GCasan endpoint are inconsistent. In the current survey,
photofluorography was the second most common meth-
od used in combination with endoscopy to screen for GC.
Use of this method was higher in Japan compared with
other countries (data not shown).

Measurement of serum pepsinogen (PG) levels is a
popular serological screening test for GC, particularly in
Japan. There are two types of serum PG - PGI and PGII.
PGII remains constant, but PGI concentrations decrease
with loss of fundic gland mucosa. Therefore, a low PGI
concentration or a low PGI/II ratio indicates atrophic
gastritis, which represents a preneoplastic gastric lesion.
A PGI/II ratio of >3.0 has a sensitivity of 93% and a spec-
ificity of 88% for diagnosis of a normal fundic gland in
Japanese patients [27]. In a Japanese study, subjects with
atrophic gastritis diagnosed by pepsinogen concentra-
tions had a significantly higher risk of developing GC
than those with normal pepsinogen concentrations who
were negative for the HP antibody [28]. However, the se-
rum pepsinogen test detects the presence of atrophic gas-
tritis and is therefore more applicable to detect intestinal
cancer only. In this survey, the serum pepsinogen test was
used in combination with other methods by a small num-
ber of physicians.

HP is a well-known carcinogen for GC, and the Asia-
Pacific H. pylori Consensus Group concluded that eradi-
cation of HP is a good strategy in selected societies where
the risk of GC is high [29]. There is one randomized con-
trolled study from China that showed that eradication of
HP reduced the incidence of GC [30]. In that cohort, in-
dividuals who had not developed gastric mucosal atrophy
and intestinal metaplasia had a lower incidence of GC af-
ter HP eradication, but those who already had gastric mu-
cosal atrophy and intestinal metaplasia showed no such
difference after HP eradication. There is no randomized
controlled study concerning the duration of follow-up
among HP-positive individuals. It has been reported that
the doubling time of early GC is approximately 16.6
months [31]. Based on that study, results of the current
survey showing that most physicians insist on annual GC
screening in HP-positive individuals seem appropriate.
In terms of follow-up after HP eradication, GC has been
seen to develop in some patients even after HP eradica-
tion [32-34]. From these studies, the rate of GC develop-
ment is about 0.3% per year as long as 10 years after HP
eradication. Based on these results, it has been suggested
that follow-up GC screening for patients who have been
treated for HP infection should be continued for more
than 10 years [33]. However, in this survey, 17.6% of gas-
troenterologists indicated they thought there was no need
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for follow-up of patients after HP eradication. Though
there does not appear to be a consensus regarding follow-
up after HP eradication, it seems prudent to continue GC
screening even after HP eradication for at least several
years. Further studies are needed to clarify the length of
follow-up required.

The usefulness of screening for the GC risk method
using a combined assay for serum anti-HP IgG antibody
and serum PG levels, called the ‘ABC method’, has been
reported. Subjects are classified into one of four risk
groups based on the results of two serologic tests: group
A (HP(-) PG(-): infection-free subjects), group B (HP(+)
PG(-): chronic atrophic gastritis-free or mild), group C
(HP(+) PG(+): chronic atrophic gastritis), and group D
(HP(-) PG(+): severe chronic atrophic gastritis with ex-
tensive intestinal metaplasia). The ABC method allows
stratification of risk for development of GC, as chronic
gastritis progressed, a gradual and significant increase in
the incidence of GC and hazard ratio was noted [28, 35-
38].

The Asia-Pacific Working Group on CRC has report-
ed that CRC is one of the most common cancers in Asia
in both males and females, and that the incidence of CRC
in Asian Pacific countries is similar to that of Western
countries. Although the death rate of CRC is declining
in Western countries, mortality associated with CRC is
rising in Asian countries [4]. According to the database
of GLOBOCAN ([39], the incidence of CRC for males is
especially high in Japan and Korea, that is 41.7 and 46.9
per 100,000. In China, the Philippines, Indonesia, and
Thailand, the incidence of CRC for males shows almost
same numbers, that is 16.3, 10.0, 19.1, and 13.2 per
100,000. For females, the tendency of CRC incidence
shows the same as males, that is high group as Japan and
Korea, 22.8 and 25.6 per 100,000, and low group as Chi-
na, the Philippines, Indonesia, and Thailand, 12.2, 7.3,
15.6, 13.4 per 100,000. Screening and surveillance for
CRC is useful for early disease detection [5], but compli-
ance with screening recommendations is low in many
countries [6-10].

Based on the recommendations of Asia-Pacific Con-
sensus Group, CRC screening should be started at the age
of 50 years [4]. Most national guidelines also recommend
starting CRC screening at this age because the risk of
CRC begins to increase at age 50 [40, 41]. In Asian coun-
tries, the risk of finding advanced CRC significantly in-
creases by 1 to >3% at the age of 50 years compared with
younger subjects [42-45]. This survey showed that most
physicians, except those in Japan, start screening for CRC
at 50 years. Japanese physicians tend to start screening
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for CRC earlier. Overall, all physicians in this survey
started screening for CRC between 40 and 50 years.

Fecal occult blood tests (FOBTS) are based on the fun-
damentals of detecting blood in stool that may originate
from a bleeding CRC or large adenoma. Because of their
ease of use, FOBTs have been used to screen for CRC
worldwide. However, FOBTs cannot detect precursor le-
sions. In addition, because CRCs usually bleed intermit-
tently, repeat testing may be required to detect CRC. Two
primary FOBTs are available: guiac-FOBT and immuno-
chemical FOBT (iFOBT). Though dietary intake of red
meat leads to false-positive findings and vitamin C intake
to false-negative findings in guiac-FOBT, iFOBT is spe-
cific for human hemoglobin. The sensitivity of iFOBT in
detecting CRC is 66-82% and the specificity is 95-97%
[46, 47]. Previous reports showed that FOBT screening
reduced mortality resulting from CRC [48-53], and sev-
eral countries emphasize this procedure for general pop-
ulation screening. With the use of FOBT, the number of
patients with stage I or II disease has significantly in-
creased, while the number of patients with stage IV dis-
eases has decreased [53]. In this survey, physicians from
Japan and Indonesia tended to choose FOBT for CRC
screening. However, there is no evidence from random-
ized, controlled trials that CRC-related mortality is re-
duced over a 10-year period of iFOBT screening. One
large study included 94,000 persons who were random-
ized to one round of iFOBT or no screening. Colon cancer
mortality did not differ significantly between groups
over an 8-year follow-up period: CRC mortality was 90
per 100,000 in the screening group versus 83 per 100,000
in the control group [54]. Based on this study, which
shows no benefit of iFOBT on mortality, physicians in
Japan and Indonesia may want to consider other methods
of CRC screening.

Flexible sigmoidoscopy is an endoscopic procedure
that shows up to 40-60 cm distal of the colon. When an
adenoma of any size is detected, a full colonoscopy is rec-
ommended, because the risk of advanced adenomas or
cancer in the proximal colon is increased [55]. The prob-
lem with flexible sigmoidoscopy is that the quality of the
examination is not always as good as it should be, as the
insertion depth is sometimes difficult to determine. In
addition, sigmoidoscopy should be performed by trained
endoscopists with acceptable adenoma detection rates
[56]. In one study, sigmoidoscopy had a higher detection
rate for advanced adenomas and cancer compared with
FOBT [57]. In addition, individuals without adenomas in
the distal colon, as shown by sigmoidoscopy, frequently
do not receive a follow-up colonoscopy. The percentage of
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asymptomatic individuals with isolated advanced proxi-
mal adenomas or cancer who undergo a colonoscopy is
1.3-5% [58, 59]. Atkin et al. [60] reported that sigmoidos-
copy screening reduces the mortality from CRC. They
compared a control group (113,195 persons) and an inter-
vention group (57,237 persons) and showed that advanced
adenomas or cancer were detected in 5% of subjects in the
intervention group. In their study, sigmoidoscopy led to
a 23% reduction of CRC incidence and 31% reduction
in CRC-related mortality [60]. However, other studies
showed a higher percentage of missing transverse and
right-sided lesions (24% [61], 20% [62]) even when sig-
moidoscopy was combined with FOBT. In this survey,
only China reported a higher rate of sigmoidoscopy for
screening for CRC compared with other screening meth-
ods. Sigmoidoscopy might be better than FOBT for CRC
screening, but results from ongoing large, randomized,
controlled trials [63, 64] are needed to confirm any ad-
vantages of this procedure.

Colonoscopy allows observation of the entire colon
and is considered the gold standard for detection of
colorectal neoplasia. However, polyps can still be missed
when using colonoscopy to screen for CRC. The miss rate
of adenomas, as reported in tandem colonoscopy studies,
is 20-26% for any adenoma and 2.1% for large adenomas
(>10 mm) [65]. These detection rates are reported to de-
pend on the quality of the procedure, including the tech-
nique of the colonoscopist and several other factors such
as optimal bowel preparation, sufficient withdrawal time,
and complete examination of the colon [66-70]. The par-
ticipation rates of patients in colonoscopy screening are
lower compared with FOBT and sigmoidoscopy because
of its invasive and burdensome nature. However, most
patients only need to undergo a colonoscopy once every
10 years after a negative colonoscopy because the risk of
developing CRC after a negative colonoscopy remains
low for more than 10 years [71, 72]. In this survey, physi-
cians in Korea, the Philippines, and Thailand recom-
mended a colonoscopy every 10 years for CRC screening,
and this procedure was the second most popular CRC
screening method overall. Several ongoing studies are
evaluating the role of colonoscopy screening on CRC-re-
lated incidence and mortality. The Nordic-European Ini-
tiative on CRC (NordIGG) trial includes 66,000 individ-
uals randomized to either colonoscopy screening or no
screening. A 15-year follow-up is planned, and the results
are expected in 2026. In a Spanish trial, CRC-related
mortality is being compared between patients who un-
dergo biannual FOBT and colonoscopy; results are ex-
pected in 2021.
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The use of DNA markers in stool (sDNA) for CRC
screening is a relatively new method. Because no single
gene mutation is present in all adenomas or cancer cells,
a multipanel of DNA markers is needed. The point muta-
tions on APC, KRAS, and P53 genes plus long DNA (Pre-
Gen-Plus [73]) are being tested in two large average-risk
cohorts [74]. Methylated vimentin, mutant KRAS, and
mutant APC (SDT-2) are being tested in a smaller study
[75]. Several studies on the efficacy of CRC screening by
PreGen-Plus have been done, with one study showing a
sensitivity of 52% and a specificity of 94% [74], and an-
other study showing a sensitivity of 20% and a specificity
of 96% [75]. The low sensitivity of this method was based
on the kinds of panel DNA markers that identify most but
not all CRCs. There are no data based on a randomized
controlled study regarding the efficacy of SDNA for CRC
screening, and it is not known which patients would be
better off undergoing CRC screening by sDNA than by
FOBT. In this survey, physicians from China recom-
mended fecal DNA test as a second-line method for CRC
screening. However, overall, fecal DNA tests were a mi-
nor screening method in this survey. Further studies are
needed to confirm if fecal DNA tests are effective for
screening for CRC compared with other methods.

