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Background: It remains open whether gastric precancerous
lesions are associated with an elevated risk of pancreatic cancer.
Our aim was to investigate the association between gastric mucosal
status and pancreatic cancer risk.

Methods: Patients with gastric biopsies [normal, minor changes,
superficial gastritis, and atrophic gastritis/intestinal metaplasia/
dysplasia (AG/IM/Dys)] from the Swedish histopathology registers
during 1979 to 2011 were included. Cross-linkages with several
nationwide registries allowed complete follow-up and identification
of pancreatic cancer cases until 2014. Standardized incidence ratios
(SIR) and HRs were estimated.

Results: During 3,438,248 person-years of follow-up with
318,653 participants, 3,540 cases of pancreatic cancer were
identified. The same pattern of excess risk of pancreatic cancer
compared with the general population was observed across all
groups: a peak of 12- to 21-fold excess risk in the first year after

Introduction

Pancreatic cancer is one of the most life-threatening malignancies,
with a 5-year survival rate below 9% (1). Reasons of the dismal
prognosis are multifactorial, including being asymptomatic until a
late stage of carcinogenesis and an aggressive tumor evolution (2).
Because of the low resectability rate of pancreatic cancer, detection in
the early or premalignant stage is critical. There are some established
risk factors, including older age, male sex, chronic pancreatitis, family
history, diabetes, smoking, and obesity (3, 4). However, the etiology of
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biopsy [e.g., normal: SIR = 17.4; 95% confidence interval (CI),
15.7-19.3; AG/IM/Dys: SIR = 11.5; 95% CI, 9.9-13.4], which
dropped dramatically during the second and third years, followed
by 20% to 30% increased risk after the third year (e.g., normal:
SIR = 1.2; 95% CI, 1.1-1.4; AG/IM/Dys: SIR = 1.3; 95% CI,
1.1-1.5). However, no significant excess risk was observed with
the normal gastric mucosa as reference.

Conclusions: This unique, large pathologic cohort study did not
find evidence that abnormal gastric mucosal status is causally
associated with a long-term pancreatic cancer risk. However, a
highly increased short-term risk was observed for people undergo-
ing gastroscopy with biopsy sampling compared with the general
population.

Impact: Further studies for a long-term risk of pancreatic
cancer in patients with gastric biopsies are needed, with further
adjustments.

pancreatic cancer remains poorly understood. Recently, Helicobacter
pylori (H. pylori) has been considered as another potential risk factor
for pancreatic cancer, but the epidemiologic evidence is still
inconclusive (5-8), and whether gastric mucosal lesions are also
predictive for pancreatic cancer remains open.

Gastric colonization of H. pylori, which exists in approximately 50%
of the world’s population (9), has been accepted as a trigger of
successive progression of gastric mucosa, called Correa’s cascade,
presenting as pathological changes from normal to superficial gastritis,
multifocal atrophic gastritis, intestinal metaplasia, dysplasia, and
eventually gastric cancer (10). H. pylori infection gives rise to super-
ficial gastritis and/or atrophic gastritis due to interaction between
host and environmental factors (11). Atrophic gastritis is a chronic
condition characterized by long-term gastric inflammation, and atro-
phy is recognized as a critical step for further progression along the
metaplasia—dysplasia—cancer pathway. Our previous nested case-
control study found that chronic corpus atrophic gastritis (corpus-
predominant) was associated with an increased risk of pancreatic
cancer [OR = 1.35; 95% confidence interval (CI), 0.77-2.37] without
statistical significance, and the excess risk was particularly marked
among participants with both seronegative H. pylori and Cytotoxin-
associated gene A (CagA; OR = 5.66; 95% CI, 1.59-20.19; ref. 12). A
recent Japanese study showed a 3.6-fold increased risk of pancreatic
cancer for atrophic gastritis status among smokers with statistical
significance, but a nonstatistically significant decreased risk among
nonsmokers (6).

