1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Gut. Author manuscript; available in PMC 2021 October 16.

-, HHS Public Access
«

Published in final edited form as:
Gut. 2020 May ; 69(5): 823-829. doi:10.1136/gutjnl-2019-320234.

Is gastric cancer becoming a rare disease? A global assessment
of predicted incidence trends to 2035

Melina Arnold?, Jin Young Park?, M. Constanza Camargo3, Nuno Lunet*>, David Forman®,
Isabelle Soerjomataram?
LSection of Cancer Surveillance, International Agency for Research on Cancer, Lyon, France

ZPrevention and Implementation Group, International Agency for Research on Cancer, Lyon,
France

3:Division of Cancer Epidemiology and Genetics, National Cancer Institute, Rockville, MD, USA

4Departamento Ciéncias da Salde Publica e Forenses, e Educacio Médica, Faculdade de
Medicina da Universidade do Porto, Porto, Portugal

SInstituto de Satde Publica da Universidade do Porto, Porto, Portugal.

6:Section of Epidemiology and Biostatistics, School of Medicine, Faculty of Medicine and Health,
University of Leeds, Leeds, UK

Abstract

Objectives: The incidence of gastric cancer continues to decrease globally, approaching levels
that in some populations could define it as a rare disease. To explore this on a wider scale, we
predict its future burden in 34 countries with long-standing population-based data.

Methods: Data on gastric cancer incidence by year of diagnosis, sex and age were extracted

for 92 cancer registries in 34 countries included in Cancer Incidence in Five Continents Plus.
Numbers of new cases and age-standardised incidence rates (ASR per 100,000) were predicted up
to 2035 by fitting and extrapolating age-period-cohort models.

Results: Overall gastric cancer incidence rates are predicted to continue falling in the future in
the majority of countries, including high-incidence countries such as Japan (ASR 36 in 2010 vs.
ASR 30 in 2035) but also low-incidence countries such as Australia (ASR 5.1 in 2010 vs. ASR 4.6
in 2035). A total of 16 countries are predicted to fall below the rare disease threshold (defined as 6
per 100,000 person-years) by 2035, while the number of newly diagnosed cases remains high and
is predicted to continue growing. In contrast, incidence increases were seen in younger age groups
(below age 50 years) in both low- and high-incidence populations.

Conclusions: While gastric cancer is predicted to become a rare disease in a growing number of
countries, incidence levels remain high in some regions and increasing risks have been observed
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in younger generations. The predicted growing number of new cases highlights that gastric cancer
remains a major challenge to public health on a global scale.
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Introduction

Methods

Six decades ago, gastric cancer was one of the most commonly diagnosed cancers
worldwide. Today, with over 1 million estimated new cases in 2018, gastric cancer remains
the 51 most commonly diagnosed malignancy worldwide that, in terms of incidence rates,
ranks 9t in high-income countries and 7t in low-income countries.[1] On the other hand,
due to its advanced-stage diagnosis, excess mortality from this cancer is high, making gastric
cancer the 3™ most common cause of cancer-related death with close to 800,000 deaths
globally.[1]

Steady declines in gastric cancer incidence and mortality rates have been observed
consistently across world regions, with decreases evident in both sexes. Part of these
declines have been attributed to better food preservation practices linked to refrigeration
during the transport and storage of food. At the same time, the risk of infection with
Helicobacter pylori (H. pylori), a major confirmed cause of gastric cancer, is enhanced by
overcrowding and poor hygiene and thus better living conditions associated with economic
development will have contributed to the reduction of the prevalence of this bacterium.[2]
In Japan and the Republic of Korea (Korea), countries with some of the highest levels

of gastric cancer incidence in the world, national screening programmes using endoscopic
and/or radiographic methods have been implemented over the last few decades, with some
success in achieving mortality reductions.[3, 4]

In view of the historical and ongoing decreases in the incidence of gastric cancer worldwide,
this study examines data from high quality population-based cancer registries to predict
future trends and determine whether gastric cancer is on its way to becoming a rare disease.

