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Objectives: The aim of this study was to evaluate the costs and effectiveness associated
with no screening, Helicobacter pylori serology screening, and the '3C-urea breath test
(UBT) for gastric cancer in the Chinese population.

Methods: A Markov model simulation was carried out in Singaporean Chinese at

40 years of age (n = 478,500) from the perspective of public healthcare providers. The
main outcome measures were costs, number of gastric cancer cases prevented, life-years
saved, quality-adjusted life-years (QALYs) gained from the screening age to death, and
incremental cost-effectiveness ratios (ICERs), which were compared among the three
strategies. The uncertainty surrounding ICERs was addressed by scenario analyses and
probabilistic sensitivity analysis using Monte Carlo simulation.

Results: The ICER of serology screening versus no screening was $25,881 per QALY
gained (95 percent confidence interval (95 percent Cl), $5,700 to $120,000). The ICER of
UBT versus no screening was $53,602 per QALY gained (95 percent Cl, $16,000 to
$230,000). ICER of UBT versus serology screening was $470,000 per QALY gained, for
which almost all random samples of the ICERs distributed above $50,000 per QALY.
Conclusions: It cannot be confidently concluded that either H pylori screening was a
cost-effective strategy compared with no screening in all Chinese at the age of 40 years.
Nevertheless, serology screening has demonstrated much more potential to be a
cost-effective strategy, especially in the population with higher gastric cancer

prevalence.

Keywords: Cost-effectiveness analysis, Gastric cancer, Helicobacter pylori, Markov
model, Monte Carlo simulation

Gastric cancer is the second leading cause of cancer death (H pylori) infection has been recognized as an important
worldwide, which leads to a substantial burden of morbidity, risk factor for cancer of gastric body and antrum (distal can-
mortality, and healthcare costs (4;18). Helicobacter pylori cers) (5;13;15;24). Approximately 50 percent of the world
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population has been affected by H pylori (31). Although less
than 1 percent of the infected will develop gastric cancer,
H pylori screening in high-risk populations has been pro-
posed as a cost-effective strategy in the long-term in Western
countries (10;25;26).

East Asian countries such as China and Japan have the
highest incidence of distal gastric cancer, which is twice
as common in men as in women (18). H pylori infection
was also found to be strongly linked to increased risk of
gastric cancer in ethnic Chinese and Japanese people (23).
Early detection and eradication of H pylori infection might
be a useful way to reduce the risk of gastric cancer in Asian
populations where the prevalence of H pylori infection and
gastric cancer is significantly higher than that in Western
populations (18). However, evidence is lacking on whether it
is cost-effective to implement H pylori screening in high-risk
Asian populations. Moreover, as several screening programs
demonstrated acceptable sensitivity and specificity in detec-
tion of H pylori infection in Chinese (17;21), which one is
more cost-effective?

This study thus aimed to evaluate the costs and ef-
fectiveness associated with no screening, H pylori serol-
ogy screening, and the '3C-urea breath test (UBT) in Sin-
gaporean Chinese at 40 years of age using a Markov
model.

MATERIALS AND METHODS

Markov Model

The present study compared three strategies: strategy 1, no
screening; strategy 2, single serology screening for H pylori
and treating those tested positive with eradication therapy;
and strategy 3, single screening for H pylori using the UBT
and treating those tested positive with the same eradication
therapy as used in strategy 2. After screening and treatment,
both costs and outcomes associated with each strategy were
evaluated using a Markov model (Figure 1) (2;28), which
estimated costs, life-years saved, and quality-adjusted life-
years (QALYs) gained from the screening age to death (ei-
ther died of gastric cancer or other causes or attained full life
expectancy) (34). The distribution of the study cohort in dif-
ferent Markov states before the simulation started (i.e., cycle
0) was determined by the sensitivities and specificities of the
screening strategies, prevalence of H pylori infection and the
relative risk of cancer for H pylori infected. A separate health
state was used to identify those infected by H pylori but the
infection was successfully eradicated. Transition probabili-
ties and corresponding plausible ranges in the model were
obtained from a critical review of published literature on the
target population wherever available (Table 1). Probabilities
were converted from available rates using the recommended
formula (28).
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Figure 1. Markov model schematic. The asterisk at “H pylori eradicated” referred to the state of persons with positive screening
test and the infection was successfully eradicated by the triple therapy.
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Table 1. Parameters Used in the Markov Model