With the development of new instruments and tests,
the diagnostic and therapeutic approach to GC and CRC
is continuously changing. In this survey, we conducted an
attitude survey of Asian physicians, including gastroen-
terologists, regarding screening for GC and CRC. Some
countries should likely change their screening approach-
es based on recent results of reliable controlled surveys
that show decreases in the mortality GC and CRC with
specific screening methods. However, the social situation
in each country, including insurance systems, is different.
Thus establishment of strong evidence for cancer surveil-
lance using up-to-date methods that have been proven
effective in well-controlled studies is imperative.
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Appendix

Questionnaire used in the present survey

Gastric cancer (GC)

1.

2.

3.

mo AN o

How old were the patients when you started GC
screening? (Circle one)

What is the most common age group you screen for GC in
your hospital?

Which do you think is the best screening method for GC?
Barium X-ray examination

Endoscopy

Serum pepsinogen test

H. pylori antibody

Tumor marker

Others

Which is the most popular screening method in your
hospital?

Which combination among a-e is the best for GC
screening (for those who answered from a to €)?

For those who answered f, what kind of examination did
you perform?

What kind of follow-up examination did you perform in
H. pylori-positive patients who did not receive H. pylori
eradication?

What kind of follow-up examination and how often did
you perform it in patients who received H. pylori
eradication?

Colorectal cancer (CRC)

1.

2.

3.

@rhe o g

How old were the patients when you started CRC
screening?

What is the most common age group you screen for CRC
in your hospital?

Which do you think is the best screening method for
CRC?

Fecal occult blood test every year

Fecal DNA test every year

Sigmoidoscopy every 5 years

Total colonoscopy every 10 years

Barium enema every 5 years

CT colonography every 5 years

Others

Which is the most popular screening method in your
hospital?

For those who answered g, what kind of examination did
you perform?

Did you change the screening method of CRC after 10
years or before (for those who have had CRC over 10
years)?

For those who answered yes, what kind of examination
did you perform?

Digestion 2012;86:94-106

196

103



P

L)

B3

L

b5

L

B7

Bg

L]

P10

P11

P12

References

Parkin DM, Bray F, Ferlay ], Pisani P: Global
cancer statistics, 2002. CA Cancer | Clin
2005;55:74-108.

Parkin DM: International variation. Onco-
gene 2004;23:6329-6340.

Fukao A, Tsubono Y, Tsuji I, Hisamichi S,
Sugahara N, Takano A: The evaluation of
screening for gastric cancer in Miyagi pre-
fecture, Japan: a population-based case-con-
trol study. Int J Cancer 1995;60:45-48.
Sung]JJ,LauJY, Young GP, Sano Y, Chiu HM,
Byeon JS, Yeoh KG, Goh KL, Sollano J,
Rerknimitr R, Matsuda T, Wu KC, Ng S,
Leung SY, Makharia G, Chong VH, Ho KY,
Brooks D, Lieberman DA, Chan FK: Asia-
Pacific consensus recommendations for
colorectal cancer screening. Gut 2008;57:
1166-1176.

Levin B, Lieberman DA, McFarland B, Smith
RA, Brooks D, Andrews KS, Dash C, Giar-
diello FM, Glick S, Levin TR, Pickhardt P,
Rex DK, Thorson A, Winawer SJ: Screening
and surveillance for the early detection of
colorectal cancer and adenomatous polyps.
A joint guideline from the American Cancer
Society, the US Multi-Society Task Force on
Colorectal Cancer, and the American Col-
lege of Radiology. CA Cancer J Clin 2008;58:
130-160.

Brotherstone H, Vance M, Edwards R, Miles
A, Robb KA, Evans RE, Wardle |, Atkin W:
Uptake of population-based flexible sig-
moidoscopy screening for colorectal cancer:
a nurse-led feasibility study. ] Med Screen
2007;14:76-80.

Goulard H, Boussac-Zarebska M, Ancelle-
Park R, Bloch J: French Colorectal Cancer
Screening Pilot Programme: results of the
first round. ] Med Screen 2008;15:143-148.
Meissner HI, Breen N, Klabunde CN, Ver-
non SW:Patterns of colorectal cancer screen-
ing uptake among men and women in the
United States. Cancer Epidemiol Biomarkers
Prev 2006;15:389-394.

Seifert B, Zavoral M, Fric P, Bencko V: The
role of primary care in colorectal cancer
screening: experience from Czech Republic.
Neoplasma 2008;55:74-80.

Zorzi M, Barca A, Falcini F, Grazzini G, Piz-
zuti R, Ravaioli A, Sassoli de Bianchi P, Se-
nore C, Sigillito A, Vettorazzi M, Visioli C:
Screening for colorectal cancer in Italy: 2005
survey. Epidemiol Prev 2007;31:49-60.
Smith RA, Cokkinides V, Brooks D, Saslow
D, Brawley OW: Cancer screening in the
United States, 2010: a review of current
American Cancer Society guidelines and is-
sues in cancer screening. CA Cancer ] Clin
2010;60:99-119.

LinY, UedaJ, Kikuchi§, Totsuka Y, Wei WQ,
Qiao YL, Inoue M: Comparative epidemiol-
ogy of gastric cancer between Japan and Chi-
na. World | Gastroenterol 2011;17:4421-
4428.

13

14

P15

P16

B17

P18

P19

»20

P21

P22

B3

Zou XN, Duan JJ, Huangfu XM, Chen WQ,
Zhao P: Analysis of stomach cancer mortal-
ity in the national retrospective sampling
survey of death causes in China, 2004-2005
(in Chinese). Zhonghua Yu Fang Yi Xue Za
Zhi 2010;44:390-397.

Shin HR: Global activity of cancer registries
and cancer control and cancer incidence sta-
tistics in Korea (in Korean). Yebang Uihak-
hoe Chi 2008;41:84-91.

Moore MA, Attasara P, Khuhaprema T, Le
TN, Nguyen TH, Raingsey PP, Sriamporn §,
Sriplung H, Srivanatanakul P, Bui DT, Wi-
angnon S, Sobue T: Cancer epidemiology
in mainland South-East Asia - past, present
and future. Asian Pac J Cancer Prev 2010;
11(suppl 2):67-80.

Moore MA, Manan AA, Chow KY, Cornain
SF, Devi CR, Triningsih FX, Laudico A,
Mapua CA, Mirasol-Lumague MR, Noorwa-
ti S, Nyunt K, Othman NH, Shah SA, Sinu-
raya ES, Yip CH, Sobue T: Cancer epidemiol-
ogy and control in peninsular and island
South-East Asia - past, present and future.
Asian Pac J Cancer Prev 2010;11(suppl 2):81-
98.

Tokudome S, Soeripto, Triningsih FX,
Ananta I, Suzuki S, Kuriki K, Akasaka S,
Kosaka H, Ishikawa H, Azuma T, Moore
MA: Rare Helicobacter pylori infection as a
factor for the very low stomach cancer inci-
dencein Yogyakarta, Indonesia. Cancer Lett
2005;219:57-61.

Crew KD, Neugut Al: Epidemiology of gas-
tric cancer. World ] Gastroenterol 2006;12:
354-362.

Leung WK, Wu MS, Kakugawa Y, Kim JJ,
Yeoh KG, Goh KL, Wu KC, Wu DC, Sollano
], Kachintorn U, Gotoda T, Lin JT, You WC,
Ng EK, Sung JJ: Screening for gastric cancer
in Asia: current evidence and practice. Lan-
cet Oncol 2008;9:279-287.

Tashiro A, Sano M, Kinameri K, Fujita K,
Takeuchi Y: Comparing mass screening
techniques for gastric cancer in Japan. World
] Gastroenterol 2006;12:4873-4874.
Tsubono Y, Hisamichi S: Screening for gas-
tric cancer in Japan. Gastric Cancer 2000;3:
9-18.

Oshima A, Hirata N, Ubukata T, Umeda K,
Fujimoto I: Evaluation of a mass screening
program for stomach cancer with a case-
control study design. Int J Cancer 1986;38:
829-833.

Abe Y, Mitsushima T, Nagatani K, Tkuma H,
Minamihara Y: Epidemiological evaluation
of the protective effect for dying of stomach
cancer by screening programme for stomach
cancer with applying a method of case-con-
trol study - a study of an efficient screening
programme for stomach cancer (in Japa-
nese). Nihon Shokakibyo Gakkai Zasshi
1995;92:836-845.

104

Digestion 2012;86:94-106

197

P24

P25

P26

B2y

P28

P29

B30

B3

B 32

B33

P34

Pisani P, Oliver WE, Parkin DM, Alvarez N,
Vivas J: Case-control study of gastric cancer
screening in Venezuela. Br | Cancer 1994;69:
1102-1105.

Inaba S, Hirayama H, Nagata C, Kurisu Y,
Takatsuka N, Kawakami N, Shimizu H:
Evaluation of a screening program on reduc-
tion of gastric cancer mortality in Japan: pre-
liminary results from a cohort study. Prev
Med 1999;29:102-106.

Mizoue T, Yoshimura T, Tokui N, Hoshiya-
ma Y, Yatsuya H, Sakata K, Kondo T, Kikuchi
S, Toyoshima H, Hayakawa N, Tamakoshi A,
Ohno Y, Fujino Y, Kaneko S: Prospective
study of screening for stomach cancer in Ja-
pan. Int ] Cancer 2003;106:103-107.

Miki K: Gastric cancer screening using the
serum pepsinogen test method. Gastric Can-
cer 2006;9:245-253.

Watabe H, Mitsushima T, Yamaji Y, Okamo-
to M, Wada R, Kokubo T, Doi H, Yoshida H,
Kawabe T, Omata M: Predicting the develop-
ment of gastric cancer from combining Heli-
cobacter pyloriantibodies and serum pepsin-
ogen status: a prospective endoscopic cohort
study. Gut 2005;54:764-768.

Fock KM, Talley N, Moayyedi P, Hunt R,
Azuma T, Sugano K, Xiao SD, Lam SK, Goh
KL, Chiba T, Uemura N, Kim JG, Kim N,
Ang TL, Mahachai V, Mitchell H, Rani AA,
Liou JM, Vilaichone RK, Sollano J: Asia-Pa-
cific consensus guidelines on gastric cancer
prevention. ] Gastroenterol Hepatol 2008;23:
351-365.

Wong BC, Lam SK, Wong WM, Chen ]S,
Zheng TT, Feng RE, Lai KC, Hu WH, Yuen
ST, Leung SY, Fong DY, Ho J, Ching CK,
Chen JS: Helicobacter pylori eradication to
prevent gastric cancer in a high-risk region
of China: a randomized controlled trial.
JAMA 2004;291:187-194.

Haruma K, Suzuki T, Tsuda T, Yoshihara M,
Sumii K, Kajiyama G: Evaluation of tumor
growth rate in patients with early gastric car-
cinoma of the elevated type. Gastrointest Ra-
diol 1991;16:289-292.

Takenaka R, Okada H, Kato J, Makidono C,
Hori S, Kawahara Y, Miyoshi M, Yumoto E,
Imagawa A, Toyokawa T, Sakaguchi K, Shi-
ratori Y: Helicobacter pylori eradication re-
duced the incidence of gastric cancer, espe-
cially of the intestinal type. Aliment Phar-
macol Ther 2007;25:805-812.

