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ABSTRACT

ObjeCtive
To accurately measure the incidence of gastric cancer 
among patients with gastric precancerous lesions, and 
to quantify the excess incidence in comparison with 
people with normal mucosa on endoscopy and a 
general population.
Design
Population based cohort study.
setting
Population of Sweden using data from its national 
disease registers. 
PartiCiPants
405 172 patients who had gastric biopsy samples taken 
for non-malignant indications between 1979 and 2011.
Main OutCOMe Measures
Incidence of gastric cancer, reported separately for 
patients with different mucosal changes in biopsy 
samples. Standardised incidence ratios provided 
estimation of the relative risk, using the general 
Swedish population as reference; and hazard ratios 
were derived from Cox regression modelling for internal 
comparisons with patients with normal gastric mucosa.
results
After excluding the first two years of follow-up, 1599 
cases of gastric cancer were identified. The annual 
crude incidence of gastric cancer was 20×10−5 for those 
in the normal mucosa group (standardised incidence 
ratio 1.0), 42×10−5 for those with minor changes (1.5), 
59×10−5 for the gastritis group (1.8), 100×10−5 for the 

atrophic gastritis group (2.8), 129×10−5 for the 
intestinal metaplasia group (3.4), and 263×10−5 for 
the dysplasia group (6.5). Cox regression modelling 
confirmed that excess risks increased monotonically 
with progressive severity of gastric lesions, with the 
highest hazard ratio of 10.9 (dysplasia versus normal 
mucosa, 95% confidence interval 7.7 to 15.4). The 
increased incidence was stable throughout the 
follow-up period, and the gaps between cumulative 
incidence curves grew continuously.
COnClusiOns
Among patients who undergo gastroscopy with biopsy 
for clinical indications, approximately 1 in 256 with 
normal mucosa, 1 in 85 with gastritis, 1 in 50 with 
atrophic gastritis, 1 in 39 with intestinal metaplasia, 
and 1 in 19 with dysplasia will develop gastric cancer 
within 20 years. These numbers, along with cost-
benefit analyses, should guide future surveillance 
policies for these particular patient groups.

Introduction
The successive progression from chronic non-atrophic 
gastritis, by way of atrophic gastritis and intestinal 
metaplasia, to dysplasia, known as Correa’s cascade,1 2  
is widely recognised as a common route to the intestinal 
type of non-cardia gastric cancer.3 Helicobacter pylori 
infection has been generally accepted as the initiator of 
this cascade,4 5 and epidemiological data support its 
role as the most important risk factor for gastric cancer.6 7 
However, follow-up data in humans on absolute risks 
associated with having these precancerous lesions are 
inconsistent.8-10 For instance, reported average risks of 
gastric cancer among patients with dysplasia vary from 
0 % to 73 %.11 This has led to uncertainties about the 
clinical management.12

As in other Western countries, the incidence of 
 gastric cancer in Sweden has declined noticeably. The 
downward trend can date back to 1940, although it 
has slowed down in recent decades.13  However, a sur-
prising increase among young US white people aged 
25-39 years has been reported,14  and we have also 
noted an increasing trend of atrophic gastritis among 
adults aged 35-44 years in Sweden,15 which implies 
that the falling trend of gastric cancer might be 
reversed in the near future. Taking advantage of the 
complete computerised registration of biopsy investi-
gations and specimens examined at all Swedish 
pathology departments, we conducted a nationwide 
cohort study of all registered Swedish patients with 
stomach biopsy samples taken at endoscopy units. We 
aimed to accurately  measure the incidence of gastric 
cancer among patients with minor changes, chronic 

WhAT IS AlReAdy knoWn on ThIS TopIC
Gastric cancer is preceded by a series of precancerous lesions, but the risk of 
gastric cancer in patients with such lesions is not well quantified
Only one study provided follow-up data from a nationwide biopsy cohort, albeit 
with imputed censoring information
In that study the excess incidence of gastric cancer among all patients with 
premalignant gastric lesions, especially in the first few years of follow-up, was 
considerable

