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Table 3 Results of gastric cancer screening

Sex Total number of Cancer detection  Detected cancers Deaths from gastric Deaths from all Screening group
participants rate (/1000) () cancer (17) cancers except gastric
cancer (1)
All 16373 6.29 103 24 216 Endoscopy
Men 6476 S[EE12 72 18 154
Women 9897 3118 31 6 62
All 18221 4.28 78 43 266 Regular radiography
Men 7019 6.70 47 29 173
Women 11202 2.77 31 14 93
All 15927 0.75 12 38 208 Photofluorography
Men 5188 1.93 10 31 130
Women 10739 0.19 2, 7 78

Table 4 Comparison of standardized mortality ratio among the screening groups

Reference Group Gastric cancer deaths All cancer deaths except
population gastric cancer deaths
Observed Expected SMR (95%CI) Observed Expected SMR (95%CI)
number number number number
Niigata city Endoscopy Total 24 56 0.43 (0.30-0.57) 216 349 0.62 (0.57-0.67)
Men 18 37 0.49 (0.32-0.66) 154 220 0.7 (0.64-0.76)
Women 6 20 0.31 (0.12-0.54) 62 129 0.48 (0.39-0.57)
Regular radiography Total 43 63 0.68 (0.55-0.79) 266 393 0.68 (0.63-0.73)
Men 29 40 0.72 (0.56-0.85) 173 244 0.71 (0.65-0.77)
Women 14 23 0.62 (0.39-0.80) 93 149 0.62 (0.53-0.70)
Photofluorography Total 38 45 0.85 (0.71-0.94) 208 281 0.74 (0.68-0.79)
Men 31 27 1.13 (1.04-1.43) 130 169 0.77 (0.70-0.83)
Women 7 17 041 (0.18-0.67) 78 112 0.69 (0.59-0.77)
Niigata Endoscopy Total 24 58 0.41 (0.29-0.55) 216 329 0.66 (0.61-0.71)
prefecture
Men 18 39 0.47 (0.30-0.63) 154 204 0.75(0.68-0.81)
Women 6 20 0.3 (0.12-0.54) 62 125 05 (0.41-0.59)
Regular radiography ~ Total 43 66 0.66 (0.52-0.76) 266 371 0.72 (0.67-0.76)
Men 29 43 0.68 (0.44-0.75) 173 227 0.76 (0.70-0.82)
Women 14 23 0.61 (0.39-0.80) 93 144 0.64 (0.56-0.72)
Photofluorography Total 38 46 0.83 (0.69-0.92) 208 264 0.79 (0.74-0.84)
Men 31 29 1.08 (1.01-1.27) 130 157 0.83 (0.76-0.88)
Women 7 17 0.41 (0.18-0.67) 78 108 0.72 (0.63-0.80)
Japan Endoscopy Total 24 54 0.45 (0.31-0.59) 216 B5% 0.6 (0.55-0.65)
Men 18 36 0.5 (0.33-0.67) 154 214 0.72 (0.65-0.78)
Women 6 18 0.34 (0.13-0.59) 62 143 0.43 (0.34-0.51)
Regular radiography Total 43 60 0.71 (0.59-0.83) 266 403 0.66 (0.61-0.71)
Men 29 40 0.73 (0.56-0.85) 173 238 0.73 (0.67-0.79)
Women 14 21 0.68 (0.43-0.85) 93 165 0.56 (0.48-0.63)
Photofluorography Total 38 42 0.9 (0.77-0.97) 208 287 0.73 (0.68-0.78)
Men 31 27. 1.15 (1.04-1.43) 130 164 0.79 (0.72-0.85)
Women 7 15 0.46 (0.21-0.73) 78 123 0.64 (0.53-0.71)

SMR: Standardized mortality ratio.

screening group than in the regular radiographic scr-
eening group.

Several studies have reported the possibility of
reducing mortality from gastric cancer by endoscopic
screening”*®, In particular, Matsumoto et a/*®! showed
that the SMRs of gastric cancer death decreased after
the introduction of endoscopic screening in a small
island as follows: 0.71 (95%CI: 0.33-1.10) for men
and 0.62 (95%CI: 0.19-1.05) for women. However, an
immediate decrease might be dependent on the long-
term effects of radiographic screening. Since these
previous reports were all observational studies and
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that their qualities were insufficient, the effectiveness
of endoscopic screening for gastric cancer has re-
mained unclear. Recently, 2 case-control studies
have shown mortality reduction from gastric cancer
by endoscopic screening™*®, A larger case-control
study has suggested a 30% mortality reduction from
gastric cancer by endoscopic screening compared with
no screening, but a significant mortality reduction
could not be obtained by radiographic screening™®.
Compared with previous studies, the present study
showed the huge impact of endoscopic screening on
mortality reduction from gastric cancer.
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SMRs are commonly used for evaluating the eff-
ectiveness of cancer screening®?!, The resulting
SMRs readily demonstrate the impact of cancer
screening in communities. However, it is also possible
to overestimate the impact of cancer screening on
mortality reduction from cancers. Since the reference
population included patients who could not participate
in cancer screening, the mortality rate was higher
than the healthy general population. Death cases
from the general population included individuals
whose diagnosis was made before the index date of
the screening in 2005. Although the obtained impact
of endoscopic screening on mortality reduction from
gastric cancer in this study was considerably high at
approximately 57%, careful interpretation of this result
is also needed.

This study has several limitations which may
result in an overestimation of the impact of gastric
cancer screening on mortality reduction. First, there
is possible self-selection bias in the screening groups.
The participants in the screening groups were healthier
than the general population and they could continue
undergoing the screening. The backgrounds of the
screening groups were not similar to those of the
general population. Since details of the background
information, including the smoking and family history,
were not obtained, no adjustments could be made for
the background differences. Fukao et a/*"! reported
differences in the smoking and family history between
the participants and non-participants of gastric cancer
screening.

Second, there were background differences even
in the screening groups. Individuals can choose any
screening method based on their preference. The
age distribution of the participants was also different
among the 3 screening groups. Since most of the older
people have their own primary care doctor, screening
could be offered easily at their clinic. The participants
of the photofluorography screening program were
younger than those of the other screening programs.
This was because photofluorography screening was
mainly provided as a mass screening program which
was often participated in by individuals who had no
primary care doctor.

