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Abstract

Background: Gastric cancer is one of the Lynch syndrome (LS)-asso-
ciated malignancies. Previous studies have suggested that LS patients 
with gastric cancer also had chronic atrophic gastritis in the background 
mucosa, but further histologic characterization was not attempted. This 
study aims to understand the histologic features of background chronic 
gastritis in LS patients with gastric adenocarcinoma.

Methods: Eleven LS-associated gastric cancer cases were collected 
from five institutions. Demographics and clinical features were re-
trieved by review of medical charts. Pathological material was re-
viewed for tumor location and histologic type. In addition, non-ne-
oplastic gastric mucosa was assessed for inflammation (chronic and 
active), atrophy, intestinal metaplasia (IM) in the antrum and body, 
as well as pyloric gland metaplasia and enterochromaffin-like (ECL) 
cell hyperplasia in the body.

Results: Eleven LS patients with gastric cancer (four male and seven 
female) with a mean age of 63 years (range: 23 - 83) were included. 
Ten (90.9%) had personal cancer histories; however none of the pa-
tients had family history of gastric cancer. Eight (72.7%) patients 
underwent gastrectomy and three had endoscopic resection. Nine 
(81.8%) patients had tumor in the fundus and/or body and two had 
tumor present in the antrum. Seven (63.6%) cases were intestinal type 
or mixed type carcinoma, and the remaining four were signet ring 
cell carcinoma. Eight (of 11, 72.7%) patients had chronic gastritis, 
five (45.4%) had atrophy, and four (36.3%) had intestinal metaplasia. 

Four of five patients with both antrum and body mucosa available for 
evaluation (80%), demonstrated body-predominant chronic gastritis. 
Four patients had germline MLH1 alterations and all of these patients 
had chronic gastritis, including one Helicobacter pylori (H. pylori) 
gastritis and three H. pylori-negative gastritis.

Conclusions: None of LS patients with gastric cancer in our cohort 
had a family history of gastric cancer. Gastric adenocarcinomas in LS 
patients were primarily located in the fundus and/or body. Two-thirds of 
these tumors were of intestinal type and had a background chronic, H. 
pylori-negative gastritis. These results support a chronic atrophic gas-
tritis with intestinal metaplasia-dysplasia-carcinoma sequence in LS-re-
lated gastric tumorigenesis, particularly in MLH1-mutated LS patients.

Keywords: Lynch syndrome; Gastric adenocarcinoma; Chronic gas-
tritis; Atrophy; Intestinal metaplasia; H. pylori; MLH1

Introduction

Lynch syndrome (LS), also known as hereditary nonpolyposis 
colorectal cancer (HNPCC), is one of the most common inher-
ited cancer syndromes and confers increased risk for cancers 
of many different body sites [1]. The stomach is regarded as 
the second most common extracolonic site that LS-related tu-
mors can manifest [1]. One previous large study reported that 
1.6% of LS patients developed gastric cancer [2]. These tu-
mors are most often associated with germline MLH1 or MSH2 
alterations, and family history of gastric cancer has been found 
to be a poor indicator for individual risk [2].

Gastric tumorigenesis in sporadic cases includes sequen-
tial changes that begin with chronic gastritis, subsequent atro-
phy/intestinal metaplasia, dysplasia and eventually to carcino-
ma in most gastric adenocarcinomas [3]. The chronic gastritis 
described in this setting is most often Helicobacter pylori (H. 
pylori)-related gastritis, with autoimmune gastritis being the 
cause in the minority of cases.

Previous reports have suggested that chronic atrophic gas-
tritis is also present in the background of LS-related gastric 
cancers. A pattern of chronic atrophic gastritis limited to the 
antrum was reported in one kindred from southern Italy that had 
an excess of gastric carcinoma [4]. While the H. pylori gastritis 
rate has been reported to be approximately 20-27% in LS pa-
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tients who developed adenocarcinoma [5, 6], which is similar 
to LS patients without gastric cancer [7] and LS patients’ family 
members without mismatch repair (MMR) gene mutations [8]. 
Additionally, a high prevalence of “autoimmune” gastritis was 
observed in MSH2-mutated LS patients who developed gastric 
adenocarcinoma [7]. However, this “autoimmune” gastritis in 
LS patients who developed gastric adenocarcinoma has not 
been well characterized histologically. It remains unknown if 
this type of “autoimmune” gastritis occurs in LS patients carry-
ing mutations in other MMR genes such as MLH1, MSH6, and 
PMS2. Answers to these questions would shed light on the gas-
tric tumorigenesis in LS patients and thus further risk stratify 
LS patients for gastric cancer surveillance.

