and truncated at 35–64years (s) for women, 1980–2011 (when available) and predictions for 2015 (with the corresponding 95% confidence
interval).
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men and �3.4% in women, in the absence of substan-
tial differences across the major European countries.
Likewise, over the last two decades, the EAPC was
around �3.0% in Russia and Ukraine in both sexes.
The recent negative EAPCs in gastric mortality were
even larger in Japan and Korea, for both sexes, while
they were around �2.0% in the USA and most Latin
American countries, despite the substantial variation
of rates across those countries. However, in the
USA, EU and several other major countries world-
wide, the EAPCs were smaller than in previous calen-
dar periods.
Tables 1 and 2 give the age-standardised mortality
rates from gastric cancer per 100,000 men and women,
respectively, in various countries worldwide in 2000–
2004 and 2005–2009, and the corresponding percent
changes. Gastric cancer mortality fell in most countries,
with similar relative declines for both all ages and the
truncated (35–64 years) age groups. The relative declines
were above 20% in a few Northern and Central European
countries, Costa Rica, Singapore and the Republic of
Korea (for both sexes), in Puerto Rico, Australia and
New Zealand (for men), and in Mauritius and Hong
Kong (for women). Only in Denmark and in few



1980 1990 2000 2010 2020

0
2

4
6

8
10

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Brazil

1980 1990 2000 2010 2020
0

5
10

15
20

25
30

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Chile

1980 1990 2000 2010 2020

0
5

10
15

20

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Colombia

1980 1990 2000 2010 2020

0
2

4
6

8
10

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Mexico

1980 1990 2000 2010 2020

0
2

4
6

8
10

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

USA

1980 1990 2000 2010 2020

0
10

20
30

40

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Japan

1980 1990 2000 2010 2020

0
10

20
30

40
50

60
70

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Republic of Korea

1980 1990 2000 2010 2020

0
2

4
6

8
10

Calendar Year

D
ea

th
s 

pe
r 

10
0,

00
0 

P
op

ul
at

io
n

Australia

Fig 3. (continued)
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countries of the former Soviet Union, gastric cancer mor-
tality did not decrease in both sexes. In 2005–2009, the
highest overall rates (/100,000) among men were in the
Republic of Korea (25.3), the Russian Federation
(24.6), Kazakhstan (24.0), Belarus (23.6), Chile (23.1)
and Japan (21.0), whereas the lowest ones were in the
USA (2.6), Canada (3.6) and Australia (3.8). For the
EU as a whole, the rate was 8.0/100,000 men. In women,
the highest rates (/100,000) were observed in Ecuador
(10.5), the Russian Federation (10.1) and the Republic of
Korea (9.2), whereas the lowest ones were in the USA
(1.3), Canada (1.7) and France (1.9). In EU women,
the overall gastric cancer mortality rate was 3.7/100,000.

3.2. Short-term predictions of mortality rates

Persisting favourable trends in overall male and
female gastric cancer mortality rates are predicted up
to 2015 (Figs. 2 and 3, respectively, and Supplementary
Table 2A and B). However, a levelling off in the falls is
expected in the USA, and a few other countries, partic-
ularly at middle-age. In men, the 2015 predicted age-
standardised gastric mortality rate/100,000 (number of
deaths) is 6.2 (�33,900) in the EU, 4.4 (�2900) in
France, 5.2 (�5400) in Germany, 5.8 (�5000) in Italy,
21.1 (�18,100) in Russia and 6.9 (�3600) in Spain. Out-
side Europe, predicted rates/100,000 (number of deaths)
in men are 6.8 (�1800) in Argentina, 8.8 (�9500) in
Brazil, 5.7 (�3300) in Mexico, 2.3 (�6400) in the USA,
16.1 (�32,500) in Japan and 17.6 (�6800) in Korea
(Supplementary Table 2A). Corresponding values for
women are 2.7 (�20,200) in the EU, 1.6 (�1400) in
France, 2.5 (�3500) in Germany, 3.2 (�3700) in Italy,
8.4 (�13,800) in Russia and 3.1 (�2100) in Spain. Pre-
dicted rates for women are 2.8 (�1000) in Argentina,
3.7 (�5100) in Brazil, 3.7 (�2700) in Mexico, 1.2
(�4100) in the USA, 5.4 (�16,200) in Japan and 6.4
(�3500) in Korea (Supplementary Table 2B).