Third, the screening history before the index date
of the screening in 2005 was ignored. Radiographic
screening was performed before the introduction of
endoscopic screening. Some participants changed
their subsequent screening program from radiographic
screening to endoscopic screening. The rate of
participants who had no screening history within 2
years from the index date of the screening in 2005
was 15.5% for the endoscopic screening and 5.7% for
the regular radiographic screening.

Fourth, the sample size was small because of the
low participation rate in gastric cancer screening.
Although the participation rate in gastric cancer
screening has increased since the introduction of
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endoscopic screening, the screening rate has remained
at approximately 25%"",

Finally, the follow-up period was limited to 5
years. Thus, the full impact of the screening program
may not have been realized as the screening effect
cannot be expected within a short period of time
but within several years after the introduction of a
new screening program™!, Since more early-stage
cancer was detected by endoscopic screening than by
radiographic screening, there may be a difference in
the preclinical phase between endoscopic screening
and radiographic screening. A longer preclinical phase
should be assessed, because most cancers detected by
endoscopy were early-stage and slow-growing cancers.
A longer follow-up is needed to comprehensively
evaluate the effectiveness of endoscopic screening.

In conclusion, the present findings suggest that
endoscopic screening might maximally reduce mor-
tality from gastric cancer by 57%. Although such
reduction rate suggests the effectiveness of endoscopic
screening for gastric cancer, prudent interpretation of
this result is needed considering the above-mentioned
limitations of the present study. Additional evidence
supporting mortality reduction from gastric cancer
by endoscopic screening is desired to realize the
introduction of endoscopic screening in communities.
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Background

The burden of gastric cancer still remains in Asia and East European countries.
Endoscapy, which is commonly used in clinical practice, is anticipated to be a
promising screening method for gastric cancer. Although several studies have
reported the possibility of reducing mortality by endoscopic screening, definitive
evidence remains to be established.

Research frontiers

Authors investigated mortality reduction from gastric cancer on the basis of
the results of endoscopic screening. The standardized mortality ratio (SMR) of
gastric cancer and other cancer deaths in each screening group was calculated
by applying the mortality rate of the reference population.

Innovations and breakthroughs

The 57% mortality reduction from gastric cancer might indicate the effectiveness
of endoscopic screening for gastric cancer. The mortality reduction from gastric
cancer was higher in the endoscopic screening group than in the regular
radiographic screening group despite the nearly equal mortality rates of all
cancers except gastric cancer.

Applications

The results suggest mortality reduction from gastric cancer by endoscopic
screening. This can serve as supporting evidence regarding the effectiveness of this
screening methad for gastric cancer and its possible intraduction in communities.
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Terminology

The SMRs of cancer death were the ratios in which the numerator represented
the number of observed cancer and the denominator indicated the number of
expected cancer in a reference population.

Peer-review

The authors investigated the effectiveness of endoscopic screening by
calculating the martality reduction from gastric cancer. Although many
endoscopists believe that endoscopic screening is the most effective method
for gastric cancer screening, there have been scarce data on the mortality
reduction effect by endoscopic screening, thus radiographic screening for
gastric cancer is presently recommended for the public in Japan. Therefore,
this study is very valuable as it provides supporting evidence regarding the
effectiveness of endoscopic screening in reducing martality from gastric cancer.

REFERENCES

1

10

Bnishideng®

International Agency for Research on Cancer. GLOBOCAN
2012: Estimated Cancer Incidence, Mortality and Prevalence
Worldwide in 2012. Available from: URL: http://globocan.iarc.fr/
Leung WK, Wu MS, Kakugawa Y, Kim JJ, Yeoh KG, Goh KL,
Wu KC, Wu DC, Sollano J, Kachintorn U, Gotoda T, Lin JT, You
WC, Ng EK, Sung JJ. Screening for gastric cancer in Asia: current
evidence and practice. Lancet Oncol 2008; 9: 279-287 [PMID:
18308253 DOI: 10.1016/S1470-2045(08)70072-X]

National Cancer Institute. Stomach (Gastric) Cancer Screening
(PDQ®). Available from: URL: http://www.cancer.gov/cancertopics/
pdg/screening/gastric/HealthProfessional/page2

Kim Y, Jun JK, Choi KS, Lee HY, Park EC. Overview of the
National Cancer screening programme and the cancer screening
status in Korea. Asian Pac J Cancer Prev 2011; 12: 725-730 [PMID:
21627372]

Hamashima C, Shibuya D, Yamazaki H, Inoue K, Fukao A, Saito H,
Sobue T. The Japanese guidelines for gastric cancer screening. Jpn J
Clin Oncol 2008; 38: 259-267 [PMID: 18344316 DOT: 10.1093/jjco/
hyn017]

Oshima A. A critical review of cancer screening programs in
Japan. Int J Technol Assess Health Care 1994; 10: 346-358 [PMID:
8070998 DOI: 10.1017/S0266462300006590]

Riecken B, Pfeiffer R, Ma JL, Jin ML, Li JY, Liu WD, Zhang L,
Chang YS, Gail MH, You WC. No impact of repeated endoscopic
screens on gastric cancer mortality in a prospectively followed
Chinese population at high risk. Prev Med 2002; 34: 22-28 [PMID:
11749093 DOLI: 10.1006/pmed.2001.0925]

Matsumoto S, Yamasaki K, Tsuji K, Shirahama S. Results of mass
endoscopic examination for gastric cancer in Kamigoto Hospital,
Nagasaki Prefecture. World J Gastroenterol 2007; 13: 4316-4320
[PMID: 17708603]

Hosokawa O, Miyanaga T, Kaizaki Y, Hattori M, Dohden K,
Ohta K, Ttou Y, Aoyagi H. Decreased death from gastric cancer by
endoscopic screening: association with a population-based cancer
registry. Scand J Gastroenterol 2008; 43: 1112-1115 [PMID:
18609154 DOTI: 10.1080/00365520802085395]

Ogoshi K, Narisawa R, Kato T, Fujita K, Sano M. Endoscopic
screening for gastric cancer in Niigata city. Jpn J Endoscopic Forum