Most previous studies have relied on indirect indicators of the
progressing derangement of gastric mucosa (H. pylori serology, CagA,
pepsinogen I/IL, etc.). In this study, we aimed to explore the association
between gastric mucosal status and pancreatic cancer risk in a large
cohort study, which is based on graded morphological assessment of
Correa’s cascade.
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Materials and Methods

Study design

This is a population-based retrospective cohort study. Proceeding
from computerized registration at all pathology departments in
Sweden, we identified all records of gastric biopsies taken during
routine gastroscopy between January 1, 1979, and December 31,
2011 (13). Each entry in the histopathology registers contains
biopsy date, biopsy department, age, sex, and the patient’s unique
personal identity number (PIN; ref. 14). Moreover, each entry
also contained all pathological-anatomical diagnoses made by
pathologists, using the Systematized Nomenclature of Medicine
(SNOMED) morphology and topography codes, as described pre-
viously (13). We used the PINs to link this biopsy cohort to the
Swedish cancer (15), cause of death (16), and total population
registers (17). If the PINs in the biopsy cohort did not match with
the Total Population Register, the records were excluded. Also
excluded were records with invalid SNOMED codes, birth after or
death before first biopsy, sex inconsistence in the different registers,
as well as age below 18 or above 90 years (due to few pancreatic
cancer cases in this age group). All study patients were followed
from date of first biopsy after 1979 until either pancreatic cancer or
censoring due to gastric cancer, gastrectomy, emigration, any other
cause of death, or end of follow-up (December 31, 2014), whichever
came first. This workflow is summarized in Fig. 1.

Ascertainment of exposures

On the basis of the graded morphologic assessment of Correa’s
cascade of patients’ gastric mucosa at first registration, we grouped
participants based on their SNOMED morphology codes into normal
(M001**), minor changes (other MO or M1/M2/M3****, but not
M38***), superficial gastritis (M38***, M4****), atrophic gastritis
(M58**"), intestinal metaplasia (M73320), and dysplasia (M74***).
The latter three categories were combined into one group (AG/IM/
Dys) to preserve statistical power. This categorization constituted the
exposure of interest. When multiple diagnoses of one biopsy were
present, we grouped patients according to the most advanced lesion.
Patients with a history of gastric cancer or gastrectomy at baseline were
excluded, because the surgical treatment typically involves major
rearrangements of the anatomy and physiology of the proximal
gastrointestinal tract, and follow-up entails a high probability of both
surveillance bias and outcome misclassification. Information on gas-
tric cancer and gastrectomy was ascertained from the Cancer Register
[International Classification of Diseases (ICD) version 7, 151] and
National Patient Register (operation codes before 1997: 4411-4419,
4420-4426, 4429; operation codes since 1997: JDC00, JDC10, JDC11,
JDC20, JDC30, JDC40, JDC96, JDC97), respectively.

Ascertainment of outcome

The main outcome, pancreatic cancer, was ascertained through
record linkage to the Cancer Register, which has used ICD-7 codes
throughout the entire period of our study. Newly diagnosed cancers
are mandatorily reported to the register by both clinicians and
cytologists/pathologists with good quality (15), but patients without
pathologic or cytologic confirmation are less likely to be reported (18).
The Cause of Death Register, based on obligatory death certificates,
thus reports more pancreatic cancer cases than the Cancer Register.
We therefore ascertained pancreatic cancer not only in the Cancer
Register (ICD-7, 157), but also through linkage to the Cause of Death
Register (underlying cause of death, ICD-8/9, 157; ICD-10, C25).
Patients with a prior history of pancreatic cancer were also excluded.

AACRJournals.org
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Other variables

