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Abstract

AIM: To test the hypothesis that the shape and length
of Barrett’s epithelium are associated with prevalence
of erosive esophagitis.

METHODS: A total study population comprised 869 pa-
tients who underwent endoscopy during a health check-
up at our hospital. The presence and extent of Barrett's
epithelium were diagnosed based on the Prague C & M
Criteria. We originally classified cases of Barrett's epithe-
lium into two types based on its shape, namely, flame-
like and lotus-like Barrett’s epithelium, and into two
groups based on its length, its C extent < 2 cm, and =
2 cm. Correlation of shape and length of Barrett's epi-
thelium with erosive esophagitis was examined.
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RESULTS: Barrett's epithelium was diagnosed in 374
cases (43%). Most of these were diagnosed as short-
segment Barrett’s epithelium. The prevalence of ero-
sive esophagitis was significantly higher in subjects
with flame-like than lotus-like Barrett's epithelium, and
in those with a C extent of = 2 cm than < 2 cm.

CONCLUSION: Flame-like rather than lotus-like Bar-
rett’s epithelium, and Barrett’s epithelium with a longer
segment were more strongly associated with erosive
esophagitis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

In patients with Barrett’s epithelium, the resulting
replacement of normal squamous epithelium with
columnar epithelium can be seen in the distal esophagus
as a salmon-pink-colored area that is readily visible
during endoscopic examination. Barrett’s epithelium
is recognized as a complication of erosive esophagitis
and is the pre-malignant condition for adenocarcinoma
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of the esophagus“’zl. The incidence of esophageal
adenocarcinoma is rapidly increasing in the United
States and Europe[}ﬂ, and is reported to account for up
to 50% of esophageal cancers seen in white males in
the United States”. For esophageal carcinoma in Japan,
however, the ratio of adenocarcinoma to squamous cell
carcinoma is low, and no significant changes have been
identified”. As the prevalence of erosive esophagitis is
increasing, further observation of Barrett’s epithelium
and esophageal adenocarcinoma is required in Japan.
However, the reasoning behind the recommendation for
regular endoscopic screening and biopsies in patients
with Barrett’s epithelium in Japan is unclear, and whether
all patients with Barrett’ epithelium, or only a subgroup
with risk factors for the development of adenocarcinoma
should be screened, remains controversial.

It has been known for more than a century that
chronic inflammation can contribute to cancer formation.
Chronic inflammatory conditions of the gastrointestinal
tract, such as ulcerative colitis and chronic pancreatitis,
are well known to predispose patients to carcinogenesis.
Lassen ef al” have reported that the risk of esophageal
adenocarcinoma was fivefold greater among patients with
diagnosed esophagitis, but most of these cancers seemed
to be related to Barrett’s esophagus. Several studies have
indicated that a dose-response relationship exists between
the severity of erosive esophagitis and the incidence of
esophageal adenocarcinoma®™"". These findings suggest
that the major risk factor for esophageal adenocarcinoma
is the existence of Barrett’s epithelium complicated with
erosive esophagitis.

We hypothesized that some macroscopic features
of Barrett’s epithelium might be useful for identifying
a subgroup with a high risk for the development of
esophageal adenocarcinoma. Therefore, we conducted a
retrospective cohort study to examine the correlation of
the shape and length of Barrett’s epithelium with erosive
esophagitis.

MATERIALS AND METHODS

Patients

A total of 869 patients (463 men, 406 women; median
age, 06 years; age range, 29-91 years) who had undergone
an upper endoscopy at the Gastroenterology Division
of Yokohama City University Hospital between August
2005 and July 2006 were enrolled in the study. The total
study population consisted of consecutive patients who
had undergone endoscopy for a health checkup in our
hospital. The majority of the patients were outpatients.
None of the patients had previously undergone an upper
digestive tract operation. Ten patients were excluded,
because their profiles were unsatisfactory or they refused
to patticipate in the present study.

Endoscopic findings
At the Yokohama City University Hospital, when endos-
copically examining and photographing the esophageal
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mucosa, the gastroesophageal junction (GE]) is always
prospectively photographed. Our hospital operates a
digital filing system for endoscopic images. All digital
endoscopic images were independently and retrospectively
reviewed by two trained endoscopists to investigate the
endoscopic findings, including gastric mucosal atrophy
(GMA), hiatal hernia, erosive esophagitis, and Barrett’s
epithelium. If there was any inconsistency in the assess-
ment of the digital endoscopic images, a final diagnosis
was decided upon by a joint review of the digital endos-
copic images.

Barrett’s epithelium

The presence and extent of Barrett’s epithelium were
diagnosed based on the Prague C & M Criteria™”
According to these criteria, Barrett’s epithelium is
defined as the macroscopic identification, using a
standard endoscopy examination, of abnormal columnar
esophageal epithelium suggestive of columnar-lined distal
esophagus. The length of Barrett’s epithelium is measured
(in cm) using the circumferential extent (the C extent) and
the maximum extent (the M extent) above the GEJ, which
is identified as the proximal margin of the gastric mucosal
folds in centimeters''”.