WIG | www.wjgnet.com

13

11

12

17

18

20

21

22

Hamashima C ef a/. Effectiveness of endoscopic gastric cancer screening

Digestive Disease 2010; 26: 5-16

Niigata City Government. Annual report of health and welfare
2007-2013. Available from: URL: http://www.city.niigata.lg.jp/
shisei/toukei/hoken/shiryo.html

Niigata Prefecture Government. Annual report of health and
welfare 2007-2013 Available: from: URL: http://www.pref.niigata.
lg.jp/fukushihoken/1197476210319.html

Ministry of Health, Welfare and Labour. National Population
Survey 2010. Available from: URL: http://www.e-stat.go.jp/estat/
html/kokusei/NewList-000001039448 html

National Cancer Center. Center for Cancer Control and Infor-
mation Services. Available from: URL: http://ganjoho.ncc.go.jp/
professional/statistics/index.html

Matsumoto S, Yoshida Y. Efficacy of endoscopic screening in an
isolated island: a case-control study. /ndian J Gastroenterol 2014;
33: 46-49 [PMID: 23996741 DOI: 10.1007/512664-013-0378-2]
Hamashima C, Ogoshi K, Okamoto M, Shabana M, Kishimoto
T, Fukao A. A community-based, case-control study evaluating
mortality reduction from gastric cancer by endoscopic screening in
Japan. PLoS One 2013; 8: €79088 [PMID: 24236091 DOI: 10.1371/
journal.pone.0079088]

Hakama M, Pukkala E, Soderman B, Day N. Implementation of
screening as a public health policy: issues in design and evaluation.
J Med Screen 1999; 6: 209-216 [PMID: 10693068 DOTI: 10.1136/
jms.6.4.209]

Dominioni L, Poli A, Mantovani W, Pisani S, Rotolo N, Paolucci
M, Sessa F, Conti V, D’Ambrosio V, Paddeu A, Imperatori A.
Assessment of lung cancer mortality reduction after chest X-ray
screening in smokers: a population-based cohort study in Varese,
Italy. Lung Cancer 2013; 80: 50-54 [PMID: 23294502 DOI:
10.1016/j.lungcan.2012.12.014]

Burnell M, Gentry-Maharaj A, Ryan A, Apostolidou S, Habib
M, Kalsi J, Skates S, Parmar M, Seif MW, Amso NN, Godfrey
K, Oram D, Herod J, Williamson K, Jenkins H, Mould T, Woolas
R, Murdoch J, Dobbs S, Leeson S, Cruickshank D, Campbell S,
Fallowfield L, Jacobs I, Menon U. Impact on mortality and cancer
incidence rates of using random invitation from population registers
for recruitment to trials. 7rials 2011; 12: 61 [PMID: 21362184 DOI:
10.1186/1745-6215-12-61]

Nawa T, Nakagawa T, Mizoue T, Kusano S, Chonan T, Hayashihara
K, Suito T, Endo K. A decrease in lung cancer mortality following
the introduction of low-dose chest CT screening in Hitachi, Japan.
Lung Cancer 2012; 78: 225-228 [PMID: 23069269 DOI: 10.1016/
j.lungcan.2012.09.012]

Fukao A, Hisamichi S, Komatsu S, Shimizu H, Satoh H,
Nakatsuka H, Watanabe T, Fujisaku S, Ichinowatari Y, Kuroda S.
Comparison of characteristics between frequent participants and
non-participants in screening program for stomach cancer. Tohoku
J Exp Med 1992; 166: 459-469 [PMID: 1502692 DOI: 10.1620/
tiem.166.459]

Lee SJ, Boscardin WJ, Stijacic-Cenzer I, Conell-Price J, O’Brien
S, Walter LC. Time lag to benefit after screening for breast and
colorectal cancer: meta-analysis of survival data from the United
States, Sweden, United Kingdom, and Denmark. BMJ 2013; 346:
€8441 [PMID: 23299842 DOI: 10.1136/bmj.e8441]

P- Reviewer: Bilir C, Tsuji Y S- Editor: Gou SX L- Editor: A
E- Editor: Wang CH

=] s

February 28, 2015 | Volume 21 | Issue 8 |



Jenishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http:/ /www.wignet.com/esps/helpdesk.aspx
http:/ /www.wijgnet.com

ISSN1007-9327

Hln ”l Il

© 2015 Haishideng Publishing Group Inc. All rights reserved.




DOL:hitip:fldx.doiorg/10.7314/APJCP2015.16 .2.395
Why Screening Rates Vary between Korea and Japan

MINI-REVIEW

Why Screening Rates Vary between Korea and Japan-
Differences between Two National Healthcare Systems

Rei Goto'*, Chisato Hamashima?, Sunghyun Mun®, Won-Chul Lee*

Abstract

Both Japan and Korea provide population-based screening programs. However, screening rates are much
higher in Korea than in Japan, To clarify the possible factors explaining the differences between these two
countries, we analyzed the current status of the cancer screening and background healtheare systems. Population-
based cancer screening in Korea is coordinated well with social health insurance under a unified insurer system.
In Japan, there are over 3,000 insurers and coordinating a comprehensive strategy for cancer screening promotion
has been very difficult. The public healthcare system also has influence over eancer sexeening. In Korea, public
healthcare does not cover a wide range of services. Almost free cancer screening and subsidization for medical
cost for cancers detected in population-screening provides high incentive to participation. In Japan, on the
other hand, a larger coverage of medical services, low co-payment, and a lenient medical audit enables people
te have cancer screening under public healfh insurance as well as the broad range of cancer screening. The
implementation of evidence-based cancer screening programs may be largely dependent on the background
healthcare system, It is important to understand the impacts of each healthcare system as a whole and to match

the characteristics of a particular health system when designing an efficient cancer screening system.

Keywords: cancer screening - screening rate - Japan - Korea - health insurance
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Introduction

In many couniries, population-based screening
programs are implemented to reduce cancer incidence
and mortality at the community level. Population-based
screening is primarily differentiated from opportunistic
screening in that invitations to target populations are issued
from population registers (Miles ct al., 2004). Moreover,
governments have a certain responsibility for components
of the screening, such as decisions about type of cancer
and screening methods, eligibility decisions for the target
population and providers, construction of a call-recall
system, quality assurance, and budget.

