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Abstract

Background The incidence of gastric cancer has declined

over the past decades. Little is known about trends by site

and histological subtype. The aim of this study was to

analyze changes in gastric cancer incidence patterns in a

French well-defined population.

Methods Data on patients with an epithelial gastric can-

cer diagnosed between 1982 and 2011 were collected by

the population-based digestive cancer registry of Burgundy

(n = 4694). Time trends in gastric cancer incidence by

period of diagnosis and birth cohort were analyzed by sex,

subsite, and histological type.

Results There was a decrease in incidence rates for antral

carcinomas (-2.6 % per year in males, -2.5 % per year in

females; p\ 0.001) and corpus carcinomas (-3.3 % and

-3.2 %, respectively; p \ 0.001). Annual percentage

changes were not significant for fundus carcinomas in both

sexes and cardia carcinoma in females, although they

increased in males (?1.0 % per year; p\ 0.02).When

comparing the 1900 cohort and the 1950 cohort, there was

a five- to sevenfold decrease in the cumulative risk at

0–79 years for corpus and antral carcinomas in both sexes

and a threefold decrease for fundus carcinomas. There were

minor variations for cardia carcinomas. There was a

decrease of incidence both by period of diagnosis and by

birth cohort for adenocarcinoma and colloid carcinoma. It

was more marked for undifferentiated carcinoma. The

variation for signet-ring carcinoma was minor.

Conclusion Temporal variations in incidence rates of

gastric cancer differed according to subsite and histology,

suggesting different etiological factors. Available analyti-

cal studies provide an explanation for the reported trends

by subsite.
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Introduction

Cancer of the stomach is one of the most frequent cancers in

the world, with an estimated 900,000 new cases in 2012,

representing 7 % of all cancers [1]. There is an approxi-

mately tenfold variation in incidence rates ranging (in

males) from 60 per 100,000 in Japan and South Korea to

fewer than 6 per 100,000 in the United States (USA) [2].

France stands among the low-risk countries. The incidence

of stomach cancer has been declining almost everywhere for

a number of years [3]. This decline was first observed in the

USA and was reported later in high-risk countries [4]. Little

is known about the trends in gastric cancer incidence in

France. The recognition of risk factors such as Helicobacter

pylori and the popularization of refrigerators, reducing salt-

based preservation of food and increasing the consumption

of fruits and vegetables, may explain part of the decline.

Nevertheless, the overall trend may mask variable trends in

incidence of gastric cancer according to subsite. This idea

justifies the increasing interest in recent studies on the

evolution of gastric cancer incidence by subsite, in partic-

ular the distribution between cancers originating in the

cardia and those originating more distally. Moreover, few

data are available about trends by histological type in spite

of differences in survival according to histological type [5].
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Knowledge of time trends in incidence can provide clues for

understanding the role of risk or protective factors in the

etiology of the disease. In particular, the effect of period of

diagnosis and birth cohort may be helpful in gaining further

insight as to the nature of underlying causal factors. Thus,

the aim of this study is to provide trends in gastric cancer

incidence, over a 30-year period, in a French well-defined

population, and especially to analyze the influence of period

of diagnosis and birth cohort.

Patients and methods

Study population

The population-based digestive cancer registry records all

digestive tract cancer diagnosed in two administrative dis-

tricts of Burgundy, France (1,052,000 in 2009). The French

National Commission of Data Processing and Civil Liberty

(CNIL) authorized the Registry to conduct epidemiological

studies. Cancer registration began in 1976 in the Côte-d’Or

area and in 1982 in the Saône-et-Loire area. Thus, the study

was conducted during the 1982–2011 period. Information is

routinely collected from public and private pathology lab-

oratories, university hospitals (including the cancer center),

local hospitals, private specialists (gastroenterologists,

surgeons, oncologists, radiotherapists), the hospital admin-

istrative data base, the Regional Health Service records

(allowing identifying patients treated outside these areas),

and monthly reviews of death certificates. Cases are not

recorded through death certificates alone, but these are used

to identify missing cases. Registration quality and com-

prehensiveness is certified every 4 years by an audit per-

formed by the National Cancer Institute (INCa), the

National Institute for Health and Medical Research

(INSERM), and the National Public Health Institute (InVS).