In this study, we identified 11 patients with LS associated 
gastric cancer via a multicentric collaborative effort from five 
institutions, retrieved basic demographics and clinical fea-
tures, reviewed the pathologic material for tumor characteris-
tics and examined the background gastric mucosa changes. We 
also compared the findings in the background gastric mucosa 
in our cohort of LS patients with gastric cancer with the previ-
ously published data in LS patients without gastric adenocar-
cinoma [8].

Materials and Methods

This study was approved by the Institutional Research Boards 
of the participating institutions; and the study was conducted 
in compliance with the ethical standards of the responsible in-
stitution on human subjects as well as with the Helsinki Dec-
laration.

Patients

A total of 11 cases of LS-associated gastric adenocarcinoma 
spanning the years 2010 - 2019 were retrieved from the pa-
thology archives of five institutions including: the University 
of Michigan (four cases), Cleveland Clinic (three cases), the 
University of Indiana (one case), Yale University (one case), 
and the University of Florida (two cases) using search terms of 
“Lynch syndrome”, “hereditary non-polyposis colorectal can-
cer” and “gastric carcinoma” or a combination of the above. 
Inclusion criteria were: 1) a documented clinical diagnosis of 
LS based on personal and family cancer history and/or geneti-
cally confirmed germline mutations in MMR (MLH1, MSH2, 
MSH6, or PMS2) genes; 2) histological documentation of gas-
tric adenocarcinoma; and 3) available adjacent/background 
gastric mucosa tissue for histological assessment according to 
previously published criteria [9, 10].

The information on basic demographics, reason for endos-
copy if applicable (surveillance or symptoms), clinical labo-
ratory test results including autoantibodies for autoimmune 
gastritis and/or ancillary testing for H. pylori, and personal or 
family tumor history were retrieved via chart review.

Pathologic material including surgical pathology reports 
and slides from each case was re-reviewed by an experienced 
gastrointestinal (GI) pathologist from the participating insti-

tutions. The tumor features included in this study were loca-
tion (fundus, body, and antrum), type (intestinal vs. diffuse 
vs. mixed), depth of invasion, nodal metastases, or distant 
metastases. Immunohistochemical stains for MMR proteins 
were performed at the time of initial workup, and diagnosis 
and the results in the surgical pathology reports were used in 
this study. Complete absence of nuclear expression of MMR 
proteins (MLH1, MSH2, MSH6, and PMS2) in the cancerous 
nuclei in the context of appropriately reactive internal and ex-
ternal controls was considered as loss or deficiency.

Location of the background and/or adjacent gastric mu-
cosa was determined by referring to endoscopic report and/
or surgical pathology report. In some cases, biopsies taken 
within 6 months before the resection were included to assess 
the background gastric mucosa. The non-neoplastic gastric 
mucosa was evaluated using the updated Sydney system [9, 
10]. The pathologic information collected included the pres-
ence and type of inflammation, presence of atrophy, presence 
of metaplasia (intestinal metaplasia (IM) for antral mucosa and 
body mucosa and pseudopyloric gland metaplasia for body 
mucosa), presence of enterochromaffin-like (ECL) cell hy-
perplasia, and H. pylori organisms. The histologic findings in 
the non-neoplastic gastric mucosa in this cohort of LS patients 
who developed gastric adenocarcinoma were compared to the 
previously published histologic findings in LS patients without 
gastric cancer [8]. The comparison was made using Fisher’s 
exact test, and a P value < 0.05 was considered statistically 
significant. Statistical analysis was performed using R2.15.2 
(R Development Core Team, Vienna, Austria).

Results

Clinicodemographics of LS patients with gastric adeno-
carcinoma

As demonstrated in Table 1, our cohort of 11 LS patients in-
cluded four men and seven women with gastric cancer. The 
mean age at the diagnosis of gastric adenocarcinoma was 63 
years (range: 23 - 83). Diagnosis of LS was made clinically in 
two patients and the remaining nine patients were confirmed ge-
netically (including MLH1 mutation (n = 3), MSH2 mutation 
(n = 3), MSH6 mutation (n = 1), PMS2 biallelic mutations (n 
= 1), MLH1 del/PMS2 mutation (n = 1)). Ten (90.9%) had a 
personal cancer history (colon cancer (n = 6), pancreatic cancer 
(n = 1), duodenal adenocarcinoma (n = 1), breast cancer (n = 2), 
endometrial cancer (n = 1), non-melanoma skin cancer (n = 2), 
medulloblastoma (n = 1), and cancer not further specified (n = 
4)). Six (of seven, 85.7%) patients with available information 
had a family history of colon cancer. None of the nine patients 
with available information had a family history of gastric cancer.

