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Objectives: To evaluate cost-effectiveness of a novel screening strategy using a microRNA (miRNA) blood test as a screen,
followed by endoscopy for diagnosis confirmation in a 3-yearly population screening program for gastric cancer.

Methods: A Markov cohort model has been developed in Microsoft Excel 2016 for the population identified to be at inter-
mediate risk (Singaporean men, aged 50-75 years with Chinese ethnicity). The interventions compared were (1) initial
screening using miRNA test followed by endoscopy for test-positive individuals and a 3-yearly follow-up screening for test-
negative individuals (proposed strategy), and (2) no screening with gastric cancer being diagnosed clinically (current
practice). The model was evaluated for 25 years with a healthcare perspective and accounted for test characteristics,
compliance, disease progression, cancer recurrence, costs, utilities, and mortality. The outcomes measured included
incremental cost-effectiveness ratios, cancer stage at diagnosis, and thresholds for significant variables.

Results: The miRNA-based screening was found to be cost-effective with an incremental cost-effectiveness ratio of $40 971/
quality-adjusted life-year. Key drivers included test costs, test accuracy, cancer incidence, and recurrence risk. Threshold
analysis highlights the need for high accuracy of miRNA tests (threshold sensitivity: 68%; threshold specificity: 77%). A
perfect compliance to screening would double the cancer diagnosis in early stages compared to the current practice.
Probabilistic sensitivity analysis reported the miRNA-based screening to be cost-effective in .95% of iterations for a
willingness to pay of $70 000/quality-adjusted life-year (approximately equivalent to 1 gross domestic product/capita)

Conclusions: The miRNA-based screening interventionwas found to be cost-effective and is expected to contribute immensely
in early diagnosis of cancer by improving screening compliance.

Keywords: cost-effectiveness of miRNA test, gastric cancer screening, miRNA test, miRNA cancer screening, model-based cost-
effectiveness.
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Introduction

Cancer diagnosis at late stages strongly drives the cancer
mortality risk. Screening programs to enable cancer diagnosis at
early stages is expected to significantly improve treatment out-
comes and reduce the related health and mortality burden.
Nevertheless, because many of the cancer screening tests are
intrusive and costly, the willingness to screen remains low.

Development of a noninvasive and affordable test to actualize
widespread cancer screening is of high public health interest.
Among the multiple research initiatives, testing of circulating
microRNA (miRNA), which are increasingly becoming the preferred
biomarkers for cancer diagnosis, is being extensively pursued.1 As
miRNAs are easily accessible in body fluids (including blood, urine,
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and saliva), are stable, and have distinct expression profiles, there
hasbeenextensive research tovalidatemiRNApanels for cancer risk
stratification or diagnosis.2–5 Multiple studies have been published
focused on identifying miRNA panels characterizing different can-
cers, including cancers of colon or rectum,6–8 breast,9 pancreas,10

stomach,11 mouth,12,13 and many others.14–17 Though miRNA tests
have apparent clinical utility and are expected to benefit screening
programs, it is an early-stage technology, with speculation if the
initial cost of testing and missed cases due to limited test accuracy
woulddisincentivize the long-termhealthbenefits and increase the
economicburden.Hence, thereexists anopportunity forearly-stage
health technology assessment evaluations to study the test kit and
program characteristics that are significant to achieve clinically
useful and cost-effective screening programs.18,19 Recently,
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GastroClear, the in-vitro diagnostic test for gastric cancer–
associated miRNA biomarkers in human serum,20 has been
approved by Health and Sciences Authority, the national regulator
of health products in Singapore.