Studied variables

Subsite and morphology were coded according to the

International Classification of Diseases for Oncology (ICD-

03) [6]. Tumor location was divided into cardia (C16.0),

fundus (upper third) (C16.1), corpus (middle third) (C16.2),

antrum and pylorus (lower third) (C16.3 and C16.4), over-

lapping contiguous subsite (C16.8), and unspecified subsite

(C16.9). Morphology codes used included adenocarcinoma

(8140/3, 8260/3, 8211/3), colloid carcinoma (8480/3), sig-

net-ring cell carcinoma (8490/3), and undifferentiated car-

cinomas (8020/3). In 240 cases, the diagnosis was not

histologically verified but was made from operative findings

or medical imaging. Nonepithelial tumors were too

heterogeneous and too uncommon to analyze trends in

incidence: lymphoma (n = 136), malignant endocrine

tumors (n = 34), gastrointestinal stromal tumors (n = 48,

identified since 2002), sarcoma (n = 27), and squamous

cell carcinoma (n = 9). These categories were excluded

from analysis.

Statistical analysis

The population data used for calculating incidence rates

were obtained from the National Institute for Statistics and

Economic Studies (INSEE). Patients were assigned to a

period according to the year of diagnosis of their gastric

cancer and to a to a birth cohort according to their year of

birth. Six successive quinquennia from 1982–1986 to

2007–2011 and 11 successive birth cohorts were described.

Each birth cohort covered 5 successive years since birth.

Results started with the 1900 birth cohort, which comprised

the 5 years of births from 1898 to 1902, up to the 1950

birth cohort, which comprised the years 1948–1952.

For the purpose of comparison with other countries,

incidence rates were directly age-standardized to the world

standard population [7]. Trends in incidence were investi-

gated for each sex using Poisson regression with logarith-

mic offset, with the number of cancer cases modeled as a

function of gender, age, and either calendar year or birth

cohort [8]. First, for the purpose of description, annual

average variations in incidence rates were estimated using

a Poisson regression, adjusted for age, site, and histological

type, with a linear effect of the year of diagnosis. Second,

trends according to birth cohort were estimated for each

sex using the best fitting age-cohort Poisson model using

fractional polynomials to model the cohort effect [9]. We

examined trends in the cumulative risk over the age range

0–79 years between successive birth cohorts. The cumu-

lative risk, usually expressed as a percentage, is derived

from the sum of the age-specific incidence rates [10], and it

represents the cumulative probability of developing the

disease over the specified age range. The advantage of the

cohort cumulative risk is that the age-specific rates used to

estimate it are those actually experienced by persons in that

birth cohort over the part of their lifespan that has actually

been observed, or modeled from the observed data. Pre-

dicted relative risks is the risk of developing gastric cancer

by sex, subsite, and histological type during the age span of

0 to 79 years compared to that of the first cohort. Data were

analyzed using Stata 12 software.

Results

Overall incidence

A total of 4694 epithelial gastric cancers were diagnosed

between 1982 and 2011. Gastric cancer age-standardized
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incidence rate in males decreased from 14.9/100,000 for

the 1982–1986 period to 7.4/100,000 for the 2007–2011

period. In females, the rates were 5.7 and 2.6, respectively.

The average annual variation in gastric cancer incidence

rates was -1.4 % (p\ 0.001) in males and -1.7 %

(p\ 0.001) in females. The male:female ratio remained

similar over time, varying between 2.6 and 3.1 (Table 1).

Table 3 plots the relative risk of developing a gastric

cancer over the age range of 0 to 79 years by cohort of

birth and by gender. There was a fivefold decrease in the

cumulative risk between the 1900 cohort and the 1950

cohort. In males, the cumulative risk at 0–79 years

decreased from 3.9 % among those born in 1900 to 0.9 %

among those born in 1950. In females, it was, respectively,

1.5 % and 0.3 %.

Incidence by subsite

The time trends in incidence varied according to subsites as

shown in Table 1. Between successive 5-year periods,

incidence rates decreased significantly for antrum/pylorus

and corpus for both genders. In contrast, there was a

nonsignificant variation in incidence rates for fundus can-

cers in both genders. On the other hand, there was a slight

increase in cardia cancer, which was significant in males,

with an estimated annual increase of 1.0 % (p = 0.02). The

sex ratio was higher for cardia cancers, varying between

5.0 and 7.5, than for non-cardia cancers, varying between

2.1 and 2.6.

The time trends were more homogeneous over the dif-

ferent subsites in cumulative risk according to birth cohort

(Table 2). There was a decrease in the cumulative risk of

antrum and corpus carcinomas, corresponding to a six- to

sevenfold decrease for those born around 1950 compared to

those born around 1900, for both males and females. The

cohort effect was less important for cancers of the fundus

with a threefold decrease in cumulative risk between the

cohorts of 1900 and 1950. In contrast, cumulative risks by

birth cohort were relatively similar over the different

cohorts in males and females for cancers of the cardia.