Shape of Barrett’s epithelium

We originally classified Barrett’s epithelium into two
types based on its shape. As shown in the Figure 1, we
classified the shape of Barrett’s epithelium as follows: (A)
the L type, in which the difference between the C extent
and M extent was < 2 cm and the visible red columnar
epithelium could be observed as a lotus-like shape; and
(B) the F type, in which the difference was = 2 cm and
the columnar epithelium of Barrett’s epithelium was
observed as a flame-like shape.

Length of Barrett’s epithelium

We further classified Barrett’s epithelium into two groups
based on its length as follows: (1) Barrett’s epithelium <
2 cm, defined as a C extent of < 2 cm in length; and (2)
Barrett’s epithelium = 2 cm, defined as a C extent of =
2 cm.

Erosive esophagitis

Erosive esophagitis was diagnosed based on the Los
Angeles (LA) Classification"” and was divided into three
groups: none, mild (grades A and B), or severe (grades C
and D).

Hiatal hernia
Hiatal hernia was diagnosed when the distance between
the GEJ and the diaphragmatic hiatus was = 2 cm.

GMA

The atrophic area of the stomach that can be visualized
endoscopically is known to extend from the antrum to the
body. Previously, Kimura and Takemoto endoscopically
divided GMA into six groups (C1, C2, C3, O1, O2, and
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Figure 1 Shape of Barrett’s epithelium. We originally divided Barrett's
epithelium into two types based on its shape. A: L type, in which the difference
between the C extent and M extent was < 2 cm and the visible red columnar
epithelium could be observed as a lotus-like shape; B: F type, in which the
difference was = 2 cm and the columnar epithelium of Barrett's epithelium was
observed as a flame-like shape.

0O3; C, closed; O, open)[14]. GMA has been shown to
progress from C1 to O3 successively, and this classification
correlates well with the histological features of GMAM,
Gastric acid secretion in patients with open-type GMA
has been reported to be lower than that in patients with
closed-type GMA"™. In the present study, we defined
closed-type (C1-C3) cases as mild GMA and open-type
(O1-0O3) cases as severe GMA.

Patient profiles

Complete patient information, including age, sex, body
mass index (BMI), regular drinking habit and smoking
habit, at the time of the initial diagnosis was obtained
from the patient’s medical records.

Ethics

The study was conducted in accordance with the Decla-
ration of Helsinki. The study protocol was approved
by the Ethics Committee of Yokohama City University
Hospital. The patients gave their signed informed
consent to be involved in the study.

Statistical analysis

In our cohort study, to investigate the correlation
between the shape and length of Barrett’s epithelium
and erosive esophagitis, the variables were compared
between patients with different shapes and between
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Table 1 Clinical characteristics of patients enrolled in the

present study

Clinical characteristics n (%)
Total patients 869
Patient profiles

Age

median; range (yr) 66; 29-91
Sex

Female (%) 406 (46.7)
BMI

median; range 22.2;13.5-41.2
Regular drinking habit (%) 316 (36.4)
Smoking habit (%) 319 (36.7)
Endoscopic results

Hiatal hernia (%) 266 (30.6)
GMA

Open type (%) 466 (53.6)
Erosive esophagitis

Total (%) 165 (19.0)
Mild (LA class A, B) (%) 152 (17.5)
Severe (LA class C, D) (%) 13 (1.5)
Barrett’s epithelium

Total (%) 374 (43.0)
SSBE (%) 370 (42.6)
LSBE (%) 4(0.5)

GMA: Gastric mucosal atrophy; LA: Los Angeles; SSBE: Short-segment
Barrett’s epithelium; LSBE: Longer segment Barrett’s epithelium.

patients with different lengths. The statistical analysis
included a y° test or a Fisher exact test to compare
percentages, and a Mann-Whitney U test to compare
continuous data. The level of significance was defined
as P < 0.05. All statistical analyses were performed using
Stat View software (SAS Institute, Cary, NC, USA).

RESULTS

The bascline characteristics of the study population are
summarized in Table 1. A total of 374 patients (43.0%)
(211 men and 163 women; mean age, 68 years; range,
31-91 years) were diagnosed as having Barrett’s epithelium
based on the Prague C & M Criteria"”. These consisted of
370 cases (42.6%) with short-segment Barrett’s epithelium
(SSBE), whose C extent was < 3 cm, and four cases (0.5%)
with longer segment Barrett’s epithelium (LSBE), whose
C extent was = 3 cm. A total of 165 cases (19.0%) had
erosive esophagitis: 152 (17.5%) had mild esophagitis (LA
grades A and B), and 13 (1.5%) had severe esophagitis (LA
grades C and D).