Six (54.5%) patients were symptomatic (abdominal pain 
(n = 2), epigastric discomfort (n = 1), reflux symptom (n = 
1), dysphagia (n = 1), symptoms related to anemia (n = 1)) 
and six were in a surveillance program. One patient had a his-
tory of autoimmune diseases (one hyperthyroidism with posi-
tive rheumatoid factor). The remaining patients had no clinical 
evidence of autoimmune diseases. None of the patients had 
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megaloblastic/pernicious anemia or were tested for serology 
for autoimmune gastritis, i.e., anti-parietal cell antibodies or 
anti-intrinsic factor antibodies. Seven patients were tested for 
H. pylori antibodies and all of them were negative, the other 
four patients were either not tested or had unknown results. 
None of the patients were tested for serum gastrin levels.

Tumor characteristics of gastric adenocarcinoma in LS pa-
tients

Eight (of 11, 72.7%) patients underwent gastrectomy and three 

received endoscopic resections. Tumor characteristics in the 
study subjects are summarized in Table 1. Nine (81.8%) pa-
tients had tumor in the fundus and/or body (fundus (n = 3), 
body (n = 5) and fundus and body (n = 1)). The other two 
patients had tumor in the antrum. Seven (of 11, 63.6%) cases 
were intestinal type or mixed and the remaining four were sig-
net ring cell carcinoma/diffuse type. Adenocarcinoma invaded 
the mucosa in four cases, the submucosa in three, the muscu-
laris propria in two, and the subserosa or at least subserosa in 
two. Eight gastrectomy cases had lymph nodes available for 
evaluation and none of them had nodal metastases. None of the 
patients had distant metastases at time of diagnosis.

Table 1.  Clinicodemographics and Gastric Tumor Characteristics of LS Patients in This Study

Number of cases with 
information available Results

Age, mean (range), years 11 63 (23 - 83)
Personal cancer history 11 10 (90.9%) had personal cancer history including:

Colon (6)/pancreas (1)/duodenum (1)
Breast (1)/endometrium (1)
Non-melanoma skin cancer (1)
Medulloblastoma (1)
Malignancy, not other specified (1)

Family history of colon cancer 7 6 (85.7%)
Family history of gastric cancer 9 0 (0%)
Symptoms 11 Symptomatic: 5

  Abdominal pain (2)/epigastric discomfort (1)
  Reflux (1)/anemia (1)
Symptomatic and in surveillance program: dysphagia (1)
Asymptomatic and in surveillance program: 5

Tumor location 12 Fundus: 3
Body: 5
Fundus and body: 1
Antrum: 2

Tumor histology type 11 Intestinal or mixed: 7 (63.6%)
Signet ring cell/diffuse: 4 (36.4%)

Depth of invasion 11 Intramucosal: 4
Submucosal: 3
Muscularis propria: 2
Subserosal or deeper: 2

Nodal metastases 8 0 (0%)
Distant metastases 11 0 (0%)
Loss of mismatch repair proteins 6 MLH1 loss: 3

MSH2 loss: 2
Unknown: 1

Precursor lesion 11 Low-grade dysplasia: 3
High-grade dysplasia: 3

Lynch syndrome.
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Six of the cases were tested for MMR proteins (MLH1, 
MSH2, MSH6, and PMS2) via immunohistochemistry and all 
of them had at least one MMR protein loss (MLH1 (n = 3), 
MSH2 (n = 2), one with the lost MMR protein(s) (not speci-
fied).