Gastric cancer is among the top 4 cancers by prevalence and the
third leading cause of deathworldwide.21 In 2015, about 1.3million
gastric cancer cases were diagnosed globally, with 819 000 deaths
reported.21 It is usually diagnosed at advanced stages with most
patients surviving only for 1 to 2 years after diagnosis. Countries
with a high gastric cancer prevalence like Japan and Korea have
implemented a national screening program to enable early diag-
nosis, achieving excellent results with more than 50% diagnosis at
early stages.22,23 Nevertheless, in countries with low and interme-
diate prevalence, screening programs have not been introduced
owing to concerns about its cost-effectiveness and its impact on the
healthcare budget. Also, endoscopy, which is regarded as the gold-
standard diagnostic method and increasingly becoming the
screening test of choice,22,24 is invasive in nature, which limits the
willingness to screen among the population. In this study, we
perform a cost-effectiveness analysis to explore the economic and
health impacts of using GastroClear in a hypothetical national
screening program for gastric cancer in Singapore. The screening
program is assumed to be targeted at a population subgroup with
intermediate cancer risk (Singaporean men, age 50-75 years, Chi-
nese ethnicity), because they have a 4 times higher incidence rate
than the general population.25 This study is performed in collabo-
rationwith the SingaporeGastric Cancer Consortium (SGCC),26who
have helped us with their expertise on clinical aspects, local treat-
ment preferences, and cost inputs. Also, the SGCC has also been
collaborating withMiRXES Pte. Ltd., along with National University
Hospital, Tan Tock Seng Hospital, and A*STAR’s diagnostics devel-
opment hub in development of GastroClear.20 The preliminary re-
sults of test sensitivityand specificity havebeen reportedbasedon a
case-control study for gastric cancer patients and matched high-
risk participants in Singapore with validation in 2 blinded studies
using Korean case control and a Singaporean Chinese case control
cohort.27More elaborate studieswith avalidationusingprospective
cohorts are currently in progress.
Methods

A Markov model was developed in Microsoft Excel 2016 to
perform a cost-effectiveness analysis for the target population
with a health system perspective. The population subgroup of
men, aged 50 to 75 years, with Chinese ethnicity, considered to be
at intermediate risk of gastric cancer, was assumed to be the target
population. Residents of Chinese ethnicity constitute 75% of the
population of Singapore, with residents with Malay and Indian
ethnicities being the other prominent racial groups.28 Ninety
percent of gastric cancer burden in Singapore has been attributed
to patients with Chinese ethnicity with men having a 30%
increased risk25 (see Appendix Table 1 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.04.1829).

Along with the symptomatic cancers at advanced stages,
screening was also expected to diagnose cases that are at early
stages and/or asymptomatic, pressing for the need to estimate
the incidence of undiagnosed cases in the population at
screening. A 1-year progression time was assumed in between
consecutive cancer stages, and all clinically diagnosed cases
were retraced to identify if they were present as an undiagnosed
case in the year of screening. Based on this assumption, a case of
gastric cancer diagnosed as stage 3 after 2 years in current
practice is expected to be present in the current year as a stage 1
cancer.
The 2 interventions compared were (1) no screening with
clinical diagnosis of gastric cancer (current practice) and (2)
screening with miRNA test followed by confirmatory endoscopy
for test-positive individuals and follow-up miRNA test for test-
negative individuals (referred to as miRNA strategy).

Model Structure and Assumptions

A closed cohort analysis was performed with input cohort
representing the age distribution of the target population as per
Singapore demographics in 2016.28 Figure 1A, B shows the con-
ceptual representation of all possible transitions in the model. All
individuals were expected to be in 1 of the 2 health states—free of
gastric cancer, or with gastric cancer at stage 1, 2, 3, or 4. The
model had a 1-year cycle length with individuals exiting the
model at age.75 years, or owing to death related to cancer or all-
cause mortality.29 Cancer-free individuals could develop cancer in
the future, and the undiagnosed incidence was recalculated before
every follow-up screening. For the cancer cases missed in
screening (false negatives), the disease was expected to progress
undetected, with 1-year progression time between stages, and
could be diagnosed by follow-up screening or clinically at stage 4.
Missed stage 4 cancer, if any, was assumed to be diagnosed clin-
ically after 2 months, with a life expectancy of 6 months (50%
reduction in expected lifespan if timely diagnosis). All diagnosed
gastric cancer cases underwent staging investigation and were
started immediately on relevant treatments. Cancer recurrence
was considered as the only cause of treatment failure, with a 2-
year average time to recurrence and stage-specific cancer recur-
rence rates.30,31 Assuming a poor prognosis, all recurrence cases
were assumed as stage 4. All treated cancer patients without any
recurrence for 5 years post-treatment were considered to be free
from cancer (expert opinion). The model was analyzed for a 25-
year time horizon, because the entire cohort would have exited
the model by then and no further screening would be performed.
The model structure was reviewed by a panel of 5 gastric cancer
clinicians from the SGCC to ensure the face validity and extreme
value testing was done for parameters related to sensitivity and
specificity of the screening strategy and miRNA test, and age-
related mortality for model validation.