Data sources

Data on gastric cancer incidence (ICD10, C16) by year of diagnosis (1953-2012), sex

and 5-year age group were extracted from national and regional population-based cancer
registries available from the Cancer Incidence in Five Continents Plus (Cl5plus) database.[5]
The specific requirements for the inclusion of a registry were at least 15 consecutive years
of data available, alongside inclusion in the last three volumes of the CI5 series (with 2012
as last year of diagnosis). These criteria are indicative of each registry’s data quality over
time given that the editorial process involves a detailed assessment of the comparability,
completeness and validity of the incidence data. Data from 92 registries satisfied these
criteria and allowed for robust model-based predictions in 34 countries, representing 10
world regions. Where applicable, data from two or more regional registries were aggregated

Gut. Author manuscript; available in PMC 2021 October 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Arnold et al.

Page 3

to obtain a proxy of the (unknown) national incidence. Population predictions (based on
the United Nations, U.N., medium-fertility variant) were obtained from the U.N World
Population Prospects 2017 Revision, by country, year (up to 2035), sex and age.[6]

Statistical analysis

Incidence rates were calculated by 5-year period of diagnosis and 5-year age group for

all ages. Age-standardized incidence rates (ASR) per 100,000 person-years were calculated
using the world standard population.[7] To predict the numbers of new cases and incidence
rates from 2012 to 2035 by country, sex and age, a log-linear age-period-cohort model that
levels off exponential growth and limits linear trend projection, was fitted to recent trends.
The model, implemented in R through the package NORDPRED [8], has been shown to
perform well empirically in projecting current trends in cancer incidence into the future.[8,
9] The three or four most recent five-year observed periods (depending on data availability)
were extrapolated using a power function to level off the growth, with a projection of

the recent linear trend for the last ten years that was attenuated (or accentuated in the

case of negative trends) by 25%, 50% and 75% in the second, third and fourth prediction
periods, respectively. The numbers of new cases were predicted for the year 2035 by taking
a weighted average of the projected incidence rates for the last two prediction periods,
centering on 2035 and then applying the rates to the U.N. national population forecasts
available for each country for that year. Observed and predicted ASRs were then analyzed
in light of the incidence threshold of 6 per 100,000 person-years, below which a cancer can
be considered rare.[10] The numbers of predicted cases due to changes in demographics
(population growth and ageing) were estimated using the 2010 rates applied to the projected
populations, and the numbers predicted due to risk change were estimated as the difference
between the total and those due to demographic changes.[9]

Stata 14 (Stata Corp, College Station, TX, U.S.) was used for data management and plotting
the observed and modelled trends. The modelling analyses were performed using R 2.15
and the functions available in Epi package version 1.1.36, R Studio and the NORDPRED
package (http://www.kreftregisteret.no/en/Research/Projects/Nordpred/Nordpred-software/).

While results for 12 populations in both sexes combined are presented graphically in
the main paper, all 36 included populations from 34 countries are shown for both sexes
combined and by sex in the supplementary material (Annex Tables 1-2, Annex Figures 1-4).

Patient and Public Involvement

Results

As this work is a retrospective study involving examination of secondary cancer data only,
patients were not involved in the design and conduct of this research.

Gastric cancer incidence varies more than eight-fold across countries, with the highest rates
for 2010 observed in Eastern Asia namely Japan and Korea (up to 41 per 100,000 person-
years) and lowest rates in Northern America and Europe (below 5 per 100,000) (Figure 1).
Historically, incidence rates have been falling in all included countries with the exception
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of some high-incidence countries (above 20 per 100,000) in Asia, for example Korea where
rates have been stable over the past years (Figure 3, Annex Figure 2). The overall trend of
decreasing rates is predicted to continue into the future, with reductions in most countries,
including high-incidence countries such as Japan (ASR 36 in 2010 vs. ASR 30 in 2035)

or Belarus (ASR 19 in 2010 vs. ASR 16 in 2035) but also low-incidence countries such as
Australia (ASR 5.1 in 2010 vs. ASR 4.6 in 2035) or the UK (ASR 5.2 in 2010 vs. ASR

4.7 in 2035). While overall incidence rates were substantially and consistently higher in
males than in females (generally about double), trends were similar although reductions in
incidence were less pronounced in females and slight increases in rates were predicted in
some populations (e.g. United States Blacks, Poland and France (Annex Figures 1, 3-4).
Using the incidence threshold of 6 per 100,000, 16 out of 34 countries will have reached this
threshold in 2035 compared to 13 countries in 2010.

