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Abstract: Gastric intestinal metaplasia is a precancerous change of
the mucosa of the stomach with intestinal epithelium, and is asso-
ciated with an increased risk of dysplasia and cancer. The patho-
genesis to gastric cancer is proposed by the Correa hypothesis as
the transition from normal gastric epithelium to invasive cancer
via inflammation followed by intramucosal cancer and invasion.
Multiple risk factors have been associated with the development
of gastric intestinal metaplasia interplay, including Helicobacter
pylori infection and associated genomics, host genetic factors,
environmental milieu, rheumatologic disorders, diet, and intestinal
microbiota. Globally, screening guidelines have been established
in countries with high incidence. In the United States, no such
guidelines have been developed due to lower, albeit increasing,
incidence. The American Society for Gastrointestinal Endoscopy
recommends a case-by-case patient assessment based upon epide-
miology, genetics, and environmental risk factors. Studies have
examined the use of a serologic biopsy to stratify risk based upon
factors such as H pylori status and virulence factors, along with
serologic markers of chronic inflammation including pepsinogen I,
pepsinogen Il, and gastrin. High-risk patients may then be advised
to undergo endoscopic evaluation with mapping biopsies from the
antrum (greater curvature, lesser curvature), incisura angularis, and
corpus (greater curvature, lesser curvature). Surveillance guidelines
have not been firmly established for patients with known gastric
intestinal metaplasia, but include repeat endoscopy at intervals

according to the histologic risk for malignant transformation.

etaplastic changes in the esophagus and the stomach are
both associated with an increased risk of cancer in their
respective locations.! Barrett esophagus, or the replace-
ment of stratified squamous epithelium by metaplastic columnar
epithelium, is known to result in a 30-fold increased risk of esopha-
geal cancer above that of the general population.! Although there is
debate about the cost-effectiveness of Barrett esophagus screening and
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Figure 1. Intestinal metaplasia is characterized by goblet cells similar to those seen in the small and large

intestines. The goblet cells have blue-tinged to clear mucin vacuoles, which compress the nucleus to
one side of the cell. Goblet cells may be focal (incomplete) or diffuse, and the gastric mucosa may even
resemble small intestinal mucosa (complete). Paneth cells similar to those seen in the small and large
intestines may also be seen (arrowhead). Figure 1A shows complete intestinal metaplasia, and Figure 1B

shows incomplete intestinal metaplasia.

Figures provided courtesy of Brian Theisen, MD.

surveillance, guidelines are available for the management
of this condition.? Despite the fact that the estimated
number of new cancer cases in the United States in 2017
was higher for gastric cancer at 28,000 than esophageal
cancer at 16,940 (based upon Surveillance, Epidemiology,
and End Results [SEER] data), no similar management
guidelines are available in the United States for gastric
cancer.® This article reviews the pathogenesis and risk
factors, along with the current screening and surveillance
strategies, for gastric intestinal metaplasia.

Background on Gastric Intestinal Metaplasia
and Gastric Cancer

Epidemiology

Gastric cancer has seen a steady decline since the 1930s,
which may be partially attributable to the advent of
widespread food refrigeration that has replaced smoking
meat as a means of preservation. The smoking process
has been determined to promote carcinogens.* However,
despite global refrigeration, gastric cancer remains the
fifth most common malignancy and third leading cause
of cancer death worldwide with 723,000 deaths in 2012,
according to the World Health Organization (WHO).
Although the prevalence of gastric intestinal metaplasia
(GIM) worldwide is largely unknown, a positive correla-
tion, although not causation, has been associated with
regional gastric cancer incidence.® A large retrospective
study performed by Sonnenberg and colleagues reviewed
78,985 patients who underwent upper endoscopy in the
United States, and found a 7% prevalence of GIM.”

Pathogenesis

Gastric adenocarcinoma is characterized into 2 subtypes:
intestinal and diffuse. The intestinal type is highly cor-
related with intestinal metaplasia, and the diffuse type is
considered to be primarily genetically determined and less
associated with environmental factors and the inflamma-
tory cascade.® Intestinal-type adenocarcinoma accounts
for the vast majority of gastric cancer.’