Take S, Mizuno M, Ishiki K, Yoshida T,
Ohara N, Yokota K, Oguma K, Okada H,
Yamamoto K: The long-term risk of gastric
cancer after the successful eradication of
Helicobacter pylori. ] Gastroenterol 2011;46:
318-324.

OguraK, Hirata Y, Yanai A, Shibata W, Ohm-
ae T, Mitsuno Y, Maeda S, Watabe H, Yamaji
Y, Okamoto M, Yoshida H, Kawabe T, Omata
M: The effect of Helicobacter pylori eradica-
tion on reducing the incidence of gastric can-
cer. ] Clin Gastroenterol 2008;42:279-283.

Naito et al.



P35

P36

B 37

P38

39

P40

P41

Lg'Y)

P43

LY

Ohata H, Kitauchis§, Yoshimura N, Mugitani
K, Iwane M, Nakamura H, Yoshikawa A,
Yanaoka K, Arii K, Tamai H, Shimizu Y,
Takeshita T, Mohara O, Ichinose M: Progres-
sion of chronic atrophic gastritis associated
with Helicobacter pylori infection increases
risk of gastric cancer. Int J Cancer 2004;109:
138-143.

Fukuda H, Saito D, Hayashi S, Hisai H, Ono
H, Yoshida S, Oguro Y, Noda T, Sato T, Katoh
M, et al: Helicobacter pylori infection, serum
pepsinogen level and gastric cancer: a case-
control study in Japan. Jpn ] Cancer Res
1995;86:64-71.

Mizuno S, Miki I, Ishida T, Yoshida M, Ono-
yama M, Azuma T, Habu Y, Inokuchi H,
Ozasa K, Miki K, Watanabe Y: Prescreening
of a high-risk group for gastric cancer by se-
rologically determined Helicobacter pylori
infection and atrophic gastritis. Dig Dis Sci
2010;55:3132-3137.

Inoue K, Fujisawa T, Haruma K: Assessment
of degree of health of the stomach by con-
comitant measurement of serum pepsinogen
and serum Helicobacter pylori antibodies.
Int J Biol Markers 2010;25:207-212.
GLOBOCAN 2008. International Agency
for Research on Cancer, 2008.

Winawer S, Fletcher R, Rex D, Bond J, Burt
R, Ferrucci J, Ganiats T, Levin T, Woolf S,
Johnson D, Kirk L, Litin S, Simmang C:
Colorectal cancer screening and surveil-
lance: clinical guidelines and rationale-up-
date based on new evidence. Gastroenterol-
ogy 2003;124:544-560.

Rhodes JM: Colorectal cancer screening in
the UK: joint position statement by the Brit-
ish Society of Gastroenterology, the Royal
College of Physicians, and the Association of
Coloproctology of Great Britain and Ireland.
Gut 2000;46:746-748.

Sung]JJ, Chan FK, Leung WK, WuJC,Lau Y,
ChingJ, To KF, Lee YT, Luk YW, Kung NN,
Kwok SP, Li MK, Chung SC: Screening for
colorectal cancer in Chinese: comparison of
fecal occult blood test, flexible sigmoidosco-
py; and colonoscopy. Gastroenterology 2003;
124:608-614.

Choe JW, Chang HS, Yang SK, Myung 5],
ByeonJS, Lee D, Song HK, Lee HJ, Chung EJ,
Kim SY, Jung HY, Lee GH, Hong WS, Kim
JH, Min YI: Screening colonoscopy in
asymptomatic average-risk Koreans: analy-
sis in relation to age and sex. ] Gastroen-
terol Hepatol 2007;22:1003-1008.

Chiu HM, Wang HP, Lee YC, Huang SP, Lai
YP, Shun CT, Chen MF, Wu MS, Lin JT: A
prospective study of the frequency and the
topographical distribution of colon neopla-
sia in asymptomatic average-risk Chinese
adults as determined by colonoscopic
screening. Gastrointest Endosc 2005;61:
547-553.

Gastrointestinal Tract Cancer Screening
in East Asian Countries

P45

P46

B 47

P43

P49

P50

P51

L 4:7)

B 53

B5q

P55

P56

Leung WK, Ho KY, Kim WH, Lau JY, Ong
E, Hilmi I, Kullavanijaya P, Wang CY, Li C],
Fujita R, Abdullah M, Tandon R, Sung JJ:
Colorectal neoplasia in Asia: a multicenter
colonoscopy survey in symptomatic pa-
tients. Gastrointest Endosc 2006;64:751~
759.

Allison JE, Sakoda LC, Levin TR, Tucker JP,
Tekawa IS, Cuff T, Pauly MP, Shlager L,
Palitz AM, Zhao WK, Schwartz JS, Ranso-
hoff DF, Selby JV: Screening for colorectal
neoplasms with new fecal occult blood tests:
update on performance characteristics. ]
Natl Cancer Inst 2007;99:1462-1470.
Morikawa T, Kato ], Yamaji Y, Wada R, Mit-
sushima T, Sakaguchi K, Shiratori Y: Sensi-
tivity of immunochemical fecal occult blood
test to small colorectal adenomas. Am ] Gas-
troenterol 2007;102:2259-2264.

Kronborg O, Fenger C, Olsen J, Jorgensen
OD, Sondergaard O: Randomised study of
screening for colorectal cancer with faecal-
occult-blood test. Lancet 1996;348:1467-
1471.

Hardcastle JD, Chamberlain JO, Robinson
MH, Moss SM, Amar SS, Balfour TW, James
PD, Mangham CM: Randomised controlled
trial of faecal-occult-blood screening for
colorectal cancer. Lancet 1996;348:1472—
1477.

Kronborg O, Jorgensen OD, Fenger C, Ras-
mussen M: Randomized study of biennial
screening with a faecal occult blood test: re-
sults after nine screening rounds. Scand J
Gastroenterol 2004;39:846-851.

Heresbach D, Manfredi S, D’Halluin PN,
Bretagne JF, Branger B: Review in depth and
meta-analysis of controlled trials on colorec-
tal cancer screening by faecal occult blood
test. Eur ] Gastroenterol Hepatol 2006;18:
427-433,

Lindholm E, Brevinge H, Haglind E: Surviv-
al benefit in a randomized clinical trial of
faecal occult blood screening for colorectal
cancer. Br ] Surg 2008;95:1029-1036.
Sanford KW, McPherson RA: Fecal occult
blood testing. Clin Lab Med 2009;29:523—
541.

Zheng S, Chen K, Liu X, Ma X, Yu H, Chen
K, Yao K, Zhou L, Wang L, Qiu P, Deng Y,
Zhang S: Cluster randomization trial of se-
quence mass screening for colorectal cancer.
Dis Colon Rectum 2003;46:51-58.
Imperiale TF, Wagner DR, Lin CY, Larkin
GN, Rogge JD, Ransohoff DF: Risk of ad-
vanced proximal neoplasms in asymptom-
atic adults according to the distal colorec-
tal findings. N Engl ] Med 2000;343:169—
174.

Levin TR, Farraye FA, Schoen RE, Hoff G,
Atkin W, Bond JH, Winawer S, Burt RW,
Johnson DA, Kirk LM, Litin SC, Rex DK:
Quality in the technical performance of
screening flexible sigmoidoscopy: recom-
mendations of an international multi-soci-
ety task group. Gut 2005;54:807-813.

4

» 53

P59

»60

L4t

P62

P63

P64

P65

P66

Segnan N, Senore C, Andreoni B, Azzoni A,
Bisanti L, Cardelli A, Castiglione G, Crosta
C, Ederle A, Fantin A, Ferrari A, Fracchia M,
Ferrero F, Gasperoni S, Recchia S, Risio M,
Rubeca T, Saracco G, Zappa M: Comparing
attendance and detection rate of colonosco-
py with sigmoidoscopy and fit for colorectal
cancer screening. Gastroenterology 2007;
132:2304-2312.

Lewis JD, Ng K, Hung KE, Bilker WB, Berlin
JA, Brensinger C, Rustgi AK: Detection of
proximal adenomatous polyps with screen-
ing sigmoidoscopy: a systematic review and
meta-analysis of screening colonoscopy.
Arch Intern Med 2003;163:413-420.

Betes Ibanez M, Munoz-Navas MA, Duque
M, Angos R, Macias E, Subtil JC, Herraiz M,
de la Riva S, Delgado-Rodriguez M, Marti-
nez-Gonzelez MA: Diagnostic value of distal
colonic polyps for prediction of advanced
proximal neoplasia in an average-risk popu-
lation undergoing screening colonoscopy.
Gastrointest Endosc 2004;59:634-641.
Atkin WS, Edwards R, Kralj-Hans I,
Wooldrage K, Hart AR, Northover JM, Par-
kin DM, Wardle J, Duffy SW, Cuzick J:
Once-only flexible sigmoidoscopy screen-
ingin prevention of colorectal cancer: a mul-
ticentre randomised controlled trial. Lancet
2010;375:1624-1633.

Lieberman DA, Weiss DG: One-time screen-
ing for colorectal cancer with combined fecal
occult-blood testing and examination of the
distal colon. N Engl ] Med 2001;345:555-
560.

Berhane C, Denning D: Incidental finding of
colorectal cancer in screening colonoscopy
and its cost effectiveness. Am Surg 2009;75:
699-703.

Weissfeld JL, Schoen RE, Pinsky PF, Bresa-
lier RS, Church T, Yurgalevitch S, Austin JH,
Prorok PC, Gohagan JK: Flexible sigmoidos-
copy in the PLCO cancer screening trial: re-
sults from the baseline screening examina-
tion of a randomized trial. ] Natl Cancer Inst
2005;97:989-997.

Segnan N, Senore C, Andreoni B, Aste H,
Bonelli L, Crosta C, Ferraris R, Gasperoni S,
Penna A, Risio M, Rossini FP, Sciallero S,
Zappa M, Atkin WS: Baseline findings of the
Italian multicenter randomized controlled
trial of ‘once-only sigmoidoscopy’ score. ]
Natl Cancer Inst 2002;94:1763-1772.

Van Rijn JC, Reitsma JB, Stoker ], Bossuyt
PM, van Deventer §J, Dekker E: Polyp miss
rate determined by tandem colonoscopy: a
systematic review. Am J Gastroenterol 2006;
101:343~350.

Rex DK, Petrini JL, Baron TH, Chak A, Co-
hen J, Deal SE, Hoffman B, Jacobson BC,
Mergener K, Petersen BT, Safdi MA, Faigel
DO, Pike IM: Quality indicators for colonos-
copy. Gastrointest Endosc 2006;63:516-528.

Digestion 2012;86:94-106

198

105



» 67

P68

69

Barclay RL, VicariJJ, Doughty AS, Johanson
JF, Greenlaw RL: Colonoscopic withdrawal
times and adenoma detection during screen-
ing colonoscopy. N Engl ] Med 2006;355:
2533-2541.

Harewood GC, Sharma VK, de Garmo P:
Impact of colonoscopy preparation quality
on detection of suspected colonic neoplasia.
Gastrointest Endosc 2003;58:76-79.

Marmo R, Rotondano G, Riccio G, Marone
A, Bianco MA, Stroppa I, Caruso A, Pan-
dolfo N, Sansone S, Gregorio E, D’Alvano G,
Procaccio N, Capo P, Marmo C, Cipolletta L:
Effective bowel cleansing before colonosco-
py: a randomized study of split-dosage ver-
sus non-split dosage regimens of high-vol-
ume versus low-volume polyethylene glycol
solutions. Gastrointest Endosc 2010;72:313-
320.