Table 2 shows the clinical characteristics of the
subjects according to the two types of Barrett’s epithelium
shape. No significant differences in age, sex, BMI, and
hiatal hernia were observed between the subjects with
F type and L type Barrett’s epithelium. The subjects
with F type Barrett’s epithelium tended to have higher
prevalence of regular drinking and smoking compared
with those with L type Barrett’s epithelium, but without
statistical significance. The prevalence of open-type GMA
was significantly lower in the subjects with F type than
L type Barrett’s epithelium. The prevalence of erosive
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Shape of Barrett’s epithelium P value
L type F type

(n = 353) (n =21)
Age
Median; range (yr) 68; 31-91 68; 54-80 0.8532
Sex
Female (%) 154 (43.6) 9 (42.9) 0.9450"
BMI
Median; range 22.5;,14.4-41.2 22.0;18.1-30.5  0.8565
Regular drinking habit (%) 144 (40.8) 13 (61.9) 0.0568"
Smoking habit (%) 160 (45.3) 14 (66.7) 0.0568"
Hiatal hernia (%) 145 (41.1) 8(38.1) 0.9669
GMA
Open type (%) 184 (52.1) 5(23.8) 0.0216>
Erosive esophagitis (%)
Total 112 (31.7) 13 (61.9) 0.0044"
Mild 103 (29.2) 9 (42.9) 0.2787
Severe 9 (2.5) 4 (19.0) 0.0007°

P value: Mann-Whitney U test; ": y* test; * y” test (Yates’ correction);
’: Fisher’s exact test.

esophagitis, especially severe esophagitis, was significantly
higher in the subjects with F type than L type Batrett’s
epithelium.

Table 3 shows the clinical characteristics broken
down by the two lengths of Barrett’s epithelium. The
prevalence of hiatal hernia and erosive esophagitis was
significantly higher in subjects with Barrett’s epithelium
with a C extent of = 2 cm.

DISCUSSION

Chronic inflammation, such as ulcerative colitis and
chronic pancreatitis, is a well known risk factor for
cancer formation. As mentioned above, several clinical
studies have suggested that the major risk factor for
esophageal adenocarcinoma is Barrett’s epithelium with
complicated erosive esophagitis''". The histological
evidence of moderate to severe inflammation, along
with the expression of the pro-inflammatory cytokines
interleukin (IL)-1p, IL-8, and nuclear factor (NF)-kB have
been detected in biopsies of Barrett’s epithelium!*'"".
Morteover, the infiltrating inflammatory cells are not the
only source of pro-inflammatory cytokines, because
Barrett’s epithelial cells themselves have been found to
express 11.-8, IL-1B, and IL-10""™, NF-xB activation and
epithelial cell expression of tumor necrosis factor (TNF)-o
and its receptor TNFR1 all have been found to increase
as Barrett’s epithelium develops dysplastic changes of
progressive severity, which suggests that the inflammatory
response might contribute to carcinogenesis' "\
Although elevated levels of IL-8 and 11.-1f have not been
found in dysplastic Barrett’s epithelium, higher expression
levels of both cytokines have been detected in esophageal
adenocarcinoma'”. These biohistochemical studies
have demonstrated that chronic inflammation caused by
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The C extent of Barrett’s P value
epithelium
< 2cm =2am

(n = 347) (n = 27)
Age
Median; range (yr) 68; 31-91 70; 42-86 0.4933
Sex
Female (%) 149 (42.9) 14 (51.9) 0.3683"
BMI

Median; range 22.5;14.4-41.2 223;16.9-28.2 0.7199

Regular drinking habit (%) 143 (41.2) 14 (51.9) 0.2805'
Smoking habit (%) 161 (46.4) 13 (48.1) 0.8606'
Hiatal hernia (%) 136 (39.2) 17 (63.0) 0.0155'
GMA

Open type (%) 177 (51.0) 12 (44.4) 0.5111"
Erosive esophagitis (%)

Total 109 (31.4) 16 (59.3) 0.0031'
Mild 97 (28.0) 15 (55.6) 0.0026'
Severe 12 (3.5) 1(3.7) >0.9999"

P value: Mann-Whitney U test; . xz test; % Fisher’s exact test.

gastroesophageal reflux disease (GERD) is an important
factor in the etiology of carcinogenesis in Barrett’s
epithelium, which suggests an increase in the malignant
potential of Barrett’s epithelium, especially when it 1s
accompanied by erosive esophagitis. The identification
of a subgroup with a high risk for the development of
esophageal adenocarcinoma may be helpful in developing
more efficient screening programs for patients with
Barrett’s epithelium.

