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Abstract
The identification and surveillance of patients with preneoplastic lesions at high risk of
progressing to gastric cancer (GC) represents the most effective way of reducing the burden of
GC. The incomplete type of intestinal metaplasia (IM) could be considered as the best candidate
for surveillance. However, the usefulness of subtyping of IM has been considered by some authors
as limited and inconsistent. A search was carried out to identify all cross-sectional (n=14) and
follow-up (n=10) studies that assessed the risk of GC among subjects with different types of IM.
Out of the 14 cross-sectional studies, 13 reported that the prevalence of incomplete IM was
statistically significantly higher in GC than in other gastric lesions. Out of the ten follow-up
studies, six found a statistically significant association between incomplete IM and subsequent GC
risk. The relative risks of GC were from 4- to 11-fold higher for the presence of incomplete type in
comparison to complete type or in comparison to the absence of incomplete type, among the
studies that reported the magnitude of the risk. According to this comprehensive review, most of
the scientific evidence supports the utility of subtyping IM as a predictor of GC risk. Recognizing
its usefulness by gastroenterologists should encourage pathologists to subtype IM.
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Gastric cancer (GC) is a major health burden. It is the second most frequent cause of cancer
deaths worldwide.1 Most cases are diagnosed when the tumor cells have invaded the
muscularis propria and have a dismal prognosis.2 The most promising hope to control the
disease is through early diagnosis and prevention. GC is the result of a decades-long
multistep and multifactorial process, presenting an opportunity for intervention to prevent
the disease.3 The process starts as an inflammatory process in the antrum, usually associated
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with Helicobacter pylori infection, which may progress toward a multifocal chronic atrophic
gastritis, followed by intestinal metaplasia (IM), dysplasia and finally invasive carcinoma.4

In countries with a relatively low risk of GC, the surveillance of all these GC precursor
lesions is not cost-effective. On the other hand, in high or moderate risk populations the
identification of patients with preneoplastic lesions at high risk of progressing to GC, and
their periodic surveillance, represents the most effective way for reducing the burden of
GC.5

It has long been recognized that IM is a heterogeneous lesion. Teglbjaer and Nielsen in
19786 reported that in gastrectomy specimens with gastric carcinoma, the nontumor mucosa
harbored abundant foci of IM of the “small intestinal type” but that foci of IM of “colonic
type” were most frequently associated with carcinoma of the intestinal types. Japanese
investigators7 reported that some IM specimens expressed the full (complete) set of
digestive enzymes, whereas in others such enzymes were either absent or incompletely
expressed. Jass and Filipe8 described several variants of IM, according to the histology and
types of mucin secreted. Although there are several classifications of IM types, currently
they are generally subclassified as “complete” (small intestinal type) or “incomplete”
(colonic type, which is thought to be the most advanced stage of IM9 and with the highest
risk to progress to GC). Therefore, incomplete type of IM could be considered as the best
candidate for surveillance.

However, the need to re-evaluate premalignant gastric lesions is controversial.10–12 Even so,
an algorithm was recently proposed for management of these lesions5 taking into account
the status of H. pylori infection and the type and extension of IM. Nevertheless, a very
recently published Guideline13 recommended endoscopic surveillance every 3 years for
patients with extensive atrophy and/or IM, but concluded that subtyping of IM was not
advised for clinical practice, because evidence on its usefulness was thought to be “limited
and inconsistent,” and “its evaluation requires the use of immunohistochemistry techniques
that are not widespread in routine diagnostics.”

The aim of this systematic review is to describe all the published scientific studies that
evaluated the usefulness of subtyping IM as marker of GC risk and to present the
histological stains needed for diagnosis and classification of types of IM in clinical practice.

