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Abstract

Background: Gastric intestinal metaplasia (GIM) is a significant risk factor for gastric cancer. Risk of gastric cancer/
dysplasia between complete intestinal metaplasia (CIM) and incomplete intestinal metaplasia (IIM) was controversial.
Our study aimed to pool relative risk (RR) of cancer/dysplasia of [IM compared with CIM in GIM patients.

Methods: PubMed, EMBASE, Cochrane Library and Web of Science were searched for studies concerning cancer/dys-
plasia in GIM patients. Random-effects or fixed-effects model was utilized for pooling RR. Sensitivity and publication
bias analyses were conducted. Stability of results would be evaluated in case of publication bias.

Results: 12 studies were included. Compared with CIM, pooled RR of cancer/dysplasia in IIM patients was 4.48 (95%
Cl 2.50-8.03), and the RR was 4.96 (95% Cl 2.72-9.04) for cancer, and 4.82 (95% Cl 1.45-16.0) for dysplasia. The pooled
RR for cancer/dysplasia in type IIl IM was 6.27 (95% Cl 1.89-20.77) compared with type I+ IM, while it was 5.55 (95%
Cl12.07-14.92) compared with type Il IM. Pooled RR between type Il IM and type | IM was 1.62 (95% CI 1.16-2.27). Sub-
group analyses showed that IIM was associated with a higher risk of gastric cancer/dysplasia in Western population
(pooled RR=4.65 95% Cl 2.30-9.42), but not in East Asian population (pooled RR=4.01 95% Cl 0.82-19.61).

Conclusions: [IM was related to a higher risk of cancer/dysplasia compared with CIM. Risk of developing cancer/dys-

plasia from type |, Il, and lll intestinal metaplasia increased gradually.
Keywords: Subtypes, Intestinal metaplasia, Gastric cancer, Dysplasia, Meta-analysis

Background

According to Correa’s gastric cancer model, gastric intes-
tinal metaplasia (GIM) is a significant risk factor for
gastric cancer [1]. GIM was found in 25.3% of patients
with dyspepsia and 100% of patients with intestinal-type
gastric cancer [2]. Around 1 in every 39 patients with
GIM would progress into gastric cancer within 20 years
[3], which was similar to the result of De Vries et al. [4]
an annual incidence of gastric cancer of 0.25%. During
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patients undergoing routine endoscopy, the prevalence
of GIM ranged from 13.8 to 19% in Europe [5, 6], 37%
in Japan and 29% in China [7], which necessitates the
further identification of high-risk patients among GIM
patients. Some markers, such as score of operative link
for gastric intestinal metaplasia assessment (OLGIM)
[8], endoscopic grading of gastric intestinal metapla-
sia (EGGIM) [9, 10] and family history of gastric can-
cer [11], have been recommended for identifying those
high-risk patients. There are three subtypes of GIM, with
type I termed “complete IM” (CIM) and types II and III
named “incomplete IM” (IIM). In some studies [12—14],
patients with IIM were at higher risk for gastric can-
cer than those with CIM, which was inconsistent with
other studies [15-20]. Therefore, additional studies are
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required before IIM can be used to distinguish patients
at higher risk for gastric cancer [10]. In a subgroup analy-
sis of the meta-analysis conducted by Shao et al. [1], [IM
(pooled OR=159.48, 95% CI 4.33-20.78) was associated
with a higher risk of gastric cancer than CIM (pooled
OR=51.55, 95% CI 0.91-2.65) in patients with GIM. But
the risk of malignant transformation of IIM compared
with CIM was not clarified. In view of these controver-
sies, our study aimed to pool the relative risk (RR) of can-
cer/dysplasia of IIM compared with CIM in patients with
GIM. We also compared the predictive ability among 3
subtypes of intestinal metaplasia.

Methods

Search strategy

A literature search in online medical databases includ-
ing PubMed, EMBASE, Cochrane Library, and Web of
Science was performed by two authors (M.Z. and W.N.)
independently to identify relevant studies (published
until March 2020) on the incidence rate of cancer/dyspla-
sia in patients with specific subtypes of GIM. Besides, we
also checked the reference lists of relevant review articles
and included studies to find any other eligible articles.
Search strategy was based on the following terms and
keywords: (“IM” OR “intestinal metaplasia”) AND (((“gas-
tric” OR “stomach”) AND ((“cancer” OR “adenocarci-
noma” OR “tumor” OR “carcinoma” OR “neoplasm”)) OR
“dysplasia”) AND (“subtype” OR “variant” OR “type I”)).

Inclusion and exclusion criteria

Two authors (M.Z. and N.W.) independently screened
articles that met the following inclusion criteria: (1) com-
pared with CIM, odds ratio, relative risk or hazard ratio
with their 95% confidence interval (95% CI) (or data to
calculate them) of cancer/dysplasia were reported in
patients with IIM (2) there were cases of cancer/dysplasia
in the cohort study. In vitro or animal studies, seminar
reports, case reports, case series, and duplicate publica-
tions were excluded.

