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Abstract

Background A combination of assays for the presence of

serum anti-Helicobacter pylori IgG antibody (HPA) and

serum pepsinogen (PG) concentrations can be used to

screen for gastric cancer risk. In Japan, this ‘‘ABC

method’’ is considered an effective means of stratifying

gastric cancer risk. This study aimed to ascertain its cost-

effectiveness for assessing gastric cancer risk.

Methods A Markov model was constructed to compare the

cost-effectiveness of two strategies for gastric cancer-risk

screening over a 30-year period: the ABC method, which

uses a combination of assessing the presence of HPA and

measuring serum PG concentrations and scheduling

endoscopies accordingly, and annual endoscopic screening.

Clinical and epidemiological data on variables in the model

were obtained from published reports. Analyses were made

from the perspective of the Japanese health care payer.

Results According to base-case analysis, the ABC method

cost less than annual endoscopic screening (64,489 vs.

64,074 USD) and saved more lives (18.16 vs. 18.30 qual-

ity-adjusted life years). One-way analyses confirmed the

robustness of the cost-effectiveness results. The probability

that the ABC method is cost-effective in Japanese indi-

viduals aged 50 years was 0.997.

Conclusions A combination of HPA and serum PG assays,

plus scheduling endoscopy accordingly, is a cost-effective

method of screening for gastric cancer risk in Japan.
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Introduction

Gastric cancer is the third leading cause of cancer-related

deaths in both sexes worldwide, accounting for about

723,000 deaths in 2012. Although half of all gastric cancer

cases are reportedly in eastern Asia, gastric cancer is also a

burden in eastern and southern Europe [1].

More than 100,000 new cases of gastric cancer are

diagnosed annually in Japan, resulting in 50,136 deaths.

According to the Japanese Ministry of Health, Labour and

Welfare, gastric cancer-related deaths accounted for 14.2%

of all cancer deaths in 2010 [2]. Furthermore, according to

a Survey of National Medical Care Insurance Services,

medical expenses arising from gastric cancer treatment
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accounted for *10% of medical expenses for all cancers in

2009. Gastric cancer prevention should thus be a priority in

Japan [3].

Helicobacter pylori infection is associated with an

increased risk of gastric cancer [4]; a meta-analysis of six

randomised controlled trials concluded that H. pylori

eradication reduces gastric cancer incidence by 66% [5].

Determining the presence of serum H. pylori IgG antibody

(HPA) is useful for evaluating H. pylori status. Atrophic

gastritis is also known to be associated with gastric cancer.

Human pepsinogens (PGs), classified as PG I and PG II, are

proenzymes for the digestive enzyme pepsin and are

secreted by gastric mucosal cells. Serum PG concentrations

reflect the status of the gastric mucosa and thus serve as

markers of atrophic gastritis [6]. PGI is secreted by chief

and mucous neck cells in the fundic glands, whereas PGII

is also secreted by cells in the pyloric and Brunner glands.

PG I concentration \70 lg/l and PG I/II ratio \3.0 are

considered to indicate gastric atrophy; individuals with

findings outside these ranges are considered not to have

gastric atrophy.

H. pylori infection and atrophic gastritis are strong

predictors of gastric cancer risk, especially in the Japa-

nese population [7–9]. Screening for gastric cancer risk

using a combination of serum HPA and PG assays,

referred to as the ‘‘ABC method,’’ may be an appropriate

and effective means of stratifying gastric cancer risk in

Japan because it can differentiate between individuals at

high and low risk of developing gastric cancer and detect

both intestinal- and diffuse-type early stage gastric

cancers [10]. By providing a measure of an individual’s

cancer risk, the ABC method may help to determine the

optimal strategy in relation to H. pylori eradication and

frequency of endoscopic screening.

It is important to establish an efficient, cost-effective,

and practical nationwide screening method for the early

detection of gastric cancer in Japan. The recently revised

version of the Japanese guidelines for gastric cancer

screening recommends endoscopic screening for reduc-

ing gastric cancer-related mortality in Japan [11]. Sev-

eral studies have attempted to estimate the cost-

effectiveness of strategies for eliminating gastric cancer

[12–14]. However, no study has examined the long-term

cost-effectiveness of the ABC method in relation to

gastric cancer in Japan. Given differences in epidemio-

logical characteristics and health insurance systems,

evidence from previous cost-effectiveness studies may

not be applicable in Japan.