Background gastric mucosa in LS patients

Data on background gastric mucosal changes are summarized 
in Table 2. Overall, eight (of 11, 72.7%) patients had chronic 
gastritis, five (45.4%) had atrophy, and four (36.3%) had IM. 
One case (of 11, 9.3%) had chronic active H. pylori gastritis. 
The gastric body was sampled in eight of 11 cases and five (of 
eight, 63%) had at least moderate chronic gastritis. Other find-
ings in these gastric body biopsies included glandular atrophy 
(4/8, 50%), multifocal IM (3/8, 38%), and pseudopyloric gland 
metaplasia (4/8, 50%). ECL cell hyperplasia was noted in three 
of eight (37.5%) cases. The remaining three cases had histo-
logically unremarkable body mucosa. Eight of the 11 cases had 
a gastric antrum biopsy available for review: two (of eight, 
25%) had moderate chronic gastritis including one also with 

IM, two (of eight, 25%) mild chronic gastritis (25%), one (of 
eight, 13%) IM only, one (of eight, 13%) reactive gastropathy, 
and two (of eight, 25%) normal histology. Five of our cases 
had both antral and body biopsies performed. In these cases, 
four (80%) had a body predominant pattern of mucosal chang-
es including three with IM; while one had normal antral and 
body mucosa. One case of a body-predominant chronic gastri-
tis with associated dysplasia and MLH1- and PMS2-deficient 
adenocarcinoma in a MLH1-mutated LS patient is illustrated 
in Figure 1.

Compared to gastric mucosal abnormalities previously 
reported in LS patients without gastric cancer by Renkonen-
Sinisalo et al (2002) [8], LS patients with gastric cancer in our 
current study tended to have a higher rate of chronic gastritis 
(P = 0.016), atrophy (P = 0.022), and a trend of a higher rate 
of IM, but this did not reach statistical significance (P = 0.08, 
Table 3 [8]).

Corresponding to the inflammation being body predomi-
nant in this study, the majority of gastric tumors in our cohort 
arose in the gastric body or fundus (9/11 or 81.8%). Converse-
ly, only two of our 11 cases had cancers arising in the gastric 
antrum. Infection with H. pylori was quite rare in our popula-

Table 2.  Background Gastric Mucosal Changes in LS Patients With Gastric Adenocarcinoma

Number of cases with information available Results
Body or antral biopsy 11 Chronic gastritis: 8 (72.7%)

  Chronic H. pylori-negative gastritis: 7
  Chronic H. pylori gastritis: 1
Atrophy: 5 (45.4%)
IM: 4 (36.3%)

Body biopsy 8 Moderate chronic gastritis: 5 (63%)
  Chronic H. pylori-negative gastritis: 4
  Chronic H. pylori gastritis: 1
Atrophy: 4 (50%)
Pseudopyloric gland metaplasia: 4 (50%)
IM: 3 (38%)
ECL cell hyperplasia: 3 (37.5%)
Normal histology: 3 (37%)

Antral biopsy 8 Moderate chronic gastritis: 2 (25%)
Mild chronic gastritis: 2 (25%)
  Mild chronic H. pylori-negative gastritis with IM: 1
  Mild chronic H. pylori gastritis: 1
IM only: 1 (12.5%)
Reactive gastropathy: 1 (12.5%).
Normal histology: 2 (25%)

Body and antral biopsy 5 Body predominant chronic gastritis with IM: 2 (60%)
Body predominant chronic gastritis without IM: 1 (20%)
Body predominant H. pylori gastritis with IM: 1 (20%)
Normal histology: 1 (20%)

H. pylori: Helicobacter pylori; LS: Lynch syndrome; IM: intestinal metaplasia; ECL: enterochromaffin-like.
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Table 3.  Comparison of Gastric Mucosal Changes Between LS Patients With Gastric Cancer (Current Study) and Without Gastric 
Cancer From One Previous Study

Chronic gastritis, n (%) H. pylori infection, n (%) Atrophy, n (%) IM, n (%)
LS patients with gastric adenocarcinoma 8 (75) 1 (9.1) 5 (45.4) 4 (36.3)
LS patients without gastric adenocarcinoma (n = 73)* 23 (31.5) 19 (26.0) 10 (13.7) 10 (13.7)
P value 0.016 0.44 0.022 0.08

*Data were from previously published study [8]. H. pylori: Helicobacter pylori; LS: Lynch syndrome; IM: intestinal metaplasia.