In addition to age, sex, calendar year, and SNOMED codes obtained
from the histopathology registers, we linked the cohort to the National
Patient Register (19), to obtain information about occurrences of
chronic pancreatitis (ICD-8, 577.10/577.19; ICD-9, 577B; ICD-10,
K860/K861), cholelithiasis (ICD-8/9, 574; ICD-10, K80), and primary
sclerosing cholangitis (ICD-8, 575.05; ICD-9, 576B; ICD-10, K830).
These diagnoses have been implicated as risk factors of pancreatic
cancer (20-22), but could also be associated with abdominal discom-
forts (23), which might lead to increased probability for gastroscopy
(confounding by indications). Because the lag period from symptoms
of chronic pancreatitis to diagnosis often lasts for a long time, we
shifted the onset of chronic pancreatitis backward by 10 years (20). We
also obtained information about diabetes (ICD-8/9, 250; ICD-10, E10-
E14) and obesity (ICD-8, 277.99; ICD-9, 278A; ICD-10, E66). Patients
were considered to have diabetes or obesity if the diagnosis records
were before first biopsy. Chronic obstructive pulmonary disease (ICD-
8/9, 491/492; ICD-10, J41-J44) and tobacco abuse (ICD-8, 989.9; ICD-
9, 305B; ICD-10, F17/T65.2/Z71.6/272.0/Z864A) were treated as a
proxy for smoking. Information on education levels was obtained from
Education Register. Education level was classified as (i) low, if the
highest schooling was primary education nine years and below; (ii)
medium, if two or three years of secondary schooling; (iii) high, if
postsecondary education and above, and (iv) unknown information. In
addition, we ascertained family history of pancreatic cancer in this
cohort by identifying all first-degree family members (parents, siblings,
or children) through record linkage to the Swedish Multi-generation
Register (24). Then this cohort of first-degree family members was
linked to the Cancer Register and Cause of Death Register to capture
pancreatic cancer cases.

Statistical analysis

Standardized incidence ratio (SIR, the ratio of the observed
to expected number of pancreatic cancer cases) with 95% CI was
calculated to estimate the excess risk in each biopsy group, compared
with the Swedish general population. The expected number was
calculated by multiplying the observed person-years with age- (5-year
strata), sex-, and calendar year-specific incidence rates of pancreatic
cancer in the Swedish general population. The denominator of these
background incidence rates, that is, person-years at risk, was derived
from the Swedish general population, and the numerator was derived
from diagnoses in the Cancer Register and underlying cause of death in
the Cause of Death Register. We calculated SIRs, stratified by follow-up
time (0-1 year, 1-2 years, 2-3 years, 3-5 years, 5-10 years, and 10+
years after first biopsy). Cochran-Armitage trend test was used to
evaluate time trends of the relative risks across follow-up time after the
first 3 years. In addition, the distribution of patients diagnosed with
pancreatic cancer in the first follow-up year was described by age,
chronic pancreatitis, smoking-related diseases, obesity, and presence
of family history of pancreatic cancer.

With regard to internal comparison within the levels of Correa’s
cascade, HRs from Cox proportional hazards regression model were
used to evaluate the long-term association between gastric mucosal
status and pancreatic cancer risk. In the Cox regression, we started
follow-up after the first 3 years, to minimize selection bias. We used
attained age as the underlying time scale, and adjusted for sex, age at
baseline (<50 years, 250 and <60 years, 260 and <70 years, 270 and
<80 years, >80 and <90 years), calendar year of baseline (1979-1990,
1991-2000,2001-2011), chronic pancreatitis (no or yes), cholelithiasis
(no or yes), primary sclerosing cholangitis (no or yes), diabetes (no
or yes), obesity (no or yes), smoking-related diseases (no or yes),
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626,661 records

(445,664 patients)

Excluded:

e Invalid SNOMED codes (n = 606)

e Biopsies before register initiation or after
2011 (n=12,461)

A 4
[ ]

Missing or invalid personal identity numbers
(n=778)

e Sex conflict in different registers (n = 22)

e Birth, death, or emigration before baseline
biopsy (n = 2,750)

Selected the first gastric biopsy as baseline?
(23% have multiple gastric biopsy

\ 4

examinations)

434,337 records

(434,337 patients)

Excluded:

e Biopsies of other lesions, not in the Correa
cascade, at baseline (n=69,821)
Previous gastrectomy, gastric cancer, or
pancreatic cancer at baseline (n = 29,757)
e Age <18 or >90 years at baseline (n =

\ 4
°

16,106)

Analyzed cohort: 318,653 records
(318,653 patients)

Excluded:
e Diagnosis of chronic pancreatitis at baseline®
(n=2,611)

Sensitivity analysis

Subcohort analysis for excluding
one indication disease: 316,042
records (316,042 patients)

Excluded:
e Previous cholelithiasis or primary sclerosing
cholangitis at baseline (n = 22,082)

Subcohort analysis for excluding
three indication diseases: 293,960
records (293,960 patients)

Figure 1.