Methods
A comprehensive search in MEDLINE, LILACS, EMBASE and ScienceDirect was carried
out up to January 2012 to identify studies on subtyping IM and GC using the terms “types of
IM” AND “gastric cancer” (944, 76, 21 and 68 publications found respectively) as key
words. The search was narrowed to include only articles examining the prevalence or effect
of type of IM, through morphology and or histochemical staining, in relation with GC risk.
Studies were included if the authors described the type of IM in relation with GC and at least
one comparison group (other preneoplastic lesion, gastric ulcer or other gastric non-
neoplastic lesions). Titles and abstracts of the articles selected in each of these multiple
searches were reviewed, and those meeting our inclusion criteria were selected for the
evaluation of the original article. The studies were classified according to the study type: (i)
cross-sectional studies, as those that assessed the prevalence of different types of IM in the
surrounding mucosa of the gastric tumor from surgical specimens and comparing it with the
prevalence in biopsy specimens from patients with other gastric pathology and (ii) follow-up
studies of prospective, retrospective or prospective-retrospective design that assessed the
risk of GC (GC occurrence during a specific time) among different types of IM, comparing
with other GC precursor lesion or other benign gastric lesion.
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The variables extracted for cross-sectional studies were as follows: Author/Journal/Year,
Country, Number of patients with GC, Type of controls and Matching, Method of IM
typing, Number and site of biopsies and Main results. For follow-up studies, in addition
were extracted: Years of follow-up, Setting (population or hospital based), Level of GC in
the population, Design, Validation of diagnosis and Adjustment in the analysis. Type of
lesions, was included as a variable, in replacement of Number of patients with GC and other
pathology, Number and site of biopsies at baseline and at the end of follow-up, were also
extracted. The outcome of interest for cross-sectional studies was the prevalence of subtypes
of IM in GC cases and in the control group. For follow-up studies, the outcome of interest
was the incidence of GC according to different IM types at the end of the follow-up.

Results
Characteristics of studies

A total of 14 cross-sectional14–27 and ten follow-up studies28–37 met all the search criteria.
Three cross-sectional studies were excluded because of the lack of a comparison group.38–40

The cross-sectional studies, summarized in Table 1, were published between 1980 and 2008
(mostly before 1991) and were carried out in countries from Asia, Europe and Latin
America. There was considerable variation in the sample size: GC cases range from 16 to
360 patients, whereas controls from 67 to 1326. Several types of controls were used, with
the most common being: normal mucosa, chronic gastritis, gastric ulcer and duodenal ulcer.

The follow-up studies, summarized in Table 2, were published between 1986 and 2010
(mostly after 1991) and were carried out in countries from Asia, Europe and USA with
diverse risk of GC. The number of participant patients range from 69 to 1,525, and some
studies followed-up only patients with different types of IM, while others also included
other gastric lesions. The length of follow-up ranged from 10 months to 19 years, and in
only three studies28,33,36 the length of follow-up was more than 10 years. Two of the
studies28,33 were population-based, whereas the others were hospital-based. Three studies
were prospective,28,29,32 five studies were retrospective30,31,33–35 and two studies were
retrospective and prospective.35 In three of the retrospective studies,33,36,37 the outcome was
identified through record-linkage with cancer registries. There was considerable variation in
the site and number of biopsies taken at baseline, while in several studies this information
was missing30,32,34,36,37. In only three studies,28–30 the intra and or interobserver agreement
in the pathological diagnoses was assessed. Prospective studies assessed the end-point,
through new endoscopies and biopsies, whereas in retrospective studies it was defined by
record linkage with Cancer Registries or review of clinical, pathological records and
pathological material.

Subtyping IM: Diagnosis and classification
There was considerable variation in the criteria used for diagnosis and classification of the
type of IM in the reviewed studies. Subtyping of IM was done by a combination of
morphology and mucins staining. Most of the studies used specimens stained with
hematoxylin and eosin (H&E), alcian blue (AB)/periodic acid-Shiff (PAS) at pH 2.5, and
high iron diamine (HID)/AB.14,17,26,27,31 One study27 used also marker enzymes as
aminopeptidase and phosphatase. Most of the studies classified IM as type I, II or III, or as
complete (type I) or incomplete (type II and III), whereas others15,19,21,24 classified the IM
as type I, type IIa (sialomucin) and type IIb (sulfomucin positive). Sulfomucins may be
found in type IIb and type III IM columnar cells. Types I and IIa display sialomucins and/or
neutral mucins, but no sulfomucins, at least in the columnar cells.25
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Association between type of IM and GC in cross-sectional studies
Of the 14 cross-sectional studies, 13 reported that the prevalence of type III IM or
incomplete IM was statistically significantly higher in GC than in other gastric
lesions.14–18,20–27 In most of the studies, type III IM was more frequently associated with
intestinal-type GC than with diffuse type. One study,19 with only 21 GCs of intestinal type,
was the only one without significant differences in the prevalence of incomplete IM between
GC cases and controls.

Association between type of IM and GC in follow-up studies
Of the 10 follow-up studies,28–37 six found a statistically significant association between
type III IM or incomplete IM and subsequent GC risk.28,30,32–35 The risk and cumulative
incidence of GC for type III IM was higher than for type II and type I, and higher than for
other gastric lesions. The relative risks of GC were from 4- to 11-fold higher for type III in
comparison to type I or in comparison to the absence of type III IM, among the studies that
reported the magnitude of the risk. One of these studies34 showed that surveillance of
patients with type III IM increased the probability of diagnosing dysplasia and early GC. In
a second phase of this study, 26 patients identified as having type III IM were followed with
endoscopy and biopsy at 6 to 12 month intervals. Out of these 26 patients, 11 (42%) were
diagnosed with early GC during the follow-up, indicating a high positive predictive value.