In order to maximize the impact of cancer screening
programs on population health, high screening rate is
essential (Parkin et al., 2008). Both Japan and Korea
provide population-based screening programs. However,
there are many differences between the programs in these
two countries. In 2010, the percentage of females screened
for breast cancer among those aged 50 to 69 years was
36.4% in Japan and 63.6% in Korea, and for cervical
cancer, the rumbers were 37.7% in Japan and 63.8% in
Korea. The difference in screening rates for cervical cancer
has remained stable since 2004 when Korea began to

provide comparable data to the Organization for Economic
Co-operation and Development (OECD) (Organization for
Economic Co-operation and Development(OECD) 2013),
It is very important to understand why these differences
exist.

There are many possible measures to increase
screening rates. Review articles showed that interventions
such as more personalized invitation methods, general
practitioner involvement, and reduction of financial
barriers (e.g., out of pocket payment and fransportation)
are effective at increasing screening rates (Vernon, 1997,
Jepson and Martin-Hirsch 2002; Jepson et al., 2000;
Everettetal.,2011; Forbes, Khalid-de Bakker etal.,2011).
Differences in the implementation of these measures
might explain large disparities in screening participation
rates. However, to see the origins of these differences, it
is also important to note that the underlying features of the
healthcare system can be influential (International Agency
for Research on Cancer 2002; Sabatino et al., 2012).
Though both Japan and Korea have universal social health
insurance systenis, there are differences in the details of
their health systems. These include the organization of
insurers, the extent of centralization of different tiexs of the
government, coverage, and cost-containment mechanisms,
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This paper aimed to analyze the current status of the
cancer screening and background healthcare systems in
Japan and Korea and to elucidate the possible factors
explaining the differences in screesing rates between
these two countries.

Connections between Population-based
Cancer Screening Health Insurance

Table 1 shows an historical overview of population-
based screening systems in the two countries. In Japan,
population-based cancer screening for gastric and cervical
cancer started in 1983, 21 years after the realization of
universal health insurance coverage. Lung, breast, and
colorectal cancer screening were added to this program
in 1998. Also in 1988, the budgetary responsibility
of population-based screening was transferred from
the central to local government during the process of
decentralization.

There are about 3500 health insurance plans: roughly
half are employee-based and half are community-based
(Ikegami et al., 2011). Bach local municipal government
is the insurer for Citizens’ Health Insurance, which is one
of the community-based insurance plans. Under these
plans, local governments simultaneously contral cancer
screening and health insurance. The National Health
Insurance Association is a unified community-based
insurance, which is a plan for employees and family
members of small to medium-sized companies.

Employee-based insurance comprises society-
managed health insurance forlarge companies and Mutual
Aid Associations for public sectors. For these plans, the
governance of cancer screening and health insurance are
separated.

In Korea, there were multiple insurers, both community-
and employee-based, when universal coverage was
established in 1989. These insurers were infegrated into
the National Health Insurance Corporation (NHIC) in
2000. The process of integration lasted until 2003, when
the accounting system and premium collection integrated.
The cancer screening program was expanded during the
same time ag detailed below (ref).

Screening Delivery System

In Japan, each insurer can provide their own cancer
screening program for their beneficiaries under the Health
Insurance Act. However, these screening programs cannot
be categorized into population-based screening because
the insurer (not the government) is the responsible party
for the screening provision. The screening budget is the
collective fund from the insured. Thus, there are at least
two types of opportunistic screening in Japan: individual
opportunistic screening, in which the person undergoing
screening pays the whole cost; and collective opportunistic
screening, in which health insurers provide a subsidy for
their beneficiaries.

In Korea, the public cancer screening program was
started only for public sector employees. In 1999, the
National Cancer Screening Program (NCSP) was launched
for the low-income population as a welfare policy. Tt is
important to note that the unification of social health
insurers was taking place concurrently. Prior to that,
employee-based and community-based health insurance
were operating independently and covered the entire
population, like in Japan. Each insurer had its own
independent screening program. During the unification,
cancer screenings provided by different insurers were

Table 1. Historical Overview of Population-based Cancer Screening Systems

Korea

Japan Year

Universal sacial health insurance coverage established 1961

Population-based cancer screening governed and 1983

sponsored by the central government launched:

gastric and cervical cancer screening

Expanded to include lung and breast cancer screening 1987
1989
1990

Expanded to include colorectal cancer screening 1992

Responsibility for the provision of cancer screening 1998

was transferred from central to local government

{municipal level)
1999
2000
2002
2003
2004
2005

Universal soctal health insurance coverage established
Cancer screening governed and sponsored by the central
government launched: only for public servants and teachers

The National Cancer Screening Program (NCSP) launched for
people with low income: gastric, breast, and cervical cancer
Unification of public health insurers to single insurer, the
National Health Insurance Corporation (NHIC)

NCSP: target expanded to NHIC insured (whose insurance
premium is less than the 20th percentile)

Integration of an accounting system for insurers established
Target expanded to people whose insurance premium is less
than the 30th percentile

Expanded to include hepatic cancer screening

Expanded to include colorectal cancer screening

Financial support program for cancer patients started
Target expanded to people whose insurance premium is less
than the 50" percentile
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integrated into programs provided by the single insurer,
the National Health Insurance Service (NHIC),

Currently, the NHIC provides the same cancer
screening as the NCSP for those who are not eligible to
be insured by the NCSP. The cancer screening provided
by the NCSP and the NHIC is all the same program with
tiny differences around available financial resources as
described later. Thus, these two programs are operated as
asingle population-based program. Figure 1 shows a brief
sketch of the Korean population-based screening system.

InXorea, large companies also provide an independent
cancer-screening program using funds collected from
the insured. Individuals can have free screening services
paying total expenses. Thus, there are three types of cancer
screening in Korea as well, Table 2 shows the different
tiers of cancer screening in the two countries,

Sereening Program

Table 3 shows the type of cancer, screening method,
and screening interval. In Japan, the type, method, and
interval have been recommended by a research group
funded by a grant supported by the Ministry of Health,
Labor, and Welfare (MHLW). This research group
published evidence-based screening guidelines for each
cancer type (Hamashima et al., 2008). These guidelines
were not formulated by the Ministry and therefore are not
mandatory. Thus, each municipality has final approval
about these issues and the autonomy to decide whether
or not to adhere to the guidelines.