GIM is a precancerous lesion defined as the replace-
ment of surface, foveolar, and/or glandular epithelium
in the oxyntic or antral mucosa by intestinal epithelium
(Figure 1)." GIM is categorized anatomically as limited
if it is confined to 1 region of the stomach or as extensive
if 2 regions of the stomach are involved. Histologically,
GIM is considered to be either complete or incomplete.'
Complete (type I) intestinal metaplasia is defined by
small intestinal-type mucosa with mature absorptive cells,
goblet cells, and a brush border. Incomplete (type II)
intestinal metaplasia secretes sialomucins and is similar to
colonic epithelium with columnar “intermediate” cells in
various stages of differentiation, irregular mucin droplets,
and the absence of a brush border."'? The highest risk
of gastric cancer is associated with incomplete and/or
extensive GIM."> A systematic review that included 10
observational studies throughout Europe, Asia, and Latin
America ranging from 10 months to 19 years of follow-
up showed the risk of gastric cancer to be 4- to 11-fold
higher with incomplete metaplasia compared to without
incomplete metaplasia.'*

The pathogenesis of the progression from precancer-
ous lesions to intestinal-type gastric adenocarcinoma has
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been proposed as the progression from normal gastric
epithelium to inflammation, atrophy, intramucosal car-
cinoma, and finally invasive carcinoma.’” A multifacto-
rial interplay between Helicobacter pylori genomics, host
genetic factors, environmental milieu, diet, and intestinal
microbiota predispose the gastric mucosa to an inflamma-
tory cascade with cancerous potential.'®

The first histologic change in the cascade is active
chronic inflammation with either nonatrophic chronic
gastritis characterized by the presence of glands, or multi-
focal atrophic gastritis. The subsequent histologic changes
progress through complete metaplasia, incomplete meta-
plasia, and low- and high-grade dysplasia, followed by
carcinoma.'® A nationwide cohort study was performed
in the Netherlands to evaluate the risk of gastric cancer
associated with the various premalignant gastric lesions.
Atrophic gastritis, intestinal metaplasia, mild-moderate
dysplasia, and severe dysplasia were associated with annual
incidences of gastric cancer of 0.1%, 0.25%, 0.6%, and
6.0%, respectively.”” The incidence of gastric cancer asso-
ciated with GIM ranges from 0% to 10% in systematic
reviews, with the variable range attributable to various

sample sizes and follow-up periods.'®"

Molecular Patterns

Recent research is delving into spasmolytic polypeptide-
expressing metaplasia (SPEM) as a possible precursor
lesion vs a commensal precancerous change with GIM.?
SPEM is a metaplastic mucous cell phenotype with histo-
logic characteristics of the deep antral gland cells that has
previously been described as pseudopyloric metaplasia,
mucous metaplasia, and antralization of the corpus.?"*
Thought to be a response to inflammation in terms of
wound healing,? it has been found that atrophic changes
of the gastric body related to SPEM can be strongly
associated with the development of gastric cancer in that
SPEM may be a precursor to GIM,?"*2 with the biomarker
HE4 appearing to be a specific marker of the process
of SPEM.? Opverall, it is most likely that gastric cancer
stems from a chronic inflammatory state with changes
accumulating into a hyperproliferative state vulnerable to
deleterious mutations in stem or progenitor cell popula-
tions, and that GIM and SPEM may be indirect markers
of this malignant transformation.”

Risk Factors of Gastric Intestinal Metaplasia
and Gastric Cancer

Helicobacter pylori Infection

Precancerous gastric lesions are highly associated with A
pylori infection. In fact, H pylori was recognized as a class
I carcinogen by the WHO in 1994, and a meta-analysis
has shown that A pylori infection results in a 2- to 3-fold

increase in the risk of gastric cancer.” It is estimated that
approximately 75% of the global gastric cancer burden is
attributed to H pylori~induced inflammation.?