All cancers diagnosed in early stage (stages 1, 2) in current
practice were assumed to be diagnosed as is in miRNA strategy,
except in the year of screening where they may be diagnosed by
screening. No complications were assumed owing to the gastric
cancer surgeries. A discount rate of 3% was considered for both
health and cost outcomes,32 and an exchange rate of SGD1 = $0.83
was assumed based on the purchasing power parity, reported by
the World Bank for the latest year (2017).33

Model Parameters

All the input variables have been listed in Table 1 and related
explanations are mentioned below.

Cost Inputs

The miRNA test cost was assumed to be $30; the costs of other
healthcare services were obtained from a tertiary hospital, and the
stage-specific treatment costs of gastric cancer were sourced from
a local study.34 Biopsy and staging investigation were conducted
for all patients diagnosed with gastric cancer, with additional bi-
opsy considered post every confirmatory endoscopy in the miRNA
strategy. Post-treatment, gastric cancer patients were followed up
with an average of 2.2 consultation visits and 1.4 chest x-rays and
computed tomography scans annually for the first 5 years (expert
opinion). All the costs were adjusted to the present value in 2018
based on the healthcare inflation rate of 1.7%.32 Taking a
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Figure 1. (A) Conceptual diagram for themodel structure showing all possible transitions in the strategy for diabetes screening. Themodel
starts with the entire target population undergoing gastric cancer screening using miRNA strategy (initial miRNA test for all followed by an
endoscopy for all patients with positivemiRNA test results and follow-up 3-yearly screening for test negative individuals). Those patients with
gastric cancerdiagnosis couldhave stage 1, stage 2, stage 3, or stage 4 gastric cancer. Stages 1, 2, and 3patients are givena curative treatment,
after which they achieve good health after the first year. Such patients are then considered to be cancer free, unless they experience a cancer
recurrence, whichwould lead tomortality. Patients diagnosedwith stage 4 terminal cancer are given palliative carewith a life expectancy of 1
year. If a patient is not diagnosed with gastric cancer, they can remain cancer free, get diagnosed with cancer clinically, undergo follow-up
screening after every 3 years and get diagnosedwith cancer, die because of all-causemortality, or exit themodel if they reach an age greater
than 75 years. (B) Conceptual diagram for themodel structure showing all possible transitions in the no screening strategy (current practice).
Themodel starts with the entire target population with no screening strategy. Every year, cancer patients are diagnosed clinically because of
presentation in clinics with symptoms, or by chance when they visit the clinic for any other health-related issue. Those patients with gastric
cancer diagnosis could have stage 1, stage 2, stage 3, or stage 4 gastric cancer. The pathway followed after cancer diagnosis is similar to the
miRNA strategy, as explained in Figure1A. Stages 1, 2, and 3patients are given a curative treatment, afterwhich theyachieve goodhealth after
the first year. Such patients are then considered to be cancer free, unless they experience a cancer recurrence, whichwould lead tomortality.
Patientsdiagnosedwithstage4 terminal canceraregivenpalliativecarewitha lifeexpectancyof1year. If apatient isnotdiagnosedwithgastric
cancer, they can remain cancer free, get diagnosed with cancer clinically, undergo follow-up screening after every 3 years and get diagnosed
with cancer, die because of all-cause mortality, or exit the model if they reach an age greater than 75 years.

miRNA indicates microRNA.
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Table 1. Input variables with their sensitivity ranges.

Variable name Base-case value Sensitivity range Reference

Cost (USD)

miRNA blood test 30 5-200 Assumed

Endoscopy (upper-endoscopy) 546 - National University Hospital

Biopsy 135 108-163

Cancer Treatment costs (by stage at
diagnosis)

34

Stage 1 cancer 22 959 10 000-40 000

Stage 2 cancer 31 224 10 000-60 000

Stage 3 cancer 43 621 20 000-75 000

Stage 4 cancer 17 793 7800-31 100

Follow-up consultation 988 656-984

Staging Investigation 1676 1341-2011

Probabilities

Incidence of gastric cancer for Males with
Chinese ethnicity by age (cases per
100 000 people)

25

50-54 y 18 14-21
55-59 y 29 23-35
60-64 y 53 42-63
65-69 y 98 79-118
70-74 y 157 126-189
75 y 187 150-224

Cancer stage at diagnosis (current
practice)

Stage 1/2/3/4
18%/12%/28%/43%

25

Compliance to screening 100% 45%-100% Assumption

Cancer Recurrence rates (by cancer stage
at diagnosis)