B 70

»71

B 72

Rex DK: Colonoscopic withdrawal tech-
nique is associated with adenoma miss rates.
Gastrointest Endosc 2000;51:33-36.

Singh H, Turner D, Xue L, Targownik LE,
Bernstein CN: Risk of developing colorectal
cancer following a negative colonoscopy ex-
amination: evidence for a 10-year interval
between colonoscopies. JAMA 2006;295:
2366-2373.

Brenner H, Chang-Claude J, Seiler CM, Stur-
mer T, Hoffmeister M: Does a negative
screening colonoscopy ever need to be re-
peated? Gut 2006;55:1145-1150.

106

Digestion 2012;86:94-106

199

73

B 74

B 75

Colorectal Cancer Screening. Recommenda-
tion statement from the Canadian task force
on preventive health care. CMA]J 2001;165:
206~-208.

Imperiale TE, Ransohoff DF, Itzkowitz SH,
Turnbull BA, Ross ME: Fecal DNA versus fe-
cal occultblood for colorectal-cancer screen-
ing in an average-risk population. N Engl |
Med 2004;351:2704-2714.

Ahlquist DA, Sargent DJ, Loprinzi CL, Levin
TR, Rex DK, Ahnen DJ, Knigge K, Lance MP,
Burgart L], Hamilton SR, Allison JE, Lawson
M], Devens ME, Harrington JJ, Hillman SL:
Stool DNA and occult blood testing for
screen detection of colorectal neoplasia. Ann
Intern Med 2008;149:441-450.

Naito et al.



Original Paper

Digestion 2012;86:136-146
DOI: 10.1159/000339778

Received: April 10, 2012
Accepted: May 27, 2012
Published online: July 27, 2012

Questionnaire-Based Survey Conducted in 2011
concerning Endoscopic Management of Barrett’s
Esophagus in East Asian Countries

Norihisa Ishimura® Yuji Amano® Jose D. Sollano¢ Qi Zhu¢ Udom Kachintorn®
Abdul AzizRanif Ki-Baik Hahm? Shin‘ichi Takahashi” Testuo Arakawa' Takashi Joh/
Takayuki Matsumoto®  Yuji Naito! Hidekazu Suzuki™ Fumiaki Ueno™ Shin Fukudo®
Yasuhiro Fujiwara’ Takeshi Kamiyal Kazuhiko Uchiyama' Yoshikazu Kinoshita?

The IGICS Study Group

aSecond Department of Internal Medicine, Shimane University School of Medicine, PDivision of Gastrointestinal
Endoscopy, Shimane University Hospital, lzumo, Japan; “Department of Medicine, University of Santo Tomas,
Manila, Philippines; Rui Jing Hospital, Shanghai Jiao Tong University Medical College and Shanghai Second
Medical University, Shanghai, China; ¢Division of Gastroenterology, Department of Internal Medicine, Faculty of
Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand; fDepartment of Internal Medicine, Faculty of
Medicine, Cipto Mangunkusumo Hospital and Indonesian University School of Medicine, University of Indonesia,
Jakarta, Indonesia; 9Lee Gil Ya Cancer and Diabetes Institute, Gachon University of Medicine and Science,
Incheon, South Korea; "The 3rd Department of Internal Medicine, Kyorin University School of Medicine, Tokyo,
iDepartment of Gastroenterology, Osaka City University Graduate School of Medicine, Osaka, iDepartment of
Gastroenterology and Metabolism, Nagoya City University Graduate School of Medical Sciences, Nagoya,
kDivision of Lower Gastroenterology, Department of Internal Medicine, Hyogo College of Medicine, Nishinomiya,
'Department of Molecular Gastroenterology and Hepatology, Kyoto Prefectural University of Medicine, Kyoto,

™ Division of Gastroenterology and Hepatology, Department of Internal Medicine, Keio University School of Medicine,
Tokyo, "Department of Medicine, Ofuna Chuo Hospital, Kamakura, and °Department of Behavioral Medicine,

Tohoku University Graduate School of Medicine, Miyagi, Japan

Key Words
Barrett’s esophagus - Diagnosis + Endoscopy

Abstract

Background/Aims: Endoscopic definitions and manage-
ment of Barrett’s esophagus vary widely among countries.
To examine the current situation regarding diagnosis, epide-
miology, management and treatment of Barrett’s esopha-
gus in East Asian countries using a questionnaire-based sur-
vey. Methods: Representative members of the Committee
of the International Gastrointestinal Consensus Symposium

developed and sent a questionnaire to major institutions in
China, South Korea, Japan, Thailand, Indonesia, and the Phil-
ippines. Results: A total of 56 institutions in the 6 countries
participated in the survey. We found that the presence of
specialized columnar metaplasia is considered to be impor-
tant for diagnosing Barrett’s esophagus in East Asian coun-
tries except for Japan. C&M criteria have not been well ac-
cepted in East Asia. The palisade vessels are mainly used as
a landmark for the esophagogastric junction in Japan. The
prevalence of long segment Barrett’s esophagus is extreme-
ly low in East Asia, while the prevalence of short segment
Barrett's esophagus is very high only in Japan, likely due to
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different diagnostic criteria. Conclusion: Among East Asian
countries, we found both similarities and differences regard-
ing diagnosis and management of Barrett’s esophagus. The
findings in the present survey are helpful to understand the
current situation of Barrett’s esophagus in East Asian coun-
tries. Copyright © 2012 S. Karger AG, Basel

Introduction

Barrett’s esophagus (BE) is thought to develop as a
complication of chronic gastroesophageal reflux disease
(GERD) and a major predisposing factor of esophageal
adenocarcinoma. An increase in patients with GERD has
been noted in recent years in Asia [1, 2], resulting in con-
cern that the incidence of BE and esophageal adenocarci-
nomas arising in BE could also increase in Asian coun-
tries. To date, the reported prevalence of BE is lower in
Asia in contrast to other parts of the world and most of
those cases are short segment BE (SSBE) [3-5], as com-
pared to long segment BE (LSBE), which is more com-
monly seen in Western countries. However, there is in-
creasing evidence that the prevalence of BE and Barrett’s
adenocarcinoma is gradually rising in some parts of Asia
[6]. Therefore, management of BE is a key issue in East
Asian countries, though the current situation regarding
the endoscopic management in each country is largely
unknown. Moreover, definitions, concepts and opinions
regarding BE vary widely among gastroenterologists and
endoscopists in different countries [7].

While BE is an increasingly significant health problem
worldwide, there remains a great deal of controversy, be-
cause of the absence of a universally and internationally
accepted definition and grading system [8]. Furthermore,
endoscopic landmarks for the esophagogastric junction
(EGJ) have not been standardized, thus there is signifi-
cant interobserver variability when determining the
length of BE [9, 10], resulting in a lack of credibility re-
garding the reported prevalence rates.

There is increasing evidence showing the effectiveness
of image-enhanced endoscopy (IEE), including narrow
band imaging (NBI) with magnification endoscopy, au-
tofluorescence imaging (AFI), and chromoendoscopy
[11, 12], for the diagnosis of BE and Barrett’s adenocarci-
noma. As compared with conventional white light endos-
copy with a blind four-quadrant biopsies as recommend-
ed by the American College of Gastroenterology (ACG)
[13], the use of IEE may improve detection of subtle mu-
cosal irregularities and facilitate targeted biopsies [14].

Management of Barrett’s Esophagus in
East Asia

However, whether these modalities are readily available
in all parts of East Asia is unknown.

The rising incidence of Barrett’s adenocarcinoma has
focused attention on preventing cancer by removing dys-
plasia and allowing normal squamous esophageal mu-
cosa to regenerate. As a result, endoscopic esophageal
mucosal ablative techniques, such as radiofrequency ab-
lation (RFA), photodynamic therapy (PDT), and cryo-
therapy, have been utilized for advanced Barrett’s lesions
especially in Western countries [15-17]. Additionally, en-
doscopic mucosal resection techniques for dysplastic
lesion in BE, such as endoscopic submucosal dissection
(ESD) and endoscopic mucosal resection (EMR), have
been employed to achieve potentially curative removal of
Barrett’s mucosa, which also allows for histological ex-
aminations of resected specimens and reduces morbidity
associated with surgical esophagectomy [18, 19]. Howev-
er, there is scant information regarding which techniques
endoscopists most often choose for treatment of high
grade dysplasia and mucosal cancer in patients with BE
in various countries.

The aim of this study was to examine the current situ-
ation regarding diagnosis, epidemiology, management,
and treatment of BE in East Asian countries by means of
a questionnaire-based survey. In addition, differences
and problems regarding management of such cases that
exist among the queried countries were also analyzed.

Subjects and Methods

Subjects

Gastroenterologists and endoscopists at major institutions in
China, South Korea, Japan, Thailand, Indonesia, and the Philip-
pines participated in this survey. Only one gastroenterologist in
each institution was expected to answer a questionnaire regard-
ing endoscopic management of BE as the representative opinion
of each institution.

Methods

This is the first questionnaire-based survey concerning endo-
scopic management of BE and Barrett’s adenocarcinoma con-
ducted by the International Gastrointestinal Consensus Sympo-
sium (IGICS), which is the international section of the Japanese
Gastroenterological Association. Representative members from
the IGICS committee provided a questionnaire to major institu-
tions in each country, starting at the beginning of July 2011. Re-
sponses were collected until the end of December 2011. Each con-
tained 33 questions focused on the following items: (1) diagnosis
of BE; (2) epidemiology of BE and Barrett’s adenocarcinoma; (3)
management of BE; (4) advanced endoscopic imaging for diagno-
sis of BE, and (5) treatment of dysplastic lesions of BE. The con-
tents of the questionnaire are described in the Appendix.
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Table 1. Participating institutions

Country " N;imber , Cases ydf‘ EGD in moks,t\;rfece,nyti year

<1,000  1,000-5000  >5000

China 6

0 2 4
Korea 10 0 0 10
Japan 15 0 7 8
Thailand 7 1 5 1
Indonesia 6 5 1 0
Philippines 12 4 8 0
Total 56 10 23 23

Table 2. Criteria used for diagnosis of Barrett’s esophagus

Country  Criteria for diagnosis of Barrett's esophagus

double

k squamous esophageal

~ islands  glands proper layer of MM
China 100 83.3 83.3 16.7
Korea 100 60.0 10.0 10.0
Japan 40.0 93.3 33.3 333
Thailand 100 85.7 42.9 14.3
Indonesia 50.0 100 50.0 0
Philippines 91.7 91.7 41.7 8.3

We asked about the usage of criteria for diagnosis of Barrett’s
esophagus, with the following presented as options: specialized
columnar epithelium (SCE), squamous islands confirmed by
endoscopy, esophageal glands proper, and double layer of
muscularis mucosae (MM) shown by histology. Values shown
indicate the percentage of institutions using the indicated criteria
in each country.