DOLhup:/ldx.doi.orgl10.7314/APJCP2015.16 2.395
Why Screening Rates Vary between Korea and Japan
In Korea, the board governing the NCSP is within the
Natjonal Cancer Center and this board issues evidence-
based recommendations. The expansion of the NCSP
has been gradually expanded as the budget has grown to
cover the cost of screening. Each provider must adbere
to the government recommendations for financial support
of cancer screening. Alse, the National Cancer Center
created its own guideline for cancer screening methods
for opportunistic screening.

Quality Assurance

In Korea, a unique ID number is used within the health

Regional Health |, Reparting unscreened , N
Service Provider
Center
Sending results
Sending re-invitation
| By
participants

Sending invitaﬁcf:\

National Health Insurance
Corparation (NHIC}

Paying cost

Lacal
Government

Budget subsidy

Figure 1. Delivery System of Population-based
Screening in Korea

Table 2. Three Types of Cancer Screening in Japan and Korea

Japan

Type of cancer screening

Korea

*Municipal cancer screening program
p

*Cancer screening subsidized by insurers
*Optional cancer screening added to basic
health check-up for the employed

*Cancer screening demanded by individuals

screening

Population-based screening

Collective opportunistic

Individual opportunistic

*National Cancer Screening Program (NCSP)
*National Health Insurance Corporation
(NHIC) cancer screening program

*Cancer screening subsidized by companies

*Cancer screening demanded by individuals

with full out-of-pocket screening with full out-of-pocket
*Cancer screening provided under health
insurance
Table 3. Type of Cancer, Sereening Method, and Screening Interval
Fapan Korea
Target Age Screening Method Screening Target Age Screening Method Screening
Interval Interval
40 and over Barium enema | year Gastric 40 and over Bartum enema or 2 years
caner upper endoscopy
20 and over Pap smear 2 years Cervical 30 and over Pap smear 2 years
cancer
40 and over Chest X-ray and 1 year Lung Not Available
sputum cytology cancer
40 and over Breast examination 2 years Breast 40 and over Mammography 2 years
and mammography cancer
40 and over Fecal occult blood 1 year Colorectal 50 and over Fecal occult blood 1 year
test (FOBT) cancer test (FOBT)
Hepatic 40 and aver Abdominal ultrasono- 1 year
cancer (only for those graphy and o fetal-
Not Available with liver cirrhosis, protein
HBV/HCYV positive
hepatitis}
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Table 4. Financial Resources for Population-based Cancer Screening in Korea

Target Type of Cancer Finaucial Resouices
Central Local NHIC  Out-of-pocket
Govermment Government

NCSP Low income Gastric, colorectal, 50% 50% 0% 0%

(those exempted breast and cervical  (30% in Seoul)  (30% in Seoul)

from premiom payment)  cancer

Those whose insurance Gastric, colorectal, 50% 50% 90% 0%

premium is less than the  and breast cancer (30% in Seoul)  (30% in Seoul)

50th percentile Cervical cancer 0% 0% 100% 0%
NHIC Cancer ‘Those whose insurance Gastric, colorectal, 0% 0% 90% 10%
Screening premium is more than and breast cancer

the 50" percentile Cervical cancer 0% 0% 100% 0%

care system. The NHIC created a list of objectives for
the NCSP and the NHIC screening programs based on
premium amounts for each individual. The NHIC sent
invitation letters to participate in screening to all eligible
residents. The demographic information of objective
persons is stored in a database that can be accessed by the
NHIC, regional health centers, and screening providers.
This database is administered by the National Cancer
Center. Regional health centers use this database to
call people who were sent invitation letters and did not
participate in screening to encourage them to do so.

The authentication of screening providers and quality
management are mainly conducted by the National Cancer
Center. The role of hospitals in providing screening
services is larger than that of small clinics. Recently
however, screening services have been expanded to
include clinics in order to increase screening capacity,

In Japan, the ministry provides guidelines for
evaluation of the municipal cancer screening program
(Cancer screening committee Ministry of Health Labour
and Welfare, 2007). The local municipalities contract with
providers including hospitals, outpatient clinics, and both
for- and non-profit organizations specializing in screening
services. It is up to the local municipalities to monitor and
maintain the quality of the screening performed by these
various providers. However, the local municipalities only
report macro-level data to the central government such as
the number of participants screened, given a secondary
examination, those with cancer detected, and the computed
positive predictive value. The local municipalities do not
monitor each provider at the micro-level,

Available Financial Resources for Screening

Table 4 depicts the payment allocation of population-
based cancer screening in Korea. Under the NCSP, the
central or local governments assume the total screening
cost for those with low income. For the other participants,
the NHIC pays most of the cost as for the NHIC Cancer
Screening. Eventually, there is no out-of-pocket payment
for NCSP participants. Those with higher income have
10% out-of-pocket payment for gastric, colorectal, and
breast cancer screening. This out-of-pocket payment is
covered by central and local governments in the NCSP,
The difference between the NCSP and NHIC Cancer
Screening lies only in this payment allocation. Secondary
examination after a positive screening result is also
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provided for free. Thus, population-based cancer screening
is provided almost for free in Korea.

In Japan, each local municipal government can set
the amount of out-of-pocket payment independently, The
MHLW collected data on the content of examinations,
strategies, and ount-of~pocket costs for cancer screening
among the different municipalities. According to this
survey, the percentage of municipalities providing a free
screening program is 8.3% for gastric cancer, 22.5%
for lung cancer, 9.7% for colorectal cancer, 9.4% for
cervical cancer, and 7.0% for breast cancer (Sano, Goto
and Hamashima, 2014), Thus, most population-based
screenings in Japan incur a financial burden on the
participant being screened, which is rare in Korea.