The aim of this study was to evaluate the cost-effec-

tiveness of gastric cancer screening by the ABC method in

Japanese individuals from the perspective of the Japanese

health care payer.

Methods

Target population

The target population was defined as 50-year-old Japanese

individuals who have high gastric cancer incidence and

mortality who had not undergone H. pylori eradication

[15]. Notably, the national cancer screening programme for

gastric cancer recommends that all Japanese persons aged

C50 years undergo screening annually [11].

Model

A Markov cohort model was designed to assess the costs of

care and clinical effectiveness of the ABC method

(assessing presence of HPA and measuring serum PG

concentrations) for screening Japanese persons for gastric

cancer risk (Fig. 1) [15].

After such screening, individuals can be classified into

the following four groups: negative for both HPA and

gastric atrophy (group A); seropositive for H. pylori but

negative for gastric atrophy (group B); positive for both

HPA and gastric atrophy (group C); gastric atrophy with

HPA concentrations below the cut-off value (group D) [6].

Individuals in group A need no follow-up because they

are considered to be at low risk of developing gastric

cancer. In contrast, H. pylori eradication therapy is con-

sidered indicated for all individuals in groups B–D. Indi-

viduals in these higher risk groups are also candidates for

periodic endoscopic follow-up. As the Markov modelling

progressed, gastric cancer incidence differed between the

groups in the study cohort [7] (Table 1).

A primary decision-analysis model compared two

intervention strategies: scheduled screening with endo-

scopy after H. pylori eradication and annual endoscopic

screening.

Assumptions

All individuals were allocated to four categories with dif-

ferent risks of gastric cancer and underwent scheduled

endoscopic screening according to the level of gastric

cancer risk. It was assumed that individuals in group A did

not undergo endoscopic screening, whereas those in groups

B and C underwent endoscopy every 3 and 2 years,

respectively, and those in group D annually. These

assumptions are based on the findings of a randomised

clinical trial conducted by Gotoba et al. [16]. It was also

assumed that detection rates did not differ between endo-

scopic screening at 2- and 3-year intervals compared with

annual screening [17]. The rate of gastric cancer screening

in Japan was assumed to be 36.7%, this figure being based
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on National Cancer Centre Cancer Information Service

data [18]. The endoscopic screening rate for high-risk

individuals was assumed to be 60% in those undergoing

ABC screening because such gastric cancer risk testing

may provide an incentive for individuals to also undergo

endoscopic screening. Individuals with positive endoscopy

findings underwent biopsies to obtain definite diagnoses

and minimise false positives.

Patients in Groups B–D underwent H. pylori eradication

by triple therapy with a proton pump inhibitor 30 mg/day,

amoxicillin 1.5 g/day, and clarithromycin 800 mg/day for

7 days as first-line therapy. Patients in whom eradication

was not achieved by this therapy received second-line H.

pylori eradication therapy, in which metronidazole at

250 mg/day for 7 days is substituted for clarithromycin.

Eradication rates for first- and second-line therapies were

assumed to be 65.3 and 84.0%, respectively, on the basis of

the findings of Sasaki et al. [19]. Eradication was assessed

by the urea breath test and H. pylori stool-antigen test

8 weeks after completion of eradication therapy. Accord-

ing to a systematic review and meta-analysis conducted by

Lee et al. [20], successful eradication is associated with an

estimated reduction in risk of developing gastric cancer of

0.53 (range 0.44–0.64).

It was assumed that individuals in group D also under-

went H. pylori eradication because, despite their HPA

concentrations being below the cut-off value, some of these

individuals would have had H. pylori infection. The inci-

dence of gastric cancer is not decreased by eradication in

these individuals because they already have advanced

gastric mucosal atrophy.

The annual endoscopic screening assumed no H. pylori

eradication and that all individuals underwent endoscopic

screening every year. With both strategies, individuals who

did not undergo screening were diagnosed as having gastric

cancer only when they presented with symptoms. Transi-

tions between gastric cancer stages and incidence of gastric

cancer were assumed to be similar in the screened and

unscreened groups.