Cost-effectiveness analysis of H pylori screening

Base-case

Input variable analysis Min—-max Source
Clinical and epidemiological parameters
Prevalence of H pylori,% 42.8 17.9-71.0 a7
Prevalence of gastric cancer per 100,000 4.2 1.2-342.0 27)
Gastric cancer in distal stomach,% 60 50-80 25)
Relative risk of gastric cancer in persons with H pylori infection 3.6 2-12 (25)
Age-specific mortality from age 40, /per 1,000 1.2-46.4 - )
Gastric cancer death in deaths from all causes,% 2.27 2.20-2.33 (27,34)
Survival rate of gastric cancer after treatment,% 32)

1-year 54.2

2-year 41.8

3-year 37.9

4-year 34.0

S-year 30.5
Screening and treatment parameters, %
H pylori serology screening sensitivity 93 82-95 a7
H pylori serology screening specificity 79 70-92 17)
H pylori '3C-urea breath test sensitivity 97.9 90-100 21
H pylori '*C-urea breath test specificity 95.8 90-100 (21)
Effectiveness of H pylori eradication 92.0 87-98 (35)
Probability of adverse effects related to eradication therapy necessitating medical intervention 2.5 2-5 (10)
Annual H pylori infection rate 1.0 0.5-3 (10,33)
Excess gastric cancer risk reduction attributable to H pylori eradication 30 0-100 (10)
Costs (2006 U.S. dollars)*
H pylori serology screening 26 10-50
H pylori 3C-urea breath test 83 60-100
H pylori eradication (triple therapy) 30 20-50
Gastric cancer treatment per annum 4358 328-59,000
Eradication-related adverse effects 50 5-100
Others
Annual discount rate for costs and effectiveness,% 3 0-7 (22,32)
Life expectancy, years 77 76-80 (34)
Utility
H pylori noninfected 1.00 0.95-1.00 (33)
H pylori infected 0.90 0.80-1.00 (33)
Gastric cancer 0.38 0.13-0.65 33)

2 All costs were estimated from the records of local public hospitals.

H pylori, helicobacter pylori; Triple therapy: Rabeprazole 20 mg, amoxicillin 1000 mg, and clarithromycin 500 mg, twice a day for 7 days.

Clinical and Epidemiological Parameters

We evaluated all Singaporean Chinese at 40 years of age
because the prevalence of H pylori infection for this age
group increased substantially compared with younger groups
(17;30). Age-specific mortality rates were applied when the
cohort aged in the model (8). The relative risk of devel-
oping gastric cancer in the H pylori—infected persons com-
pared with the uninfected was obtained from published liter-
ature (13;14). The proportion of gastric cancer deaths among
deaths from all causes was derived from local reports (27).
The 1- to 5-year survival rates were estimated from a large
prospective cohort study in Chinese patients (32). Persons
who survived for more than 5 years after diagnosis of gas-
tric cancer were assumed to be cured and therefore achieved
full life expectancy as the 5-year survival rate adequately re-
flected curative success of gastric cancer treatment (19;25).

Screening and Treatment-Related
Parameters

The screening strategies included one single serology screen-
ing using the enzyme-linked immunosorbent assay with sen-
sitivity and specificity of 93 percent and 79 percent in Chi-
nese, respectively (strategy 2) (17), and one single UBT using
the simple gas chromatograph—mass selective detector with
sensitivity and specificity of 98 percent and 96 percent in
Chinese, respectively (strategy 3) (21). In both strategies,
persons with positive test results (including both true- and
false-positive) for H pylori were treated with a triple ther-
apy (i.e., rabeprazole 20 mg, amoxicillin 1,000 mg, clar-
ithromycin 500 mg, all twice a day for 4 days) with an erad-
ication rate of 91 percent (16;35). This regimen was chosen
because it is safe and effective, well accepted by patients, and
is recommended by the Asia—Pacific consensus conference

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 24:1, 2008 89

https://doi.org/10.1017/50266462307080117 Published online by Cambridge University Press


https://doi.org/10.1017/S0266462307080117

Xie et al.