WhAT ThIS STudy AddS
Our data predict that about 1 in 256 people with normal mucosa, 1 in 85 with 
gastritis, 1 in 50 with atrophic gastritis, 1 in 39 with intestinal metaplasia, and 1 in 19 
with dysplasia will develop gastric cancer within 20 years after gastroscopy
If repeated biopsy showed a change—upward or (more noteworthy) downward in 
the Correa’s cascade—compared with the initial grouping, this seemed to have 
prognostic significance
Further cost-benefit deliberations are needed to guide policy making on long term 
endoscopic surveillance of premalignant gastric lesions in low risk Western 
populations
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non-atrophic gastritis, atrophic gastritis, intestinal 
metaplasia, and dysplasia at baseline, and to quantify 
the excess incidence in comparison with patients with 
normal mucosa on endoscopy and the matched 
 Swedish general population. 

Methods
Databases
All pathology departments in Sweden hold computer-
ised disease registers. The first one was established in 
1979 and the last in 1998. From these registers we 
 compiled a cohort consisting of all patients registered 
with a gastroscopic stomach biopsy for non-malignant 
 indications up to 31 December 2011. The 24 pathology 
departments provided the patients’ national regi-
stration numbers (unique identifiers for all Swedish 
 residents) along with data on date, age, sex, and patho-
logical-anatomical diagnosis using the systematised 
nomenclature of medicine morphology (SNOMED M) 
codes.16 Each record contained information about one 
examination. Therefore patients could have several 
records in the compiled database.

In the research database we compiled 613 637 records 
relating to 437 473 people who had undergone at least 
one endoscopic examination with stomach biopsy. We 
linked the database to the nationwide and 98% com-
plete17 cancer register using the national registration 
numbers as identifiers, where all incident cases of 
 gastric cancer were identified. Further cross linkages 
with the death register, patient register, and emigration 
 register provided the necessary information for 
 eligibility assessment and censoring.

study design 
For each participant we defined the date of cohort entry 
(baseline) as the date of first biopsy identified in the data-
base. After exclusion of patients with a new (n=23 784) or 
previous (n=1399) diagnosis of gastric cancer at baseline, 
we kept in our database 412 290 patients who underwent 
biopsy for non-malignant indications. We further 
excluded those who had previously undergone gastric 
resection or gastrectomy (n=5203), had missing or invalid 
national registration numbers (n=429), or had conflicting 
information (died or emigrated before baseline biopsy, 
n=1447). Finally, 405 211 eligible patients remained in the 
cohort, of whom 21.1% had at least one repeat endoscopy 
with biopsy result documented. We continued follow-up 
until the occurrence of gastric cancer, date of gastric 
resection, migration out of Sweden, death, or the end of 
follow-up (31 December 2011), whichever occurred first.

Gastric mucosal status at baseline—We grouped the 
cohort members by their SNOMED M diagnosis at base-
line (see supplementary table). Our main focus was on 
Correa’s cascade, with the groups (in order of progres-
sion): normal, minor mucosal changes, non-atrophic 
chronic gastritis, atrophic gastritis, intestinal metaplasia, 
and dysplasia. However, to prevent the possible effects of 
other clinical diagnoses on measurements for gastric can-
cer risk, we first identified 66 300 patients whose main 
findings were of uncertain relevance to Correa’s cascade 
lesions and to development of gastric cancer (in order of 
severity: cellular  degeneration/infiltration or abnormal 
karyotype, reactive gastropathy, atypia, hyperplasia or 
hypertrophy, metaplasia, polyps, and benign tumour). 
We analysed these groups separately under the subhead-
ing “other diagnoses” (fig 1). If more than one of the above 
findings was recorded, we grouped the patient as having 
the most severe one. For the remaining 338 911 patients 
(the Correa’s cascade subcohort) with normal gastric 
mucosa, minor changes, or lesions in Correa’s cascade, 
we determined the baseline group by the diagnostic code 
that indicated the most advanced lesion.