Table 3. Landmarks using to identify the EG]

China 0 16.7 83.3
Korea 10.0 10.0 80.0
Japan 133 60.0 26.7
Thailand 50.0 0 50.0
Indonesia 16.7 0 83.3
Philippines 10.0 10.0 80.0

We asked about endoscopic landmarks used to identify the
esophagogastric junction (EGJ) in each country, with the follow-
ing presented as options: upper end of gastric folds, lower end
of esophageal palisade vessels, and both. Values shown indicate
the percentage of institutions using the indicated landmarks.

138 Digestion 2012;86:136-146

Results

Participating Institutions

In total, 56 institutions in 6 countries participated in
this survey. The numbers of participating institutions in
each country and cases of esophago-gastric-duodenosco-
py (EGD) encountered in the most recent year are shown
in table 1. More than 3,000 EGD examinations were per-
formed in the most recent year at over the half of the sur-
veyed institutions.

Diagnosis of BE

The definition of BE differs throughout the world [7,
20]. To elucidate current opinions regarding its definition
in East Asia, we enquired about the use of criteria for di-
agnosis of BE, with the following 4 presented as options;
specialized columnar epithelium (SCE), squamous is-
lands confirmed by endoscopy, esophageal glands prop-
er, and double layer of muscularis mucosae (MM) shown
by histology findings. In terms of SCE, the percentage of
institutions using the presence of SCE as a criterion was
below 50% only in Japan (table 2), while the majority of
endoscopists in the other countries accepted that for di-
agnosis of BE. Notably, the presence of squamous islands
in columnar epithelium confirmed by endoscopy was ac-
cepted for diagnosis of BE in all of the surveyed countries.
On the other hand, evidence of esophageal glands proper
confirmed by histology was thought to be not suitable for
diagnosis of BE in all except China. Likewise, a double
layer of MM was thought to be unfitted for diagnosis of
BE in all of the surveyed countries.

The next important issue is endoscopic classification of
BE. The Prague C&M criteria were proposed in 2004 as a
universal standard for endoscopic diagnosis of BE [21].
However, there is no information regarding whether those
are widely used for endoscopic diagnosis of BE in East
Asia. Thus, we asked about the use of the C&M criteria in
each country. As shown in figure 1, C&M criteria are not
used as the primary standard for endoscopic diagnosis of
BE in any of the countries. Moreover, 10-20% or more of
endoscopists in the participating institutions did not even
know those criteria. In the C&M criteria, the proximal
end of the gastric folds is considered to be the primary
landmark for the EGJ, while another available landmark
is the esophageal palisade vessels [22]. Thus, we also asked
about the endoscopic landmark used to identify the EGJ
in each country. Both the gastric folds and palisade vessels
were used for identification of the EGJ in most of the sur-
veyed countries (table 3). Interestingly, the palisade vessels
are used as the main landmark only in Japan.

Ishimura et al.
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China Korea Japan

Thailand Indonesia Philippines

B Yes (%) 1 No A | don't know C&M criteria

Fig. 1. Use of C&M criteria for endoscopic diagnosis of Barrett’s
esophagus. We asked about use of the C&M criteria in each coun-
try and the answers for each country are presented as a pie chart.
Numbers indicate the percentage of institutions using these cri-
teria.

BE is subdivided into LSBE and SSBE. Although this
is an arbitrary distinction stemming from the origin of
BE, it has important clinical relevance. Thus, we asked
regarding the definition of LSBE. In Japan and Indonesia,
a greater than 3 cm circumferential length is thought to
be necessary to define LSBE, while in the other countries,
a greater than 3 cm maximal length is considered to be
sufficient (table 4). These findings reveal different opin-
ions regarding the definition of LSBE among East Asian
countries.

Epidemiology of BE and Barrett’s Adenocarcinoma

The reported prevalence of BE in Asian counties is low
as compared to Western countries. To clarify the current
situation regarding prevalence of BE in East Asia, we asked
about the prevalence of the disease in each institution. In
about 80% of the responding institutions, fewer than 10
patients were diagnosed as having LSBE in a single year
and the differences among the countries were not large
(fig. 2a). Similarly, in over 90% of the institutions, fewer
than 10 patients were newly diagnosed with LSBE in a sin-
gle year (fig. 2b). Consistent with previously published data
[5], the number of SSBE patients was much higher in Japan
than in the other East Asian countries (fig. 3a, b).

Management of Barrett’s Esophagus in
East Asia

Table 4. Definition of LSBE

Country : : ’Deﬁnit‘ion of L:SBE'
. ;‘ciir‘qir‘ﬁfetet;ﬁaﬂl)%}?»'c,m ~ maximally >3 cm

China 333 66.7

Korea 20.0 80.0

Japan 733 267

Thailand 14.3 85.7

Indonesia 80.0 20.0

Philippines 0 100

We asked about the definition of long segment Barrett’s
esophagus (LSBE) used in each country, with the following
presented as options: circumferentially greater than 3 cm,
maximally greater than 3 cm, and others. Values shown indicate
the percentage of institutions using the indicated definition.

Subsequently, we sought to clarify the current situation
regarding the prevalence of Barrett’s adenocarcinoma. In
most of the institutions, fewer than 5 patients were diag-
nosed with Barrett’s adenocarcinoma in a single year
(fig. 4). Since more than 3,000 EGD examinations were
performed in that year at over half of the institutions, the
prevalence of Barrett’s adenocarcinoma is considered to
be extremely low in East Asia. In Asian countries, the ma-
jority of esophageal cancer cases are squamous cell carci-
noma. Although the number of reports is few, some recent
studies have shown the incidence of Barrett’s adenocarci-
nomain Asia is rising [6]. To elucidate the ratio of Barrett’s
adenocarcinoma among all cases of esophageal cancer in
East Asia, we asked regarding the ratio of Barrett’s adeno-
carcinoma among esophageal cancer cases. Table 5 shows
the frequency of Barrett’s adenocarcinoma among total
cases of esophageal cancer. In China, Korea, Japan, and
Thailand, the frequency of Barrett’s adenocarcinoma is
below 5% of all esophageal cancer cases. In contrast, in
Indonesia and the Philippines, the percentage is more
than 10% of total esophageal cancer cases at 80 and 38%,
respectively, of the queried institutions in those countries.

Management of BE

Current guidelines from the ACG recommend endo-
scopic surveillance with four-quadrant biopsies to detect
dysplastic lesions of BE, termed the ‘Seattle biopsy proto-
col’, as a more effective surveillance method has not been
established [13, 23]. However, a number of limitations in-
cluding sampling error, and time- and cost-effectiveness
have been reported [24, 25]. To elucidate the current situ-
ation regarding surveillance programs for BE in East

Digestion 2012;86:136-146 139
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Fig. 2. Prevalence of LSBE in most recent year in each country. We asked about the prevalence of LSBE in the
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Fig. 3. Prevalence of SSBE in most recent year in each country. We asked about the prevalence of SSBE in the
most recent year in each country and the findings are presented as a distribution chart. a The approximate
numbers of cases diagnosed with SSBE in the most recent year are shown on the vertical axis, with each coun-
try placed on the horizontal axis. b Number of patients newly diagnosed with SSBE.

Asia, we asked about use of the Seattle biopsy protocol for
endoscopic surveillance of BE. The answers showed that
the protocol is utilized in around 30% of the institutions
in most of the queried countries (fig. 5). However, none
of the queried institutions in Japan use this protocol.
Currently, management of BE is focused on treating
reflux and managing the risk of cancer development. Re-
flux control is achieved by acid suppression with proton
pump inhibitors (PPIs) [26, 27] or surgery. Since epidemi-
ology studies have shown that patients receiving chronic

140 Digestion 2012;86:136-146

NSAID administration have about half the rate of esoph-
ageal cancer, as compared with the general public [28],
NSAID use has been postulated to diminish the inci-
dence of BE or at least delay its progression to cancer.
Thus, we sought to elucidate the current situation regard-
ing management of BE by use of these drugs. Except for
1 institution, PPIs are administered for patients with BE
in all of the queried countries. In about half of the institu-
tions, PPIs are administered for reflux symptoms, while
they are administered for both reflux symptoms and pre-

Ishimura et al.
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Fig.4.Prevalence of Barrett’s adenocarcinoma in most recent year
in each country. We asked about the prevalence of Barrett’s ade-
nocarcinoma in the most recent year in each country and the
findings are presented as a distribution chart. The approximate
numbers of cases diagnosed with Barrett’s adenocarcinoma in the
most recent year are shown on the vertical axis, with each country
placed on the horizontal axis.

Table 5. Frequency of Barrett’s adenocarcinoma

Country

China 3 (60) 2 (40) 0 0
Korea 8 (80) 2 (20) 0 0
Japan 8 (53) 5(33) 2(13) 0
Thailand 3 (60) 2 (40) 0 0
Indonesia 1 (20) 0 0 4 (80)
Philippines 1(13) 4 (50) 0 3(38)

Values shown indicate the number (%) of institutions in each
country.

venting dysplastic progression in the other half (online
suppl. fig. SI; for all online supplementary material, see
www.karger.com/doi/10.1159/000339778). In contrast to
PPIs, NSAIDs are not administered for patients with BE
in most of the surveyed institutions, except for 2. In re-
gard to PPIs and NSAIDs for patients with BE, there were
no significant differences among the countries.

Management of Barrett’s Esophagus in
East Asia

Fig. 5. Use of Seattle biopsy protocol for endoscopic surveillance
of Barrett’s esophagus. We asked about the use of the Seattle bi-
opsy protocol for endoscopic surveillance of Barrett’s esophagus
in each country and the answers are presented as a pie chart.
Numbers indicate the percentage of institutions using this proto-
col.

Advanced Endoscopic Imaging for Diagnosis of BE

Next, we enquired about the availability and useful-
ness of IEE procedures for diagnosis of Barrett’s adeno-
carcinoma in each country. Although NBI is widely used
in most Asian countries, other modalities are not (ta-
ble 6). Moreover, NBI is thought to be the most useful
modality for such a diagnosis among IEE procedures,
while chromoendoscopy is also thought to be useful (ta-
ble 7). On the other hand, AFI and acetate-enhanced en-
doscopy are thought to be less useful than the other mo-
dalities.

Treatment of Dysplastic Lesions of BE

Finally, we asked about current opinions regarding
treatment of high-grade dysplasia and mucosal carcino-
ma in BE in each country. As shown in figure 6, endo-
scopic treatment is well accepted for high-grade dyspla-
sia and mucosal carcinoma in BE in all of the surveyed
countries. Then, we asked an additional question about
the indication of endoscopic treatment for dysplastic le-
sions in BE. Although many of the endoscopists left this
answer blank, intramucosal cancer is thought to be an
indication for endoscopic treatment in 30 to 70% of the
institutions, except for those in Indonesia (online suppl.

Digestion 2012;86:136-146 141
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China Korea Japan

Thailand Indonesia

Philippines

B Yes (%) 1 No E Others or no answer

Table 6. Experience with usage of advanced endoscopic imaging
for diagnosis of Barrett’s esophagus

Country End‘o‘s’copi‘q mddaliﬁes, : : ,

: NB’I‘ , N "a‘ceta,‘te 5y ‘:chrg’)’n‘io{: :

o ~ enhanced  endoscopy
China 33.3 0 16.7 50.0
Korea 80.0 30.0 10.0 20.0
Japan 80.0 0 20.0 26.7
Thailand 57.1 0 0 28.6
Indonesia 100 16.7 16.7 83.3
Philippines 91.7 0 0 36.4

We asked about experience with usage of advanced endoscopic
imaging for diagnosis of Barrett’s esophagus in each country.
Values shown indicate the percentage of institutions using the
indicated modality. NBI = Narrow band imaging; AFI =
autofluorescence imaging.