Available Financial Resources for Cancer
Treatment

According to the OECD health data, the percentage
of gross domestic product (GDP) spent on healthcare in
2010 was 9.6% in Japan and 7.3% in Korea. In Japan, the
government put a concerted effort toward cost containment
via price control. The cost to payers is determined by
a single-fee schedule. This single payment system has
allowed total health care spending to be controlled despite
a fee-for-service system with broad coverage of services
and incentives to increase the volume of services (Tkegami
and Anderson, 2012). The copayment rate is almost
the same among different tiers of health care services.
Generally, copayment rate is 30%, and this is reduced
to 10% for the elderly over 70 years old. In Korea, the
government adopted a policy of linited benefit coverage
under the NHI scheme with a high copayment for patients
(Chun et al., 2009). The copayment rate ranges from
20% for inpatient care to 50% for outpatient care in
general hospitals. In Korea, people often have to pay by
themselves for services that are not covered by the NHI. In
Japan, one cannot receive covered services and uncovered
services at the same time in principle. Once a patient
wants to have an uncovered service, they must pay the
total cost of covered service as well as that of uncovered
services. Private insurance benefits for uncovered services
are not as common in Korea as in Japan. As a result, the
percentage of out-of-pocket payment in the total health
expenditure in 2010 was 34.2%, which is much higher
than in Japan (14.1%).

Another important feature in Korean cancer screening
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is that there is a financial subsidy to medical treatment {or
those who are diagnosed with cancer in the NCSP. The
subsidy is for out-of-pocket costs associated with cancer
treatment covered by the NHIC, for a maximum of 3 years
and a limit of 2 million won (=2,000 USD if 1 USD=1 000
won) per year. Those with high income are not eligible
for the subsidy. Participants in the NCSP whose cancer is
diagnosed by opportunistic cancer screening cannot have
access to this subsidy program. The subsidy can provide a
large incentive for those with lower income to participate
in population-based screening as opposed to opportunistic
screening where there is danger of a large financial burden
for the individual. )

Coverage of Social Health Insurance

In Japan, coverage of healthcare by public health
insurance is broader than in Korea and physicians’
autonomy for treatment choice is highly valued. Basically,
preventive care for asymptomatic people is not covered
in Japan. However, screening can be performed under
public health insurance with low out-of-pocket cost, if
the physician states a suspicion that the individual may
have cancer even if the probability is about the same as the
general population. Under the Japanese health insurance
system, it is easy for asymptomatic individuals to receive
healthcare services in an outpatient clinic identical to those
provided in screening programs (Leung et al., 2008). An
individnal pays no more than 30% of the costs associated
with soch an examination and government insurance
covers the rest. These patients usually see physicians
regularly so additional transportation and time required
are minimum.

In Xorea, the Health Insurance Review and Assessment
Service (HIRA), together with the NHIC, was founded to
monitor medical claim data and provide quality assurance
of NHIC health services (Park et al., 2012). Physicians
generally hesitate to take risks to provide uncovered
services because of this central audit system of medical
claim data.

Discussion

In Japan and Korea, population-based cancer screening
is provided for similar types of cancer and healthcare
is managed under social health insurance. However,
population-based cancer screening is managed differently
in the two countries, which may explain the variance in
screening rates between Japan and Korea.

Population-based cancer screening in Korea is
coordinated well with social health insurance due to
the centralized information system under the unified
insurer. It is also operated along with the insurer’s cancer
screening program and together they cover the whole
population. Unification of insurers drastically decreased
the coordination cost between them. As a result, cancer
screenings follow the country’s cancer-control measures.
In contrast, there are over 3000 insurers in Japan, The
cost to coordinate cancer screening promotions between
insurers can be very large,

One of the impacts that insurer unification can have

Asian Pacific Journal of Cancer Prevention, Vol 16, 2015

51

DOLhup:ildydoiorgl10.7314/APJCP.2015.16.2.395

Why Screening Rates Vary between Korea and Japan
on cancer screenings is clarification of the purpose of
population-based screening. In Japan, many cancer
screening programs are provided using a collective
budget. Insurers can provide cancer screening programs
independently and companies can add cancer screening to
their basic health check-up items required for employees
based on the Industrial Safety and Health Act. These are
additional benefits for individuals and can be categorized
as opportunistic cancer screening. These cancer screenings
lack clear purpose, evidence-based management, and
quality assurance. They do, however, use collective
budgets unlike cancer screening with complete out-of-
pocket payment. The decentralized nature of the Japanese
healthcare system allows multiple opportunities for cancer
screening. In Korea, companies independently provide
financial support for cancer screening; but this is limited
to employees of large companies.

The public healthcare system also has influence over
cancer screenings. In Korea, public healthcare does
not cover a wide range of services and it is common to
have medical services that are only partially covered
by public insurance. Low income households can get
cancer screenings for free and their treatments will also
be subsidized in case of cancer detection. This shows
that cancer screenings are of the most social benefit to
low income households. This reflects the fact that cancer
screening services began by only covering low income
households, and then expanded the eligible population
based on impact on the budget, In Japan, on the other hand,
a larger coverage of medical services, low co-payment,
and a lenient medical audit enables people to have cancer
screening under public health insurance as well as the
broad range of cancer screening described above. For most
people, screenings provided by insurance and population-
based screenings are the same.

Access to opportunistic screening is widely varied. In
both countries, there are three types of cancer screening:
population-based screening, collective opportunistic
screening and individual opportunistic screening, In
Korea, access to opportunistic screening is more limited
than in Japan. Although some companies provide
screening for their employees, Korean workers are facing
greater instability of employment after the economic
crisis in the 1990s and the average retirement age is
younger than in Japan (Jung and Cheon, 2006). Even
employees of large companies have to rely on one of two
population-based screenings after retirement, For lower
income Koreans, the NCSP is the only opportunity for
affordable cancer screening. Meanwhile, there are many
opportunities for cancer screening for all income levels
in Japan. Both employee- and community-based insurers
provide additional screening opportunities; municipal
cancer screening is only one of them.