Stage 1 11% 5.5%-13.2% 30

Stage 2 53% 26.5%-63.3%

Stage 3 83% 41.5%-99.6%

Test Characteristics

Endoscopy Sensitivity 93% 88%-100% 37

Endoscopy Specificity 100% 37

miRNA tests sensitivity 90% 27

miRNA test specificity 75% 27

Biopsy sensitivity 100% Assumption

Biopsy specificity 100% Assumption

Utility values (by cancer stages)

Stage 1 0.88 0.6-1 34

Stage 2 0.86 0.62-0.99 34

Stage 3 0.77 0.58-0.95 34

Stage 4 0.68 0.51-0.84 34
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conservative stance, no additional costs of endoscopy and biopsy
were considered for testing any cancer-free individuals in the
current practice, which may lead to underestimation of the cost of
current practice.

Risk of Recurrence and Cancer Mortality

The risk of cancer recurrence by cancer stage at diagnosis was
sourced from the literature.30 Stage 4 cancers were considered
terminal cases with a remaining life expectancy of 1 year.
Utility Values and Quality-Adjusted Life-Year
Calculations

Stage-specific EQ-5D utility values were sourced from a local
study performed on gastric cancer patients with Chinese ethnicity
in a tertiary hospital in Singapore.34 Cancer-free individuals were
assumed to have utility similar to stage 1 patients. After diagnosis,
patients would experience utility specific to their cancer stage at
diagnosis for the next 1 year. An additional decrease in utility,
referred to as disutility, was included for patients for the first 6
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months post-diagnosis at stages 1, 2, and 3 owing to involved
surgery. After the first year of treatment, the patient’s health was
expected to improve considerably, with improved utility similar to
stage 1 cancer. Going forward, patients would experience a drop in
utility only because of cancer recurrence, with a utility decline
similar to stage 4 cancer. All stage 4 (terminal) cancer patients
would experience stage-specific utility for their remaining life
expectancy.

Scenario Analysis

Scenario analysis was conducted for the target population of
men, age 50 to 75 years, irrespective of ethnicity, and separately
for those with Malay and Indian ethnicity (see Appendix Table 1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.04.1829). Additional scenario analysis was performed to
compare the miRNA strategy with 3-yearly screening using
endoscopy, which is the current gold standard for testing (referred
to as endoscopy strategy).

Sensitivity Analyses

One-way sensitivity analysis was performed for all indepen-
dent variables. Threshold analysis was then performed for the key
variables, which included miRNA test cost, cancer treatment cost,
cancer recurrence probabilities, test characteristics, and utility
values. The impact of the varying compliance rate at screening was
measured by identifying the shift in early diagnosis of cancer via
the stage of gastric cancer at diagnosis. The influence of varying
compliance on the incremental cost-effectiveness ratio (ICER)
could not be evaluated, because fixed costs for the screening
programs were not included in the model. Probabilistic sensitivity
analysis was conducted with 10 000 iterations. Variables consid-
ered for the probabilistic sensitivity analysis with their distribu-
tions are in Appendix Table 2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1829.

Results

The incidence of gastric cancer cases undiagnosed in the target
population was found to be 190 cases per 100 000 with the stage
distribution being 34%:28%:24%:14% for stages 1:2:3:4, respec-
tively, in the beginning of the study. In the base-case analysis for
Table 2. Cost-effectiveness results for the Singapore population by

Serial number Strategy C

Overall Male population (50-75 y)

1 No Screening

2 Strategy miRNA 1

Male population with Chinese ethnicity (50-75 y)

1 No Screening

2 Strategy miRNA 1

Male population with Malay ethnicity (50-75 y)

1 No Screening

2 Strategy miRNA

Male population with Indian ethnicity (50-75 y)

1 No Screening

2 Strategy miRNA

ICER indicates incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
men (50-75 years old) with Chinese ethnicity, the miRNA strategy
appeared to be cost-effective compared to no screening with an
ICER of $40 971/quality-adjusted life-year (QALY), which is lower
than the commonly used cost-effectiveness threshold of $50 000/
QALY (see Appendix Table 1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1829). In the miRNA strategy,
65% of all gastric cancer cases were diagnosed in early stages
(stage 1 and 2 cancers) compared to 30% in the current practice
(no screening) at the perfect compliance to screening. With a 45%
compliance as observed in existing population-based cancer
screening programs in Southeast Asia,24 the current analysis re-
ported 45% of all gastric cancer cases to be diagnosed in early
stages, that is, stage 1 and 2. A stage-specific breakdown of the
cancer cases at diagnosis with varying compliance rates can be
found in Appendix Figure 1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1829.