Data extraction

Two reviewers (M.Z. and N.W.) independently con-
ducted the data extraction procedure, and a third investi-
gator (Y.L.) would resolve the inconsistency. Information
including first author, publication year, study design,
country of origin, sample size, duration of follow-up in
cohort studies, risk estimates and adjusted factors, was
extracted from each study.

Quality assessment
The quality of each included study was assessed
by 2 reviewers (M.Z. and N.W.) according to the
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Newcastle-Ottawa Scale (NOS) [21]. Article with total
NOS score <7 were rated as low-quality, and > 6 as high-
quality studies.

Statistical analysis

Relative result was pooled using either a random or fixed
effects model on the basis of the result of heterogeneity
analysis. Q and I” statistics was used to evaluate the het-
erogeneity of our study, and p <0.05 or I*>50% indicated
significant heterogeneity [22]. The primary aim of our
meta-analysis was to investigate RR of cancer/dysplasia
in IIM when compared with CIM. We also conducted
subgroup and sensitivity analyses to explore source of
heterogeneity and to evaluate the pooled RR in 3 differ-
ent subtypes of GIM (type III vs. II; type II vs. I; type III
vs II+1), study design (cohort or case—control), district
(East Asia or the West). Publication bias risk was evalu-
ated by Egger’s test and funnel chart. If there was publi-
cation bias, we would evaluate the stability of the results
by trim and fill method [23, 24]. All analyses were per-
formed by the Stata software (V.15.0; Stata Corp, College
Station, TX), and p values<0.05 was considered signifi-
cant. For the low morbidity of cancer/dysplasia, odds
ratio and hazard ratio yield similar estimates of rate ratio
in practice [25, 26].

Results

Characteristics of the included studies

A total of 919 articles was collected initially from Pub-
Med, Embase, Web of Science and Cochrane Library, of
which 33 were potentially relevant reports for further
review. And then 21 studies were excluded further for
the following reasons: didn’t involve the risk of cancer/
dysplasia of specific subtype of GIM (n=13); lack of data
(n=5); not original articles (n=3). As shown in Fig. 1, 12
studies were finally included in this meta-analysis.

Table 1 showed the characteristics of the included stud-
ies. 11 studies involved the cancer risk of IIM, 4 studies
involved the dysplasia risk. Most of the included studies
were conducted in the West (n=8), 3 in East Asia, and
one in Colombia [27]. During the included studies, 7
were cohort studies, while 5 were case—control studies.
Each study included men and women. Most biopsy pro-
tocols included both the antrum and corpus. The main
method to distinguish subtypes was using Alcian blue pH
2.5/periodic acid Schiff (AB-PAS) and high iron-diamine/
Alcian blue pH 2.5 (HID/AB).

Gastric cancer/dysplasia risk among the patients

with incomplete intestinal metaplasia

Compared with CIM, the pooled RR of cancer/dysplasia
risk among the patients with IIM was 4.48 (95% CI 2.50—
8.03) with significant heterogeneity (I*=76.9%, p <0.001)
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Fig. 1 Flow diagram of the selection process

(Fig. 2a), indicating a higher cancer/dysplasia risk among
the patients with IIM. Besides, for gastric cancer, com-
pared with CIM, the pooled RR for patients with IIM was
4.96 (95% CI 2.72-9.04) (Fig. 2b). And incomplete IM
was also associated with a significantly higher risk of dys-
plasia (pooled RR=4.82, 95% CI 1.45-16.0) (Fig. 2c).

Subgroup and sensitivity analyses

When it came to type Il vs. Il & , type III vs. II, and type
IT vs. I, the RR of cancer/dysplasia were also performed
respectively. The pooled RR for type III was 6.27 (95% CI
1.89-20.77) when compared with type II+1, while it was
5.55 (95% CI 2.07-14.92) when compared with only type
II. The initial pooled RR between type II and I was 1.30
(95% CI 0.97-1.74) (Additional file 1: Figure S3), however
1 study [28] was excluded after sensitivity analysis (Addi-
tional file 1: Figure S4, Table S4), and the pooled RR of the
remaining 6 studies was 1.62 (95% CI 1.16-2.27) (Fig. 3).
Subgroup analyses were also performed according to
study design and country of origin, as shown in Table 2.
IIM was associated with a higher gastric cancer/dyspla-
sia risk both in cohort studies (pooled RR=5.05, 95% CI
2.07-14.92) and case—control studies (pooled RR=3.15
95% CI 1.48-6.73). Moreover, pooled RR for the associa-
tion between IIM and gastric cancer/dysplasia risk was
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significant in western countries (pooled RR =4.65 95% CI
2.30-9.42), rather than East Asia (pooled RR=4.01 95%
CI10.82-19.61).

Besides the result of type II vs. I IM, which was dis-
cussed above, the stability of the outcome was also con-
firmed by the sensitivity analysis (Additional file 1: Figure
S1, Table S1).