610,044 records Sensitivity analysis

(434,337 patients)

Excluded:

e Biopsies of other lesions, not in the Correa
cascade (n = 104,954)

e Patients had only one biopsy (n = 297,617)

Transposed multiple biopsies in one record for

’ each patient

\ 4

77,798 records
(77,798 patients)

Excluded:

e Previous gastrectomy or gastric cancer at
baseline (n=12,863)

e Second biopsies within 3 years before

diagnosis of pancreatic cancer (n = 418)

Follow-up time <3 years (n=11,717)

e Age <18 or >90 years at baseline (n =
1,871)

e Progression in AG/IM/Dys group® (n = 47)

Sensitivity analysis for two

biopsies: 50,882 records
(50,882 patients)

Flowchart of the population-based gastric biopsy cohort in Sweden (1979-2014). Baseline defined as first biopsy identified in the database. When multiple diagnoses
were present, the most advanced one was selected. Codes for normal, minor changes, superficial gastritis, atrophic gastritis, intestinal metaplasia, dysplasia, and
other lesions are listed in our previous study. °The onset of chronic pancreatitis was shifted backward by 10 years, and patients were defined as having chronic
pancreatitis if the reported diagnosis of chronic pancreatitis with shifted onset at baseline. “Patients with AG/IM/Dys who progressed to more advanced lesions

(gastric cancer) were excluded.

education level (low, medium, high, unknown), and family history of
pancreatic cancer (no, yes, unknown), and stratified by pathology
department. The proportional hazards assumption was checked by
Schoenfeld residuals, and no indication of violation was observed.
We re-estimated SIRs with 95% Cls in two sensitivity analyses: first,
we excluded patients with chronic pancreatitis, cholelithiasis, and
primary sclerosing cholangitis to minimize potential confounding by
indication. Second, we explored the effect of disease trajectory in
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patients with two or more gastric biopsies: within each baseline group,
those with more advanced lesions at the second biopsy (except gastric
cancer) were classified as progressive, those with less advanced lesions
at the second biopsy as regressive, and all others as stable. Biopsy
records with examination dates within 3 years before diagnosis of
pancreatic cancer were excluded to restrict indication bias.

All analyses were performed in SAS software Version 9.4 (SAS
Institute). Two-sided P < 0.05 was considered statistically significant.

CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION



Results

We compiled 626,661 records relating to 445,664 patients who
had undergone at least one gastric biopsy between 18 and 90 years
old (Fig. 1). After data cleaning, 318,653 eligible patients remained
in the analyzed cohort. Patients had median age of 61.2 years, and
average follow-up of 10.8 years, accruing 3,438,248 person-years at
risk (Table 1). Female patients were on average 1.5 years younger
than men (58.4 vs. 59.8, P < 0.001). Female predominance was
observed for all groups, from 52% (superficial gastritis) to 58%
(normal), and patients with AG/IM/Dys had the shortest mean
follow-up of 9.4 years.

Table 2 shows observed and expected pancreatic cancer cases, along
with SIRs and 95% Cls, in different groups stratified by follow-up
duration. During first, second, and third year of follow-up in AG/IM/
Dys group, 177, 32, and 25 pancreatic cancer cases were observed, with
SIR of 11.5 (95% CI, 9.9-13.4), 2.2 (95% CI, 1.5-3.1), and 1.8 (95% CI,
1.1-2.6), respectively. SIR was 1.3 (95% CI, 1.1-1.5) after the first
3 years of follow-up. Similar relative risk patterns were observed in
other groups. SIRs during the first year of follow-up were 17.4 (95% CI,
15.7-19.3) for normal group, 20.8 (95% CI, 17.2-25.0) for minor
changes, and 13.0 (95% CI, 12.2-13.8) for superficial gastritis;
they dropped to 1.3 to 2.5 during the second and third year of
follow-up. In sensitivity analyses by excluding patients with chronic
pancreatitis, or further excluding those with cholelithiasis and pri-
mary sclerosing cholangitis, the SIRs remained constant or decreased
slightly (Supplementary Table S1).