Fig. 6. Indication of endoscopic treatment for high grade dysplasia
and mucosal carcinoma related to Barrett’s esophagus. We asked
whether the endoscopists in each country agree that endoscopic
treatment is suitable for high-grade dysplasia and mucosal carci-
noma related to Barrett’s esophagus and the answers are present-
ed as a pie chart for each country. Numbers indicate the percent-
age of institutions who consider endoscopic treatment acceptable
for high-grade dysplasia and mucosal carcinoma related to Bar-
rett’s esophagus.

fig. S2). We also asked about the appropriate treatment
modality for endoscopic treatment of dysplastic lesions
of BE and found that modalities considered to be appro-
priate differ among the countries. ESD is thought to be
the most appropriate in Korea, and Japan, while RFA is
considered to be more appropriate in Thailand (online
suppl. fig. S3).

Discussion

This is the first multinational investigation of East
Asian countries to address various aspects of BE. Here,
we intend to provide a point-by-point discussion of the
current diagnosis, epidemiology, management, and treat-
ment of BE based on responses from major institutions in
East Asian countries to a questionnaire-based survey.

The definitions of BE vary widely among different
countries. For example, in the United States, BE is de-
fined as metaplastic replacement of any length of the
esophageal epithelium that is confirmed to have special-
ized intestinal metaplasia in biopsy findings [13]. On the
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Table 7. Usefulness of advanced endoscopic imaging for diagnosis
of Barrett’s adenocarcinoma

enhanced endoscopy

83.3 33.3

China 50.0 66.7
Korea 60.0 30.0 10.0 20.0
Japan 66.7 20.0 20.0 46.7
Thailand 71.4 0 28.6 85.7
Indonesia 100 50.0 80.0 100

Philippines 83.3 25.0 36.4 72.7

We asked regarding opinions about the effectiveness of each
endoscopic modality for diagnosis of Barrett’s adenocarcinoma in
each country. Values shown indicate the percentage of institutions
that consider that the indicated modality is effective for diagnosis
of Barrett’s adenocarcinoma. NBI = Narrow band imaging; AFI =
autofluorescence imaging.

other hand, in the United Kingdom [29] and Japan [30],
BE is defined simply as columnar lined esophagus with
or without intestinal metaplasia. Thus, one of the most
important issues regarding diagnosis of BE is whether the
presence of intestinal metaplasia is required. In the pres-
ent survey, the presence of SCE is considered to be impor-
tant for diagnosing BE in East Asian countries, except for
Japan. The Japan Esophageal Society defines BE as hav-
ing at least one of the following pathological findings: (1)
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esophageal glands or ducts beneath the overlying colum-
nar epithelium; (2) squamous epithelial islands located in
the columnar epithelium, and (3) double layers of muscu-
laris mucosa beneath the overlying columnar epithelium
[30]. Thus, Japanese endoscopists may attach less impor-
tance to the presence of SCE. Notably, the presence of
squamous islands in columnar epithelium confirmed by
endoscopy was accepted for diagnosis of BE in all of the
surveyed countries. Recently, we reported that endoscop-
ic identification of squamous islands by NBI was helpful
to improve diagnostic concordance of SSBE [31]. Endo-
scopic diagnosis of SSBE by identification of squamous
islands in columnar mucosa may also be beneficial be-
cause it can reduce the risk of complications, such as
bleeding.

According to a validation study, the C&M criteria have
a high overall validity for endoscopic assessment of visu-
alized BE length [32]. However, the co-efficient was less
valid in that study in cases with columnar epithelial lin-
ing less than 1 cm. Low diagnostic concordance was also
consistently found for BE with a length of less than 1 cm
among Asian endoscopists [33]. These findings compli-
cate the universal standardization of endoscopic diagno-
sis of BE, because most cases of BE in Asian countries are
less than 1 cm in length. Not surprisingly, awareness of
the C&M criteria for endoscopic diagnosis of BE was
shown to be inadequate in East Asian countries. In Japan,
the distal end of the esophageal palisade vessels is fre-
quently used as a landmark for the EG] and has been pro-
posed by the Japan Esophageal Society [30]. Therefore,
Japanese endoscopists prefer to use the palisade vessels to
define the EGJ. In contrast, most of the institutions que-
ried use both landmarks for the definition of EGJ. While,
in the case of SSBE, the ratio of using the esophageal pal-
isade vessels as a primary landmark for EGJ are increased
nearly a third of institutions (data not shown). In addition
to the low diagnostic concordance in SSBE, the proximal
end of gastric folds is frequently unable to recognize in
patients with severe atrophic gastritis by Helicobacter py-
lori infection which is well known to be more prevalent
in Asian than in Western countries. Therefore, the distal
end of palisade vessels may be easier to identify EGJ in the
case of SSBE with H. pylori infection, although it remains
controversial which landmark to use for the endoscopic
diagnosis of SSBE [9, 10]. A new modification of the C&M
criteria may be necessary for more accurate and suitable
use in patients with SSBE.

Consistent with previously published findings, LSBE
prevalence is extremely low in East Asia, while that of
SSBE is very high only in Japan. These differences may be

Management of Barrett’s Esophagus in
East Asia

caused by different definitions used for the EGJ and BE.
In contrast, the survey results indicated that the inci-
dence of Barrett’s adenocarcinoma may be rising in Indo-
nesia and the Philippines. Moreover, the ratio of Barrett’s
adenocarcinoma among all cases of esophageal cancer
has increased to over 10% in Indonesia and the Philip-
pines, while that remains below 5% in the other surveyed
countries. Although the precise rate of incidence in each
of the surveyed countries remains vague, these differenc-
es may be caused by genetic or racial differences as well
as lifestyle factors such as abdominal adiposity.

Our findings indicate that most endoscopists in East
Asian countries do not follow the endoscopic surveil-
lance program including four quadrant biopsies every 2
cm of the BE segment (Seattle protocol) as recommended
by the American gastroenterology society [13, 34]. Nota-
bly, none of the institutions in Japan conduct this proto-
col. Adherence to the Seattle protocol has been reported
to be insufficient also in Western countries. An Ameri-
can study using a national community-based pathology
data base, adherence to Seattle protocol was found only
51% [35], which was slightly higher than that in this study.
Consistently, according to several survey studies, only
41-77% of endoscopists adhere to the protocol in clinical
practice [36-38]. These data indicate that endoscopists in
Western countries often do not follow the recommended
biopsy protocol, which is labor-intensive and tedious.
Moreover, repeated biopsies can result in scars in the
esophageal mucosa and hamper endoscopic therapy, such
as ESD. Therefore, techniques to improve the efficacy of
screening and surveillance strategies are highly desirable.
Recently, international, randomized, crossover trial com-
paring white light endoscopy using Seattle protocol and
NBI with targeted biopsies was conducted [14]. The re-
sults of this study showed that NBI with targeted biopsies
could have the same detection rate of intestinal metapla-
sia as white light endoscopy using Seattle protocol, while
fewer biopsies. In addition, NBI with targeted biopsies
can detect more areas with dysplasia. Collectively, NBI
with targeted biopsies may be a new standard protocol to
improve the efficiency of current endoscopic screening
and surveillance practice in patients with BE and also re-
duce costs.

The present survey findings show that NBI is now
widely available in East Asian countries and this modal-
ity is thought to be most useful for detection of Barrett’s
adenocarcinoma among the queried endoscopists. Al-
though some endoscopic classifications have been pro-
posed for NBI findings [39, 40], they are too complicated
to become universally standardized and a simpler clas-
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sification is necessary for effective surveillance of BE, es-
pecially for less experienced endoscopists.

In this survey, most endoscopists in East Asia accepted
endoscopic treatment for high-grade dysplasia and mu-
cosal cancer related to BE. However, available techniques
vary widely among countries. As compared to Western
countries, endoscopists in East Asia, especially Korea and
Japan, tend to avoid ablation therapies, such as RFA,
which are not able to histologically assess the depth of
dysplastic lesion and effectiveness of the therapy. Al-
though endoscopists currently have a variety of tech-
niques to choose from when treating BE with dysplasia,
there are numerous issues that remain to be solved. In-
deed, most of the concerns for the endoscopic manage-
ment were related to the endoscopic therapy for dysplastic
lesions of BE, including appropriate indication, evalua-
tion of depth of invasion, selection of the endoscopic pro-
cedure, and management after therapy (response to Q33).
Standardization of the various classification systems as
well as incorporation of techniques into a simply man-
aged unit that is cost-effective and less time-consuming
should eventually lead to widespread availability in East
Asian countries.

There are some limitations in this study. First, the
number of participating institutions may not be large
enough to reflect the major opinions in each country.
Moreover, there were differences in the number of par-
ticipating institutions among surveyed countries. There-
fore, selection bias may affect the present results. Second,
responses to the questionnaire were collected by institu-
tion, not by endoscopists. However, each endoscopist in
the same institution may have different opinion regard-
ing endoscopic management of Barrett’s esophagus.
Third, the present study relied on a questionnaire-based
survey answered by institutions, so the data are not rep-
resentative of the patient’s perspective precisely, particu-
larly with the respect to the epidemiology of BE and Bar-
rett’s adenocarcinoma. These limitations necessitate fu-
ture studies to validate, although the present study gives
important information for understanding the opinion re-
garding the management of BE in each country.

In conclusion, we attempted to clarify differences
among institutions in East Asian countries in regard to
endoscopic management of BE and Barrett’s adenocar-
cinoma. Among the countries queried, there were both
similarities and differences regarding diagnosis and
management of BE, with the different opinions regarding
diagnosis of BE between Japan and other East Asian
countries notable. This survey reveals important infor-
mation about the current situation as well as problems
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related to endoscopic management in East Asian coun-
tries. However, a number of unresolved issues in manage-
ment of BE remain and further investigation is needed to
determine the best strategy for affected patients in East
Asia.
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Appendix

Questionnaire used in the present survey

Q1 Please describe your country.

Q2 How many patients are investigated by esophago-gastro-
duodenoscopy (EGD) in a recent year at your institution?
______patient/year

Q3 Do you use the following criteria for the diagnosis of Barrett’s
esophagus?

1. Specialized intestinal metaplasia (biopsy) Yes or No
2. Squamous island in columnar epithelium (endoscopy) Yes or No
3. Esophageal proper gland (histology) Yes or No
4. Double layer of muscularis mucosae (histology) Yes or No

Q4 Do you use C&M criteria for the endoscopic diagnosis of Barrett’s
esophagus?
Yes or No or I do not know C&M criteria

Q5  How do you define long segment Barrett’s esophagus (LSBE)?
> circumferentially 3 cm or > maximally 3 cm or others (describe
your definition)

Q6 How many LSBE patients do you diagnose in a recent year at your

institution? patient/year

Q7 How many new LSBE patients do you diagnose in a recent year at
your institution? patient/year

Q8 How many SSBE patients do you diagnose in a recent year at your
institution? patient/year

Q9 How many new SSBE patients do you diagnose in a recent year at
your institution? patient/year

Do you think that LSBE is increasing at your institution?