If we only examine cancer screenings, Korea seems
more likely to provide well-managed service owing to the
unified population-based screening. However, population-
based cancer screening plays arole to complement public
health insurance with comparatively narrow coverage.
On the other hand, Japan provides broad opportunities

. for cancer screenings. From the perspective of consumer

sovereignty, it is reasonable if costs and benefits of
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each individual screening are considered. However, it
is inappropriate and inefficient resource allocation if
screenings are performed with little scientific evidence of
their necessity. There is only a few economic evaluations
of cancer screenings for both countries (Sekiguchi et
al. 2012; Shin et al, 2014). It needs more discussions
about cost-effectiveness to realize the delivery of cancer
screening efficiently

In Korea, most people choose population-based
screening rather than opportunistic screening. Lee et
al., estimated the gastric cancer screening rate from a
sample survey by the National Cancer Center (Lee et
al., 2010). The population-based screening rate for the
bottom quartile of households in income increased from
23.9% in 2005 to 33.7% in 2009, but the opportunistic
screening rate decreased from 18.4% to 8.6% during the
same time period. It is easy to infer that Jow ircome people
switch from opportunistic screening to population-based
screening because of large financial incentives. Moreover,
the population-based screening rate for the top quartile
households in income increased from 15.5% to 35.8%
during the same period, but there was no significant change
in the opportunistic screening rate (23.9% to 24.8%). This
suggests that the overall increase in the population-based
screening rate in Korea came from the shift of low-income
households from opportunistic screening to population-
based screening as well as the overall increasing trend of
participation to population-based screening.

In Japan, many measures have been taken fo fry to
raise the screening rate. However, broad opportunities for
cancer screening may lessen the impact of these measures
targeted for population-based screening. The Japanese
government began to send free vouchers to certain age
groups. This policy might encourage these targeted
populations to participate in population-based programs
by publicizing the importance of cancer screening (Kuroki,
2012). However, if the screening service was already
performed by the insurer, they may be reluctant to switch
to population-based screening, It is important to formulate
connections between population-based screening and
screening programs provided by the insurer and to share
information regarding evidence-based screening programs
in the same fashion.

The implementation of evidence-based cancer
screening programs may be largely dependent on the
background healthcare system. A method that has shown
to be successful in increasing the participation rate may
not be effective in countries or regions with different
health systems. It is important to understand the impacts
of each healthcare system as a whole and to match
the characteristics of a particular health system when
designing an efficient cancer screcning system.
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Abstract

Background: To identify high-risk groups for gastric cancer in presumptively healthy populations, several studies have
investigated the predictive ability of the pepsinogen test, H. Pylori antibodies, and a risk-prediction model based on these
two tests. To investigate whether these tests accurately predict gastric cancer development, we conducted a systematic
review and meta-analysis.

Methods: PubMed and other electronic databases were searched for cohort studies published in English or Japanese from
January 1985 through December 2013. Six reviewers identified eligible studies, and at least two investigators extracted data
on population and study-design characteristics, quality items, and outcomes of interest. Meta-analyses were performed on
non-overlapping studies.

Results: Nine prospective cohorts from Eastern Asia reported in 12 publications, including 33,741 asymptomatic middle-
aged participants of gastric cancer screening, were eligible. For discriminating between asymptomatic adults at high and
low risk of gastric cancer, the pepsinogen test (summary hazard ratio [HRI, 3.5; 95% confidence interval [Cl], 2.7-4.7; I = 0%)
and H. pylori antibodies (summary HR, 3.2; 95% Cl, 2.0-5.2; = 0%) were statistically significant predictors as standalone
tests. Although the risk-prediction model was in general moderately accurate in separating asymptomatic adults into four
risk groups (summary c-statistic, 0.71; 95% Cl: 0.68-0.73; F=7%), calibration seemed to be poor. The study validity was
generally limited.

Conclusions: The serum pepsinogen test, H. pylori antibodies, and the four-risk-group model for predicting gastric cancer
development seem to have the potential to stratify middle-aged presumptively healthy adults. Future research needs to
focus on comparative studies to evaluate the impact of screening programs adopting these tests. Also, validation, preferably
with model updating, is necessary to see whether the current model performance is transferable to different populations.
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Introduction

Gastric cancer is the fourth most common cause of cancer death
worldwide [1], and is the most prevalent cancer in Eastern Asia
[2]. Because high cure rates can be expected for early stages of
gastric cancer, and non-randomized evidence suggests that
radiographic screening can decrease gastric-cancer-specific mor-
tality [3], several Asian countries have initiated cancer-screening
programs using upper gastrointestinal tract photofluorography or
gastric endoscopy [4]. However, recent nationwide gastric cancer
screening rates for the general population in Japan have been
unsatisfactorily low [5]; therefore, a major current focus is on
developing a risk-stratified screening program by efficiently
identifying high-risk populations.

Infection with Helicobacter pylori and its associated chronic
atrophic gastritis (CAG) are two major risk factors for gastric
cancer [6,7]. In addition to several candidate oncogenic mecha-~
nisms [7,8], epidemiologic studies [9-12], have shown the
associations between these factors and gastric cancer. To predict
gastric cancer development in healthy populations, several cohort
studies have assessed the serum pepsinogen test and H. pylori
seropositivity, respectively, as surrogate markers for CAG and H.
pylori infection, and a risk-prediction model based on the two tests.
However, these studies have small sample sizes and use
heterogeneous designs, making it difficult to interpret the
published data. Also, those studies that have assessed the
prediction model typically focus on relative risk estimates and fail
to assess the performance of the model [13]. Therefore, we
performed a systematic review to provide a comprehensive
summary of the predictive ability of these tests in presumptively
healthy adults. We also aimed to quantitatively explore the
calibration and discrimination of the prediction model based on
the reported data.

Materials and Methods

This work is an updated, in-depth systematic review and meta-
analysis based on a broad health technology assessment conducted
by the literature review committee for the Japanese Guidelines for
Gastric Cancer Screening [3], using a set of standardized
systematic review methods [14] and following a prespecified
protocol. There is no specific protocol for this focused, updated
review. The aim of the health technology assessment was twofold:
in an asymptomatic healthy population, to evaluate the existing
evidence on benefits and harms of conventional screening
strategies using photofluorography or gastrointestinal endoscopy,
and to evaluate “risk-stratified” screening strategies incorporating
the serum pepsinogen test, /. pylori antibodies, or a risk-
prediction model based on the two tests as the primary screening
modality before performing photofluorography or endoscopy. In
this paper, we focus on the predictive ability of the serum

Pepsinogen Test, H. pylori Antibody, and Gastric Cancer

pepsinogen test, H. pylori serology, and the prediction model to
predict gastric cancer development in asymptomatic populations.