Publication bias

For the risk of cancer/dysplasia of IIM versus CIM, funnel
plot and Egger’s test suggested that publication bias may
exist (P value of Egger’s test=0.002) (Additional file 1:
Table S2, Figure S2). The results of trim and fill method
showed that the conclusion was still significant after add-
ing 5 potential missing studies [pooled RR=2.664 (95%
CI 1.546-4.591)] (Additional file 1: Table S3). Besides,
the funnel plots showed that asymmetric studies were
mostly those with small samples, and those with larger
samples were basically symmetric, which further verified
the reliability of the conclusion. Therefore, we can still
conclude that IIM meant a higher risk of cancer/dyspla-
sia than CIM.

Discussion

At present, the predictive value of IIM for cancer/dyspla-
sia is still controversial. Some studies still question the
predictive value of GIM subtypes for neoplasia [15-18].
Therefore, the British Society of Gastroenterology (BSG)
and Management of epithelial precancerous conditions
and lesions in the stomach (MAPS II) [10, 36] both sug-
gested that more relevant evidence was needed before
further clinical application. Our study was the first meta-
analysis on the cancer/dysplasia risk among patients with
IIM compared with CIM. We found that among patients
with GIM, patients with IIM had a significantly higher
risk of developing cancer (pooled RR=4.96 95% CI 2.72—
9.04), dysplasia (pooled RR=4.82 95% CI 1.45-16.0), and
cancer/dysplasia (pooled RR=4.48 95% CI 2.50-8.03)
than those with CIM. Thus, the emergence of IIM had a
certain predictive value of the occurrence of cancer/dys-
plasia. A study performed by Craanen et al. [37] found
that type III IM was strongly associated with intestinal-
type carcinoma but not with benign lesions (P <0.01) or
diffuse-type carcinoma. However, we did not pool the
risk for intestinal-type cancer and diffuse-type gastric
cancer respectively for lack of relative data, which needed
further research.

In both study types included in the current study
(cohort and case—control studies), patients had IIM
were at higher risk of developing cancer/dysplasia.
However, as for the population, the hypothesis that
IIM had a higher risk of cancer/dysplasia than CIM was
statistically confirmed only in the western population
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Table 2 Subgroup analyses of GIM and risk of cancer/dysplasia

Group No. of studies Pooled RR (95% Cl) Heterogeneity
%) P
Subtype
vs. 1141 7 6.27 (1.89-20.77)  92.0 <0.001
s, I 555(.07-1492) 833 <0.001
I'vs |2 1.62 (1.16-2.27) 0.0 0.697
Design
Cohort 7 5.05 (2.96-8.63) 349 0.162
Case control 5 3.15(1.48-6.73) 863 <0.001
Country of origin
East Asia 3 4.01(0.82-19.61) 849 <0.001
Western countries 8 4.65 (2.30-9.42) 748  <0.001

2 Results of the remaining 6 studies after excluding 1 study [31] by sensitivity
analysis

[pooled RR=4.65 (95% CI 2.30-9.42)] but not in the
East Asian population [pooled RR=4.01 (95% CI
0.82-19.61)]. On the one hand, the number of studies
included conducted in Asian countries was relatively
small, and the result should be interpreted with cau-
tion. On the other hand, other than intestinal meta-
plasia subtypes, factors such as gene/race, preservative
food consumption [34], and Helicobacter pylori infec-
tion [38] can also affect the occurrence of cancer/dys-
plasia. As an area of high incidence of gastric cancer,
gene/race and diet may play a more important role in
the malignant transformation of patients with intestinal
metaplasia in East Asia which can interfere the results.

In addition to the comparison between IIM and CIM,
this study also merged the risk of cancer/dysplasia of
the three intestinal subtypes. The results showed that
type III IM had a higher risk of cancer/dysplasia com-
pared with type II+type I, or type II only. And type
II also had a higher risk when compared with type I
Previous studies mainly underlined IIM and CIM. This
study suggested that the risk of gastric cancer/dyspla-
sia increased from type I, II, to III intestinal metapla-
sia. Thus, further attention should be paid on type III
intestinal metaplasia in clinical practice. Correa’s gas-
tric cancer model shows a gradual process from atro-
phy, intestinal metaplasia, to dysplasia and cancer. Is it
possible that the type L, II, and III intestinal metaplasia
representing different stages of a gradually develop-
ing process of gastric lesions? Further researches are
needed to answer this question.

There were several limitations in this study. First, the
results of some subgroup might be less accurate for
the relatively small number of studies included. Sec-
ond, we failed to explain the source of heterogeneity.

Page 8 of 9

Third, confounding factors were not controlled in all of
the included studies. Besides, follow up time of cohort
studies might affect the incidence of gastric cancer/dys-
plasia for patients with GIM.

Conclusion

In conclusion, patients with IIM were at higher risk for
gastric cancer/dysplasia than those with CIM. The risk
of progressing to cancer/dysplasia in type I, II, and III
intestinal metaplasia increased gradually. The predic-
tive value of IIM for cancer/dysplasia in East Asian
population needs further discussion.
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