Yes or No

Q10

Ql1

Do you think that SSBE is increasing at your institution?
Yes or No

Q12 How many Barrett’s adenocarcinoma do you diagnose in a recent
y y g
year at your institution?

Yes or No

Q13

What percent of total esophageal carcinoma is Barrett’s
adenocarcinoma at your institution? %

Do you think that Barrett’s adenocarcinoma is increasing at your
institution?

Yes or No or I do not know

Ql4

Q15 What kind of the endoscopic landmark do you use to identify the
esophago-gastric junction (EGJ)?
The upper end of gastric folds or the lower end of esophageal

palisade vessels or both or neither (describe your landmark)
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Q16 If your answer ‘Both’ in Q15: Q23 Do you think that NBI endoscopy is useful for the diagnosis of
What kind of the endoscopic landmark do you use to identify the Barrett’s carcinoma?
EG]J in case with LSBE? Yes or No or I do not know
The upper end of gastric folds or the lower end of esophageal Q24 Have you used autofluorescence image (AFI) endoscopy for the
pahsade. vessels or both or x?elther (describe your landmark? diagnosis of Barrett’s esophagus?
What kind of the endoscopic landmark do you use to identify the Yes or No
EG]J in case with SSBE? - - - - >
The upper end of gastric folds or the lower end of esophageal Q25 Do you thl?k AFI endoscopy is useful for the diagnosis of Barrett’s
palisade vessels or both or neither (describe your landmark) carcinomas
" . S Yes or No or I do not know
Q17 Isthe endoscopic surveillance for Barrett’s esophagus by Seattle - -
biopsy protocol performed at your institution? Q26 Have you used acetate-enhanced endoscopy for the diagnosis of
Yes or No Barrett’s esophagus?
Y N
Q18 Do you think that specialized columnar epithelium is important in sor 0. -
the surveillance? Q27 Do you think that a’cetate—‘enhanced endoscopy is useful for the
Yes or No diagnosis of Barrett’s carcinoma?
- — " Yes or No or I do not know
Q19 Do you think that specialized columnar epithelium is important as a - - -
marker of highly risky precancerous lesion of Barrett’s Q28 Have you used chromoendoscopy for the diagnosis of Barrett’s
adenocarcinoma? esophagus?
Yes or No Yes or No
Q20 Do you administer PPI for patients with Barrett’s esophagus? Q29 Do you think' that chromoendoscopy is useful for the diagnosis of
No Barrett’s carcinoma?
Yes, I administer PPI for reflux symptoms Yes or No or I do not know
Yes, I administer PPI for preventing dysplastic progression Q30 Do you agree _that the endoscopic. treatment is suitable for high-
Yes, I administer PPI for preventing dysplastic progression, only grade dysplasia and mucosgl carcinoma of Barrett’s esophagus?
when patients have dysplastic Barrett’s esophagus Yes or No or others (describe reason)
Yes, I administer PPI both for reflux symptoms and for preventing Q31 Ifyou answer ‘Yes’ in Q30:
dysplastic progression What is your indication for the endoscopic treatment?
Yes, for other reasons (describe your reason of PPI administration) Q32 Ifyou answer ‘Yes' in Q30:
Q21 Do you administer aspirin/NSAIDs to patients with Barrett’s Which endoscopic treatment is considered to be the most
esophagus? appropriate one?
No Endoscopic mucosal resection (EMR)
Yes, [ administer aspirin/NSAIDs for preventing dysplastic Endoscopic submucosal dissection (ESD)
progression Radiofrequency ablation
Yes, I administer aspirin/NSAIDs for preventing dysplastic Cryo ablation
Do s ressons (descrie yous temon of s NSATDS Photodynamic therapy
e . Y P Electrocoagulation
administration) .
- Argon plasma ablation
Q22 Have you used narrow band image (NBI) endoscopy for the .
; . N Others (describe)
diagnosis of Barrett’s esophagus? -
Yes or No Q33 Are there any concerns for the endoscopic management of Barrett’s
esophagus and/or Barrett’s adenocarcinoma?
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Gackyound: Helicobacter pylori VacA receptor(s) responsible for apoptotic cell death and autophagy has not been

Results: VacA-induced autophagy via low-density lipoprotein receptor-related protein-1 (LRP-1) binding precedes apoptosis.
Conclusion: LRP1 mediates VacA-induced autophagy and apoptosis.
Significance: This study identified LRP1 as a VacA receptor associated with toxin-induced autophagy and apoptosis and

J

In Helicobacter pylori infection, vacuolating cytotoxin
(VacA)-induced mitochondrial damage leading to apoptosis is
believed to be a major cause of cell death. It has also been pro-
posed that VacA-induced autophagy serves as a host mechanism
to limit toxin-induced cellular damage. Apoptosis and
autophagy are two dynamic and opposing processes that must
be balanced to regulate cell death and survival. Here we identify
the low-density lipoprotein receptor-related protein-1 (LRP1)
as the VacA receptor for toxin-induced autophagy in the gastric
epithelial cell line AZ-521, and show that VacA inteinalization
through binding to LRP1 regulates the autophagic process
including generation of LC3-II from LC3-1, which is involved in
formation of autophagosomes and autolysosomes. Knockdown
of LRP1 and Azg5 inhibited generation of LC3-II as well as cleav-
age of PARP, a marker of apoptosis, in response to VacA,
whereas caspase inhibitor, benzyloxycarbonyl-VAD-fluoro-
methylketone (Z-VAD-fmk), and necroptosis inhibitor, Necro-
statin-1, did not inhibit VacA-induced autophagy, suggesting
that VacA-induced autophagy via LRP1 binding precedes apo-
ptosis. Other VacA receptors such as RPTPa, RPTPB, and
fibronectin did not affect VacA-induced autophagy or apopto-
sis. Therefore, we propose that the cell surface receptor, LRP1,
mediates VacA -induced autophagy and apoptosis.
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Helicobacter pylori colonizes more than half the world’s popu-
lation. Although persistent infection by H. pylori is accepted as a
major cause of gastroduodenal diseases (e.g. peptic ulcer disease,
gastric lymphoma, gastric adenocarcinoma), the responsible cel-
lular pathways have not been defined. Variation in manifestations
of H. pylori infection in different populations suggests differences
in virulence of strains, host genetic susceptibility, and responses to
environmental factors. Many H. pylori strains isolated from patients
contain the cagA gene (cytotoxin-associated gene A) as well as pro-
duce the vacuolating cytotoxin, VacA. Additional H. pylori products,
including urease, OipA, adhesins, heat-shock protein, and lipopoly-
saccharide appear to be involved in virulence (1, 2).

Interestingly, VacA causes epithelial damage in mouse mod-
els both when given orally as a single agent (3) and when deliv-
ered by a toxigenic strain of H. pylori during gastric infection (4,
5). In vitro, VacA is internalized by endocytosis (6), which is
inhibited by CagA (7, 8), and exerts multiple effects on suscep-
tible cells, including vacuolation and mitochondrial damage,
leading eventually to apoptosis (9 —13). In addition, VacA forms
hexametric pores, followed by endocytosis and processing into
late-endosomal compartments (14), which then undergo
osmotic swelling to become large acidic vacuoles. Although
vacuolation is the most obvious effect of VacA in vitro, it is not
as obvious in vivo. The pleiotropic effects of VacA appear to
result from activation of different signal transduction pathways
through binding to several epithelial cell receptors, e.g. receptor
protein-tyrosine phosphatase (RPTP)*> B and a (15, 16),
fibronectin (FN) (17), sphingomyelin (18).

3 The abbreviations used are: RPTP, receptor protein-tyrosine phosphatase;
LRP1, low-density lipoprotein receptor-related protein; NPPB, 5-nitro-2-(3-
phenylpropylamino)benzoic acid; DIDS, 4,4'-diisothiocyanostibene-2,2'-
disulfonic acid; MAA, Maackia amurensis; FN, fibronectin; Z, benzyloxycar-
bonyl; fmk, fluoromethyl ketone; PARP, poly(ADP-ribose) polymerase.

VOLUME 287 +NUMBER 37+SEPTEMBER 7, 2012

211



LRP1 Mediates VacA-induced Autophagy and Apoptosis

VacA enhanced tyrosine phosphorylation of the G protein-
coupled receptor kinase-interactor 1 (Gitl) as did pleiotrophin,
an endogenous ligand of RPTPS (19). Oral administration of
VacA to wild-type mice, but not to RPTPB knock-out mice,
resulted in gastric ulcer. However, cells lacking RPTPS were
able to internalize VacA and undergo vacuolation (20), suggest-
ing that other VacA receptors were responsible for vacuolation.
Recent interest has focused on the immunosuppressive effects
of VacA, ie. VacA inhibited proliferation of T cells due to
down-regulation of interleukin-2 (IL-2) transcription (21, 22).
Through interactions with the B2-integrin subunit CD18 of the
leukocyte-specific integrin LFA-1 (23), VacA plays an impor-
tant role in inhibition of interleukin-2 (IL-2) gene expression
after clathrin-independent endocytosis via PKC-dependent
phosphorylation of the cytoplasmic tail of CD18 (24). Thus,
VacA has effects on both epithelial cells (25) as well as inflam-
matory cells (26).

Over the last 10 years, studies have focused on the mecha-
nism of cell death resulting from mitochondrial damage caused
by VacA (10, 12, 13, 27). Additional recent studies have shown
that VacA induces autophagy, but the pathway has not been
identified (28, 29). Autophagy can promote the survival of dying
cells (30). However, increased autophagic activity can also lead
to cell death (31-35), suggesting that autophagy can be respon-
sible for both cytoprotective and cytotoxic activities, depending
on the specific cellular conditions.

Here we purified from AZ-521 cells, a human gastric epithe-
lial cell line, a surface membrane protein, p500, which binds
VacA, and identified it as low-density lipoprotein receptor-re-
lated protein-1 (LRP1). LRP1 binding of VacA was shown to be
specifically responsible for VacA-induced autophagy and apo-
ptosis. Similar to RPTP« and RPTPS, LRP1 mediates VacA
internalization in AZ-521 cells, but in contrast to RPTPa and
RPTPB, LRP1 targeted downstream pathways leading to
autophagy and apoptosis.