Finally, to compensate for lead-time bias, it was

assumed that patients whose gastric cancers were detected

earlier by screening survived longer than those whose

diagnoses of Stage I cancer were made on clinical grounds

(Table 1).

Fig. 1 Structure of the gastric cancer screening Markov model for cost-effectiveness analysis
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Model variables

Table 1 shows variables believed to affect the incidence

rate of gastric cancer, the distribution of TNM staging and

5-year survival, sensitivity and specificity of endoscopic

screening, quality of life scores, and treatment costs

(Table 1, Supplementary Table S1–S4) [7, 19–31, 33, 36].

We used age- and sex-adjusted incidence rates reported by

Ikeda et al. as the baseline risk at age 50 among four cate-

gories with different risks of gastric cancer. The increasing

incidence with age was based on Japanese epidemiological

data that reflect the natural history of gastric cancer [7, 25].

The transition probability (p) of an event occurring over

a specific time interval (t) was calculated using an inci-

dence rate (r) according to the following formula:

p = 1 - exp(-rt). The probabilities of transition from

gastric cancer to death were drawn from published Japa-

nese nationwide gastric cancer registration data [27]. Age-

specific death rates for the general population were esti-

mated from abridged life tables for Japan in 2014 [28].

The cost of endoscopic screening was set to 147 USD

based on expert opinions because screening costs are not

covered by health insurance in Japan and are therefore not

listed in the tariffs. The screening costs do not include costs

of pre- or post-test counselling.

Direct medical costs were considered only from the per-

spective of the Japanese health care payer. The cost of H.

pylori eradication therapy was estimated from the Japanese

medical fee list and price list for drugs in 2014 [29, 30]. Using

medical record data in the database of Niigata University

Medical and Dental Hospital for the years 2002 to 2009, the

total costs for inpatients and outpatients with gastric cancer

undergoing any treatments were derived for four groups,

which were categorised by TNM staging. These costs

included hospital visits, hospitalisation, laboratory tests,

mucosectomy, surgery, chemo-/radiotherapy, and other

medical procedures. The costs were calculated for three time

periods, the first being the year from initiation of gastric

cancer treatment and the third being the last year of life.

Health expenditures unrelated to gastric cancer in added

life years were included in the analysis. National health

expenditure in 2014 by age group was obtained from the

Ministry of Health, Labour and Welfare; these values are

also shown in Table 1 [31]. All costs were converted into

USD using 2014 exchange rates (1 USD = 105.8 JPY), as

reported by the Organization for Economic Co-operation

and Development (Table 2) [32].

The primary measure of effectiveness in the present

analysis was quality-adjusted life years (QALYs). Values for

health-related quality of life, in which 1 year of life is mul-

tiplied by a utility factor between 0 (death) and 1 (perfect

health), were taken from Miguel et al., who used the EQ-5D-

5L quality of life questionnaire to estimate utility scores in

patients with gastric pre-cancer and cancer [33] (Table 1).

We obtained the value for utility of no symptoms from a

report by Shiroiwa et al., who estimated the utility of the

general Japanese population [34] (Supplementary Table S4).

Cost-effectiveness analysis

Cost-effectiveness was evaluated using an incremental

cost-effectiveness ratio (ICER), which represents the

additional cost of the ABC method over annual endoscopic

screening required to achieve one extra QALY. Willing-

ness-to-pay threshold was set at 50,000 USD, as in most

economic analyses, and an ICER \50,000 USD/QALY

was defined as being cost-effective [35]. Cost-effectiveness

during the 30-year follow-up period was evaluated by

calculating the lifetime cost and QALYs; the average life

span in Japan is approximately 80 years.

A base-case analysis incorporating the baseline vari-

ables shown in Tables 1 and 2 was performed initially. The

variability of the results was then assessed and multiple

one-way sensitivity analyses performed by adjusting vari-

ables such as incidence of gastric cancer, endoscopy

characteristics, eradication rate, 5-year survival rate,

annual care costs, and quality of life utility scores. Finally,

probabilistic sensitivity analysis (PSA) was performed

using Monte Carlo simulations involving 100,000 samples

to assess uncertainty in the base-case results for estimated

costs and QALYs. For each run of the simulation, input

values for variables were drawn randomly from appropriate

distributions. In the PSA, the transition probabilities and

quality of life utility scores were explored by assuming a

beta distribution, whereas annual care costs for gastric

cancer were varied according to a gamma distribution.