Figure 1. Chronic gastritis in one LS patient who developed gastric adenocarcinoma. (a) Body mucosa showing chronic inactive 
atrophic gastritis with intestinal metaplasia and pseudopyloric gland metaplasia (H&E stain, 100 ×). (b) Antral mucosa showing 
mild chronic inactive gastritis without intestinal metaplasia (H&E stain, 100 ×). (c) Histomorphology of low-grade dysplasia (H&E 
stain, 100 ×). (d) Signet ring cell/diffuse type carcinoma (H&E stain, 200 ×). (e) Loss of MLH1 in gastric adenocarcinoma nuclei 
(immunohistochemical stain, 200 ×). (f) Loss of PMS2 expression in gastric adenocarcinoma nuclei (immunohistochemical stain, 
100 ×). H&E: hematoxylin and eosin; LS: Lynch syndrome.



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org18

Characterization of CG in LS Patients With GA  Gastroenterol Res. 2021;14(1):13-20

tion, only one out of 11 (9.1%) patients had H. pylori infection 
at the time of biopsy/resection. Seven of our patients tested for 
H. pylori antibodies were negative.

Six (of 11, 54.5%) patients had precursor lesions (low-
grade dysplasia (n = 3), high-grade dysplasia (n = 3)). Dyspla-
sia arose from a background chronic gastritis in four patients, 
normal antral mucosa in one patient, and normal gastric body 
and fundic mucosa in one patient.

Gastritis in patients with gastric cancer and MLH1 muta-
tions

Four patients in our cohort harbored germline MLH1 muta-
tion (n = 3) or MLH1 deletion (n = 1), and all of them had 
chronic gastritis, with three of them being chronic autoimmune 
gastritis-like gastritis and one H. pylori gastritis. In the three 
cases with immune-mediated gastritis, all of them had atrophy, 
IM, and pseudopyloric gland metaplasia in the gastric body 
mucosa. In the case with H. pylori gastritis, the gastritis dem-
onstrated a body predominant chronic active gastritis with IM 
but no pyloric gland metaplasia or ECL cell hyperplasia. It is 
not clear if that patient had been on a proton pump inhibitor.

Clinical follow-up

Three (of six, 50%) patients had GI symptom and two (of five, 
40%) patients without GI symptoms had tumor invading mus-
cularis propria or beyond (T2 or higher) (P =1). The follow-up 
period for these cases varied from 1 - 156 months (median 9 
months). Two symptomatic patients and one patient in a sur-
veillance program died at 1, 6, and 5 months after the diag-
nosis, respectively. The remaining patients were alive after a 
median follow-up of 12 months (range: 2 - 156 months).

Discussion

Hereditary nonpolyposis colorectal cancer (HNPCC or Lynch 
syndrome) is among the most common hereditary tumor syn-
dromes, and the most common inherited GI cancer tumor syn-
drome [11]. One of the earliest descriptions of LS was from 
Aldred S Warthin in 1913, who described a family (family G) 
with a propensity of colorectal, uterine, and stomach cancers 
[11-13]. This “G family” was tracked over the years by several 
other physicians including Henry T Lynch, of whom the term 
“Lynch syndrome” was coined [12]. Breakthroughs in our mo-
lecular understanding of LS began in 1993, and by 1997 all 
four major MMR genes associated with LS were discovered 
[13]. As a result, currently LS is confirmed by germline muta-
tional analysis of the MMR genes (MLH1, MSH2, MSH6, and 
PMS2) or other analysis of MMR genes when no deleterious 
mutations are identified by mutational analysis. In our series, 
nine cases were confirmed by germline MMR gene analysis, 
two cases were diagnosed based on strong personal and family 
cancer histories before the molecular testing were clinically 
available. We felt these two patients had LS-associated gastric 

adenocarcinomas as the tumors were MMR-deficient by im-
munohistochemistry (one with MSH2/MSH6 deficiency and 
one with the lost MMR protein(s) not specified). Nearly all 
(90.9%) patients in our cohort had a personal history of LS-
associated malignancies (colonic, pancreatic, duodenal, breast, 
endometrial, non-melanoma cutaneous, medulloblastoma, 
etc.) and 85.7% had family history of colon cancer, indicating 
this is indeed a typical cohort of LS patients. In line with one 
previous study that LS patients with gastric cancer only rarely 
had a family history of gastric cancer [2], none of our nine 
LS patients who had available information in our cohort had a 
family history of gastric cancer.