In the scenario analysis comparing the cost-effectiveness of
miRNA screening with endoscopy (ie, using endoscopy screening
for all), in the proposed 3-yearly screening setup, the endoscopy
strategy reported an ICER of $517 667/QALY, making it a less cost-
effective screening strategy (see Appendix Table 3 in Supple-
mental Materials found at https://doi.org/10.1016/j.jval.2020.
04.1829). The miRNA strategy was also found to be cost-effective
with an ICER of $47 907/QALY for the target population without
ethnicity considerations, that is, adult men 50 to 75 years.
Nevertheless, for the target population with Malay and Indian
ethnicities, the miRNA strategy was found not to be cost-effective
with ICERs reported as $132 141/QALY and $64 651/QALY,
respectively (Table 2).

Extreme value testing with a sensitivity and specificity of
100% for both miRNA test and confirmatory endoscopy (which
represents a 100% accurate screening strategy) led to diagnosis of
all the cancer patients at screening with no case progressing to
stage 4 except the stage 4 cases present in year 0. An assumption
of test accuracy of 0% for the miRNA test led to all cancer cases,
except those diagnosed in early stages in the current practice,
being diagnosed with stage 4 cancer in the miRNA screening
strategy. This agrees with our assumption, which considers all
missed cancer cases to progress unchecked and to be clinically
diagnosed at stage 4. Age-related mortality of 100% also led to
the death of the entire population cohort in the first year of
analysis.
ethnicities.

osts D Costs (USD) QALY DQALY ICER (USD/QALY)

319 9.9607

032 713 9.9756 0.0149 47 907

380 9.7951

087 708 9.8123 0.0173 40 971

107 10.5730

841 734 10.5786 0.0056 132 141

235 10.6742

986 751 10.6858 0.0116 64 651
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Figure 2. Tornado analysis for male population with Chinese
ethnicity (50-75 years) in Singapore. Tornado analysis (1-way
sensitivity analysis) of independent variables analyzes the
influence of the uncertainty on the ICER of screening strategy
(miRNA-based screening strategy) compared with the current
strategy of no screening. A minus sign next to the variable
indicates that the ICER decreases with the variable values
increases. More details including the range of variable values
assumed for the analysis can be found in Appendix Table 1 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
020.04.1829.
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Sensitivity Analyses

One-way sensitivity analysis showed that the ICER values were
sensitive to the incidence of gastric cancer, cost of screening tests,
sensitivity and specificity of the miRNA test, and endoscopy and
utility values of cancer-free individuals (Fig. 2; see Appendix Ta-
ble 5 in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2020.04.1829). The ICER values were found to be moderately
sensitive to the risk of recurrent cancers, with recurrence risks
higher than base case by 50% for stages 1 and 2 cancers driving the
miRNA strategy to not be cost-effective. The ICER values were also
found to be moderately sensitive to the treatment cost of early-
stage cancers (stage 1 and stage 2); however, the treatment cost
has to be more than double of the base case for the ICER to exceed
the cost-effectiveness threshold of $50 000/QALY (Fig. 2). Detailed
sensitivity analysis for the average gastric cancer incidence in the
target population reported the miRNA strategy to be cost-effective
for gastric cancer incidence of 68 per 100 000 individuals and
higher at the miRNA test cost of $30 (base case). With increasing
cancer incidence, the threshold cost of the miRNA test, which
would make miRNA strategy cost-effective rose as high as $232 for
gastric cancer incidence of more than 150 cases per 100 000 in-
dividuals (see Appendix Fig. 2 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1829). For miRNA test sensi-
tivity and specificity, the threshold values were found to be 68%
and 77%, respectively, and the threshold sensitivity for confirma-
tion endoscopy was found to be 80%. The threshold values for all
the significant variables have been reported in Appendix Table 4 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.04.1829.