3.3. Distribution of gastric cardia and non-cardia cases

Figs. 4 and 5 give the proportion of cardia and non-
cardia gastric cancers in men and women, respectively,
for selected countries from Europe (A) and other world
regions (B). For men, among European countries, the
proportion of cardia ranged between 11.6% (Belarus)
and 72.0% (Finland), being higher in Northern and Cen-
tral Europe and lower in Southern and Eastern Europe
(Fig. 4A and Supplementary Table 3). Among other
countries worldwide (Fig. 4B and Supplementary
Table 3), the highest proportion of cardia cancers was
observed in countries with low mortality rates, while
those with high rates had the lowest proportion of car-
dia cancers. The proportion of cardia ranged between
5.8% (Republic of Korea) and 64.8% (Iran). For
women, we observed a similar geographic pattern, even



Table 1
Age-standardised (world population) mortality rates from gastric cancer per 100,000 men (at all ages and truncated at 35–64 years) in selected
European countries, in the European Union, and in other selected areas of the world in the periods 2000–2004 and 2005–2009 (unless otherwise
mentioned in parenthesis), and corresponding percent changes.

Country All ages 35–64 years

2000–2004 2005–2009 % Change 2000–2004 2005–2009 % Change

Europe

Armenia (2000–03/2008–09) 14.28 16.54 16 20.74 22.40 8
Austria 8.72 6.64 �24 8.63 7.10 �18
Azerbaijan (2007) 21.27 10.67 �50 30.42 13.77 �55
Belarus (2000–03/2007–09) 29.19 23.62 �19 44.90 35.81 �20
Belgium (2003–04) 5.30 4.65 �12 6.32 5.16 �18
Bulgaria 13.90 12.97 �7 19.95 18.58 �7
Croatia 17.38 14.05 �19 20.13 16.74 �17
Czech Republic 10.89 8.46 �22 11.79 10.30 �13
Denmark 4.85 4.91 1 6.18 6.38 3
Estonia 20.63 17.93 �13 28.32 24.53 �13
Finland 6.92 5.80 �16 7.79 7.38 �5
France 5.87 5.11 �13 6.94 6.41 �8
Georgia (2000–01, 2004/2005–07, 2009) 11.06 7.25 �34 14.32 9.65 �33
Germany 8.69 6.95 �20 9.72 8.28 �15
Greece 7.92 6.86 �13 9.40 8.25 �12
Hungary 15.74 12.60 �20 19.31 16.52 �14
Iceland 7.52 5.05 �33 6.21 6.74 9
Ireland 7.46 6.78 �9 8.03 6.81 �15
Italy (2000–03/2006–09) 10.89 8.89 �18 11.59 9.36 �19
Kazakhstan 26.71 24.02 �10 40.26 36.44 �9
Kyrgyzstan (2005–08) 22.52 23.33 4 39.68 39.51 �0
Latvia 20.34 19.10 �6 29.61 26.11 �12
Lithuania 20.96 19.04 �9 29.19 27.20 �7
Luxembourg 6.86 5.25 �23 7.65 5.24 �32
Macedonia 18.26 16.08 �12 24.81 21.50 �13
Malta 7.95 7.48 �6 7.07 6.00 �15
Netherlands 7.38 5.95 �19 7.57 5.90 �22
Norway 6.45 4.55 �29 6.21 4.94 �20
Poland 15.20 12.94 �15 19.58 16.39 �16
Portugal 16.89 14.72 �13 22.53 20.38 �10
Republic of Moldova 16.67 16.24 �3 30.01 27.06 �10
Romania 16.55 14.68 �11 24.67 21.14 �14
Russian Federation 28.73 24.60 �14 44.09 35.90 �19
Slovakia 14.39 11.70 �19 18.29 13.77 �25
Slovenia 15.29 12.78 �16 16.61 14.15 �15
Spain 9.69 8.16 �16 12.08 10.21 �15
Sweden 5.17 4.29 �17 5.35 4.56 �15
Switzerland 5.11 4.22 �17 6.10 5.04 �17
Ukraine (2005–06, 2008–09) 22.57 19.38 �14 38.38 32.66 �15
United Kingdom 6.86 5.26 �23 6.39 4.74 �26
Uzbekistan (2005) 11.89 12.54 5 18.94 18.23 �4
European Union (27) 9.62 8.00 �17 11.41 9.65 �15