The virulence effects of H pylori have been shown to
derive from bacterium factors causing alterations in gas-
tric epithelial cells. Once the bacterial cell signaling pro-
tein cagA reaches the host cytosol, it is capable of altering
subsequent generations of progenitor cells, leading to the
development of cancer through changes in mitotic activ-
ity, apoptosis, cellular assembly, and signaling.?® Although
it should be noted that while the presence of the cagA
protein doubles the risk of gastric cancer, cagA-negative
strands also increase the risk of distal gastric cancer.”
Additional H pylori virulence factors include babA2,
which encodes bacterial adhesion with gastric epithelial
cells, and vacuolating cytotoxin A, which is encoded by
the gene vacA.*** H pylori strains carrying some combi-
nation of the babA2, cagA, and vacA genes were associated
with the highest risk of developing intestinal metaplasia.
The risk of developing more serious gastric lesions was
directly proportional to the number of virulence factors
contained in the genotype of a given H pylori strain.”®

A longitudinal cohort study followed 4655 healthy,
asymptomatic subjects for 7.7 years, with gastric cancer
developing in 45 patients.*® No cancer developed in the
H pylori—negative/ cagA-negative group. The risk of gastric
cancer increased progressively from H pylori-negative/
cagA-negative to H pylori—positive/cagA-negative, H
pylori—positive/ cagA-positive, and finally H pylori—nega-
tive/cagA-positive, as loss of H pylori can be seen with
extensive intestinal metaplasia.’*® The implication of this
study is that severe gastritis with extensive intestinal meta-
plasia, rather than simply H pylori infection, is the key risk
factor for gastric cancer.

H pylori infection has been shown to be associated
with iron deficiency anemia (IDA), and there is evidence
that markers of IDA correlate with an elevated risk of gas-
tric cancer.?" It is proposed that the chronic inflamma-
tory state induced by H pylori infection results in upregu-
lation of hepcidin and the development of IDA. The most
virulent and proinflammatory strains of H pylori, cagA
and vacA, are best equipped to live in an iron-deficient
environment. Therefore, iron deficiency further selects
for a population of predominantly cagA-positive and/or
vacA-positive strains, which creates a more inflammatory

and proneoplastic environment.?

Autoimmune Gastritis

Autoimmune gastritis (AIG) is caused by the destruction
of parietal cells; thus, unlike alternate causes of chronic
atrophic gastritis (eg, H pylori, drug-induced), it is only
found in the corpus and fundus, where parietal cells are
exclusively located. Loss of functional parietal cells results
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in decreased gastric acid and elevation of the gastric pH
above that required for the absorption of inorganic ions
leading to iron deficiency, and loss of intrinsic factor
contributes to malabsorption of vitamin B12 and the
development of pernicious anemia.?*%

AIG has been associated with 2 distinct types of gas-
tric cancer, one of which is gastric adenocarcinoma. How-
ever, H pylori—negative AIG is not thought to result in the
previously described Correa cascade from normal gastric
epithelium to invasive carcinoma, raising the question
of whether AIG is independently sufficient to result in
gastric adenocarcinoma.®® Unlike other causes of chronic
atrophic gastritis, AIG is associated with type I gastric
carcinoid tumors. Gastric carcinoid tumors are the result
of enterochromaffin cell hyperplasia, which is caused by
overproduction of gastrin by antral G cells due to chronic
achlorhydria.*® Gastric carcinoids are relatively rare (<1%)
compared to adenocarcinomas; however, approximately
50% of all gastric carcinoid tumors are associated with
pernicious anemia.”’