Outcome ascertainment—We identified cases of gas-
tric cancer through linkage with the Swedish cancer reg-
ister, using the seventh version of the international 
classification of diseases (ICD-7) code 151. In subanaly-
ses, we divided gastric cancer into cancer of the gastric 
cardia (code 151.1) and non-cardia gastric cancer (except 
code 151.1). Patients who underwent gastric resection for 
non-malignant indications during the follow-up were 
censored on the date of the operation. Gastric resections 
were ascertained in the patient register. For major upper 
gastrointestinal surgery, the completeness of the Swed-
ish patient register is deemed to be well over 90%.18

statistical analysis
We calculated the standardised incidence ratio (the 
ratio of the observed to the expected number of cases 
with newly diagnosed gastric cancer) with its 95% con-
fidence intervals to estimate the relative risk for each 
exposure group, using the general Swedish population 
as reference. The expected number of cases was 
 calculated by multiplying the observed number of per-
son years by age (five year strata), sex, and calendar 

Other diagnoses subcohort‡ (n=66 300)Correa’s cascade subcohort† (n=338 911)

Participants (n=437 473)

Participants (n=412 290)

Participants (n=405 211)

Grouped by baseline* diagnosis

2 year lag time required

Participants (n=54 130)Participants (n=288 167)

Excluded (n=25 183):
  Gastric cancer diagnosis at baseline (n=23 784)
  Gastric cancer history (n=1399)

Excluded (n=7079):
  Had had gastrectomy previously (n=5203)
  Missing or invalid national registration numbers (n=429)
  Conflicting information (n=1447)

Fig 1 | study design for stomach biopsy cohort in sweden (1979-2011). *baseline defined 
as first biopsy identified in database. When multiple diagnoses were present, the most 
severe one was selected. †Codes for normal, minor mucosal change, gastritis, atrophic 
gastritis, intestinal metaplasia, and dysplasia. ‡Codes for “other diagnoses” (see 
supplementary table for specific codes)
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year specific incidence rates derived from the entire 
Swedish population. Further analyses stratified by sex 
and follow-up duration were also conducted. We used 
the Nelson-Aalen method to estimate the cumulative 
incidence of total gastric cancer among those with dif-
ferent baseline diagnoses.

A peak of gastric cancer incidence invariably 
observed shortly after a first gastric biopsy is principally 
made up of symptomatic cancers that were overlooked 
at initial endoscopy, reflecting possibly country specific 
effectiveness of gastroscopic services. Therefore we 
chose to start follow-up when this peak had passed. The 
peak can be visualised by the “interval based method”19 
presented in supplementary figure 1, which illustrates 
the calculated standardised incidence ratios for several 
disjoint time intervals close to entry into the cohort. 
Extremely high standardised incidence ratios were 
observed in the first 24 months of follow-up. Thus in our 
main analyses we discarded the first two years of obser-
vation and outcomes detected during this period.

For internal comparisons within the Correa’s cascade 
subcohort, we evaluated the association between gas-
tric mucosal status and risk of gastric cancer using haz-
ard ratios with 95% confidence intervals, derived from 
the Cox proportional hazards regression model. We 
used attained age as underlying time scale, and 
adjusted for sex, and stratified by pathology depart-
ment. The proportional hazards assumption was 
checked graphically and by Schoenfeld’s partial 
 residuals; neither of them revealed any indication of 
violation of this assumption.

Lastly, among 60 727 patients with more than one eli-
gible biopsy record (biopsy sample taken within two 
years of a gastric cancer diagnosis were disregarded) in 
Correa’s cascade subcohort, we performed supplemen-
tary estimations of standardised incidence ratios for 
each baseline histology group after stratification accord-
ing to the direction of any change in classification 

prompted by the histological re-evaluations. Thus, 
within each baseline histology group, those with more 
advanced lesions in re-endoscopies were grouped into 
the “progression” stratum; correspondingly, those with 
less advanced lesions were grouped into the “regression” 
stratum, and all others into the “no change” stratum.

We considered a P value of less than 0.05 to be statis-
tically significant. All analyses were conducted in SAS 
statistical software, version 9.3 (Cary, NC).

Patient involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
the design and implementation of the study. There are 
no plans to involve patients in dissemination.

Results
After excluding the first two years of follow-up, 288 167 
patients remained in the Correa’s cascade subcohort. 
They accrued 2 381 032 person years at risk (table 1). 
Mean age at entry was 56 years. Those with more 
advanced lesions tended to be older than those with 
less advanced ones. While there was a predominance of 
women overall (male: female 1:1.24), men were over-rep-
resented in the dysplasia group (male: female 1:0.95). 
The average duration of follow-up was around 10 years, 
similar for most mucosal histology groups, except for 
the intestinal metaplasia group (7.9 years). In the “other 
diagnoses” subcohort, 54 130 patients remained after 
the two year lag. They accumulated 381 603 person 
years at risk (table 1). The mean age at entry varied 
between 53.2 years (reactive gastropathy) and 65.2 years 
(non-intestinal metaplasia). Male predominance was 
seen only in the atypia group.