Other two follow-up studies29,36 also found an association between the type of IM and GC
risk. One of these studies29 found a significant association with type III IM in the univariate
analysis, but not when age, H. pylori infection status and level of atypia were included in the
multivariate model. The other study36 that followed-up a small number (n=44) of patients
with IM, observed two GCs, one diagnosed at baseline as type III and the other diagnosed as
type II, while no GC was observed among type I IM or in patients without IM. On the
contrary, another study,31 that followed-up only 79 patients with diverse types of IM for 1 to
9 years, found that no patient developed GC or dysplasia. Most of patients were, however,
lost to follow-up. Out of the 34 patients with type III IM at baseline, it was possible to
obtain a new biopsy at the second year of follow-up in only 13 patients, and at the 9th year
in only nine patients. Finally there is one more study,37 in which only three GC were
identified after 8 years of follow-up, out of 171 patients with IM at baseline (92 classified as
sulfomucin positive). Only one of these three GC cases was classified as sulfomucin positive
IM at baseline.

Discussion
In the present comprehensive review of studies, utilizing IM subtyping, we have observed
that out of the 14 cross-sectional studies, 13 reported that the prevalence of incomplete IM
was statistically significantly associated with a higher GC risk than in other gastric lesions.
Several of these studies, including one with negative result,19 used patients with gastric or
duodenal ulcer or normal mucosa as control, that may not be appropriated to be compared
with GC cases. However, there are at least four studies15–17,23 with more appropriate
controls such as chronic atrophic gastritis or non ulcer dyspepsia, for which incomplete IM
was significantly associated with GC. Only one study17 described that the controls were
matched to the cases by sex, age, ethnic and residence; this means they were controlled for
confounding factors. On the other hand, even though cross-sectional studies are not suitable
to identify prognosis factors, they provide evidence that when GC is diagnosed, incomplete
type IM is the most frequent lesion found in the gastric mucosa, suggesting that it is the
most procarcinogenic phenotype and one of the last steps in the cascade of GC precursor
lesions, that could fulfill the histological criteria for being classified as low-grade
dysplasia.41
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Follow-up studies with a relative large sample size and long follow-up are the best design to
assess the usefulness of subtyping of IM as a marker of GC risk. Out of the ten follow-up
studies, we found six with a statistically significant association between incomplete IM and
subsequent GC risk28,30,32–35 and two29,36 with a nonsignificant positive association. These
results have been observed in populations with relative high GC risk such as Portugal, China
and Slovenia as well as in populations with moderate GC risk as Italy and Spain. This
indicates that subtyping IM plays a major role in predicting GC risk. Three of the studies
that found a significant association with incomplete IM28,33,34 were the largest studies and
with the longest follow-up. Two of them28,33 were the only population-based studies, which
tend to be less affected by selection bias. One of these studies34 also showed that
surveillance of patients with type III IM increase the probability of diagnosing dysplasia and
early GC.

Two very important potential limitations of follow-up studies are sample size and length of
follow-up. The likelihood of observing a statistical significant association between type of
IM and GC risk in studies with small sample size and/or short follow-up is very low. This
could be the explanation of studies31,36,37 without significant association in which no GC or
few cases of GC were identified at the end of follow-up. The limited statistical power of
these studies could be also affected by the low level of GC risk of the population in which
they were carried-out (USA, UK and Scotland). Among follow-up studies that have
evaluated the incidence rate of GC, one study found an incidence rate of 16.5 per 1,000
patients with incomplete IM per year of follow-up in a population with a relative high risk of
GC.28 In a nationwide study in The Netherlands,42 a country with a low risk of GC, the
annual incidence of GC, within 5 years after diagnosis of IM, was 2.5 cases for every 1,000
patients with IM. This means that, depending of the level or risk, it is necessary to follow-up
between 61 cases (with incomplete IM) to 400 cases (with IM) to report the occurrence of
one case of GC in 1 year.

Another potential limitation of follow-up studies is sampling error associated with
multifocal lesions. In half of the follow-up studies that found a significant association
between IM and GC risk30,32,34 and in half of the studies that did not find such
association,36,37 the information about the number and site of biopsies at baseline was
missing. It is well known that the opportunity to identify lesions depends on the number and
site of biopsy specimens taken, the Sydney system being the ideal design. With few samples,
true lesions may be missed, resulting in false negative diagnoses, and this could lead to an
underestimation of the true association between type of IM and GC risk, affecting mainly
those studies with negative results and with a retrospective design.