Rheumatologic Disorders

Certain rheumatologic disorders have been correlated
with risk for gastric cancer. Sjdgren syndrome (SS) has
a well-known association with mucosa-associated lym-
phoid tissue lymphoma, and the stomach is the most
common location of extraglandular lymphoma involve-
ment in SS. In addition to lymphomatous gastric risk,
SS has been associated with solid tumor risk, specifically
gastric adenocarcinoma. A recent Spanish study has
found a standardized incidence ratio of 2.53 (95% CI,
1.05-6.07) in women with SS. This risk was not seen in
men in this study, as fewer men were included because
this disease is more commonly associated with women.*
Additionally, SS has an established association with
atrophic gastritis.” However, this association has been
more commonly found with mild atrophy as opposed to
more severe atrophic forms.?” Nevertheless, the chronic
atrophic gastritis featured in SS has a positive severity
correlation with known systemic serologic parameters
with established SS disease inflammatory severity mark-
ers, such as sedimentation rate, immunoglobulin A level,
and SS-B antibody.?! Furthermore, serum pepsinogen I
levels, discussed later as a statistically significant marker
with negative correlation with precancerous lesions and
serologic biopsies, held a similarly negative correlation
with the aforementioned inflammatory markers titer.*!
Opverall, given the association of SS with increased risk of
atrophic gastritis and gastric cancer, it would be reason-
able to take this disease into consideration when deciding
to screen patients, particularly in patients with correlating
clinical and biochemical markers portending an increased
risk of precancerous lesions.
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As for other rheumarologic disorders, patients with
osteoarthritis and women with rheumatoid arthritis have
been associated with a decreased risk of stomach cancer.
This decreased risk has been attributed to nonsteroidal
anti-inflammatory drugs (NSAIDs) and other medica-
tions that may bestow a common protective effect.?

Host Genetic Factors

Cancer involving the gastric cardia appears to be a distinct
entity from gastric cancer limited to the distal, noncardia
stomach. Shared risk factors for both types of gastric can-
cer include advanced age, male sex, smoking tobacco, and
family history. Approximately 70% of gastric cancers are
diagnosed between the ages of 55 and 84 years, and men
have a 5- and 2-fold increased risk of cardia and noncardia
types, respectively.'®* The mechanism by which men are
predisposed to developing gastric cancer is likely multi-
factorial. Men have historically been more likely to smoke
tobacco, but it has also been proposed that estrogen is
protective, as both delayed menopause and increased
fertility lower the risk of gastric cancer.* Family history is
well known to be a key risk factor for the development of
gastric cancer. Although there is variation across studies,
the odds ratio of a first-degree relative developing gastric
cancer ranges from 2 to 10 depending upon the demo-
graphics of the population studied.'®%

The risk factors for gastric cancer developing in
the cardia closely mirror those for Barrett esophagus
and esophageal adenocarcinoma. Characteristics of the
at-risk population include white race, obesity, and gas-
troesophageal reflux disease. Whites are approximately 2
times as likely to develop gastric cancer in the cardia but
half as likely to develop gastric cancer in the noncardia
stomach.®

The overwhelming majority of noncardia gastric
cancer develops in people of East Asian, Pacific Islander,
Hispanic, and African-American descent. According to
data from the SEER registries, the incidences of gastric
cancer (per 100,000/year) for Asians/Pacific Islanders
(men: 20.8, women: 11.7), African Americans (men:
18.4, women: 9.2), and Hispanics (men: 17.1, women:
10.0) are nearly twice as high compared to whites (men:
10.7, women: 5.0).> Of the Asian-American subgroups,
Korean and Japanese Americans have particularly high
incidence rates.'®4

This predominance of nonwhite, noncardia gastric
cancer was reflected in a national pathology database in
the United States that reviewed 800,000 subjects with
gastric biopsies. The prevalence of GIM in people of East
Asian descent (Korean, Japanese, Chinese, Vietnamese)
and Hispanic descent was significantly higher than that
of all other ethnic backgrounds at 20% and 12% vs 8%,
respectively.?’
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In 2010, Edgren and colleagues evaluated the asso-
ciation between ABO blood types and gastric cancer and
peptic ulcer disease in a prospective study of Swedish and
Danish blood donors.* The study monitored 1,089,022
donors for up to 35 years and found that the blood group
A conferred an incidence rate ratio of 1.20 (95% ClI, 1.02-
1.42). Although this study was limited by a particularly
homogenous and relatively low-risk population for gastric
cancer, the conclusion was consistent with the association
between blood group A and gastric cancer that has been
observed since the 1950s across the world.*-!