During follow-up, 1599 participants had a diagnosis of 
gastric cancer—1388 with non-cardia gastric cancer and 
211 cardia gastric cancer. Table 2 shows the distribution of 
gastric cancer cases across mucosal histology groups, 

table 1 | Characteristics of patients enrolled in stomach biopsy cohort. First two years of follow-up are excluded

Mucosal status at baseline* no of participants
Mean (sD) age at 
entry (years)† % male

Mean (sD) 
follow-up (years)

accumulated 
person years†

Correa’s cascade:
 Normal 81 174 47.7 (19.9) 40.5 9.7 (5.7) 621 359
 Minor mucosal change 11 571 57.5 (18.5) 43.8 10.2 (6.6) 95 437
 Gastritis 167 521 58.3 (18.2) 46.5 10.7 (6.2) 1 463 788
 Atrophic gastritis 14 285 60.3 (18.5) 41.3 10.1 (6.3) 115 583
 Intestinal metaplasia 11 530 66.1 (14.7) 47.8 7.9 (4.6) 68 122
 Dysplasia 2086 65.5 (14.9) 51.3 10.0 (6.0) 16 743
 Overall 288 167 55.7 (19.3) 44.5 10.3 (6.1) 2 381 032
Other diagnoses:
  Cellular degeneration/infiltration or 

abnormal karyotype
826 60.1 (18.8) 50.9 9.4 (5.7) 6120

 Reactive gastropathy 9130 53.2 (17.5) 37.3 5.9 (2.9) 35 699
 Atypia 5124 63.9 (14.5) 54.3 11.4 (6.8) 48 254
 Hyperplasia or hypertrophy 12 392 60.9 (16.5) 40.8 9.1 (5.3) 87 853
 Metaplasia (not  intestinal metaplasia) 9883 65.2 (14.7) 49.4 10.3 (5.7) 82 399
 Polyps 13 935 61.7 (14.3) 36.3 9.3 (5.5) 101 289
 Benign tumour 2840 62.3 (16.1) 35.2 9.0 (5.6) 19 989
 Overall 54 130 60.9 (16.1) 41.8 9.0 (5.5) 381 603
*Defined as first biopsy identified in database. When multiple diagnoses were present, the most severe one was selected.
†Calculated after exclusion of first two years of follow-up.
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along with crude incidence rates and standardised inci-
dence ratios. The annual incidence of total gastric cancer 
in the normal group was 19.5×10−5 (95% confidence inter-
val 16.2 to 23.3), which corresponds to the expected inci-
dence in the Swedish population matched on age, sex, and 
calendar period (standardised incidence ratio 1.0). Among 
those with chronic non-atrophic gastritis, the annual inci-
dence was 59.0×10−5 (55.2 to 63.1), corresponding to an 
80% excess in relation to the matched Swedish population 
(standardised incidence ratio 1.8). The annual incidence 
increased monotonically with each step in Correa’s cas-
cade, up to 262.8×10−5 (190.9 to 352.8) in the dysplasia 
group. With such an incidence, approximately 1 in 19 peo-
ple will get gastric cancer within 20 years. Compared with 
the matched Swedish population, this is a 550% excess 
(standardised incidence ratio 6.5). As expected, the excess 
in relation to the matched Swedish population was greater 
for non-cardia gastric cancer (in the dysplasia group more 
than 610%), but more moderate for cardia gastric cancer 
(more than 280%). When we further stratified by sex, we 
observed a similar excess incidence of gastric cancer 
among both males and females (data not shown). 