(7;20;29). Persons who stopped the triple therapy due to side
effects or did not comply with the regimen were considered
as treatment failure and thus remained infected. Persons who
remained infected despite attempts at eradication had life ex-
pectancy and other outcomes identical to those infected who
did not undergo treatment. The reinfection rate of the per-
sons whose infection had been successfully eradicated was
assumed to be identical to the persons who had never been
infected (i.e., 1 percent annually in the base-case analysis)
(10;33). Once reinfection occurred, a gastric cancer risk was
considered the same as that of an untreated, infected person.

An underlying assumption of the present study was that
eradication of H pylori infection can reduce the excess risk of
distal gastric cancer (9;24). We conservatively assumed that
persons cured of H pylori infection would have a 30 percent
excess risk reduction compared with those H pylori—infected
persons in the base-case analysis. A wide range of excess
risk reduction from 10 percent to 100 percent was used in
probabilistic sensitivity analysis.

Costs

The present study was done from a public healthcare
provider’s perspective. Thus, the model included direct med-
ical costs of the serology screening, the UBT, and the triple
therapy. Costs associated with adverse effects of the triple
therapy that necessitated medical intervention were also in-
cluded (Table 1). Annual direct medical costs associated with
treatment of gastric cancer were estimated at an average level
across different stages of gastric cancer (6). Nonmedical di-
rect costs and indirect costs were not included. All costs were
accrued from the time of screening until death, reported in
2006 U.S. dollars, and annually discounted at 3 percent in
the base-case analysis (22).

Effectiveness

The two main health outcomes evaluated in this model were
life-years saved and QALYs gained. All outcomes were an-
nually discounted at 3 percent in the base-case analysis (22).

Incremental Cost-Effectiveness Ratio

The incremental cost-effectiveness ratio (ICER) was ex-
pressed as U.S. dollars per QALY gained. It was calculated
for the two screening strategies compared with no screening,
as well as the UBT compared with the serology screening.
The $50,000 per QALY was used as the ICER threshold.

Uncertainty Analysis

The point estimates of all parameters were used in the base-
case analysis. To account for uncertainty surrounding these
parameters’ values, a probabilistic sensitivity analysis was
performed using the Monte Carlo simulation. Due to lack of
information on distributions of these parameters, a triangular
distribution was applied by using the point estimate, min-
imal and maximal values as inputs. Additionally, multiple

cost-effectiveness acceptability curves, which by definition
is the probability that an intervention is most cost-effective
among all alternatives given a wide range of willingness-to-
pay per QALY gained (3;11), were constructed for all three
strategies.

To account for structural uncertainty, we explored the
impact of different scenarios on ICERs, which included dif-
ferent target populations (all Chinese versus Chinese men
only) and different levels of gastric cancer prevalence (high
prevalence versus lower prevalence). The highest gastric can-
cer prevalence used in the scenario analyses was the preva-
lence in people older than 80 years of age based on the
Singapore Cancer Registry report (27).

RESULTS

In the base-case analysis, compared with no screening, the
serology screening strategy for all Chinese people at the
age of 40 (n = 478,500) (8) saved 788 life-years or gained
763 QALYs by preventing 101 gastric cancer cases at an
extra cost of $20 million. The UBT strategy saved 840 life-
years or gained 814 QALY by preventing 108 gastric cancer
cases at an extra cost of $44 million (Table 2). The ICER
of serology screening versus no screening was $25,881 per
QALY gained. The ICER of UBT versus serology screening
was $470,000 per QALY gained (Table 2).