Figure 3 shows the impact of miRNA test accuracy on the cost
and effectiveness of the miRNA strategy for different combinations
of the test sensitivity and specificity. A decrease in specificity is
expected to increase the number of false positives by the miRNA
test, which would lead to more confirmatory endoscopy exami-
nations and drive the overall costs higher. Similarly, a decrease in
sensitivity would increase the false negatives by the miRNA test,
which would lead to more missed cancer cases and hence reduce
the health benefits for cancer patients from screening. These
missed cases would then progress undetected and be diagnosed
clinically as stage 4 in the model. A decrease in sensitivity would
then also reduce the treatment costs, because the palliative care
given to stage 4 cancers costs much less than curative treatments
for earlier stages. Figure 3 is specific to the cost and utility vari-
ables assumed in the study and hence may change with changes in
cost of tests and/or cancer treatments in different country setups.

Probabilistic Sensitivity

At a willingness to pay of $50 000/QALY, the miRNA strategy
was found to be cost-effective for 76% of the iterations. The
probability that miRNA strategy would be cost-effective was found
to be above 95% for a willingness to pay of $70 000/QALY and
higher (see Appendix Fig. 3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.04.1829).
Discussion

The result of the cost-effectiveness analysis shows that cancer
screening with the miRNA test as the primary screen to stratify
individuals by their cancer risk, followed by endoscopy for diag-
nosis confirmation among the high-risk individuals and a 3-yearly
follow-up screening for low-risk individuals, is a cost-effective
strategy when targeted for a population subgroup with an inter-
mediate cancer risk. Parameters significant for the screening
program were identified as miRNA test costs, miRNA test accuracy
(sensitivity and specificity), sensitivity of confirmatory endoscopy,
stage-specific cancer incidence, and recurrence rates and baseline
health of the population. Scenario analysis reported use of
endoscopy as a screening test for all to be a less cost-effective
approach compared to the proposed stepwise approach using
miRNA test and confirmatory endoscopy.

Although the miRNA strategy was found to be cost-effective for
the intermediate risk population, that is, men aged 50 to 75 years
with Chinese ethnicity, it was not cost-effective for the population
subgroups with similar demographics but with Indian and Malay
ethnicity. This could be directly related to the cancer incidence
rates, which are currently reported to be 61 per 100 000 in target
subgroup with Chinese ethnicity but only 19 and 36 per 100 000
among those with Malay and Indian ethnicity, respectively.
Sensitivity analysis revealed that a 20% lower gastric cancer inci-
dence rate could lead to the miRNA strategy not being cost-
effective. Although the cancer treatment costs and recurrence
rates are expected to significantly influence the cost-effectiveness,
the results were found to be relatively less sensitive to these with
threshold values being 50% higher or lower than the base-case
values. On the other hand, the results were very sensitive to the
accuracy of the miRNA test. This could be because a lower

https://doi.org/10.1016/j.jval.2020.04.1829
https://doi.org/10.1016/j.jval.2020.04.1829
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Figure 3. Cost-effectiveness plane for Singaporean men 50 to 75 years old with Chinese ethnicity. Total costs and QALY outcomes of
miRNA-based screening strategies with different sensitivity and specificity values are shown. The strategy of no screening is the
comparator.
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specificity may drive false positives and considerably increase the
expenditure on confirmatory endoscopy, and a lower sensitivity
may lead to more false negatives and cause a significant loss in
patient health owing to cancer misdiagnosis. Thus, an optimal
sensitivity and specificity of the miRNA test can be considered as a
key parameter affecting the strategy cost-effectiveness. Also, the
cost of the miRNA test was found to be a significant parameter,
with a threshold cost of $69 identified for our current analysis.
Threshold prices may increase with increasing cancer incidence
and were identified to be $356 for a gastric cancer incidence of
200 cases per 100 000 and higher. The screening uptake was
identified to be another significant parameter that could improve
the health benefits, with a 100% screening uptake by the entire
population leading to a more than double increase in early diag-
nosis of gastric cancer cases (at stages 1 and 2) than the current
scenario.

Existing literature reports a great variability in estimated ICER
to determine the cost-effectiveness of different screening ap-
proaches for gastric cancer in populations at intermediate risk. A
study evaluating the cost-effectiveness of 5-yearly endoscopic
screening for the target population aged 50 to 75 years in Portugal
reported the ICER to be V70 693/QALY.35 Another study in the
United States reported 2-yearly endoscopic screening to lead to
lower health gains compared to no screening and identified 1-
time endoscopy with continued surveillance only on presence of
intestinal metaplasia or severe pathology to be cost-effective with
an ICER of $71 451/QALY for Asians and $122 428/QALY for non-
Hispanic whites.36 Another study evaluating 2-yearly endoscopic
screening for the Singaporean Chinese population aged 50 to 70
years old reported the ICER to be $26 836/QALY.34 Although per-
formed for the same population and healthcare system, there
were key differences in model specifications and assumptions,
which are expected to have diverged the results. Compared to our
analysis, this study was a close cohort study starting at age 50 and
evaluated benefits for the lifetime. The cost of endoscopic test was
also significantly lower, that is, $150 compared to the $546 used in
our analysis, and cost of cancer recurrence did not seem to be
considered. It is thus challenging to be able to compare results
across studies given the differences in screening technologies and
strategies, modeling structure, target population, cost and utility
considerations, and time horizon.