The Nelson-Aalen cumulative incidence plot shows 
the temporal pattern of total gastric cancer occurrence 
by mucosal histology group (fig 2). Please note that time 
0 in the plot corresponds to day 730 after the initial gas-
tric biopsy. The curves fanned out as expected in the first 
year, and the increment appears to have been steady 
throughout the follow-up period in all groups. However, 
small remaining numbers after censoring in some 
groups (particularly the intestinal metaplasia group) led 
to exaggerated increments for new cases of gastric can-
cer towards the end. The most pronounced gaps seem to 
have been between non-atrophic gastritis and atrophic 
gastritis and between intestinal metaplasia and 

 dysplasia. Also, except for intestinal metaplasia-dyspla-
sia and normal-minor change differences (which dimin-
ished artifactually towards the end), the gaps kept 
widening throughout the entire  follow-up period.

For the other diagnoses, an excess incidence for gastric 
cancer was observed in all other lesion groups except the 
reactive gastropathy group. The top three were atypia 
(with total gastric cancer as outcome, standardised inci-
dence ratio 4.2), metaplasia (3.1), and benign tumour 
(2.7). The excess risks were mainly confined to non-cardia 
gastric cancer, but patients with atypia also had a 2.7-fold 
increased incidence of cardia gastric cancer (table 2).

Table 3 shows adjusted hazard ratios for the association 
between gastric mucosal histology groups and occurrence 
of gastric cancer using Cox regression, with the normal 
group as reference. The hazards for non-cardia gastric can-
cer associated with having non-atrophic gastritis and dys-
plasia were, respectively, 2.8-fold and 12.1-fold increased. 
Less conspicuous excesses, but still substantial and sta-
tistically significant, were also seen for cardia cancer.

For 55 621 patients with data on repeat endoscopy 
(first two years of follow-up excluded), the standardised 
incidence ratio levels were determined by both baseline 
mucosal status and subsequent histological change 
(fig 3). In general the pattern was consistent with the 
trend observed in the total cohort—standardised 
 incidence ratios increased with more advanced baseline 
mucosal lesions. Furthermore, within each baseline 
mucosal status group, progression was consistently 
associated with a higher incidence of non-cardia gastric 
cancer risk than “no change,” and no change was like-
wise consistently associated with a higher incidence 
than regression. For those with a regression of mucosal 
changes, statistically significant standardised  incidence 
ratios were only observed in the dysplasia group.

table 2 | Observed number of gastric cancers, crude incidence rate per 100 000 person years, and standardised incidence ratios (sirs) with 95% 
confidence intervals by mucosal status at baseline*

Mucosal status at baseline

Cardia gastric cancer non-cardia gastric cancer all gastric cancer
no of 
observed 
cases†

Crude 
incidence 
rate‡ sir (95% Ci)§

no of 
observed 
cases†

Crude 
incidence 
rate‡ sir (95% Ci)§

no of 
observed 
cases†

Crude 
incidence 
rate‡ sir (95% Ci)§

Correa’s cascade:
 Normal 24 3.9 1.0 (0.7 to 1.5) 97 15.6 1.1 (0.9 to 1.3) 121 19.5 1.0 (0.9 to 1.3)
 Minor mucosal change 5 5.2 1.0 (0.3 to 2.3) 35 36.7 1.6 (1.1 to 2.3) 40 41.9 1.5 (1.1 to 2.0)
 Gastritis 120 8.2 1.3 (1.1 to 1.6) 744 50.8 1.9 (1.8 to 2.1) 864 59.0 1.8 (1.7 to 1.9)
 Atrophic gastritis 12 10.3 1.6 (0.8 to 2.8) 104 90.0 3.0 (2.5 to 3.7) 116 100.4 2.8 (2.3 to 3.3)
 Intestinal metaplasia 12 17.6 2.3 (1.2 to 4.0) 76 111.6 3.7 (2.9 to 4.6) 88 129.2 3.4 (2.7 to 4.2)
 Dysplasia 5 29.9 3.8 (1.2 to 8.8) 39 232.9 7.1 (5.1 to 9.8) 44 262.8 6.5 (4.7 to 8.7)
Other diagnoses:
  Cellular degeneration/infiltration 

or abnormal karyotype
0 0 — 4 65.4 2.5 (0.7 to 6.3) 4 65.4 2.0 (0.5 to 5.1)