Dirichlet distributions were assigned to the proportions of

gastric cancer-risk groups and stage distributions of gastric

cancer. Adverse endoscopic events and risk reduction

associated with successful H. pylori eradication were

assigned Poisson and log-normal distributions, respec-

tively. Triangular distributions were introduced for other

variables, using their lower and upper ranges. On the basis

of guidelines for the economic evaluation of health insur-

ance technologies in Japan [36], costs and QALYs were

discounted at a rate of 2% per year in the base-case anal-

ysis. All analyses were performed using TreeAge Pro 2017

software (Williamstown, MA, USA).

Results

Base-case analysis

Base-case analysis indicated that the ABC method was less

expensive than no intervention (64,489 vs. 64,074 USD,
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Table 1 Estimated model inputs

Parameter Base Range Distribution References

Transition probabilities

Gastric cancer risk group

Age 40 years Dirichlet [21]

Group A HPA(-)/PG(-) 0.814 (665/817)

Group B HPA(?)/PG(-) 0.102 (83/817)

Group C HPA(?)/PG(?) 0.077 (63/817)

Group D HPA(-)/PG(?) 0.007 (6/817)

Age 50 years Dirichlet [21]

Group A HPA(-)/PG(-) 0.714 (400/561)

Group B HPA(?)/PG(-) 0.125 (70/561)

Group C HPA(?)/PG(?) 0.138 (77/561)

Group D HPA(-)/PG(?) 0.023 (13/561)

Age 60 years Dirichlet [21]

Group A HPA(-)/PG(-) 0.529 (82/154)

Group B HPA(?)/PG(-) 0.209 (32/154)

Group C HPA(?)/PG(?) 0.216 (33/154)

Group D HPA(-)/PG(?) 0.046 (7/154)

Rate of gastric cancer screening

Without risk testing 0.367 Fixed [22]

With risk testing 0.600c 0.400–0.800 Triangular d

Endoscopic screening

Sensitivity 0.955 0.875–0.991 Beta [23]

Specificity 0.851 0.843–0.859 Beta [23]

Endoscopic adverse events/100,000

Complications 5.021 4.511–5.531 Poisson [24]

Death 0.189 0.090–0.288 Poisson [24]

H. pylori eradication

1st-line eradication success rate 0.653 0.503–0.803a Triangular [19]

2nd-line eradication success rate 0.840 0.690–0.990a Triangular [19]

Gastric cancer risk in eradication group (RR) 0.53 0.44–0.64 Log-normal [20]

Incidence of gastric cancer/1000 person years

Group A HPA(-)/PG(-) 0.6 Fixed [7]

Group B HPA(?)/PG(-) 2.4 HR 1.76–11.14 Log-normal [7]

Group C HPA(?)/PG(?) 6.7 HR 4.68–28.87 Log-normal [7]

Group D HPA(-)/PG(?) 6.7 HR 4.68–28.87 Log-normal [7]

Stage of gastric cancer at diagnosis

Screened population Dirichlet [26]

Stage I 0.85

Stage II 0.04

Stage III 0.08

Stage IV 0.03

Unscreened population Dirichlet [26]

Stage I 0.07

Stage II 0.17

Stage III 0.33

Stage IV 0.43

5-year survival rateb

Stage I (detected by screening) 0.933c 0.903–0.963 Beta d
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respectively) and prolonged QALYs (18.16 vs. 18.30

QALYs, respectively) (Table 3). The ABC method may

therefore be considered preferable to annual endoscopic

screening in terms of both QALY gains and cost. It was

also shown that the ABC method reduced gastric cancer-

related cost by 35% compared with annual endoscopic

screening.