America

Argentina 9.17 8.25 �10 11.98 11.42 �5
Brazil 11.06 10.17 �8 14.79 13.47 �9
Chile 27.42 23.09 �16 29.57 24.92 �16
Colombia 17.56 16.67 �5 20.33 18.99 �7
Costa Rica 23.25 17.22 �26 26.63 17.38 �35
Cuba 5.99 5.93 �1 7.90 7.78 �2
Ecuador 16.62 15.48 �7 17.94 17.05 �5
Mexico 7.70 6.45 �16 9.33 8.32 �11
Puerto Rico (2000–03/2005–07) 5.96 4.73 �21 7.11 4.80 �32
Uruguay (2000–01, 2003–04/) 11.44 10.42 �9 15.29 14.21 �7
Venezuela (2005–07) 11.77 11.37 �3 14.25 13.86 �3
Canada 4.13 3.59 �13 5.38 4.84 �10
United States of America (USA) 3.00 2.55 �15 4.37 3.78 �14

1336 A. Ferro et al. / European Journal of Cancer 50 (2014) 1330–1344



Table 1 (continued)

Country All ages 35–64 years

2000–2004 2005–2009 % Change 2000–2004 2005–2009 % Change

Africa, Asia, Oceania

Mauritius (2005–08) 9.83 9.48 �4 12.37 12.55 1
Hong Kong SAR 8.32 6.80 �18 9.91 7.73 �22
Israel 7.20 6.21 �14 8.05 7.08 �12
Japan 24.59 20.98 �15 26.75 22.09 �17
Republic of Korea 34.21 25.27 �26 40.14 28.09 �30
Singapore 11.03 8.84 �20 9.03 6.57 �27
Australia (2006–09) 4.72 3.76 �20 5.02 4.31 �14
New Zealand 6.68 4.94 �26 8.04 5.84 �27

Table 2
Age-standardised (world population) mortality rates from gastric cancer per 100,000 women (at all ages and truncated at 35–64 years) in selected
European countries, in the European Union, and in other selected areas of the world in the periods 2000–2004 and 2005–2009 (unless otherwise
mentioned in parenthesis), and corresponding percent changes.

Country All ages Age 35–64 years

2000–2004 2005–2009 % Change 2000–2004 2005–2009 % Change

Europe

Armenia (2000–03/2008–09) 6.35 6.84 8 9.50 7.57 �20
Austria 4.75 3.65 �23 5.16 4.20 �19
Azerbaijan (2007) 10.13 5.07 �50 13.77 6.34 �54
Belarus (2000–03/2007–09) 11.50 8.96 �22 16.88 12.91 �24
Belgium (2003–04) 2.24 2.03 �9 2.42 2.53 5
Bulgaria 6.62 5.85 �12 8.53 7.48 �12
Croatia 6.99 5.71 �18 8.20 6.66 �19
Czech Republic 5.32 4.22 �21 6.22 5.34 �14
Denmark 2.35 2.49 6 3.02 3.27 8
Estonia 9.49 8.37 �12 13.73 10.98 �20
Finland 3.79 3.28 �13 4.57 4.51 �1
France 2.23 1.91 �14 2.45 2.32 �5
Georgia (2000–01, 2004/2005–07, 2009) 5.38 3.27 �39 7.02 4.64 �34
Germany 4.71 3.72 �21 5.60 4.67 �17
Greece 3.82 3.30 �14 4.24 3.85 �9
Hungary 6.78 5.70 �16 8.21 7.74 �6
Iceland 2.84 2.89 2 2.12 2.23 5
Ireland 3.69 3.29 �11 3.96 3.42 �14
Italy (2000–03/2006–09) 5.21 4.35 �17 5.86 5.03 �14
Kazakhstan 11.59 9.20 �21 17.56 12.93 �26
Kyrgyzstan (2005–08) 9.03 8.72 �3 14.11 13.26 �6
Latvia 8.82 7.74 �12 12.14 10.89 �10
Lithuania 8.73 7.25 �17 11.83 10.31 �13
Luxembourg 2.46 2.63 7 1.43 3.92 174
Macedonia 8.16 7.25 �11 10.08 9.79 �3
Malta 4.11 2.78 �32 4.67 3.55 �24
Netherlands 3.44 2.92 �15 4.11 3.48 �15
Norway 3.07 2.77 �10 3.24 3.21 �1
Poland 5.44 4.68 �14 6.84 6.15 �10
Portugal 7.78 6.67 �14 10.11 8.78 �13
Republic of Moldova 6.91 7.13 3 11.66 11.97 3
Romania 6.16 5.31 �14 8.03 6.68 �17
Russian Federation 11.75 10.06 �14 16.98 13.91 �18
Slovakia 5.76 5.05 �12 6.85 6.48 �5
Slovenia 6.11 5.12 �16 6.23 5.82 �7
Spain 4.15 3.50 �16 5.02 4.37 �13
Sweden 2.85 2.17 �24 3.49 2.65 �24
Switzerland 2.25 2.05 �9 2.76 2.66 �4
Ukraine (2005–06, 2008–09) 8.88 7.65 �14 14.70 12.57 �14
United Kingdom 2.89 2.29 �21 2.75 2.20 �20
Uzbekistan (2005) 6.13 6.80 11 10.36 10.90 5
European Union (27) 4.39 3.65 �17 5.17 4.46 �14
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Table 2 (continued)