 Reactive gastropathy 1 2.8 0.8 (0.1 to 4.3) 3 8.4 0.7 (0.1 to 2.0) 4 11.2 0.7 (0.2 to 1.8)
 Atypia 10 20.7 2.7 (1.3 to 4.9) 76 157.5 4.5 (3.6 to 5.7) 86 178.2 4.2 (3.3 to 5.2)
 Hyperplasia or hypertrophy 7 8.0 1.4 (0.6 to 2.8) 45 51.2 2.1 (1.5 to 2.8) 52 59.2 1.9 (1.4 to 2.5)
  Metaplasia (not intestinal 

metaplasia)
6 7.3 1.0 (0.4 to 2.1) 97 117.7 3.6 (2.9 to 4.3) 103 125.0 3.1 (2.5 to 3.7)

 Polyps 7 6.9 1.2 (0.5 to 2.5) 52 51.3 2.1 (1.6 to 2.8) 59 58.2 1.9 (1.5 to 2.5)
 Benign tumour 2 10.0 1.6 (0.2 to 5.9) 16 80.0 3.0 (1.7 to 4.8) 18 90.0 2.7 (1.6 to 4.3)
*Defined as first biopsy identified in database. When multiple diagnoses were present, the most severe one was selected.
†First two years of observation and corresponding events were excluded.
‡Per 100 000 person years.
§Observed to expected number of gastric cancer cases, based on age (five year strata), sex, and calendar year (five year strata) specific incidence data in total Swedish population. 95% 
confidence intervals of SIRs were calculated by assuming that observed cancer occurrence followed a Poisson distribution.
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discussion
In Sweden, despite the absence of an official guideline, 
gastroscopy was usually undertaken for upper abdomi-
nal symptoms (for example, dyspepsia, pain), gastroin-
testinal bleeding, suspected reflux (severe heart burn), 
unexplained iron deficiency anaemia, or malabsorption/
unexplained weight loss. This practice is similar to that 
of other Western countries20 21 but can vary by calendar 
year, age of the patient, and healthcare level. During the 
studied period there were no widespread and generally 
accepted guidelines for taking biopsy samples, so the 
procedure may have differed by time but always included 
sampling from visible abnormalities. Our observed inci-
dence rates predict that within 20 years after gastros-
copy, gastric cancer will develop in approximately 1 in 
256 people with normal mucosa, 1 in 85 with gastritis, 1 in 
50 with atrophic gastritis, 1 in 39 with intestinal metapla-
sia, and 1 in 19 with dysplasia. The increased incidence 
was stable throughout the follow-up period, and the gaps 
between cumulative incidence curves grew continu-
ously. Interestingly, if repeated biopsy showed a 
change—upward or (more noteworthy) downward in the 
Correa’s cascade—compared with the initial grouping, 
this seemed to have prognostic significance.

Comparison to other studies 
To the best of our knowledge, this is the largest follow-up 
study to date among patients with gastric precancerous 
mucosal lesions—both for sample size and length of fol-
low-up. The structure of Swedish healthcare essentially 

enabled us to include all patients with gastric biopsy. 
Multiple precise linkages to largely complete high quality 
national registers—using the national registration num-
bers as unique identifiers—permitted complete follow-up 
for cancer outcomes as well as for censoring events. The 
findings for atrophic gastritis and intestinal metaplasia 
are principally in agreement with those in another simi-
lar large scale follow-up study from Holland8 and thus 
should be generalisable at least to patients undergoing 
endoscopy in north western Europe. The incidence that 
we observed among patients with dysplasia, however, 
was only a fraction of that reported in the Dutch study. 

As opposed to the previous study,8  our study focused 
on long term risks; we applied a two year lag time, 
during which a large peak in incidence was observed. 
This peak is mainly the result of selection bias—that is, 
the outcome has an effect on the probability of being 
examined and thus recruited. Therefore, most of the gas-
tric cancers diagnosed in the first two years were likely 
present—and overlooked—at the initial investigation or 
were in such an imminent precancerous stage that they 
were already symptomatic. Although dysplasia, and 
particularly severe dysplasia,8  is a powerful signal that 
a gastric cancer may be present (and should heighten 
clinical observation and prompt repeated endoscopy8 11) 
the concentration of cases in the first two years may 
blur assessments of the long term prognosis. After two 
years the peak was passed, so our present data do not 
include the initially overlooked prevalent cases. This is 
probably the principal reason for the discrepancy between 
studies for excess incidence of gastric cancer after a 
diagnosis of dysplasia (less advanced lesions were much 
less indicative of a prevalent cancer). None the less, 
throughout the 15-20 years of follow-up, during which 
we had sufficient power to monitor the long term progres-
sion, patients with dysplasia remained at substantially 
increased risk. Whether this increase merits institution 
of scheduled surveillance programmes and, if so, how 
often and in which ages, must be subject to careful 
cost-benefit deliberations. Such analysis should ideally 
provide estimated costs; number of cases of gastric cancer 
diagnosed and deaths prevented; life years, or quality 
adjusted life years gained, or both; and incremental cost 
effectiveness ratio, in association with different screen-
ing strategies defined by a combination of, for example, 
starting age, screening frequency, and risk stratums. 