Tobacco Smoking

In 2004, after an extensive review of the available evidence,
the WHO-International Agency for Research on Cancer
made the determination that tobacco smoking has a causal
role in the development of gastric cancer.’? In a meta-
analysis of 40 studies examining the relationship between
smoking tobacco and gastric cancer, the risk of stomach
cancer among smokers was 1.5 to 1.6 times higher than
in nonsmokers. It was estimated that over 80,000 cases of
gastric cancer, or 11% of all estimated cases, are attribut-
able to tobacco smoking annually.”® Analyses have shown
variation in the relationship between tobacco and sex,
with 13% to 16% and 4% to 7% of gastric cancer being
related to tobacco use in men and women, respectively.”*
The proposed mechanism of tobacco use contributing to
gastric cancer is an increased risk of transition to dyspla-
sia. A population-based study in China involving 3000
residents showed that cigarette smoking nearly doubled
the risk of transition to dysplasia, with a mild association
of transition to intestinal metaplasia. The risk of transi-
tion to dysplasia was highly correlated to a family history
of stomach cancer and blood type A.»

Bile Acid Reflux

A high concentration of bile acids, as seen with a diet
high in fat or with excess bile acid reflux into the gastric
lumen, is thought to predispose patients to gastric cancer
via promotion of gastric mucosal injury. In a prospective
study of 767 patients, bile acid was shown to promote
intestinal metaplasia and gastric carcinogenesis in H
pylori—positive patients.’®
DNA by induction of oxidative stress and also induce fre-

Bile acids indirectly damage

quent apoptosis. Both mechanisms promote constitutive
mutations, which over time lead to selective mutations
and increase the risk of gastric cancer.”’

Dier

In an effort to better understand preventive strategies for
gastric cancer, the World Cancer Research Fund/American
Institute of Cancer Research (WCRF/AICR) performed
an extensive review of the impact of diet on gastric cancer.

The WCREF/AICR concluded that vegetables and fruits
were likely protective, and high-salt/salt-preserved diets
and animal meats smoked to a high degree were likely
associated with gastric cancer.”

High-salt consumption has long been associ-
ated with an elevated risk of gastric cancer due to an
increased risk of H pylori infection, as well as promotion
of H pylori virulence via cagA.>*® A study by Loh and
colleagues demonstrated that a high-salt concentration
upregulates expression of cagA for select H pylori strains
with a unique DNA motif.®! A follow-up animal study
demonstrated that cagA-positive H pylori strains were
needed to cause an inflammatory reaction in response to
high-salt concentrations.®

Dietary exposure to /V-nitroso—containing com-
pounds has been shown to increase the risk of noncardia
gastric cancer via promotion of gastric carcinogenesis.’®
Processed meats, or those that have undergone salt pres-
ervation, smoking, or fermentation, are positively associ-
ated with noncardia gastric cancer in a dose-dependent
manner.”” The mechanism by which processed meats are
carcinogenic is multifactorial and related to the high-salt
burden and nitrite and nitrate additives.** N-nitroso is the
exogenous carcinogenic byproduct of nitrites and nitrates
when combined with amino acids.®® N-nitroso is also
formed endogenously from the haem iron found in red
meat, which promotes H pylori growth via oxidative stress
and DNA damage.®

An additional dietary factor that may alter the viru-
lence of H pylori infection is folic acid, as folic acid supple-
mentation has been shown to reduce gastric inflammation

and dysplasia in murine models.?*%

Microbiota

The gastrointestinal microbiota, specifically the relation-
ship between H pylori and a microbiota predominated by
Firmicutes or alternate enterohepatic Helicobacter species,
can potentiate the carcinogenic effect of H pylori infec-
tion, and Bacteroidetes can mitigate this effect.”*%

The risk factors are summarized and categorized in

the Table.