Country All ages Age 35–64 years

2000–2004 2005–2009 % Change 2000–2004 2005–2009 % Change

America

Argentina 3.46 3.24 �6 4.66 4.54 �3
Brazil 4.59 4.32 �6 5.82 5.64 �3
Chile 9.76 8.33 �15 9.68 8.60 �11
Colombia 9.39 8.55 �9 10.40 9.80 �6
Costa Rica 11.41 8.49 �26 12.15 9.96 �18
Cuba 3.28 3.06 �7 4.32 3.72 �14
Ecuador 11.49 10.53 �8 13.59 12.25 �10
Mexico 5.49 4.78 �13 7.15 6.83 �4
Puerto Rico (2000–03/2005–07) 2.85 2.38 �16 3.27 2.88 �12
Uruguay (2000–01, 2003–04/) 4.62 4.12 �11 6.63 5.21 �21
Venezuela (2005–07) 6.95 5.93 �15 7.97 7.11 �11
Canada 1.92 1.68 �13 2.70 2.45 �9
United States of America (USA) 1.46 1.28 �12 2.19 1.99 �9

Africa, Asia, Oceania

Mauritius (2005–08) 5.39 4.19 �22 7.04 6.27 �11
Hong Kong SAR 4.45 3.35 �25 6.14 4.37 �29
Israel 3.73 3.43 �8 4.69 4.60 �2
Japan 9.76 8.02 �18 13.22 10.49 �21
Republic of Korea 12.66 9.21 �27 15.12 11.48 �24
Singapore 6.04 4.77 �21 6.31 4.91 �22
Australia (2006–09) 2.22 1.92 �14 2.73 2.61 �4
New Zealand 3.06 2.77 �9 3.85 4.26 11
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though the total number of cases and the proportion of
cardia cancers were lower. The proportion ranged
between 10.6% (Italy) and 44.5% (United Kingdom),
among large European countries (Fig. 5A and Supple-
mentary Table 4), and from 4.3% (Republic of Korea)
to 31.5% (Australia), among other countries worldwide
(Fig. 5B and Supplementary Table 4).

4. Discussion

This updated analysis of worldwide gastric cancer
mortality patterns and trends confirms that mortality
rates continued to decrease in most countries worldwide
over the last few years, although there still is a substan-
tial variation (up to 10-fold) in rates across countries,
and in some of them the declines are smaller – not only
in absolute, but also in proportional terms – than in the past.

These analyses are based on data from the WHO
database [12] and rely on the completeness and quality
of the data provided by each country. Death certifica-
tion from gastric cancer is sufficiently reliable and valid
to permit inference on trends in most countries consid-
ered, especially at age 35–64 years. However, there are
some differences in the coverage of death certification,
particularly in some countries from the former Soviet
Union and from Latin America, and no data are
available from most African and Asian countries, thus
precluding a more comprehensive picture of gastric mor-
tality trends.
The mortality trends reflect the differences in expo-
sure to the main risk factors for gastric cancer [4,23–
25] across populations, age-groups, and cohorts of birth
over different time periods [26].

Helicobacter pylori infection is the key determinant
of gastric cancer and possibly a necessary cause [4]. In
the late 1980s/early 1990s the prevalence of H. Pylori