Incidence by histological type

The time trends in incidence by histological type were

similar in males and in females (Table 3). There was a

significant decrease in annual incidence of 2.3 % in males

and 2.8 % in females for adenocarcinoma (p\ 0.001). For

colloid carcinoma, it was -2.7 % in males (p = 0.03) and

-4.4 % (p\ 0.03) in females. The annual decrease in

incidence was more pronounced for undifferentiated car-

cinomas, -6.1 % and -8.3 %, respectively (p\ 0.001):

these represented 11.7 % of gastric epithelial cancers over

the 1982–1986 period and 3.6 % over the 2007–2011

period. In contrast, there was no significant variation in

incidence of signet-ring cell carcinoma.

The cumulative risk of developing an adenocarcinoma

of the stomach over the age range of 0 to 79 years has

decreased in successive birth cohorts, corresponding to a

five- to sixfold decrease in males and females (Table 4).

Similar trends in variation were found for colloid carci-

noma. There was a striking decrease in undifferentiated

carcinomas corresponding to a 35-fold decrease in males

Table 1 Age-standardized incidence rates by gender, subsite, and period of diagnosis

Subsite Ratea

1982–1986 1987–1991 1992–1996 1997–2001 2002–2006 2007–2011 Estimated annual % change p

Sex

Males

All cases 14.9 12.3 11.3 9.6 9.5 7.4 -1.4 (-1.8; 3 -0.98) \0.001

Cardia 3.0 2.5 2.9 3.2 3.9 2.9 ? 1.0 (0.16; ?1.81) 0.018

Fundus 1.2 1.4 1.2 1.1 1.3 0.9 ? 0.45 (-1.78; ?0.89) 0.510

Corpus 3.5 2.1 2.3 1.7 1.5 1.2 -3.25 (-2.28; -4.22) \0.001

Antrum/pylorus 4.7 3.7 3.5 3.1 2.3 2.2 -2.61 (-1.85; -3.37) \0.001

Females

All cases 5.7 4.4 3.6 3.3 3.2 2.6 -1.70 (-2.28; -1.14) \0.001

Cardia 0.4 0.5 0.4 0.6 0.5 0.5 ? 0.30 (-1.38; ?2.02) 0.645

Fundus 0.4 0.4 0.3 0.5 0.3 0.4 ?1.20 (-3.00; ?0.63) 0.198

Corpus 1.3 0.7 0.7 0.6 0.7 0.5 -3.16 (-1.87; -4.44) \0.001

Antrum/pylorus 2.5 1.7 1.8 1.4 1.2 1.0 -2.50 (-1.59; -3.34) \0.001

Data on overlapping subsite and unspecified site are not presented because of the small number of cases
a Number of cases per 100,000 inhabitants
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and 100-fold decrease in females when comparing those

born in 1950 to those born in 1900. There was only slight

variation for signet-ring cell carcinoma in both males and

females.

Discussion

Over a 30-year period, the overall incidence of gastric

cancer has dramatically decreased in France. However, the

most impressive aspect of our study was the diverging

trends for gastric cancer incidence by subsite and histo-

logical type. The Burgundy registry is the most long-

standing population-based digestive cancer registry in

France. The multiplicity of information sources allows us

to assume that nearly all newly diagnosed gastric cancers

were recorded. When analyzing 30 years of incidence, it is

necessary to evaluate the comparability of data over such a

long period. The strength of our results lies in the fact that

the registration scheme and the coding rules remained the

same during the study period. With access to the patho-

logical and clinical records of nearly all patients, each case

could be carefully characterized. However, the diagnostic

accuracy of the classification of gastric cancer by subsite

has been questioned [11, 12] because of the incompleteness

of subsite recording in many cancer registries. In Burgundy

Table 2 Relative risk of developing gastric cancer by cohort of birth, sex, and subsite

1900 1910 1920 1930 1940 1950 Cumulative risk in the

referent cohort (%)

Males

All sites 1 0.79 0.56 0.4 0.29 0.22 3.9

Cardia 1 0.81 0.74 0.7 0.7 0.67 0.7

Fundus 1 0.73 0.54 0.44 0.38 0.35 0.4

Corpus 1 1.05 0.75 0.46 0.26 0.14 0.7

Antrum/pylorus 1 0.81 0.56 0.37 0.25 0.17 1.3

Females

All sites 1 0.71 0.48 0.32 0.23 0.18 1.5

Cardia 1 0.87 0.77 0.72 0.73 0.86 0.1

Fundus 1 0.75 0.52 0.37 0.29 0.29 0.1

Corpus 1 0.62 0.42 0.31 0.23 0.19 0.4

Antrum/pylorus 1 0.79 0.57 0.39 0.26 0.17 0.6

To obtain the cumulative risk for 0–79 years, multiply the cumulative risk in the referent cohort by the corresponding relative risk