Diagnosis, Screening, and Surveillance
of Gastric Intestinal Metaplasia

Population-Based Screening

Gastric cancer screening en masse has been shown to
be effective in countries with a high incidence of gastric
cancer. The characteristics of gastric cancer that lend to
screening include an adequate lag time of 44 months to
progress from an early to an advanced stage, as well as a
significant improvement of mortality with early interven-
tion.®® National screening programs in both Japan and
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Table. Risk Factors Associated With Gastric Cancer

Environmental Factors

Helicobacter pylori Infection

BabA2 oncogene

CagA oncogene

VacA oncogene

Tobacco Smoking

Bile Acid Reflux

Diet
Folic acid (decreased risk)
Vegetables (decreased risk)

Fruits (decreased risk)
Salt

Smoked foods

High fat

N-nitroso—containing compounds

Microbiota

Firmicutes

Enterohepatic Helicobacter species

Bacteroidetes (decreased risk)

Host-Related Factors

Host Genetic Factors

Advanced age

Male sex

Family history

Blood type A

Ethnicity

East Asian
Pacific Islander

Hispanic

African American

Rheumatologic Disorders

Sjogren syndrome

Rheumatoid arthritis (decreased risk)

Osteoarthritis (decreased risk)

Environmental Factor and Host-Related Factor

Autoimmune Gastritis (with coexisting H pylori infection)

Korea recommend endoscopy for all men and women
over 40 years of age. Several uncontrolled trials have sug-
gested that these screening programs have resulted in a
reduction of mortality due to gastric cancer.®*® However,
a single global screening strategy would not realistically be
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INTESTINAL METAPLASIA AND GASTRIC CANCER

cost-effective due to the high variability of gastric cancer
burden worldwide. In countries with a low incidence of
gastric cancer, such as the United States, a stepwise screen-
ing approach may be more reasonable.

Serologic Biopsy

In countries with a low incidence of gastric cancer, it has
been proposed to first triage a subject based upon epide-
miology, genetics, and environmental risk factors. Those
individuals at increased risk can then be further stratified
based upon H pylori status and virulence factors, along
with serologic markers of chronic inflammation such as
pepsinogen I, pepsinogen 11, and gastrin.”

Pepsinogen is a proenzyme of pepsin, an endo-
proteinase of gastric juice.”! Serum pepsinogen levels
reflect the morphologic and functional status of the stom-
ach mucosa, and serve as a marker of chronic atrophic
gastritis.® Pepsinogen is characterized into pepsinogen I
and II. Pepsinogen I is secreted exclusively by chief and
mucous neck cells in the fundic glands of the fundus and
body. Pepsinogen II is secreted by the entire stomach and
duodenum.’ Patterns have been established of pepsinogen
levels reflecting mucosal change, as gastric inflammation
leads to a decrease in pepsinogen I and an increase in pep-
sinogen 11, thus coined a serologic biopsy.”

An additional marker of interest is gastrin, an
enzyme synthesized and secreted almost exclusively by
G cells located in the antrum. Gastrin is released by the
G cells in the antrum of the stomach in response to low
acidity. Chronic H pylori infection results in increased
gastrin levels due to hyperplasia of the G cells. The effect
on gastrin levels from modulation of acid secretion is
dependent upon the region of the stomach that is affected.
Gastrin levels are increased when the corpus mucosa is
predominantly involved, and are decreased with antral-
predominant atrophic gastritis.’