In the Cox regression with normal group as reference and a 3-year
lag after first biopsy, adjusted HRs for pancreatic cancer were close to
one for all exposure groups (minor changes: HR =1.1,95% CI, 0.8-1.4;
superficial gastritis, HR = 1.0, 95% CI, 0.9-1.1; AG/IM/Dys, HR = 1.1,
95% CI, 0.9-1.3; all P > 0.3).

In the first year of follow-up, percentage of diagnosis for pancreatic
cancer significantly increased with age, from 0.1% in 18 to 50 age group
t0 0.9% in 80 to 90 age group (Pyrena < 0.001, Table 3). As expected, the
corresponding percentage in patients with chronic pancreatitis was

Gastric Mucosal Abnormality and Pancreatic Cancer Risk

higher than those without chronic pancreatitis, the same as for family
history of pancreatic cancer (Chi-square test, P < 0.001).

For patients who had at least two gastric biopsies, we performed
further analyses by using mucosal change patterns with the first
two biopsies (Supplementary Fig. S1). The SIR estimates for pro-
gressive strata were overall marginally larger than for the corre-
sponding regressive, and stable strata within the same baseline
group. We only found a statistically significant excess risk com-
pared with the general population for the stable stratum in the
AG/IM/Dys group at 1.9 (95% CI, 1.2-2.8).

Discussion

In our nationwide cohort study of participants with gastric biopsies,
we found a high excess risk of pancreatic cancer shortly after first
biopsy, especially during the first year of follow-up. Given similar
excess risk for normal biopsies as well as across all stages of Correa’s
cascade, this is very likely driven by reverse causality and confounding
by indications. From 3 years after the first biopsy, a 20% to 30% excess
risk was observed for the members of this biopsy cohort when
compared with the general population, again regardless of the gastric
mucosal status. Taken together, we see no evidence for a long-term
causal association between atrophic gastritis and more advanced
precancerous lesions and the risk of pancreatic cancer.

Atrophic gastritis is characterized by gastric inflammation, loss of
specialized glandular tissues in the gastric corpus, and consequent low
gastric acid production (25, 26), sometimes also by the clearance of
H. pylori colonization with advanced stages of atrophy (27). Low
gastric acid (hypoacidity) subsequently appears to entail bacterial
overgrowth and increase formation of N-nitroso compounds, which
have been named as candidates for accelerating pancreatic car-
cinogenesis in both animals and humans (28, 29). A number of
epidemiologic studies have also explored the association between
gastric mucosal abnormality and pancreatic cancer risk. However,
one meta-analysis conducted in 2017 could not confirm the asso-
ciation between atrophic gastritis and the risk of pancreatic cancer

Table 1. Characteristics of patients enrolled in the gastric biopsy cohort in Sweden.

No. of patients

Age at entry

Follow-up years Accumulated

Gastric biopsy at baseline® (n, %) (mean + SD) (mean + SD) person-years
Overall

Normal 84,778 (26.6) 519 +17.8 N0 +64 930,938
Minor changes 14,266 (4.5) 60.7 +16.6 101+75 144,548
Superficial gastritis 188,829 (59.3) 6114+ 16.5 No+73 2,073,542
AG/IM/Dys 30,780 (9.6) 65.5 +15.1 94 +65 289,220
Total 318,653 (100) 59.14+17.3 108 + 7.0 3,438,248
Men

Normal 34,692 (23.9) 532 +17.2 10.7 £ 6.7 370,459
Minor changes 6,441 (4.4) 60.8 +15.9 974+75 62,466
Superficial gastritis 89,700 (61.9) 61.3 +15.8 10.7 £75 960,257
AG/IM/Dys 14,252 (9.8) 66.5 +13.9 88 + 6.5 125,100
Total 145,085 (100) 59.8 +16.5 105 +7.2 1,518,282
Women