If the screening strategies were only applied to Chinese
men at the same age group, the ICER was $16,162 per QALY
for serology screening versus no screening and $286,470
per QALY for UBT versus serology screening (Table 2). If
the screening strategies were applied to the population with
lower gastric cancer prevalence (p = 1.2 per 100,000), the
ICER was $100,577 per QALY for serology screening versus
no screening and $1,699,296 per QALY for UBT versus
serology screening. If the screening strategies were applied
to the population with the highest gastric cancer prevalence
(p = 342 per 100,000), the serology screening was dominant
to no screening and the ICER was $3,706 per QALY for UBT
versus serology screening (Table 2).

Probabilistic sensitivity analyses demonstrated that the
95 percent confidence interval of the ICERs of serology
screening versus no screening was $5,700 per QALY to
$120,000 per QALY (Figure 2). If using $50,000 per QALY
as a threshold, the probability that the serology screening was
cost-effective compared with no screening was 75 percent.

The 95 percent confidence interval of the ICERs of UBT
versus no screening was $16,000 per QALY to $230,000 per
QALY (Figure 3). The probability that the UBT was cost-
effective compared with no screening was 38 percent. As
shown in Figure 4, almost all ICERs of UBT versus serology
screening were higher than $50,000 per QALY.

Multiple cost-effectiveness acceptability curves are
shown in Figure 5. If the willingness-to-pay was less than
$30,000 per QALY, the probability of no screening being
the most cost-effective strategy was higher than the other
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Table 2. Costs, Effectiveness, and ICERs in the Base-Case Analysis

Costs LYS QALYs ICER

(million $) (years) (years) ($/QALY)
Base-case analysis (All Chinese, prevalence of gastric cancer = 4.2 per 100,000)
No screening 17.6 9,491,350 8,885,781
Serology screening 37.4 9,492,138 8,886,545 25,881%
UBT 61.3 9,492,190 8,886,596 471,746°
Scenario 1 (Chinese men, prevalence of gastric cancer = 6.3 per 100,000)
No screening 12.2 4,648,257 4,286,244
Serology screening 22.4 4,648,908 4,286,875 16,1622
UBT 344 4,648,951 4,286,917 286,470°
Scenario 2 (All Chinese, prevalence of gastric cancer = 1.2 per 100,000)
No screening 4.9 9,495,467 8,889,839
Serology screening 26.3 9,495,686 8,890,052 100,577%
UBT 50.3 9,495,701 8,890,066 1,699,296°
Scenario 3 (All Chinese, prevalence of gastric cancer = 342 per 100,000)
No screening 1325.7 9,058,347 8,459,406
Serology screening 1189.9 9,115,517 8,514,647 Dominant*
UBT 1203.4 9,119,307 8,518,309 3706°

2The ICER was calculated by comparing the serology screening with no screening.

YThe ICER was calculated by comparing the UBT with the serology screening.

LYS, life-years saved; QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness
ratio; UBT, 13C-urea breath test.

two. If the willingness-to-pay was more than $30,000 per ~ DISCUSSION
QALY, the probability of the serology screening being the
most cost-effective strategy was higher than the other two.
The probability of the UBT being the most cost-effective
strategy was extremely low and therefore ignorable despite
variations in willingness-to-pay.

This study estimated the life-time costs and effectiveness as-
sociated with population-based H pylori screening using a
Markov model. The serology screening strategy was demon-
strated to be a cost-effective strategy in the base-case analysis
and all scenario analyses, with the exception of the scenario

140
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100 - $50,000/QALY

Difference in costs (2006 US dollars)

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009

Difference in QALYs [years)

Figure 2. Incremental cost-effectiveness ratios of the serology screening versus no screening. QALYs, quality-adjusted life-
years.
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Figure 3. Incremental cost-effectiveness ratios of the '®C-urea breath test screening versus no screening. QALYs, quality-
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Figure 4. Incremental cost-effectiveness ratios of the '*C-urea breath test screening versus the serology screening. QALYs,
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Figure 5. Multiple cost-effectiveness acceptability curves. QALY, quality-adjusted life-year; UBT, '3C-urea breath test.

using relative low gastric cancer prevalence. In contrast, the
UBT strategy was cost-effective only in the scenario using
relatively higher gastric cancer prevalence. However, these
results have not received strong support from the probabilis-
tic sensitivity analysis. Therefore, it cannot be confidently
concluded (at least at 95 percent level) that population-based
H pylori screening is a cost-effective strategy in the Singa-
porean Chinese—based population on the currently available
clinical and epidemiological evidence.