The recent published Guideline for endoscopic management of precancerous conditions and
lesions in the stomach13 concluded that subtyping of IM is not recommended for clinical
practice “because the evidence about their usefulness is limited and inconsistent.” The same
recommendation —for the same reason—has been given by the Royal College of
Pathologists12; however, these guidelines were based only on the studies with negative
results. If all studies are taken into account, as may be appreciated in the present review,
there is so far overwhelming evidence about their utility, although more large and well
designed follow-up studies are needed to reach a definitive conclusion.

The other apparent limitation encountered by some authors is that “subtyping of IM requires
the use of immunohistochemistry techniques that are not widespread in routine
diagnostic,”13 which may limit its clinical application. Comparison studies about the
sensibility and specificity of different methods and techniques for the diagnosis of the type
of IM are lacking. However, according to our experience, subtyping of IM does not require
the use of immunohistochemistry techniques; in fact, the classification of IM (complete or
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incomplete) was documented before the development of immunohistochemistry. Subtypes
of IM can be easily recognized with H&E, which is the main routine histological stain
widely used in clinical practice. Based on morphology (Fig. 1) in sections stained with
H&E,5,41 “complete IM” (small intestinal type or type I) is characterized by an epithelium
that resembles the small intestinal phenotype, with well-defined brush border cells
(representing absorptive microvilli) and well-formed goblet cells. “Incomplete IM” (colonic
type or type II/IIa and III/IIb) resembles a colonic epithelium phenotype, with columnar
cells without brush border cells, showing multiple intracytoplasmic mucin droplets of
different size and shape.

Distinguishing complete from incomplete IM is useful in clinical practice. The use of
staining to assess the types of mucins expressed by each subtype should be restricted to
research. In clinical practice, in cases of doubt because of insufficient or inadequate tissue,
the pathologist could use the PAS-AB staining at pH 2.5, which is an easy, cheap and
standardized mucin stain. The only reagent of concern is AB/HID because iron diamine is
toxic. It could be argued that without the HID we would not be able to differentiate between
sulfomucin positives IM (incomplete IM type IIb/III) and sulfomucin negatives IM
(complete IM and IIa). However, we do not need to identify sulfomucins because the
morphologic criteria from H&E stain is enough to properly classify the subtypes of IM.
Incomplete IM frequently coexists with complete IM in the same sample. Moreover, the
incomplete IM or the predominantly incomplete type correlates positively with cancer risk28

The extension of atrophic and metaplastic changes is also a determinant of cancer risk.
Schemes to evaluate the extension of lesions are available.43–45 On the other hand, it is well
known that there is a strong correlation between the type and extension of the IM. Using 12
biopsy specimens,16 it was found that extensive IM always display incomplete type of IM.
In the updated Sydney System,46 IM was graded according to morphology in normal, mild,
moderate and marked but the type and extension are not clearly specified. The key issue
related with extension of IM and suptyping of IM was reported by Cassaro et al.,16

concluding that if extensive IM is observed (in four or more of 12 biopsy specimens) the
determination of IM subtype is not needed, because this patient should be considered as
being at risk for GC, irrespective of the IM subtype. On the other hand, when only a few
biopsies are available for examination (as happens in clinical practice) the finding of
incomplete IM foci may be used as a surrogate to indicate that extensive metaplastic
changes have been taken place and, therefore, that the patient has an increased cancer risk.

According to this comprehensive review, most of the scientific evidence supports the utility
of subtyping IM as a predictor of GC risk, identifying the sub-group of patients with
incomplete IM as possible candidates for endoscopic surveillance. IM subtypes are well
defined in the updated Sydney System original paper,46 but in routine diagnostic practice,
unfortunately, only a few pathologists specify IM subtypes in their reports. It is not because
subtyping IM is a difficult or time consuming task, but merely because clinicians do not
request IM subtyping diagnoses. However, that is not a reason to ignore that subtyping of
IM is a relatively easy, cheap and valid procedure. Recognizing its usefulness by
gastroenterologist should encourage pathologists to subtype IM.
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Figure 1.
Intestinal metaplastic glands with H&E. Complete IM with brush border and globet cells
(left). Incomplete IM with slight architectural glandular distortion and presence of globet
cells and multivacuolated hybrid columnar intermediate cells, without brush border cells
(right). (Courtesy of Dr. Blanca Piazuelo, Vanderbilt University).
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