Table 3 Age-standardized incidence rates by gender, histological type, and period of diagnosis

Histological type Ratea Estimated annual % change

1982–1986 1987-1991 1992-1996 1997-2001 2002-2006 2007-2011 1982-2011 p

Sex

Males

Adenocarcinoma 12.4 9.6 9.1 7.8 7.7 5.4 -2.32 (-1.84; -2.79) \0.001

Signet-ring cell

carcinoma

1.2 1.6 1.5 1.6 1.3 1.6 ?0.98 (-0.23; ?2.20) 0.11

Colloid carcinoma 0.6 0.3 0.4 0.3 0.2 0.2 -3.31 (-0.88; -5.68) 0.008

Undifferentiated

carcinoma

1.3 1.1 0.7 0.2 0.5 0.3 -6.14 (-4.30; -8.00) \0.001

Females

Adenocarcinoma 4.1 3.3 2.5 2.3 2.3 1.8 -2.80 (-2.14; -3.45) \0.001

Signet-ring cell

carcinoma

0.7 0.9 1 0.9 0.7 0.7 -0.95 (-2.34; ?0.47) 0.19

Colloid carcinoma 0.2 0.1 0.1 0.1 0 0 -4.86 (-1.12; -8.46) 0.011

Undifferentiated

carcinoma

0.9 0.2 0.2 0.1 0.2 0.1 -8.32 (-5.88; -10.71) \0.001

a Number of cases per 100,000 inhabitants
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there has always been an interest in performing a complete

and accurate classification of gastric cancer by subsite. The

proportion of unknown subsite remained less than 5 % over

the entire study period. Diagnosis procedure based on

direct visualization of the tumor at endoscopy has not

changed during the past 30 years. The endoscopy

description was completed by the surgical and pathology

reports. Misclassification of tumors was unlikely to explain

the reported trends.

Incidence calculated by birth cohort and by period of

diagnosis decreased for cancers of the intermediate and

distal stomach whereas it was stable or even increasing for

cancers of the cardia. For fundus cancers, decrease in

incidence was seen only by cohort of birth. Our data sug-

gest that cardia cancers have risk factors that differ from

those of distal stomach cancers. Cancer registries data for

the period 1980–2010 provide overall trends in incidence

similar to those reported in this article in all populations

except India [4]. Trends in incidence by subsite are less

homogeneous. If everywhere a decrease in incidence of

corpus and antral cancer is reported, incidence trends differ

from one study to another for cardia cancer. Some studies

report an increase in incidence in both genders [3, 13, 14]

or only in males, as in our study [15, 16], and otherwise a

stable incidence [17]. In some areas even a decrease in

incidence is reported [18, 19]. Descriptive epidemiological

data suggest that time trends in gastric cancer incidence

must take into account the fact that cardia cancer and more

distal gastric cancer may have different etiologies.

In many studies, the reported data are limited to the

period of analysis. Time trends by birth cohort and time

trends by period of diagnosis bear different implications.

The cohort effect is related to exposure to early-stage risk

factors or protective factors with a long-term latency period

affecting each cohort of birth. A period of diagnosis effect

can be attributed to risk factors or protective factors

involved in the late stage of carcinogenesis affecting all

age groups or to changes in screening practices. The dis-

crepancies between cohort and case–control studies are not

surprising as they are not evaluating the same phases of

carcinogenesis. Initiating factors are generally different, at

least in part, from promoting factors. The tendency to

consider that discrepant case–control studies are not rep-

resentative of the truth must be abandoned. The two types

of studies are providing different information. Available

data on risk factors for intermediate and distal gastric

cancers allow us to interpret time trends by cohort of birth

and period of diagnosis. It is well established that Heli-

cobacter pylori is the primary risk factor for non-cardia

gastric cancer [20, 21]. It is estimated that 75 % [22] to

100 % [23] of non-cardia gastric cancers worldwide were

attributed, least in part to H. pylori. Helicobacter pylori

infection leads to a long carcinogenic process: chronic

gastritis, which may progress to atrophic gastritis, intestinal

metaplasia, dysplasia, and gastric cancer [24]. The decrease

in H. pylori infection in childhood for successive birth

cohorts is considered as the main explanation of the

observed cohort effect for distal cancer [25]. This decrease

is mainly the result of better living conditions with

improved hygiene and sanitation.