was below 20% among young adults in the USA [27]
and in several high-income countries particularly from
Western and Northern Europe [28,29], whereas in Por-
tugal [5], Latvia [30] or Chile [31] the prevalence was
two to fourfold higher in the late 1990s/early 2000s.
In the Republic of Korea [32,33] and Japan [34] – cur-
rently presenting some of the highest gastric cancer
mortality – the prevalence of H. pylori was high in
the early 1990s, although most recent data show lower
prevalence estimates. Since H. pylori infection is
acquired mainly during childhood, this most likely
reflects the replacement of the older generations that
had been infected in their early lives, by younger sub-
jects with a lower risk of infection [33,35]. The distinct
patterns in the prevalence of H. pylori infection may
explain the fact that – despite the similar economic
development in the USA, the EU and Japan – there
are major differences in the burden of gastric cancer
across these countries; if the observed trends remain
the same in the future, it would take at least three dec-
ades for Japan and two decades for the EU to reach
recent US rates.
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The decline in gastric cancer has become gradually
smaller in some countries, particularly the USA. In
France, mortality rates are predicted not to further
decrease over the next years in the middle-aged
population, in agreement with a less favourable tendency
in most recent cohorts [26]. This is probably explained by
the fact that a low and stable prevalence of H. pylori infec-
tion has been achieved in these countries long time ago.
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Tobacco consumption – which also accounts for a
sizable proportion of gastric cancer cases [36] – has been
long declining in men from most of the countries with
the lowest gastric cancer mortality [37], while trends in
smoking have been less favourable in Southern or East-
ern Europe [37,38]. In Japan, smoking prevalence has
been high among men, particularly among those born
before the late 1950s [39].
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According to Soerjomataram et al. [40], if southern
and eastern European countries with higher stomach
cancer rates (Portugal, Estonia and Lithuania) pre-
sented the same patterns for H. pylori and smoking
prevalence as northern countries (Denmark, Sweden),
more than 50% of the stomach cancer cases observed
in 2002 (�48,000) would be avoidable [40].

The eradication of H. pylori infection is an important
preventive and therapeutic measure for mucosa-associ-
ated lymphoid tissue (MALT) lymphoma, which
accounts for about 50% of gastric lymphomas [41],
and for which incidence has been decreasing [42]. How-
ever, this measure is only recommended for primary pre-
vention of gastric cancer in high risk areas and high risk
individuals [43].

The gradual improvements in gastric cancer diagnosis
– new endoscopy and staging techniques, such as com-
puterised tomography scanning, endoscopic ultrasound
– and treatment – introduction of chemoradiotherapy
after surgery [44], perioperative chemotherapy [45],
new molecularly targeted therapy for both treatment
and palliative care [46] and centralisation of surgical
care [47] – may have had some role in the observed
trends. However, gastric cancer survival has remained
unsatisfactorily low in most areas of the world [48]. This
may reflect, at least partially, the outweighing of the
impact of these advances in disease management by
the increasing contribution of gastric cancer cases
located in the cardia [49,50] and with diffuse histological
type [51,52], which present worse prognosis [53]. Screen-
ing programs have been implemented in Korea [54] and
Japan [55], but these cannot explain the decrease
observed in other world regions.

In relation to gastric cancer incidence, there is a wide
variation in the relative contribution of cardia and non-
cardia cancers to the overall number of cases, with a
3

Fig. 4. Proportion of cardia and non-cardia gastric cancers in men. A – S
registries or groups of registries from the same country, with data available i
cases with topography defined as cardia (C16.0) or non-cardia (C16.1–6: F
minimum of 100 cases in these topography groups (A) Austria, Belarus, Be
Bas-Rhin, Calvados, Doubs, Haut-Rhin, Herault, Isere, Loire Atlantique, M
State of Saxony, Hamburg, Mecklenburg-Western Pomerania, Munich, N
Alto Adige, Biella Province, Brescia Province, Catania-Messina, Catanz
Giulia, Genova Province, Latina, Lombardy (Como Province, Lecco Pro
Nuoro, Palerme, Parma Province, Ragusa Province, Reggio Emilia Prov
South Lombardy, Syracuse Province, Torino, Trapani, Trento, Umbria R
Russia, St. Petersburg; Serbia, Central; Slovakia; Slovenia; Spain: Albacet
Girona, Granada, La Rioja, Mallorca, Murcia, Navarra, Tarragona; Swit
Appenzell, Ticino, Valais, Vaud, Zurich, Ukraine, United Kingdom (UK
Tunisia, North; Chile, Biobio Province, Region of Antofagasta, Valdivia; C
Cuenca, Quito; Puerto Rico, Canada, United States of America (USA), N
Cixian County, Haining County, Hong Kong, Jiashan County, Jiaxing C
City, Wuhan City, Yangcheng County, Yanting County, Zhongshan C
Prefecture, Hiroshima, Miyagi Prefecture, Nagasaki Prefecture, Niigata Pr
Arabia, Riyadh: Saudi; Singapore, Turkey: Antalya, Edirne, Izmir, Trabzon
Territory, Queensland, Tasmania, Victoria, South Australia, Western Aus
generally higher proportion of the former among coun-
tries with higher gastric cancer rates. This is in accor-
dance with the levelling off of mortality rates in several
high-income countries, and suggests that cardia cancer
would be responsible for an increasingly higher gastric
cancer burden in the future. However, our results by
gastric cancer subtypes must be interpreted with caution
since, in some countries, incidence data had only a regio-
nal coverage, and because, in most cancer registries, a
large proportion of gastric cancer cases had unknown
or unspecified topography. Although in our analysis this
limitation was partially overcome by selecting only the
countries with a larger number of classified cases, it
shows the importance of improving the monitoring of
gastric cancer incidence.