Table 1 continued

Parameter Base Range Distribution References

Stage I (clinically diagnosis) 0.903 0.895–0.911 Beta [27]

Stage II 0.700 0.672–0.728 Beta [27]

Stage III 0.412 0.388–0.436 Beta [27]

Stage IV 0.152 0.135–0.169 Beta [27]

Screening cost (USD)

Risk screening with ABC method

PG and HPA test 28c 14–42 Fixed d

H. pylori-eradication therapy

1st-line eradication regimen/day

PPI (lansoprazole) 30 mg 6 Fixed [29]

AMPC 1.5 g 5 Fixed [29]

CAM 800 mg 19 Fixed [29]

2nd-line eradication regimen/day

PPI (lansoprazole) 30 mg 6 Fixed [29]

AMPC 1.5 g 5 Fixed [29]

MNZ 250 mg 4 Fixed [29]

Prescription fee 5 Fixed [29]

H. pylori test after eradication therapy

UBT 78 Fixed [30]

H. pylori stool antigen 37 Fixed [30]

Endoscopic screening 142c 71–213 Triangular d

Biopsy 96 48–192 Fixed [30]

Quality of life utility

Gastric pre-cancer (gastritis) 0.79 0.77–0.81 Beta [33]

Gastric cancer

Stage I 0.78 0.63–0.92 Beta [33]

Stage II 0.77 0.71–0.82 Beta [33]

Stage III 0.77 0.71–0.82 Beta [33]

Stage IV 0.68 0.55–0.81 Beta [33]

Death 0.00 Fixed

Disutility

H. pylori eradication 0.00 0.00–0.05 Fixed d

Endoscopy 0.00 0.00–0.05 Fixed d

Discount rate

Utility 0.02 Fixed [36]

Cost 0.02 Fixed [36]

HPA(-) is defined as negative for HPA; PG(-) is defined as PG I level\70 lg/l and PG I/II ratio\3.0

AMPC amoxicillin, CAM clarithromycin, HPA anti-Helicobacter pylori IgG antibody, HR hazard ratio, MNZ metronidazole, PG pepsinogen, PPI

proton pump inhibitor, RR relative risk, UBT urea breath test
a Range assumed to be ±0.15
b TMN staging
c Expert opinion data (range ± 50%)
d Assumption value
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Sensitivity analysis

The results of the sensitivity analyses are shown in Table 4.

The ABC method resulted in longer QALYs and lower

costs or ICER \50,000 USD than annual endoscopic

screening in all one-way sensitivity analyses and remained

cost-effective across the range of all variables.

The cost-effectiveness acceptability curves resulting

from the PSA for the ABC method are shown in Fig. 2.

PSA demonstrated that the model results are consistent

with the probability of the ABC method being cost-effec-

tive for a given ICER investment ceiling. At an investment

of 10,000 USD/QALY, 99.7% of the simulations demon-

strated that the ABC method was cost-effective in indi-

viduals aged 50 years. These conclusions were not

significantly affected by uncertainties around the input

variables.

Discussion

Early detection and treatment of gastric cancer are crucial

for improving survival and reducing medical costs. We

believe this study is the first to use a simulation model for

cost-effectiveness analysis of the clinical effectiveness and

economic consequences of the ABC method of gastric

cancer screening in Japan.

The national cancer screening programme in Japan has

historically used barium gastrography to detect gastric

cancer. However, only *10% of the at-risk population

actually underwent such examinations in 2008. The current

screening programme is also compromised by the lower

sensitivity of barium gastrography than endoscopic

screening for detecting early gastric cancer [23]. Moreover,

because a previous study in Japan found that about 3% of

the cumulative risk of cancer to age 75 years is

Table 2 Costs of care for

gastric cancer
Annual care cost (USD) Outpatient Inpatient Total Distribution

Stage I (N = 294)a

First year 1014 11,425 12,439 Gamma

Subsequent years 767 962 1729 Gamma

Stage II (N = 48)

First year 2334 20,953 23,287 Gamma

Subsequent years 1574 2415 3989 Gamma

Stage III (N = 21)

First year 1593 21,128 22,722 Gamma

Subsequent years 1212 1335 2547 Gamma

Stage IV (N = 50)