The decrease of salt intake over the generations can also

contribute to the reported cohort effect for distal gastric

cancers [26]. The protective role of vegetables and fresh

fruits reported in case–control studies and not in cohort

studies could be attributed to a period effect [27]. In the

meta-analysis of case–control studies the relative risk for

non-cardia gastric cancer was 0.61 (0.44–0.84) when

comparing the highest to the lowest category of fruit con-

sumption and 0.75 (0.59–0.95) when comparing the highest

to the lowest category of vegetable consumption [28].

The slight variation in incidence for cardia gastric can-

cer by period of diagnosis and birth cohort suggests at least

different etiological factors from more distal cancers. It is

in particular the case for H. pylori infection, which is

Table 4 Relative risk of developing epithelial gastric cancer by cohort of birth, sex, and histological type

1900 1910 1920 1930 1940 1950 Cumulative risk in the

referent cohort (%)

Males

Adenocarcinoma 1 0.77 0.53 0.37 0.26 0.19 3.50

Colloid carcinoma 1 0.99 0.64 0.38 0.2 0.14 0.20

Signet-ring cell carcinoma 1 1.16 1.23 1.26 1.25 1.21 0.20

Undifferentiated carcinoma 1 0.51 0.23 0.10 0.05 0.02 1.10

Females

Adenocarcinoma 1 0.72 0.49 0.33 0.23 0.17 1.10

Colloid carcinoma 1 0.59 0.31 0.16 0.09 0.05 0.1

Signet-ring cell carcinoma 1 0.87 0.73 0.60 0.50 0.46 0.20

Undifferentiated carcinoma 1 0.49 0.19 0.06 0.02 0.01 0.60

To obtain the cumulative risk for 0-79 years, multiply the cumulative risk in the referent cohort by the corresponding relative risk
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inversely associated with the risk of cardia cancer, sug-

gesting its association with the absence of Helicobacter

infection [29, 30]. Identified risk factors can explain the

absence of decrease of cardia cancer incidence. Cardia

cancer is associated with cigarette smoking. A meta-anal-

ysis [31] has shown a relative risk estimate of 1.9 (95 %

CI, 1.3–2.7) in smokers. The role of tobacco can explain

that the sex ratio is two to three times higher for cardia

cancers compared to other gastric cancers. Obesity is

considered as one of the main risk factor for cardia cancer.

Case–control studies have consistently shown an associa-

tion between high body mass index (BMI) ([30) and

increased risk of cardia cancer [32–34]. A meta-analysis

has shown an elevated risk for cardia gastric cancer with a

relative risk of 1.4 (1.2–1.7) in overweight subjects (BMI

25–30) and 2.1 in obese subjects (BMI[ 30). It has also

been reported in a prospective study [35]. The protective

effect of fruits and vegetables is also reported from cardia

gastric cancers. A meta-analysis showed for fruits a relative

risk of 0.6 (95 % CI, 0.4–0.8) when comparing the highest

to the lowest category of consumption. For vegetables, it

was 0.6 (95 % CI, 0.5–0.8) [28]. The protective effect of

fruits and vegetables can explain that, in contrast to eso-

phageal adenocarcinoma where obesity and tobacco con-

sumption play a major role, incidence rates did not increase

for cardia cancer.

Little is known about trends in incidence by histolog-

ical subtype, apart from some data reported from Japan

[36, 37]. Furthermore, it is still controversial as to which

classification provides the most useful information from

the epidemiological or prognostic point of view [38]. In

France, pathologists usually report using the WHO clas-

sification. Other classifications such as the Lauren clas-

sification are rarely used. In this context we chose the

WHO classification, which classifies gastric cancer

according to microscopic morphology. The decrease in

incidence of adenocarcinoma and colloid carcinoma was

of similar amplitude, both by period and by birth cohort.

It was more marked for undifferentiated carcinoma, which

has become very rare. This result is in contrast with data

from Japan indicating a more marked decrease of well-

differentiated than poorly differentiated adenocarcinoma

[37]. No analytical data are available to explain this dif-

ference. Contrasting with other histological types, there

was no significant variation in incidence of signet-ring

cell carcinoma. A similar trend was reported in Japan

[36].

In conclusion, our analysis indicates that there was a

dramatic decrease in gastric cancer incidence in men and in

women during the past three decades and that cardia gastric

cancers are epidemiologically distinct from intermediate

and distal gastric cancers.
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