Even though incidence rates were found to continue decreasing, the absolute number of new
gastric cancer cases is expected to further increase in the majority of countries (Table 1). The
number of new cases is expected to more than double in Canada, Cyprus, Korea, Slovakia,
and Thailand, while a handful of other countries (such as Bulgaria and Lithuania) can expect
slight decreases in the number of new cases. This development is mainly related to changes
in the population size and structure but also partly due to changes in the prevalence of risk
factors, especially in those aged below 50 years (Table 1, Annex Table 3).

Observed trends differed across age groups. While generally decreases or stabilization of
incidence rates were observed in those aged 50 years and above, this was not always the
case in the younger age groups (Figures 2-3). Increases in incidence in those younger than
50 years were predicted in 15 out of 34 both low- and high-incidence countries, including
Belarus, Chile, The Netherlands, Canada and the UK. This pattern was less pronounced
among females.

Discussion

Large geographic variation continues to exist in gastric cancer burden across world regions,
yet incidence rates continue to fall (or remain stable) in most countries and are predicted

to follow this trend into the future, largely irrespective of underlying incidence levels. Rare
cancer thresholds could be reached — or already have been reached — in over half of the
countries examined by 2035 but, despite this, the number of new gastric cancer cases is set
to remain substantial in most countries in the future mainly due to population growth and
ageing. A new and contrasting observation is the recent incidence increases in those aged
below 50 years in both low- and high-incidence countries such as the U.K. and the U.S. or
Chile and Belarus, particularly in males.

The epidemiology of gastric cancer is changing and whether or not gastric cancer will
become a rare disease globally is yet to be determined. To-date, gastric cancer can

already be considered rare in several (mainly high-income) countries and is set to decrease
towards this threshold in many others. Yet, three observations speak against the rare cancer
hypothesis. First, despite decreasing trends in most high-incidence countries (except Korea),
rates remain relatively high in those countries, for example exceeding 20 per 100,000
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person-years in Japan or Chile. Second, the absolute burden of the disease (number of new
cases) is set to stay stable, if not increase, even in population where decreases in incidence
rates have been observed. Third, increases in incidence rates in younger generations,
especially those aged below 50 years today, could indicate the beginning of a cohort effect
that may continue (as those cohorts grow older) into the future and warrant monitoring.

The finding that gastric cancer rates are declining is certainly not new. A trend that, some 30
years ago, was termed “an unplanned triumph” of cancer prevention, because this occurred
in the absence of active primary prevention programmes and, outside of Japan and Korea,
population-based screening.[11] At the same time, improvements in survival, which might
impact on mortality rates, have also been extremely limited, and thus there is no basis for
believing that either secondary prevention or treatment are responsible for the secular trends.
Evidence from a variety of epidemiological studies including migration and family studies,
indicates that the observed time trends as well as the extensive geographic variation in the
burden of gastric cancer are most likely due to changes in behavioural and environmental
risk factors. These include improvements in sanitation, changes in diet (increases in the
consumption of fruit and vegetables and decreases in the consumption of salt), widespread
antibiotic use, and, predominantly, the decreasing prevalence of H. pyloriinfection.[12]

A recent study on the estimation of global trends in the burden from gastric cancer [13]
confirmed these observations and showed that most of the decline in the incidence of gastric
cancer was associated with economic development.