Normal 50,086 (28.9) 51.0 +£18.1 N2+63 560,478
Minor changes 7,825 (4.5) 60.7 +17.1 10.5+ 7.5 82,082
Superficial gastritis 99,129 (57.1) 61.0 +17.1 n2+71 1,113,286
AG/IM/Dys 16,528 (9.5) 64.7 +£16.1 9.9+ 6.5 164,120
Total 173,568 (100) 58.4 +£18.0 Nn1+69 1,919,966

2Gastric biopsy at baseline was defined as first biopsy examination identified in the database. When multiple diagnoses were present, the most advanced one was

selected.
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Table 2. SIRs with 95% Cls for pancreatic cancer by follow-up
time, in the gastric biopsy cohort in Sweden.

Follow-up years in

biopsy groups 0 (E) SIR (95% CI)
Normal
0-1 373 (21.4) 17.4 (15.7-19.3)***
1-2 46 (21.3) 2.2 (1.6-2.9)**
2-3 28 (21.5) 1.3 (0.9-1.9)
3+ 296 (246.2) 1.2 (1.1-1.4)*
3-5 49 (43.0) 11 (0.8-1.5)
5-10 104 (91.3) 11(0.9-1.4)
10+ 143 (11.9) 1.3 (1.1-1.5)**
Pirend 0.534
Minor changes
0-1 16 (5.6) 20.8 (17.2-25.0)***
1-2 9(5.3) 1.7 (0.8-3.2)
2-3 13.(5.1) 2.5 (1.3-4.3)**
3+ 65 (51.6) 1.3 (1.0-1.6)
3-5 13.(9.7) 1.3 (0.7-2.3)
5-10 27 (19.3) 1.4 (0.9-2.0)
10+ 25 (22.6) 1.1(0.7-1.6)
'Dtrend 0.638
Superficial gastritis
0-1 1,004 (77.2) 13.0 (12.2-13.8)***
1-2 141 (74.3) 1.9 (1.6-2.2)***
2-3 96 (72.9) 1.3 (1.1-1.6)*
3+ 958 (821.8) 1.2 (1.1-1.2)**
3-5 161 (139.6) 1.2 (1.0-1.3)
5-10 336 (293.9) 11 (1.0-1.3)*
10+ 461 (388.1) 1.2 (1.1-1.3) ***
'Dtrend 0.788
AG/IM/Dys
0-1 177 (15.3) 1.5 (9.9-13.4)***
1-2 32 .(14.7) 2.2 (1.5-3.0)**
2-3 25 (14.3) 1.8 (11-2.6)*
3+ 161 (126.4) 1.3 (1.1-1.5)**
3-5 34 (27.1) 1.3 (0.9-1.8)
5-10 69 (50.6) 14 (.1-1.7)*
10+ 58 (48.8) 1.2 (0.9-1.5)
Ptrend 0.791

Abbreviations: E, expected number of outcome; O, observed number of outcome.
Pirenas Cochran-Armitage trend test after the first 3 years of follow-up.
*, P<0.05; **, P < 0.01; ***, P < 0.001.

(5). One recent prospective cohort study in Japan, in which atrophic
gastritis was diagnosed serologically, reported a significant positive
association only among current smokers (6). Another cohort study
conducted among male smokers in Finland found no statistically
significant positive association between atrophic gastritis (whether
serologic or histologic) and pancreatic cancer risk, with the normal
serum pepsinogen I (225 ug/L) as reference (30).

In our present study, biopsied patients had a 12- to 21-fold risk of
pancreatic cancer compared with the Swedish general population
(matched by age, sex, and calendar year) within the first year of
follow-up. Thereafter, the relative risk decreased substantially. This
short-term association can have several explanations. It may be due
to enhanced surveillance of patients with gastroscopy, which incre-
ases the probability of discovering as yet patients with undiagnosed
pancreatic cancer. Moreover, some typical indications are inherent
in the decision for having gastroscopy and may also be related to
pancreatic cancer risk (confounding by indications). These indica-
tions, including upper abdominal pain or discomforts, nausea,
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vomiting, etc., sometimes cannot be resolved by initial physical
exam or blood test. Previous studies suggested that some disorders,
including dyspepsia, gastroesophageal reflux disease, peptic ulcer
disease with H. pylori infection, diabetes, cholelithiasis, chronic
pancreatitis, inflammatory bowel disease, and other gastrointesti-
nal cancers, have the same underlying symptoms and therefore lead
to upper gastrointestinal endoscopy and/or biopsy samplings
(23, 31, 32). Some of these disorders have also been reported to
associate with an increased risk of pancreatic cancer (22, 33-36).