In conclusion, despite the global downward trends in
gastric cancer mortality, further declines in gastric can-
cer mortality rates may require more intensive efforts
for the prevention and control of H. pylori infection
[43] and other risk factors, including tobacco and diet
[56], as well as exposures associated with cancer of the
cardia, such as reflux disease [57] and obesity [58],
which have been increasing in Central and Northern
Europe [59] and in North America [8]. Moreover,
there is still the need for intervention to improve
early diagnosis and management in high risk countries,
some of which are now high-income settings. Prevention
of cardia cancers has become a priority in several
regions.

Role of the funding sources

The funding sources had no role in study design, in
the collection, analysis and interpretation of data, in
the writing of the report or in the decision to submit
the paper for publication.
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Fig. 5. Proportion of cardia and non-cardia gastric cancers in women. A – Selected European countries, B – Other world countries. Data refer to
registries or groups of registries from the same country, with data available in Cancer Incidence in Five Continents (CI5)-X, with at least 20% of the
cases with topography defined as cardia (C16.0) or non-cardia (C16.1–6: Fundus, Body, Pyloric, Pyloric, Lesser and Greater Curvature), and a
minimum of 100 cases in these topography groups (A) Austria, Belarus, Belgium, Bulgaria, Czech Repulbic, Denmark, Estonia, France: Bas-Rhin,
Calvados, Doubs, Haut-Rhin, Herault, Isere, Loire Atlantique, Manche, Somme, Tarn, Vendee; Germany: Brandenburg, Bremen, Free State of
Saxony, Hamburg, Mecklenburh- Western Pomerania, Munich, North-Rhine-Westphalia, Saarland, Schleswig–Holstein; Ireland; Italy: Alto
Adige, Biella Province, Brescia Province, Catania-Messina, Catanzaro, Ferrara Province, Florence and Prato Provinces, Friuli-Venezia Giulia,
Genova Province, Latina, Lombardy (Como Province, Lecco Province, Milan, Varese Province), Mantova, Modena Province, Naples, Nuoro,
Palerme, Parma Province, Ragusa Province, Reggio Emilia Province, Romagna Region, Salerno Province, Sassari Province, Sondrio. South
Lombardy, Syracuse Province, Torino, Trapani, Trento, Umbria Region, Veneto Region; Latvia, Lithuania, The Netherlands, Norway, Russia, St.
Petersburg; Serbia, Central; Slovakia; Slovenia; Spain: Albacete, Asturias, Basque Country, Canary Islands, Ciudade Real, Cuenca, Girona,
Granada, La Rioja, Mallorca, Murcia, Navarra, Tarragona; Switzerland: Basel, Geneva, Graubunden and Glarus, Newchatel, St. Gall-Appenzell,
Ticino, Valais, Vaud, Zurich, Ukraine, United Kingdom (UK): England, Northern Ireland, Scotland, Wales. (B) Chile, Biobio Province, Region of
Antofagasta, Valdivia; Costa Rica, Ecuador: Cuenca, Quito; Puerto Rico, Canada, United States of America (USA), National Program of Cancer
Registries (NPCR); China: Beijing City, Cixian County, Haining County, Hong Kong, Jiashan County, Jiaxing City, Macao, Nangang District,
Harbin City, Qidong County, Shangai City, Wuhan City, Yangcheng County, Yanting County, Zhongshan City; Israel, Japan: Aichi Prefecture,
Fukui Prefecture, Hiroshima, Miyagi Prefecture, Nagasaki Prefecture, Niigata Prefecture, Osaka Prefecture, Saga Prefecture; Republic of Korea,
Singapore, Turkey: Antalya, Edirne, Izmir, Trabzon. Australia: Australian Capital Territory, New South Wales, Northern Territory, Queensland,
Tasmania, Victoria, South Australia, Western Australia; New Zealand.
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