Literature search

We searched PubMed, Web of Science, Cochrane Central, and
the Japanese Medical Research Database (Igaku-Chuo-Zasshi)
using search terms like “‘stomach neoplasms”, “gastric cancer”,
“endoscopy”, “Helicobacter pylori”, “pepsinogens”, “atrophy”,
“diagnosis”, “mass screening” and their synonyms. The searches
were limited to English- or Japanese-language publications, and
citations from Jan 1 1985 to July 10 2013. The exact search
strategy is reported in the guidelines [3]. The search was updated
to December 31 2013 to include only studies assessing the serum
pepsinogen test and/or H. pylori serology. The updated search
was then supplemented by examining the title and abstract of all
articles that cited at least one of the already included publications
found through the citation-tracking function of the ISI Web of
Knowledge database, Scopus, and Google Scholar. We also
perused the reference list of eligible studies and relevant review
articles, and consulted with experts in gastric cancer screening.

Study eligibility

Six reviewers in three pairs independently screened non-
overlapping sets of abstracts and independently examined the full
text of each potentially eligible study. Studies that assessed the
serum pepsinogen test and/or H. pylori seropositivity at enroll-
ment as predictors of gastric cancer development in asymptomatic
participants of gastric cancer screening programs were considered
eligible. We included both prospective cohort studies and
retrospective analyses of prospective cohorts of any sample size
that followed up all participants. We did not prespecify a
minimum follow-up period, how the studies followed up partic-
ipants, or how they verified gastric cancer development. We
accepted studies regardless of whether they included or excluded
participants with gastric cancer diagnosed at enrollment or shortly
after positive screening results for pepsinogen test and/or H. pylori
antibodies (endoscopy and biopsy were typically performed). We
excluded case-control studies and nested case-control or case-
cohort studies. We also excluded studies that assessed the detection
rates of gastric cancer based on the pepsinogen test and/or .
pylori antibodies without follow-up. Discrepancies regarding
inclusion were resolved by consensus between the assessors
including a third reviewer.

We took particular care to identify publications with at least
partially overlapping populations by comparing authors, centers,
recruitment periods, and patient demographic characteristics. In
the case of multiple publications from one study, we included only
the publication with the longest follow-up.

Table 1. Gastric cancer risk groups defined by the pepsinogen test and H. pylori antibody.

Pepsinogen test Negative Negative Positive Positive
H. pylori serology Negative Positive Positive Negative
4-risk group model® Group A Group B Group C Group D
3-risk group model® Group A Group B Group C + Group D

“The original model adopted in the primary studies.
5An alternative model used in our post-hoc sensitivity analysis.
doi:10.1371/journal.pone.0109783.t001
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(n=2,689)

Articles failed to meet criteria
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PubMed and the Japanese
Medical Research Database,
from Jan 1, 2000 to July 10, 2013
(n=2,843)

Articles retrieved for full-text review
{n =154)

(n=786)

Articles failed to meet criteria

Web of Science, Cochrane Central,
and consultation with experts
(n=86)

Studies of the outcomes of

conventional screening strategies™
Radiography (n = 8)
Endoscopy (n = 14)

Studies of the outcomes of
risk-stratified screening strategies
Pepsinogen test (n = 6)

H. Pylori antibody (n = 39)
Combination of pepsinogen
test and H. Pylori antibody
(n=40)

*

PubMed (updated to December 31,
2013), References, 1SI Web of
Knowledge database, Scopus, and
Google Scholar

(n=3)

Studies of predictive ability of

gastric cancer (n = 12)
Pepsinogen test (n = 10) +
H. Pylori antibody (n =7) t
Combination of pepsinogen
test and H. Pylori antibody

(n=5)t

Figure 1. Study flow diagram. *, 7 These studies are not necessarily mutually exclusive; some met more than two research questions in the

original health technology assessment.
doi:10.1371/journal.pone.0109783.g001

Data extraction

One reviewer extracted descriptive data from each eligible
paper, which were confirmed by at least one other reviewer. We
extracted the following information: first author, year of publica-
tion, study location, study design and setting, inclusion and
exclusion criteria, baseline participant demographic characteris-
tics, follow-up period, methods used to ascertain gastric cancer
development, and technical specification of the pepsinogen test
and H. pylori antibodies. We also recorded the reported
performance of each test for diagnosing respective target clinical
conditions and their reference standard, if any, in the literature
(i.e., CAG by pepsinogen test and H. pylor: infection status by
SEropositivity).

One reviewer extracted numerical data regarding test results
and gastric cancer development from each study, which were
confirmed by at least one other reviewer. Specifically, for each risk
group defined we recorded the cumulative number of gastric
cancer cases identified through follow-up, the total number at risk,
and the hazard ratio (HR) estimates from the full statistical model
that adjusted for the largest number of potential confounders. Two
out of 150 (1%) extractions by the second reviewer for the
numerical data were inconsistent.
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Any disagreements were resolved by consensus. A third
investigator adjudicated any unresolved discrepancies. We con-
tacted by email authors of studies for additional information when
it was not possible to extract numerical data from the publication.

Quality assessment

We abstracted information on aspects of the design and conduct
of individual studies using a checklist specifically designed for
assessing studies of prognostic tests [15]. Items included study
design, selection of study participants, description of tested
population, inclusion and exclusion criteria, start point of follow-
up, description of test characteristics (assay methods and blinding
of test assessors to clinical outcomes and vice versa), description of
ascertainment of gastric cancer development, follow-up period,
and methods of data analysis (internal and external validation, and
whether appropriate statistical analyses including multivariable
adjustment taking account of other established risk factors had
been performed). We then judged the risk of bias for studies that
assessed the pepsinogen test or H. pylori antibodies as a standalone
test, using the Quality In Prognosis Studies (QUIPS-2) [16], and
rated the risk of bias and concerns about applicability for studies of
a risk-prediction model based on the two tests, using the Prediction
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