Our study also had a few limitations. First, the model assumes a
1-yearprogression time inbetweendifferent cancer stages, a 2-year
durationbetweencurative treatment andcancer recurrence (if any),
and a 1-year life expectancy for all terminal cancer cases. These
assumptions are made based on the expected average values for
these events; however, in real cases the durationmay vary. Second,
themodel assumes all cancer recurrence cases to be terminal cases.
Although cancer recurrence prognosis has been found to be poor in
many clinical settings, with better imaging techniques and regular
follow-ups, recurrent cases may be diagnosed at earlier stages,
improving patient survival. Thiswould further increase the benefits
of early-stage diagnosis and is expected to support the cost-
effectiveness of miRNA screening, especially given that the ICER
was only moderately sensitive to treatment costs. Third, a 1-year
progression between cancer stage may also lead to overestimation
of the health impacts of gastric cancer cases leading to early deaths
(ie, an undiagnosed gastric cancer patient may die 4 years after
developing stage 1 gastric cancer without any treatment). Never-
theless, this was agreed to be an accepted assumption by clinical
experts given that gastric cancer is among the aggressive cancers.
Betterevidenceon thenatural progressionof cancervia clinical and/
or statistical studies would definitely help to compute the potential
health benefits of early cancer diagnosis more accurately. Fourth,
the current test sensitivity and specificity were assumed to be
similar for all cancer stages based on the available data on an initial
pilot study. Nevertheless, in advanced studies, stage-specific test
accuracy should be identified, which can be used to evaluate the
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effectiveness in early detection of cancers more effectively. This is
especially for population screening programs where most of the
patients are expected to be undiagnosed and asymptomatic. Fifth,
the study has adopted a conservative approach toward the cost of
testing in the current standard of care. The costs for investigating
any cancer-free individual has not been included in the current
standard of care, and only the test costs for confirmedgastric cancer
cases has been considered. This is primarily owing to a lack of data
onopportunistic screening in currentpractice and if accounted for is
expected to improve the cost-effectiveness of population screening.
Also, the fixed costs for screening like cost of hospital equipment,
services, training of staffs, etc. have currently not been included
separately but are considered to be accounted for in the per-patient
testing costs. Finally, because we have adopted the health system
perspective, only direct medical costs were considered. To be con-
servative, we have not evaluated for a societal perspective and
hence did not consider other indirect costs such as absenteeism,
presenteeism, and lost capacity from premature mortality. If
included, this is considered to further increase the cost-
effectiveness of the proposed population screening.
Conclusion

With the convenience of testing using the miRNA test, we
anticipate that using it for cancer screening would improve the
overall screening uptake rate both in the systematic screening
programs and opportunistic testing when an individual comes in
contact with the primary clinic for any health-related issue. We
showed that using the miRNA blood test as the primary screening
test for risk stratification of gastric cancer among individuals,
followed by endoscopy in high-risk individuals, would be cost-
effective compared to the current practice of no screening.
Nevertheless, this cost-effectiveness has to be taken in the context
that early diagnosis and effective treatment of cancer would lead
to better clinical outcomes. Our study also identified many
important aspects of screening tests and population screening
programs that can help to design cost-effective programs. It may
be useful to develop stratified screening strategies by the risk of
cancer, given cancer risk has been found to vary significantly by
age and population ethnicity. Also, it is immensely useful to un-
derstand the screening uptake behavior in the target population to
develop programs targeted at improving the uptake rate. The ac-
curacy of the miRNA test in the local population, the test costs,
current expenditures in opportunistic screening in clinics, and the
healthcare system requirements to execute the screening program
are other locally influenced parameters that are key to design
cost-effective screening programs. Hence, with this study we also
lay emphasis on the need for performing locally relevant evalua-
tions to identify the optimal parameter values and design a cost-
effective cancer screening program for every country.
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