Although gastric adenocarcinoma is a known LS-associ-
ated cancer, the exact gastric tumorigenesis remains unclear. 
Two major pathway theories exist for gastric adenocarcinoma: 
one through the chronic atrophic gastritis with intestinal meta-
plasia-dysplasia-adenocarcinoma sequence and the other due 
to mutation and resultant loss of E-cadherin function leading 
to diffuse type (or signet ring cell) gastric cancer [3]. Sporadic 
gastric adenocarcinoma is more often (about 70%) located in 
the antrum and lesser curvature or the lower portion of the 
stomach [14]. In our study, nine (of 11, 81.8%) adenocarcino-
mas were located in the fundus and/or body and 63.6% were 
intestinal or mixed type, consistent with previous reports [5, 7, 
15]. The combination of intestinal type adenocarcinoma with 
a predilection for fundus/body suggests a tumorigenesis of 
body-predominant chronic gastritis-intestinal metaplasia, dys-
plasia, and carcinoma in LS patients, which is different from 
an antrum-predominant chronic H. pylori gastritis-intestinal 
metaplasia, dysplasia, and carcinoma in non-syndromic set-
tings.

Corresponding to the majority of gastric tumors in our co-
hort which were located in the gastric body or fundus (9/11 or 
81.8%), our study revealed body-predominant chronic gastritis 
in LS patients. More specifically, our study revealed 72.7% of 
LS patients with gastric adenocarcinoma had chronic gastritis 
and 45.4% with atrophy and 36.3% IM, consistent with one 
previous study that reported five of seven (71.4%) LS patients 
with gastric cancer had gastritis including three cases of au-
toimmune gastritis, one case of chronic atrophic gastritis but 
less prominent metaplasia and ECL hyperplasia, and one case 
of lymphocytic gastritis without evidence of H. pylori infec-
tion [7]. However, the topographical information of chronic 
atrophic gastritis in LS patients with gastric adenocarcinoma 
was not reported in that report [7]. Interestingly, all of the 
LS patients with chronic gastritis in that report harbored mu-
tations in MSH2 which have been reported to be associated 
with higher risk of developing gastric cancer in LS patients 
[2]. In our study, four patients had germline MLH1 alterations 
(mutation or deletion); three of them had chronic immune-
mediated gastritis and one H. pylori gastritis. Our results were 
similar to one previous study that 93% LS patients with gas-
tric adenocarcinoma had gastric atrophy and 86% with IM [6]. 
Taken together, these results support IM-dysplasia-carcinoma 
as the tumorigenesis in the majority of gastric cancer in LS 
patients with MLH1 or MSH2 mutations. More importantly, 
most chronic gastritis in LS patients with gastric cancer are im-
mune-mediated as four out of five cases in our cases with body 
and antrum biopsies showed a pattern of body predominant 
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gastritis, similar to autoimmune gastritis although neither se-
rologic testing for autoimmune gastritis nor gastrin levels was 
performed in any cases in our study. The etiology for chronic 
immune-mediated gastritis in LS patients remains unknown; 
however, an association of LS with autoimmune diseases has 
been suggested in previously studies [16, 17]. Indeed, one of 
our patients had hyperthyroidism, and positive serum rheuma-
toid factor, and chronic atrophic gastritis with pseudopyloric 
gland metaplasia and ECL hyperplasia but without IM in the 
body. Serology for H. pylori was negative, but the antrum was 
not sampled. The body-predominant gastritis in LS patients 
with gastric adenocarcinoma in our study is different from an 
earlier study which revealed the presence of antral atrophic 
chronic gastritis with IM [4]. The discrepancy may be due to 
geographic difference (Italy vs. USA in this study) and the era 
of diagnosis (years prior to mid 1980s when H. pylori infec-
tion was not recognized as the etiology of antrum-predominant 
chronic gastritis).

Our study also revealed one case (of 11, 9.1%) of H. pylori 
gastritis in LS patients with gastric adenocarcinoma. This rate 
is similar to previously reported H. pylori gastritis rate (10-
27%) in LS patients [15, 18], LS patients with gastric cancer 
[5, 6], LS patients without gastric cancer [7] or mutation carri-
ers, and mutation negative family members of LS patients [8]. 
These results suggest that MMR gene mutations are not associ-
ated with increased risk of H. pylori infection. Interesting, the 
only H. pylori gastritis case in our study had fundus-located 
adenocarcinoma and a body-predominant chronic active gas-
tritis, a pattern different from classic antrum-predominant H. 
pylori gastritis. Possibilities for this pattern include long-term 
H. pylori infection, H. pylori gastritis with superimposed auto-
immune gastritis and long-term use of proton pump inhibitor 
shifting the chronic gastritis to the body. No serologic stud-
ies for autoimmune gastritis were performed in this patient. 
Similar to this H. pylori gastritis case in our series, three of 
four previously reported LS patients with H. pylori infection 
had tumor located in the corpus in two (66.7%) cases suggest-
ing an extension of chronic H. pylori gastritis into the corpus 
[15] leading to the cancer development in the corpus. These 
results suggest that LS patients with H. pylori gastritis should 
be treated with anti-H. pylori therapy to eradicate the infection 
and to reduce the risk of gastric cancer.