In contrast to the overall declining rates, we observed increases in those aged younger

than 50 years, especially in low-incidence countries such as the U.K. and the U.S. -
populations with typically a low prevalence of H. pyloriinfection.[2] This phenomenon

has been confirmed by previous studies indicating an increase of gastric cancer of both the
cardia (the proximal region of the stomach) and corpus (a subsite of the distal, non-cardia,
stomach) especially in younger generations in the U.S. [14, 15]. While increases in distal
gastric cancer in this age group have been postulated to be linked with dysbiosis of the
gastric microbiome associated with modern lifestyles (as opposed to H. pylori, the more
traditional cause of distal gastric cancer), increases in cardia gastric cancer have been
associated with increasing levels of overweight and obesity.[16] The U.S. and the U.K.
belong to the high-income countries with the highest obesity rates in adulthood, childhood
and adolescence, which continues to constitute a real concern to public health.[17] Yet, the
importance of each of these modifiable risk factors has been less clearly established. Intake
of food preserved in salt, alcohol drinking, and body fatness (for cardia gastric cancer) have
been identified as stronger risk factors for gastric cancer.[16] In addition, there is some
evidence that consumption of processed meat, grilled or barbecued meat and fish and low
fruit and vegetable intake as well as cigarette smoking might increase the risk of gastric
cancer, while intake of citrus fruit has been postulated to have beneficial effects on risk.[16,
18] Changes in the prevalence of some of these lifestyle factors may have contributed to
increases shown in more recent generations.

Globally, distal gastric cancer remains the most common form of gastric cancer, with
chronic H. pyloriinfection being considered the principal cause and thus making it highly
amenable to prevention. [19, 20] According to recent meta-analyses [2, 21] large variation
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exists in the prevalence of H. pylori across countries, yet this information is lacking

from the majority of countries in transition. Capturing comparable prevalence data on the
population-level remains challenging due to differences in testing modalities, age groups
and time periods. Randomized controlled trials indicate that H. py/ori treatment lowers
gastric cancer risk [22] and eradication of the bacterium appears to be cost-effective for
gastric cancer prevention.[23] However, these trials did not report overall benefits and

the results may not be widely generalizable as the trials were conducted mainly in East
Asia. In addition, there is remaining uncertainty about possible adverse consequences of H.
pylorieradication, such as increases in antibiotic resistance, antibiotic-induced alterations
in microbiota [24], increases in oesophageal adenocarcinoma and gastroesophageal reflux
disease (GERD) risk [25], weight gain [26, 27] and a loss of beneficial effects of H. pylori
infection on immunological reactivity [28, 29]. Ongoing H. pylori eradication clinical trials
should address some of these remaining questions.[30, 31, 32]

Nationwide gastric cancer screening programmes have been ongoing in Korea and

Japan over several decades.[33, 34] In Korea, the only high-incidence country with
predicted increases in incidence, gastric cancer screening is carried out with either upper
gastrointestinal series (UGI) or upper endoscopy every 2 years to individuals aged 40 and
older.[4] The participation rate was close to 50% in 2011, with 6 million participants
undergoing gastric cancer screening out of 13 million people who were invited to the
program.[35] These efforts have led to an increasing number of cases diagnosed at an early,
curable stage and 5-year survival of 76% in 2012-2016.[36] It remains to be determined

as to how much of these survival increases are attributable to lead time and detection

bias, which might also in parts explain the increasing incidence rates we predict. A recent
nested case-control study showed an approximately 50% reduced risk of death from gastric
cancer with upper endoscopy (OR=0.53, 95% C1=0.51-0.56) in Korea.[4] In Japan, gastric
cancer secondary prevention programmes have primarily focused on early detection using
upper gastrointestinal X-ray series (photofluorography).[37] However, screening has not
been widely accepted by the target population with less than 10% of participation rate with
the radiographic screening.[3, 37] National emphasis and efforts have been shifting towards
treating H. pyloriin patients with endoscopically diagnosed chronic gastritis.[38]