First year 3897 29,256 33,153 Gamma

Subsequent years 2930 3402 6332 Gamma

Terminal year in each stage 3676 13,675 17,351 Gamma

Source of data: medical record database of Niigata University Medical and Dental Hospital between 2002

and 2009

All costs were converted into US dollars using 2014 exchange rates (1 USD = 105.8 JPY)
a Data collected from all patients in whom endoscopic submucosal dissection was performed in the

Division of Endoscopy during the study period

Table 3 Results of base-case

analysis
Annual endoscopic screening ABC method

Gastric cancer-related cost (USD)a 4826 3214

Gastric cancer-unrelated cost (USD) 59,663 60,860

Total cost (USD) 64,489 64,074

Difference -415

QALYs 18.16 18.30

Difference 0.14

ICER (USD/QALY) Dominant

Dominant: more effective and less costly than reference strategy

ICER incremental cost-effectiveness ratio, QALY quality-adjusted life year
a Gastric cancer-related costs include screening costs and costs of care for gastric cancer
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attributable to diagnostic X-ray exposure [37], we did not

use radiographic screening as a comparator in our study.

The national screening rate for gastric cancer in the

whole of Japan was 37% in 2013. The screening rate of

60.2% in Yamagata was the highest among 47 Japanese

regions, while the screening rate of 30.2% in Oosaka

was the lowest in Japan [22]. In Japan, 93 local gov-

ernment areas and 5.3% of national government areas

used the ABC method for opportunity screening for

gastric cancer in 2014 [21]. We consider that the ABC

method will become a major screening and prevention

strategy for gastric cancer because annual endoscopic

screening as a primary screening strategy is cumbersome

and time-consuming.

A combination of serum pepsinogen concentration and

H. pylori antibodies and the four-risk-group model is an

effective strategy for predicting gastric cancer development

[7, 9]. The ABC method may provide an incentive for

individuals to undergo clinical examinations sooner after

developing symptoms. It has the potential to be an effective

Table 4 Influence of variables according to one-way sensitivity analysis

Parameter Lower value ICER (USD/QALY) Upper value ICER (USD/QALY)

Age 40 Dominant 60 Dominant

Screening rate after risk testing 0.400 Dominant 0.800 Dominant

Endoscopic screening

Sensitivity 0.875 Dominant 0.991 Dominant

Specificity 0.843 Dominant 0.859 Dominant

Complications/100,000 4.511 Dominant 5.531 Dominant

Deaths/100,000 0.090 Dominant 0.288 Dominant

H. pylori eradication

1st-line success rate 0.503 Dominant 0.803 Dominant

2nd-line success rate 0.690 Dominant 0.990 Dominant

Cancer risk in eradication group RR = 0.44 Dominant RR = 0.64 Dominant

Incidence of gastric cancer/100,000

Group B HPA(?)/PG(-) HR = 1.76 Dominant HR = 11.14 Dominant

Group C HPA(?)/PG(?) HR = 4.68 Dominant HR = 28.87 Dominant

Group D HPA(-)/PG(?) HR = 4.68 Dominant HR = 28.87 Dominant

5-Year survival rate

Stage I (detected by screening) 0.903 Dominant 0.963 Dominant

Stage I (clinically diagnosis) 0.895 Dominant 0.911 Dominant

Stage II 0.672 Dominant 0.728 Dominant

Stage III 0.388 Dominant 0.436 Dominant

Stage IV 0.135 Dominant 0.169 Dominant

Cost

PG and HPA test 14 Dominant 42 Dominant

Endoscopic screening 71 Dominant 213 Dominant

Biopsy 48 Dominant 192 Dominant

Utility

Gastritis 0.77 Dominant 0.81 Dominant

Gastric cancer

Stage I 0.63 Dominant 0.92 Dominant

Stage II 0.71 Dominant 0.82 Dominant

Stage III 0.71 Dominant 0.82 Dominant

Stage IV 0.55 Dominant 0.81 Dominant

Disutility of H. pylori eradication 0.00 Dominant 0.05 Dominant

Disutility of endoscopy 0.00 Dominant 0.05 Dominant

Dominant: more effective and less costly than the reference strategy

HPA anti-Helicobacter pylori IgG antibody, HR hazard ratio, ICER incremental cost-effectiveness ratio, PG pepsinogen, QALY quality-adjusted

life year, RR relative risk

552 S. Saito et al.

123



screening method for gastric cancer because it reportedly

halves the cost of detecting gastric cancer [38].