When investigating pancreatic cancer cases during the first year
after baseline biopsy, we found that about 9 in 1,000 patients older than
70 years, and 8 in 1,000 patients with family history of pancreatic
cancer were diagnosed with pancreatic cancer, and the percentage was
higher in patients with chronic pancreatitis (17/1,000). These results
from an unselected patient group, representing the combined expe-
rience over many years in a whole country may serve to develop a
guideline for clinicians when advising patients for further investiga-
tion. However, future studies are needed to confirm our findings.

A 20% to 30% increased risk of pancreatic cancer was observed for
all stages of Correa’s cascade (except gastric cancer) of biopsied
patients after the first 3 years of follow-up, when compared with the
Swedish general population. After excluding some possible indications
to minimize confounding effects (chronic pancreatitis, cholelithiasis,
and primary sclerosing cholangitis), a 10% to 20% increased risk was
still observed. However, the magnitude of long-term risk was the same
across all groups, including the normal mucosal group, which strongly
suggests that it is not the differences along the Correa’s cascade that
drive the excess risk compared with the general population. This is
supported by the results from the Cox regression, which did not
present increased risk of pancreatic cancer compared with the normal
mucosal group. Some patients may receive gastroscopy not due to any
gastric disorder, but disorders in other organs with similar indications,
such as new-onset diabetes, while still increasing the risk of pancreatic
cancer, or may already have existing cancer, given the insidious onset
and nonspecific symptoms in early stages. Furthermore, the biopsy
only focuses on the target sampling areas of stomach and has no
microscopic information of the mucosa that has normal endoscopic
appearance.

To the best of our knowledge, this is the largest follow-up study to
investigate the association between gastric mucosal status and pan-
creatic cancer risk by using the “gold standard”—histologic diagnosis
of gastric mucosa. In most epidemiologic studies, serum pepsinogen I
and pepsinogen I/II ratio have been used for diagnosis of atrophic
gastritis—however, these markers are affected by demographic char-
acteristics and dietary habits, as well as cut-off points of pepsinogens. It
is possible that the difference in pepsinogen cut-offs used to define
atrophic gastritis between countries may cause variations in the
findings. Therefore, using the most advanced lesion of gastric mucosa
observed in histopathology as the exposure is likely to be more
accurate, although biopsy sampling error, number of biopsies, and
inter- or intraobserver variation in diagnoses may exist. To be noted,
some studies focused on the exposure of H. pylori infection, a trigger of
Correa’s cascade, and its association with pancreatic cancer risk.
Glandular cell loss, low gastric acid environment, and subsequent
non-H. pylori microorganisms’ overgrowth can shift H. pylori colo-
nization in the gastric mucosa, especially after glandular atro-
phy (25, 37). Therefore, the presence or absence of H. pylori cannot
consistently reflect the accurate pathophysiologic changes of the
stomach. Furthermore, due to the structure of the Swedish healthcare
system, our cohort included virtually all patients who underwent
gastroscopy with biopsies in Sweden (13). High-quality linkage
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Table 3. Percentage of diagnosis of pancreatic cancer during the first year of follow-up in the gastric biopsy cohort in Sweden.