Tu and colleagues compared these serologic biomark-
ers to traditional risk factors (age, sex, smoking, family
history, symptoms) in a large Chinese population-based
screening analysis.”® Pepsinogen I and II, as well as the
pepsinogen I/II ratio, were assessed in combination
with a gastrin subset gastrin-17 and H pylori antibody
(HP IgG). A serologic biomarker score was established
using multivariate odds ratio risk points. Pepsinogen II,
pepsinogen I/II ratio, and HP IgG were associated with
predicting precancerous or cancerous lesions at baseline,
and pepsinogen I, pepsinogen I/II ratio, and gastrin-17
were associated with follow-up surveillance benefic. Thus,
as the inflammatory cascade progresses from nonatrophic
gastritis through the atrophic gastritis—intestinal meta-
plasia—neoplastic spectrum, it was found that these 5
specific markers were statistically significant in predicting
precancerous lesions in comparison to traditional risk
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factors (receiver operating characteristic, 0.803 wvs
0.580).7° As discussed previously, intestinal-type gastric
cancer is more strongly associated with the atrophic gas-
tritis and intestinal metaplasia cascade, thus explaining
the closer correlation with intestinal-type gastric cancer
and the serologic biopsy than diffuse-type gastric cancer.

Additionally, antiparietal cell antibodies (APCAs),
which target the 0- and B-subunits of proton pumps,
are markers of autoimmune corpus atrophic gastritis.”?
It is postulated that APCAs are induced via molecular
mimicry with oxyntic glands after A pylori infection has
caused sufficient corpus atrophy.”® A Japanese study in A
pylori—positive patients demonstrated good concordance
between pepsinogen I/II ratio and APCA levels in the
prediction of corpus atrophy.”

Endoscopic Screening
When a patient from a low-incidence pool is determined
to be at high risk for a premalignant gastric lesion, it
is reasonable to proceed to endoscopy with histologic
evaluation. The Modified Sydney System (MSS) has
been accepted as the standardized classification of gas-
tritis since it was established in 1994.'"° The MSS has
both endoscopic and histologic arms, with the histologic
arm focusing on combining topographic, morphologic,
and etiologic information, which is both reproducible
and clinically useful. Mapping studies were evaluated,
and it was determined that along with focused biopsies
of mucosal abnormalities, nonspecific biopsies from the
antrum (greater curvature, lesser curvature), incisura
angularis, and corpus (greater curvature, lesser curvature)
for a total of 5 biopsies had a high probability of establish-
ing an accurate H pylori status. Of note, corpus biopsies
were especially valuable after prolonged treatment with
proton pump inhibitors, as the oxyntic mucosa may be
exclusively infected. Biopsies from the incisura angularis
are also particularly important, as these are the most likely
to reveal maximal atrophy, intestinal metaplasia, and pre-
malignant dysplasia (Figure 2).'%7¢77

Although white-light endoscopy is the most readily
available method of upper endoscopy, other modalities
exist that may allow for a more detailed gastric endo-
scopic evaluation. Narrow-band imaging (NBI) is a high-
resolution endoscopic technique that enhances the muco-
sal surface, and is currently being used most frequently
in the evaluation of Barrett esophagus and inflammatory
bowel disease. Using specific filtered blue and green wave-
lengths, fine detailed mucosal changes are made more
prominent, with a specific light blue crest pattern sugges-
tive of intestinal metaplasia.”® Various studies have exam-
ined NBI vs white-light endoscopy in the surveillance of
GIM, noting that NBI has sensitivities and specificities
ranging from 70% to 90% compared to approximately

Figure 2. Anatomic locations recommended for gastric biopsy
mapping protocol: (1) antrum, greater curvature within 3 to
5 c¢m of the pylorus; (2) antrum, lesser curvature within 3 to
5 cm of the pylorus; (3) incisura angularis; (4) corpus, lesser
curvature; and (5) corpus, greater curvature.

Reproduced from Dixon et al.!

50% with white-light endoscopy.””* Other methods that
allow a more detailed examination compared to white-
light endoscopy are chromoendoscopy, which entails
topical application of stains or pigments to improve
tissue characterization with magnification endoscopy,
and confocal endomicroscopy, which involves scattered
light image reconstruction to create increased detail and
resolution. Overall, further studies are needed to validate
NBI, chromoendoscopy, and confocal endomicroscopy
patterns in GIM screening and surveillance.