Our study also quantified the risks of gastric cancer 
among patients with some other gastric mucosal findings. 
The incidence of gastric cancer among patients with atypia 
was 4.2-fold higher than in the matched general popula-
tion. The excess was numerically beyond that observed 
among patients with intestinal metaplasia. This might be 
partly attributed to the ongoing debate on the definitions 
of atypia and dysplasia.22  23  Histologically, atypia refers to 
the presence of cells with cellular abnormalities following 
rapid cell multiplication under a damaging stimulus. In 
the case of persistent cellular atypia, typically in the back-
ground of thickened epithelium (metaplasia), the term 
dysplasia should be applied. However, under microscopy 
it can be challenging to distinguish atypia from dysplasia. 
This is especially true for endoscopic biopsy samples 
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Fig 2 | Cumulative incidence of gastric cancer among 
patients with different baseline diagnoses. First two years 
of follow-up excluded

table 3 | Hazard ratios and 95% confidence intervals for gastric cancer among patients 
with different lesions in the stomach compared with normal group

Mucosal status at 
baseline*

Hazard ratio (95% Ci)†
Cardia gastric 
cancer

non-cardia gastric 
cancer

all gastric 
cancer

Normal Reference Reference Reference
Minor mucosal change 1.1 (0.4 to 2.9) 1.9 (1.3 to 2.8) 1.8 (1.2 to 2.5)
Gastritis 1.8 (1.2 to 2.9) 2.8 (2.3 to 3.5) 2.6 (2.2 to 3.2)
Atrophic gastritis 2.4 (1.1 to 4.8) 5.0 (3.8 to 6.7) 4.5 (3.5 to 5.8)
Intestinal metaplasia 4.7 (2.3 to 9.5) 6.5 (4.8 to 8.9) 6.2 (4.7 to 8.2)
Dysplasia 6.0 (2.3 to 15.9) 12.1 (8.3 to 17.6) 10.9 (7.7 to 15.4)
*Defined as first biopsy identified in database. When multiple diagnoses were present, the most severe one was 
selected.
†Using attained age as underlying time scale, estimated by Cox proportional hazards regression model, adjusted 
for sex, and stratified by pathology department.
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where architectural changes are difficult to assess owing to 
poor tissue orientation and limited amount of material.24  
Moreover, previous histological studies found that the 
strictly defined atypia indeed commonly co-occurs (49-
78%) with gastric cancer.25 26  Such atypia is therefore con-
sidered to be a neoplastic lesion and it has been renamed 
as “pit dysplasia.” Consistent with previous investiga-
tions, benign tumours,27  non-intestinal metaplasia, pol-
yps,22 28  and hyperplasia29  were all associated with an 
increased risk of gastric cancer, although the excesses 
were moderate. Conversely, for reactive gastropathy (an 
abnormality in the stomach caused by chemical injury), 
no excess risk for gastric cancer was noted.30

limitations of this study
The study was limited to patients who underwent gas-
troscopy with biopsy for clinical indications. This group 
may differ from the general population in several ways, 
and our findings cannot be readily generalised to 
non-patients (or healthy people who undergo screen-
ing). On the other hand, only patients presently 
undergo gastroscopy, and in the study we aimed to cre-
ate a basis for predictions for this particular group. The 
fact that virtually all patients who undergo biopsy in 
Sweden were included in the cohort vouches for reason-
able external validity of this group. The standardised 
incidence ratio for gastric cancer among people with 
normal mucosa was 1.0, which contradicts a strong link 
between lifestyle or genetic determinants for gastro-
scopic examinations and future risk of gastric cancer. 