We hypothesized that some macroscopic features
of Barrett’s epithelium might be useful for identifying
a subgroup with a high risk for the development of
esophageal adenocarcinoma. Therefore, we conducted
the present study with the aim of examining the
correlation of the shape and length of Barrett’s epithe-
lium with erosive esophagitis.

The present study demonstrated that 43.0% (SSBE,
42.6%; LSBE, 0.5%) of the study population wete
diagnosed as having Barrett’s epithelium based on the
Prague C & M Criteria?. These findings were consistent
with those from other reports in Japan in which SSBE
was frequent, whereas LSBE was rare compared with the
United States and Western Europelzo’m. The frequency of
Barrett’s epithelium might be affected by differences in its
definition, with particular regard as to whether histological
confirmation of specialized intestinal metaplasia is
required. In western countries, several physicians think that
confirmation of intestinal metaplasia with an esophageal
biopsy is needed to identify correctly the pathology as
Barrett’s epithelium[zzl, because it is considered a risk factor
for esophageal adenocarcinoma'. In this regard, the cases
of Barrett’s epithelium in the present study based on the
Prague C & M Criteria™?
without histological confirmation, and were defined as
endoscopic Barrett’s epithelium.

were diagnosed endoscopically
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We elucidated a significant correlation between the
shape and length of Barrett’s epithelium and prevalence
of erosive esophagitis. The prevalence of erosive
esophagitis, especially severe esophagitis, was significantly
higher in the subjects with F type than L type Barrett’s
epithelium (Table 2). F type Barrett’s epithelium might
originate as a direct result of columnar replacement of
areas damaged by erosive esophagitis. It was possible that
F type Barrett’s epithelium had more severe esophagitis
because less had been transformed into Barrett’s
epithelium, and when the transformation to columnar
epithelium had taken place, the previous area with erosive
esophagitis would naturally decrease. Yamagishi ez al”®
have reported that the localization of Barrett’s epithelium
was similar to the localization of mild esophagitis, which
was the most prevalent form of erosive esophagitis in
Japan, which suggests that tongue-like Barrett’s epithelium
arises as a result of erosive esophagitis. The prevalence
of erosive esophagitis was significantly higher in subjects
with LSBE (Table 3), which was consistent with several
studies that have shown that the extent of Barrett’s
epithelium is correlated with severe esophageal exposure
to acid (an increased percentage of the time during which
the esophagus is exposed to a pH below 4)**7, These
findings may explain partly why LSBE has a higher risk
of the development of esophageal adenocarcinoma.
Harle ¢ o/ and Ransom ef a/”” have suggested a
positive relationship between the extension of Barrett’s
epithelium and the risk of developing adenocarcinoma in
the esophagus. The Rotterdam Esophageal Tumor Study
Group has demonstrated that a doubling of the length of
Barrett’s epithelium increased the risk of adenocarcinoma
by 1.7 times®".

The present study demonstrated that F type
Barrett’s epithelium and LSBE were significantly more
strongly associated with erosive esophagitis, as an
important factor in the development of esophageal
adenocarcinoma, which suggests that patients with
Barrett’s epithelium with these macroscopic features are
at higher risk for carcinogenesis compared to other types.
The development of esophageal adenocarcinoma is
usually seen as a sequence - GERD - erosive esophagitis
- Barrett’s epithelium - low-grade dysplasia - high-
grade dysplasia - esophageal adenocarcinoma. Barrett’s
epithelium with these macroscopic features may have a
risk of complication of low- or high-grade dysplasia and
development of esophageal adenocarcinoma.

Our study had several limitations that may need
to be considered. First, the data were collected from
a review of endoscope images. The shape and length
of Barrett’s epithelium evaluated in a retrospective
fashion were undoubtedly subject to some uncertainty.
To minimize this limitation, we assessed the extent of
Barrett’s epithelium based on the Prague C & M Criteria,
which consist of two indicators: the C extent and M
extent, and defined F type Barrett’s epithelium by the
criterion in which the difference between the C extent
and M extent should be = 2 cm. Second, the present
study might not have had a large enough population to
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examine in detail the association between the shape and
length of Barrett’s epithelium and erosive esophagitis.
Third, a disadvantage was the lack of histopathological
examination of the samples to confirm the diagnosis,
and also the ability to classify further into low- and high-
grade dysplasia. Further large population-based cohort
studies with histopathological examination of Barrett’s
esophagus to classify into low- or high-grade dysplasia
are needed to confirm this assumption.

In conclusion, F type Barrett’s epithelium and LSBE
were significantly more strongly associated with erosive
esophagitis, as an important factor in the development
of esophageal adenocarcinoma. The identification
of a subgroup with these macroscopic features of
Barrett’s epithelium may be helpful in developing more
efficient screening programs for patients with Barrett’s
epithelium. Further prospective large population-based
cohort studies are needed to confirm this assumption.
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