Our study provides additional evidence for a chronic im-
mune-mediated gastritis in LS patients who developed gastric 
adenocarcinoma, substantiating the findings in one previous 
study consisted primarily of LS patients with MSH2 mutation 
[7]. Increased risk for gastric adenocarcinoma is observed in 
LS patients but the incidence rate is still low [2], which chal-
lenges the universal use of gastric cancer surveillance program 
in LS patients as it may not be cost-effective [18]. Our data 
and previous data suggest that LS patients may be further risk 
stratified for gastric cancer based on the specific MMR gene 
mutated (mutations in MLH1 and MSH2 carry higher risk), H. 
pylori infection, the presence of immune-mediated gastritis or 
gastric IM, and family history of gastric cancer. Reviewing the 
literature only identified one LS patient with gastric cancer and 
chronic gastritis was tested and positive for anti-intrinsic factor 
[7]. Further prospective studies incorporating serologic testing 
(autoimmune gastritis and H. pylori), gastrin levels, vitamin 

12 levels, and systemic biopsy (fundus, body, and antrum) and 
interpretation of gastric biopsy using the updated Sydney sys-
tem are needed to help optimize and individualize the gastric 
cancer surveillance program for LS patients.

Autoimmune gastritis with atrophy and IM has an in-
creased risk for gastric adenocarcinoma, but the etiology of 
autoimmune gastritis and autoimmune gastritis-associated tu-
morigenesis remain unclear. One recent study showed about 
21% of autoimmune gastritis-associated gastric adenocarcino-
mas were MMR deficient, but germline mutational analysis 
was not performed on those patients [19]. The high frequency 
of MMR-deficient gastric adenocarcinoma in patients with au-
toimmune gastritis and our finding of gastric adenocarcinoma 
arising from an immune-mediated atrophic gastritis in LS pa-
tients suggest that germline mutation of MMR genes may be 
an etiology of autoimmune gastritis with a predilection for de-
veloping MMR-deficient gastric adenocarcinoma, at least in 
some cases. This hypothesis needs additional studies.

Our study has several strengths. First, all cases were diag-
nosed by clinical personal and family cancer history with most 
cases further being confirmed genetically. In addition, patho-
logic report and slides were reviewed by GI pathologists who 
had GI pathology fellowship training and have been practicing 
in hospitals with large volume of gastric specimens. Further, 
most cases were diagnosed in the past 10 years from 2010 - 
2019 which allows confident diagnosis of H. pylori infection 
and confirmation of MMR deficiency in the tumor by immu-
nohistochemistry.

Our study has several limitations. First, it only had 11 LS 
patients with gastric cancer. This is partly due to the rarity of 
the disease and our strict inclusion criteria. Second, patients 
in this cohort were from five institutions, and this may have 
resulted in non-uniform information on medication, personal 
and family cancer history and laboratory testing for autoim-
mune gastritis and H. pylori serology. There may have been re-
ferral bias as these are large referral medical centers. Third, the 
pathology material was only reviewed by one GI pathologist 
at the contributing institution without further central review.

In summary, our study revealed that none of LS patients 
with gastric adenocarcinoma had a family history of gastric 
cancer. Most gastric adenocarcinoma in LS patients were lo-
cated in the fundus and/or body and most of them are intestinal 
type with a tumorigenesis of chronic gastritis (immune gastritis 
in most cases and H. pylori gastritis in the minority of cases)-
associated IM, dysplasia, and carcinoma. LS-associated auto-
immune gastritis needs to be further characterized both clini-
cally and by laboratory testing in future studies, in addition to 
testing for H. pylori infection and using the biopsy protocol 
recommended in the updated Sydney system [20]. Prospective 
studies are urgently needed to address the use of gastric cancer 
surveillance program in LS patients as an increasing number 
of LS patients are diagnosed through universal testing and 
screening newly diagnosed colorectal cancer for LS.
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