Singapore is a Southeast Asian country adopting a co-
payment healthcare system, where no population-based H
pylori screening has ever been taken. Therefore, the present
findings conveyed some useful and important messages
for healthcare decision makers. First, serology screening
has demonstrated certain potential to be a cost-effective
population-based screening strategy, especially in subpop-
ulations with higher gastric cancer prevalence, whereas UBT
has added less health benefit at significantly higher costs
compared with serology screening. This potential would be
more prominent under circumstances for which costs for
gastric cancer treatment keep rising due to advances in new
and costly technologies. One-time expenditure on screen-
ing could be substantially offset by savings in treating can-
cer cases in the long-term. This strategy will reduce eco-
nomic burden of both patients and government. Second, as
the prevalence of H pylori infection and gastric cancer in
Chinese men is higher than in Chinese women, it would be
more cost-effective to carry out serology screening only in
Chinese men (see scenario 2). However, it should be noted
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that incidence and prevalence of H pylori in Singapore are
expected to decrease over time (1;12). This trend will make
H pylori screening less cost-effective in the future.

The finding in the present study was similar to the pub-
lished studies using similar models to estimate the economic
and clinical effects of H pylori screening (10;25). These stud-
ies reported that one-time serology screening was a cost-
effective strategy compared with no screening (25) or serol-
ogy screening with post-treatment confirmatory testing (10).
However, both studies did not compare the serology screen-
ing with the UBT. Some improvements in modeling and
estimation in the present study are worth noting. First, we
had a health state to identify the persons who were H pylori—
positive and whose infection was successfully eradicated by
the triple therapy (i.e., “H pylori eradicated” in Figure 1).
This was a health state in the Markov model that allowed
for capturing economic and health benefits resulted from the
screening strategies. Second, in line with an important as-
sumption that persons who survived more than 5 years after
diagnosis of gastric cancer were assumed to be cured (19;25),
we used five tunnel states, instead of a single gastric cancer
health state, to represent the status for each of the first 5
years since diagnosis with gastric cancer. Mortality rates for
these tunnel states were different from each other based on
epidemiological evidence (32). This refinement may better
simulate the real progress of gastric cancer and thus obtain
more accurate estimations of costs and effectiveness. Third,
our model was a life-time estimation and every person re-
mained in the model until death. Thus, the mortality rate
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varied over time. Instead of fixed-point estimates with plau-
sible ranges, age-specific mortality rates might be more ap-
propriate and accurate because of the aging of the study
cohort. Last but not least, probabilistic sensitivity analyses,
rather than one-way sensitivity analyses, was performed in
the present study, which allowed for the examination of ro-
bustness of our conclusion by taking into consideration un-
certainty of all parameters simultaneously.

Prevention of gastric cancer will reduce medical expen-
diture for treatment of cancer and increase life-years and
QALYs. However, this health benefit could be associated with
additional expenditure incurred during extended life-years
(e.g., the expenditure on daily living in extended life-years),
which will not occur in case of premature death. Because
including this cost component remains controversial, we did
not take it into consideration in the present study. We also
acknowledge that the arbitrarily defined triangular distribu-
tion of parameters used in probabilistic sensitivity analyses
may have certain influence on the results.

It cannot be confidently concluded that either H pylori
screening was a cost-effective strategy compared with no
screening in Singaporean Chinese at 40 years of age. Nev-
ertheless, the serology screening has demonstrated the po-
tentiality to be a cost-effective strategy, especially in the
population with higher gastric cancer prevalence.
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