Another caveat to consider is sampling error. Since the 
studied precancerous conditions tend to be patchy 
lesions, there is always a risk for false negative results.25  
It was not possible to obtain detailed information about 
the subsite being biopsied, and when gastroscopy was 

repeated, whether the biopsy samples were taken from 
the same mucosal area. Inability to capture the stom-
ach’s most advanced lesion leads to some overestimation 
of the incidence of gastric cancer in groups classified as 
having less advanced lesions, and an underestimation of 
the range from the lowest to the highest incidence. As 
already noted, however, the incidence in the normal 
group was not very different from that expected in the 
matched population, and a change downward in Cor-
rea’s cascade proved to be followed by a lower incidence 
of gastric cancer. These reassuring observations suggest 
that our results were not unduly affected by sampling 
error, and also that true reversion of Correa’s cascade 
might be possible. The latter conclusion is at odds with 
the literature.31-33 In addition, since all biopsy samples 
were taken in routine healthcare and were assessed by 
many different pathologists, inter-observer and intra-ob-
server variation was a reality, despite the fact that the 
practice guidelines for the standardised disease diagno-
sis were set up by the Swedish Society for Pathology. 
Also, given the prospective design and the two year 
latency, which essentially removed all prevalent cases of 
gastric cancer, the misclassification was non-differential 
for the gastric cancer outcome. The resulting error may 
have led to conservative estimates of the differences in 
gastric cancer rate between mucosal histology groups. 

To fully understand the pattern of progression, our 
cohort should ideally have been followed with sched-
uled and frequent examinations. The lack of close sur-
veillance of the gastric mucosa and the unbalanced 
distribution of repeat endoscopies in the  present study 
prohibit conclusions about the course and timing of 
progression through Correa’s cascade.  However, data 
from the subset of participants with more than one 
endoscopy suggested that the observed  pattern of 
change did indeed have prognostic  implications.

Finally, we did not have information on factors such as 
family history of gastric cancer34  and environmental or 
lifestyle exposures,35 which could potentially be used to 
further risk stratify patients. We also suspect that the 
presence or absence of H pylori was not consistently 
reported. Future plans for our stomach biopsy cohort 
include extending the linkage to a multigeneration regis-
ter to identify a family history of cancer. Taking advan-
tage of existing tissue blocks, which are archived long 
term at the pathology departments, we will also measure 
smoking status by immunohistochemical quantitation of 
related DNA adducts. Furthermore, with our recently 
developed methods for microbial DNA analysis,36-38 we 
believe that this cohort can offer unique opportunities to 
expand current knowledge about carcinogenicity-driving 
specificities of colonising H pylori strains, as well as the 
role of microbe-environment interactions. Future studies 
in other settings might consider the collection of addi-
tional information on detailed lifestyle factors and other 
biomarkers to facilitate further risk stratification.

Conclusion
Our results in a low risk Western patient population 
show that all stages of Correa’s cascade predict an 
 incidence of gastric cancer above that of the general 

Dysplasia
  No change
  Regression
Intestinal metaplasia
  Progression
  No change
  Regression
Atrophic gastritis
  Progression
  No change
  Regression
Gastritis
  Progression
  No change
  Regression
Normal or minor mucosal changes
  Progression
  No change

0.4 2 4 101 20 4030 100

Baseline exposure group Standardised incidence ratio (95% CI)

Fig 3 | standardised incidence ratios (95% confidence intervals) for non-cardia gastric 
cancer in patients with multiple biopsy records (n=55 621), categorised by baseline group 
and following changing pattern. First two years of observation and corresponding events 
were excluded. baseline defined as first biopsy identified in database. When multiple 
diagnoses were present, the most severe one was selected
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 population. The observed incidence approximately 
translates into a 20 year risk of 1 in 85 with gastritis, 1 in 50 
with atrophic gastritis, 1 in 39 with intestinal metaplasia, 
and 1 in 19 with dysplasia among patients who undergo 
gastroscopy with biopsy for clinical indications. The 
quantified absolute risks, along with future studies on 
other risk stratification factors and cost-benefit analyses, 
should guide the development of surveillance policies.
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