Overall Men Women
Percentage Percentage Percentage
No. of of pancreatic No. of  of pancreatic No. of of pancreatic
Parameters patients cancer (%) P value® patients cancer (%) P value® patients cancer (%) P value®
Age at baseline <0.001+#+P <0.001++*P <0.001++P
>18 and <50 94,356 0.1 39,246 0.1 55,110 0
>50 and <60 57,397 0.4 27,173 0.5 30,224 0.2
>60 and <70 64,800 0.7 32,156 0.8 32,644 0.5
>70 and <80 68,087 0.9 32,197 11 35,890 0.8
>80 and <90 34,013 0.9 14,313 11 19,700 0.8
Chronic pancreatitis® <0.001*** <0.0071*** <0.001%**
No 316,288 0.5 143,577 0.6 172,711 0.4
Yes 2,365 17 1,508 17 857 1.8
Smoking-related diseases® 0.188 0.296 0.653
No 310,013 0.5 140,623 0.7 169,390 0.4
Yes 8,640 0.6 4,462 0.8 4,178 0.5
Obesity 0.020* 0.251 0.083
No 315,012 0.5 144,021 0.7 170,991 0.4
Yes 3,641 0.2 1,064 0.4 2,577 0.2
Family history <0.0071*** <0.0071*** <0.0071+**
No 277,818 0.5 125,440 0.6 152,378 0.4
Yes 5,339 0.8 2,431 1.0 2,908 0.7
One relative-child 800 1.4 346 1.7 454 11
One relative-parent 3,466 0.6 1,580 0.8 1,886 0.4
One relative-sibling 941 1.2 447 13 494 1.0
More than one relative 132 15 58 17 74 14
Unknown 35,496 0.8 17,214 0.8 18,282 0.7

@p value was derived from Chi-square test.
bp value was derived from Cochran-Armitage trend test.

“The onset of chronic pancreatitis was shifted backward by 10 years, and patients were defined as having chronic pancreatitis if the reported diagnosis of chronic

pancreatitis with shifted onset at baseline.

9Smoking-related diseases, diagnoses of chronic obstructive pulmonary disease and tobacco abuse, at or before baseline.

*, P<0.05; **, P<0.01; ***, P < 0.001.

between this biopsy cohort and other national registers with high
quality allowed us to follow cancer outcomes as well as censoring
events over a long period.

Limitations to be highlighted include the fact that patients in our
gastric biopsy cohort were not randomly sampled from the general
population, but underwent gastroscopy with biopsy samplings due to
clinical indications. Consequently, our findings are based on compar-
ing risk of pancreatic cancer among patients at different levels of
Correa’s cascade in a clinically worked-up cohort and cannot be readily
generalized to healthy people who did not undergo gastroscopy.
Furthermore, we cannot identify cases of autoimmune gastritis, which
consequently would be classified as AG/Dys/IM. However, the epi-
demiology of autoimmune gastritis and its association with non-
gastric cancers are still mostly unknown, and some studies in com-
parable settings of enrolment (i.e., histological assessment in patients
undergoing gastroscopy due to clinical indications) report a prevalence
of 2% to 3% (38, 39). It suggests that the potential misclassification of
exposure in our study is likely limited (40). In addition, we did not have
information on an important indication—new-onset diabetes. It has
common gastrointestinal symptoms, where the upper gastrointestinal
endoscopy is usually used to exclude physiologic or pathologic dis-
orders (32); at the same time, it is a risk factor of pancreatic cancer
(OR = 6.4; 95% CI, 4.2-9.8; ref. 36). Finally, like other register-based
studies, we lacked exact information of risk factors for pancreatic
cancer in this cohort, such as environmental or lifestyle exposures,
which might be useful for further adjustments.

AACRJournals.org

Conclusions

This unique large pathologic cohort study did not find evidence that
atrophic gastritis or more advanced precancerous lesions are causally
associated with an increased risk of pancreatic cancer. A highly
increased short-term risk of pancreatic cancer observed for people
undergoing gastroscopy with biopsy sampling is likely due to reverse
causality and confounding by indications.

Data Availability Statement

The data that support the findings of this study are available on request from the
corresponding authors. The data are not publicly available due to privacy or ethical
restrictions.
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What this Study Adds?

+ To the best of our knowledge, this is the first nationwide biopsy
cohort study concerning gastric mucosal abnormality (atrophic
gastritis and more advanced precancerous lesions) and its
association with pancreatic cancer risk.

+  Our results do not provide evidence that gastric precancerous lesions
are causally associated with pancreatic cancer risk (long-term).
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+ Anincreased risk was observed within three years (short-term) for
people seeking gastroscopy.
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