Endoscopic Surveillance

De Vries and colleagues performed a prospective, mul-
ticenter study in 2010 in an effort to determine the
appropriate biopsy regimen for surveillance of premalig-
nant gastric lesions in patients previously diagnosed with
intestinal metaplasia or dysplasia.*® This study included
112 patients with intestinal metaplasia or either low- or
high-grade dysplasia. Seven or 9 nontargeted biopsies
were taken from the antrum, incisura angularis, corpus,
and cardia, and were compared to a control arm with 5
biopsy sites based upon the MSS. Obtaining 12 biopsies
was considered to be the gold standard.” Biopsies based
upon the MSS detected 90% of the patients with GIM
and 50% of those with dysplasia, as opposed to 97% with
GIM and 100% with dysplasia when at least 7 biopsies
were obtained. De Vries and colleagues concluded that at
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least 9 biopsies, including from the cardia, were required
for sufficient surveillance of premalignant lesions in a
population with a low incidence of gastric cancer.®

Current American Society for Gastrointestinal
Endoscopy guidelines do not recommend blanket surveil-
lance for individuals with GIM “unless other risk factors
for gastric cancer are present, such as a family history
of gastric cancer and Asian heritage.”®' However, the
European counterpart, the European Society of Gastro-
intestinal Endoscopy, recommends H pylori treatment if a
patient is found to be infected with the bacteria, followed
by surveillance with mapping biopsies for dysplasia every 3
years.? If low-grade dysplasia is detected in a patient with
GIM, surveillance esophagogastroduodenoscopy (EGD)
with mapping should be performed within 1 year to assess
for endoscopically visible lesions. Patients with confirmed
high-grade dysplasia in the absence of an endoscopically
visible lesion are recommended to undergo repeat EGD
within 6 to 12 months for surveillance of visible lesions.
Those patients with lesions should undergo proper stag-
ing along with surgical or endoscopic resection due to the
high probability of coexisting invasive adenocarcinoma,
as 25% of patients with high-grade dysplasia may progress
to adenocarcinoma within 1 year."

Chemoprevention and Treatment

There are currently no recommended medical therapies
for treatment or prevention of GIM. NSAIDs have been
examined for chemopreventive effects in different types
of malignancies, and although further studies are needed,
there has been some evidence suggesting that NSAIDs
may have a preventive nature in the course of gastric
cancer. In 2010, a meta-analysis of 21 studies demon-
strated a potential protective effect of NSAIDs when
adjusted for known risk factors.®® Furthermore, small
studies have examined the role of the NSAID celecoxib,
a selective cyclooxygenase-2 (COX-2) inhibitor. Patients
with H pylori eradication therapy followed by celecoxib
treatment for 8 to 12 weeks demonstrated regression in
gastric precancerous lesions, including atrophic gastritis,
intestinal metaplasia, and low-grade dysplasia.?**> The
proposed mechanism for the protective effect of selective
COX-2 inhibitors is related to induction of apoptosis and
suppression of cell proliferation and angiogenesis. Further
randomized, controlled trials are needed to elaborate on
this potential effect.®

Conclusion
Overall, GIM carries a significant potential risk of malig-

nancy and is becoming increasingly recognized, as well as
the epidemiologic, genetic, and environmental risk factors
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associated with its development. Currently, there are no
blanket screening guidelines, which leaves the assessment
of patients to a case-by-case basis. This lack of consensus
places the decision-making burden onto individual phy-
sicians. As the health care needs of a diverse population
continue to emerge in the United States, cost-effective
screening and risk assessment methods such as serologic
biopsy and H pylori evaluation will become ever more
important. The availability and advancement of means
of screening and detection for gastric adenocarcinoma
need to be broadened to allow more gastroenterologists to
develop both the ability and knowledge of how to endo-
scopically locate and manage precursor lesions. Further
investigation is needed on methods for prevention and
treatment of a disease that continues to carry a high bur-

den of morbidity and mortality.
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