Our study has several strengths, but also shortcomings. Following several prediction studies
on the national or regional level [39, 40, 41], this is to our knowledge the first attempt

to characterize future trends in gastric cancer incidence from a global perspective. Using
longitudinal high-quality data, we examined whether gastric cancer might become a “rare”
disease (here set at less than 6 cases per 100,000 population). This rare cancer threshold,
defined during previous studies on cervical cancer [42] and the RARECARE project [10],
might however not be appropriate for global use and should be revised based on in-depth
knowledge of the complete natural disease history that continues to be lacking today. We
included data from 36 populations (in 34 countries) where long-term high quality cancer
registry data are available. The interpretation of our findings might therefore not pertain to
countries where data are absent or insufficient and where incidence may be high, specifically
in low-income settings. Furthermore, while the distinction between cardia and distal gastric
cancers is crucial from an etiological point of view, current data do not allow for sub-

site specific analyses of incidence trends. This is partly to due to changes in diagnostic
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and registration practice, with growing awareness of cardia gastric cancer representing a
different entity in more recent years, and historically high proportions of cancers registered
with unspecified topography within the stomach (coded as C16.9), which together render
subsite-specific trends unreliable and impossible to interpret. Ideally, prediction models
should accommodate information on risk factor prevalence and trends. [43] Given that
comparable population-level data on the prevalence of H. pylori infection is often limited or
unavailable, and that other risk factors such as obesity are confined to few population where
proximal gastric cancer is more common, we were not able to take into account information
on risk factor prevalence. Finally, trend-based predictions of incidence rates as applied in
this study are by definition based on the assumption that incidence trends observed in the
past will continue into the future and thus involve a certain degree of uncertainty [43]. Yet,
in favor of the method employed, the NORDPRED age-period-cohort model has previously
been shown to provide among the best estimates of future cancer burden [8]. By using a
drift model that attenuates predicted change, in this paper we have chosen a conservative
approach, meaning that true reduction in gastric cancer incidence might be even greater.
When comparing our predicted incidence rates (from 2012 onwards) with those already
observed in for example Denmark and Australia until 2015, these seem fairly close (e.g.,
observed ASR 6.6 in Danish males in 2015 vs. 6.4 predicted [44]; observed ASR 4.9 in
Australia in 2015 vs. 4.7 predicted [45]). An exception was Korea, where the observed
ASR in 2015 was somewhat lower than our predicted rate (33.8 vs 40.2), indicating that
our prediction model is of limited use in settings where screening has had a big impact on
incidence rates in recent years. [46]

In summary, while overall gastric cancer incidence rates are predicted to continue declining
and the disease is set out to become ‘rare’ in a growing number of countries, geographical
variation in incidence levels remains high and some countries will continue to experience
high rates in the future. This development seems to be accompanied by an increase in
incidence in younger generations residing in particular in low-incidence countries. Future
studies examining the roles of the microbiome and modern lifestyle are needed to elucidate
the drivers of early-onset gastric cancer. At the same time, the absolute number of new
gastric cancer cases will likely further increase as a result of population growth and aging,
making gastric cancer a major challenge to public health in some world regions. These
changes in the epidemiology of gastric cancer warrant further research and action in terms
of cancer control, with primary and secondary prevention being the principal goal given the
generally poor prognosis in many parts of the world.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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1.

2.

3.

SUMMARY BOX
What is already known about this subject?

. Incidence rates of gastric cancer have been declining for several
decades in most parts of the world in the absence of active primary
and secondary prevention measures. It is yet unclear whether gastric
cancer is set out to become rare in the future.

What are the new findings?

. Overall gastric cancer incidence rates are predicted to continue
declining in the future and the disease is set out to become ‘rare’
in a growing number of countries.

. Geographical variation in gastric cancer incidence remains high and
some countries will continue to experience high rates in the future.

. Recent increases in incidence in younger ages residing in high-
income countries suggest generational transitions in disease risk and
the epidemiology of gastric cancer.

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

. Despite declining incidence rates in most countries, clinicians can
expect to see more gastric cancer cases in the future due to ageing
and growth of high-risk populations.

. Surveillance of ongoing transitions in the epidemiology of gastric
cancer is therefore highly relevant to future cancer control and
clinical practice.
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