EXPERIMENTAL PROCEDURES

Antibodies and Other Reagents—Anti-LC3B, anti-cleaved
caspase-7, anti-cleaved PARP, anti-Beclin-1, and anti-mamma-
lian target of rapamycin antibodies were from Cell Signaling.
Mouse monoclonal antibodies reactive with LRP1 (8G1) were
from Santa Cruz Biotechnologies; those reactive with RPTPf
were from BD Biosciences; and those reactive with LC3 (clone
1703) were from Cosmo Bio. Anti-RPTPf antibody was raised
against its extracellular domain, corresponding to the N-termi-
nal amino acids of the human protein (36). Anti-RPTPa« rabbit
polyclonal antibodies for immunoblotting were provided by Dr.
Jan Sap and anti-RPTPa rabbit polyclonal antibodies for immu-
nofluorescence experiments were raised against its extracellu-
lar domain, corresponding to the N-terminal amino acids of the
human protein; mouse monoclonal antibodies reactive with
a-tubulin, necrostatin-1, and 5-nitro-2-(3-phenylpropylami-
no)benzoic acid (NPPB) were from Sigma. Diamidino-2-phe-
nylindole dihydrochloride (DAPI) and 4,4'-diisothiocyano-
stibene-2,2'-disulfonic acid (DIDS) were from Invitrogen. A
general caspase inhibitor, Z-VAD-fmk was from BD Pharmin-
gen. 3-Methyladenine was from MP Biomedicals.
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Cell Culture and Gene Silencing—AZ-521 cells, a human gas-
tric cancer cell line obtained from the Japan Health Sciences
Foundation, were cultured in Earle’s minimal essential medium
(Sigma) containing 10% fetal calf serum. AGS cells, a human
gastric cancer cell line, were cultured in RPMI1640 (Sigma)
containing 10% fetal calf serum. Cells were plated into 24-well
dishes (5 X 10* cells/well) or 12-well dishes (1 X 10° cells/well)
in Earle’s minimal essential medium containing 10% FCS. RNA
interference-mediated gene knockdown was performed using
validated Qiagen HP small-interfering RNAs (siRNAs) for
mammalian target of rapamycin (S100300244). The validated
LRP1 siRNA was purchased from Ambion. Beclin-1 siRNA was
designed and validated as described by Heyer-Hansen et al.
(37). Atgh siRNAs (Atgh-1, agugaacaucugagcuacccggaua;
Atg5-2, caaucccauccagaguugcuuguga) were designed and vali-
dated as described by Yang et al. (38). RPTPS siRNA (5'-gca-
caagaaucgauaacaua-3’) and RPTPa siRNA (5'-cgaagagaauaca-
gacuau-3') were synthesized by B-Bridge. Negative-control
siRNAs were purchased from Sigma. AZ-521 cells were trans-
fected with 100 nM of the indicated siRNAs for 48 =72 h using
Lipofectamine™ RNAiMax transfection reagent (Invitrogen)
according to the manufacturer’s protocol. Knockdown of the
target proteins was confirmed by immunoblotting with the
indicated antibodies.

RPTP«a shRNA Expression Vector Construction and Trans-
fection—The three highest scoring shRNA sequences targeted
for human RPTPa were chosen by B-Bridge International, Inc.:
RPTPa siRNA1, 5'-cggcagaaccagttaaaga-3'; RPTPa siRNA2,
5'-gcaccaacattcageccaa-3'; RPTPa siRNA3, 5'-ggagaatggca-
gacgacaa-3'. The shRNA negative control, obtained from
B-Bridge International, Inc. (Tokyo, Japan), has no homology to
any human mRNA sequences in the NCBI Reference Sequence
Database. We used the pSH1-H1-H1-Puro shRNA Lentiviral
Expression System (SBI Inc.) to generate lentivirus superna-
tants from HEK293FT cells. In brief, HEK293FT cells were
seeded in 10-cm dishes at 5 X 10° cells/dish. After cells reached
90-95% confluence, the constructed sShRNA expression vector
(3 pg/dish) in ViraPower Packaging Mix (9 pg/dish) with Lipo-
fectamine 2000 (Invitrogen Inc.) was transfected into
HEK293FT cells. Twelve hours after initiating transfection, the
plasmid/Lipofectamine solution was removed, and cell growth
medium without antibiotics was added. The lentivirus-contain-
ing supernatants were harvested 48 and 72 h post-transfection.
The AZ-521 cells were plated to 30 —-50% confluence and trans-
fected with appropriate dilutions of lentivirus supernatants.
24 h after transfection, the cells were cultured in cell growth
medium containing puromycin (0.5 pg/ml) to obtain the stable,
transfected AZ-521 cells. After several selections, we isolated
AZ-521 cells with knockdown of endogenous RPTPc.

Purification of VacA—The toxin-producing H. pylori strain
ATCC 49503 was the source of VacA for purification as previ-
ously described (36).

Assay for Vacuolating Activity—Vacuolating activity was
assessed using AZ-521 cells as previously described (36).
Briefly, cells (1 X 10* cells/well, 100 1) were grown as mono-
layers in 96-well culture plates for 24 h in a 5% CO, atmosphere
at 37 °C. VacA was added, and cells were incubated at 37 °C for
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the indicated times. To quantify vacuolating activity, the uptake
of neutral red into vacuoles was determined.

Preparation of Alexa 555-labeled VacA—To investigate
VacA binding to cells and co-localization with other proteins in
cells, VacA was labeled using the Alexa Fluor 555 Protein Label-
ing Kit (Molecular Probes), according to instructions provided
by the manufacturer. In brief, 50 ul of 1 M sodium bicarbonate
buffer (pH 8.5) were added to 500 ul (500 ug in phosphate-
buffered saline (PBS)) of VacA, followed by incubation with the
reactive dye in the vial for 15 min at room temperature. To
remove excess dye, the reaction mixture was applied to a PD-10
column (Amersham Biosciences). Alexa 555-labeled VacA (100
pg/ml) was stored at —20 °C.

Purification and Identification of pS00—To purify p500 using
affinity columns, AZ521 cells {5 X 107 cells) were washed twice
with PBS, and suspended in 10 ml of Sol buffer containing 50
mu Tris-HCl (pH 7.5), 100 mm NaCl, 10% glycerol, 1% Triton
X-100, with protease inhibitor mixture (Roche Diagnostics))
for 15 min on ice. After centrifugation (20 min at 17,400 X g),
the supernatant was filtered (0.45 wm, Millipore) and the fil-
trate (10 ml) applied to a Maackia amurensis (MAA)-agarose
column (2 ml bed volume, Seikagaku Corporation). After wash-
ing the column, Sol buffer containing 50 mM ethylenediamine
was used to elute the carbohydrate-containing proteins in 1-ml
fractions. To confirm the presence of p500 in the eluted frac-
tions, proteins in effluents were detected by lectin blotting
using MAA as described previously (15, 16). To identify p500,
proteins in effluents were precipitated with chloroform/meth-
anol, then heated at 100 °C for 10 min in 1 X SDS-PAGE sample
buffer, separated in 6% gels, and transferred to PVDF mem-
branes, which were stained with Coomassie Brilliant Blue. The
stained bands were used for LC-MS/MS analysis.

Immunoprecipitation—Immunoprecipitation of VacA-bind-
ing proteins from AZ521 cells was performed as described pre-
viously. In brief, biotinylated AZ521 cell lysates (100 wg/200 ul)
were incubated at 4 °C for 1 h with 1 ug of native VacA or
heat-inactivated VacA (100 °C, 10 min), followed by incubation
overnightat 4 °C with 1 ul of rabbitanti-VacA antibodies. Anti-
body-bound proteins were collected after addition of 20 ul of
rProtein G-agarose (Invitrogen), 50% (v/v) in Sol buffer, and
incubated at 4 °C for 1.5 h. After the beads were washed three
times with Sol buffer, proteins were solubilized in SDS-PAGE
sample buffer, resolved by SDS-PAGE, and transferred to
PVDF membranes (Millipore; Immobilon-P membranes),
which were incubated with streptavidin-HRP (Amersham Bio-
sciences). Biotinylated proteins were detected using the
enhanced chemiluminescence system (Pierce).

Immunofluorescence Confocal Microscopy—For immunoflu-
orescence analysis of VacA co-localization with LRP1, RPTPe,
RPTPB, or LC3B, AZ-521 cells (1 X 10° cells) on coverglass
(Matsunami) were incubated with 120 nm Alexa 555-labeled
VacA for the indicated times, cells were fixed with 4% parafor-
maldehyde (PFA) at room temperature for 15 min, washed with
PBS twice, and then immediately permeabilized with ice-cold
100% methanol for 10 min at —20 °C. The cells are then rinsed
three times with PBS and incubated with blocking buffer (5%
goat serum, 0.3% Triton X-100 in PBS) at room temperature for
1 h. To visualize LRP1 (8G1 antibody, 1:50), RPTP« (antibody
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provided by Jan Sap, 1:100), RPTPS (polyclonal, 1:250), or
LC3B (D11, 1:200), cells were further incubated with the pri-
mary antibodies in 1% BSA/PBS buffer overnight at 4°C,
washed twice with PBS and incubated with anti-rabbit Alexa
488 (Molecular Probes), anti-mouse 488 (Molecular Probes), or
anti-mouse Cy5 (Jackson ImmunoResearch Laboratories Inc.)
antibodies at room temperature for 1 h in the dark. After wash-
ing with PBS three times, cells were mounted on glass slides
using Prolong Gold Antifade reagent with DAPI. For staining
the lysosomal compartment in VacA-treated cells, cells were
incubated with 100 nm LysoTracker Red DND-99 (Molecular
Probes) according to the instruction manual, before fixation
with 4% paraformaldehyde. Colocalization of VacA and the
indicated proteins was analyzed by FV10i-LIV confocal micros-
copy (Olympus). The images were arranged with Adobe Pho-
toshop CS4.

Statistics—Densitometric analysis on the immunoblots was
done by Image Gauge software (FUJI FILM). The p values for
densitometric analysis and vacuolating assay were determined
by Student’s ¢ test with GraphPad Prism software (GraphPad,
San Diego, CA). p values of <0.05 were considered statistically
significant.

RESULTS

Puyrification and Identification of p500—Qur analysis of
membrane proteins that bind VacA revealed three proteins, i.e.
RPTPew, RPTPR, and an unidentified p500. The latter protein
had a molecular mass higher than RPTPS and reacted with
MAA lectin (15, 16). In the present study, we purified p500
using MAA-agarose column chromatography and identified it
by LC-MS/MS as LRP1 (Fig. 1). We confirmed its association
with native VacA by immunoprecipitation (Fig. 1).

LRPI Mediates VacA Binding and Internalization in AZ-521
Cells—Confocal microscopy analysis revealed that in AZ-521
cells VacA colocalized with LRP1 on cell membranes, and was
internalized, whereas heat-inactivated VacA did not show colo-
calization and internalization with LRP1 (data not shown) (Fig.
2A). Furthermore, AZ-521 cells transfected with siRNA of
LRP1 did not show significant toxin binding resulting in inter-
nalization, suggesting that LRP1 mediates VacA binding to the
cell surface and facilitates its internalization. In agreement with
these data, silencing of the p500 gene inhibited vacuole forma-
tion caused by VacA (Fig. 2B). These results suggest that LRP1
is associated with toxin internalization.

VacA Induced Generation of LC3-II in an LRP1-dependent
Manner—Based on the prior reports (28, 29) that VacA induced
autophagy in AGS cells, we determined whether VacA induced
LC3-II generation from LC3-1 in AZ-521 cells. Consistent with
previous findings, Western blot analysis showed that VacA
induced LC3-II generation from LC3-I in a time-dependent
manner (Fig. 3a). As expected, immunoblots of VacA-treated
cells transfected with control siRNA indicated a progressive
conversion over 10 h of LC3-I to LC3-I. In LRP1
siRNA-transfected cells, LRP1 expression was down-regulated
after 4 h with VacA and conversion of LC3-1I from LC3-1 was
suppressed (Fig. 3 and supplemental Fig. S1). These data sug-
gest an important role of LRP1 in mediating autophagy in
AZ-521 cells in response to VacA.
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