The present study has several limitations. First, we

used the same sensitivity and specificity for all age groups

and only included a reduction in the risk of gastric cancer

when H. pylori eradication had been shown to be suc-

cessful [20]. Furthermore, we did not obtain data on the

effect of H. pylori eradication on gastric cancer risk in

relation to patient age. Second, we estimated gastric

cancer treatment costs based only on data for patients at

Niigata University Medical and Dental Hospital and did

not include costs associated with the use of medical ser-

vices at other hospitals and clinics. Moreover, these data

included costs for gastric cancer and other illnesses cov-

ered under the Japanese health insurance system. We

attempted to minimise the effects of these limitations by

performing PSA over a wide range of variables. Another

limitation of this study was the unavailability of utility

scores from Japanese sources for each stage. Data on

utilities obtained by a single questionnaire would be

helpful for conducting cost-effectiveness analyses in

relation to gastric cancer. We therefore assigned a utility

based on the findings of a Portuguese study [33] that

determined the utilities of gastric pre-cancer and cancer

using a single standardised instrument, namely the EQ-

5D-5L.

As to the model assumptions, both the sensitivity of

serum HPA for H. pylori infection and serum pepsinogen

concentration, which predicts atrophic gastritis, were

assumed to be higher than 90% provided that we had

classified the participants correctly in our analysis [39, 40].

Atrophic gastritis is certainly related to the occurrence of

gastric cancer. However, whether atrophic gastritis is

associated with significant differences in cancer stage is

controversial. We therefore did not consider differences in

cancer stage between the groups in this study.

Because we calculated 5-year survival rates based on

diagnosed stage, in our study we applied 5-year survival

rates to the corresponding cancer stages at diagnosis

without modelling transitions between stages. Our esti-

mation of costs for care of gastric cancer included the

occurrence of relapse. We did therefore take stage-specific

costs into consideration, but only applied utility decrements

in the final year of individuals who had relapses and had

died. We incorporated lead times for earlier detection of

cancers by screening by adding the assumption that early

gastric cancer detected by screening has a 3% higher

5 years survival rate than clinically diagnostic gastric

cancer. We examined the influence of this point on base-

case results by sensitivity analysis [41].

Eradication of H. pylori reduces both the incidence of

gastric cancer and peptic ulcer and the prevalence and costs

of managing dyspepsia. Economic analyses suggest that

eradication of H. pylori as a means of controlling gastric

cancer is cost-effective in high-risk populations [42].

Several studies have attempted to estimate the cost-effec-

tiveness of H. pylori eradication and endoscopic screening

for gastric cancer. A study from Singapore using a similar

simple screening model suggested that 2-yearly endoscopy

screening in a moderate- to high-risk population is highly

cost-effective [26]. Another study using the three-state

Markov model has demonstrated that H. pylori eradication

is cost-effective in Korea [13], suggesting that the costs of

H. pylori eradication should be a priority for reimburse-

ment because such eradication likely prevents subsequent

cancer and thus reduces overall health care costs. The

current study provides updated estimates of the cost-ef-

fectiveness of H. pylori eradication and scheduled

Fig. 2 Results of probabilistic

sensitivity analyses of the ABC

method for cohorts of different

ages
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endoscopic screening for gastric cancer. A Canadian eco-

nomic evaluation of gastric cancer screening reported that

the ICERs of several prevention strategies ranged from

approximately $30,000 to $50,000 compared with no

screening [43]. They used the Markov model split over

nine states such as screening, H. pylori infection, and

gastric cancer prognosis.

In conclusion, gastric cancer screening based on the

ABC method is more cost-effective than annual endoscopic

screening. However, the applicability of the ABC method

should be further evaluated before its introduction as a

method for mass screening for gastric cancer in populations

with a high incidence of H. pylori infection and atrophic

gastritis. Future economic evaluations of gastric cancer

screening are needed to determine its effects on long-term

mortality and to investigate the incidence of H. pylori

infection and atrophic gastritis in screening populations.
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