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Purpose: Lynch syndrome (LS) is the most common hereditary cause of colorectal cancer (CRC). While screening for LS is rec-
ommended in Western countries, limited economic evaluations exist in lower-middle-income countries such as Vietnam, where
CRC incidence is rapidly increasing. This study assessed the cost-utility of universal LS screening in Vietnam from the healthcare
system'’s perspective.

Materials and Methods: We developed a decision-analytic model integrating decision trees and Markov models to compare the
cost-effectiveness of three strategies: no screening, universal immunohistochemistry (IHC) followed by germline testing, and
germline testing without prior tumor analysis. Cost data were derived from Vietnamese healthcare sources, and outcomes were
measured in quality-adjusted life years (QALYs). To assess parameter uncertainty, we conducted both one-way sensitivity analysis
and probabilistic sensitivity analysis.

Results: Universal LS screening was found to be highly cost-effective. Universal germline testing identified the most LS CRC pa-
tients (n=742), followed by universal IHC testing (n=646). Compared to no screening, the incremental cost-effectiveness ratios
were 47615038 VND/QALY (1904 USD/QALY) for germline testing and 126095537 VND/QALY (5043 USD/QALY) for IHC. Key in-
fluential variables included LS prevalence, CRC risk in LS carriers, the proportion of relatives with LS accepting increased surveil-
lance, the acceptance rate of LS testing among relatives, and germline testing cost.

Conclusion: All LS screening strategies for CRC patients are cost-effective within the Vietnamese health system, with germline
testing being the most favorable. These findings support the inclusion of LS screening in health policies, even in resource-limited
settings such as Vietnam.
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INTRODUCTION

With an age-standardized incidence of 13.9 cases per 100000
individuals in 2022, colorectal cancer (CRC) is one of the most
frequent cancers in Vietnam.! Compared to prior decades,
this represents a significant rise in incidence. By 2025, CRC is
projected to be the most common cancer in Ho Chi Minh City
and the second most common cancer in Hanoi, the two larg-
est healthcare and population centers in Vietnam, for both
males and females.?

Lynch syndrome (LS) accounts for the majority of heredi-
tary disorders, with approximately 2%-3% of all CRC cases be-
ing attributed to its inheritance.® The LS condition can be at-
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tributed to a mutation in any of the mismatch repair (MMR)
genes, namely MLH1, MSH2, MSH6, PMS2, or EPCAM. Early-
onset CRC with a high chance of recurrence, endometrial can-
cer, and other extracolonic malignancies are also characteris-
tics of this syndrome. According to the U.S. guidelines for the
genetic evaluation and management of LS, total colectomy was
the recommended therapeutic approach for patients diag-
nosed with LS and presenting with colon cancer or colon neo-
plasia that cannot be removed through endoscopy.* The Euro-
pean Hereditary Tumour Group and the European Society of
Coloproctology recommended ileosigmoidal/ileorectal anas-
tomosis for newly diagnosed CRC in path MLH1 or path MSH2
carriers to reduce the risk of metachronous CRC.? Detection of
LS in CRC patients is necessary, as affected patients and their
family members can benefit from LS surveillance programs,
which reduce the burden of CRC. The U.S. guidelines, as well as
European guidelines, recommend routine LS screening via tu-
mor testing in CRC patients.*® The U.S. guidelines support uni-
versal tumor testing for LS, whereas European guidelines have
recently recommended universal LS screening or routine
screening of CRC patients up to 70 years of age.** The U.S. Multi-
Society Task Force on Colorectal Cancer and European experts
also believe that germline testing, rather than tumor testing,
may be the most cost-effective universal testing technique in
the near future when prices become affordable.*

Despite the documented benefits of screening programs for
LS in CRC patients and its widespread adoption in many coun-
tries worldwide, LS testing remains limited in Vietnam—a low-
er-middle-income country that has historically prioritized in-
fectious disease control. Currently, LS testing is conducted on a
case-by-case basis, guided by physician recommendations.
However, with the recent rise in noncommunicable diseases,
including CRC, the Vietnamese Ministry of Health has intro-
duced strategies such as the National Strategy for the Preven-
tion and Control of Noncommunicable Diseases, Period 2015-
2025, and the plan “Prevention, Early Detection, Management,
and Treatment of Cancer, Cardiovascular Diseases, Diabetes,
Chronic Obstructive Pulmonary Disease, Asthma, and Mental
Health Disorders 2024-2025" (Decision 1651/QD-BYT). These
efforts lay the groundwork for improving CRC prevention,
with LS testing poised to receive greater attention in the near
future.

The primary objective of our study was to assess the cost-ef-
fectiveness of implementing universal screening for LS among
patients with CRC from the perspective of a healthcare system.
Additionally, we sought to identify critical parameters that may
influence the cost-effectiveness of LS screening and warrant
consideration by Viethamese policymakers and those in other
lower-middle-income countries.
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MATERIALS AND METHODS

Study plan

This study employed a cost-utility analysis to evaluate the eco-
nomic value of universal LS screening among CRC patients in
Vietnam. The analysis was conducted from the healthcare sys-
tem’s perspective and followed a lifetime horizon to compre-
hensively assess costs and outcomes. Costs were measured in
Vietnamese dong (VND) and converted to USD for interna-
tional comparison (1 USD=25000 VND). Prices from expert
opinions and Vietnam’s Public Portal for Healthcare Pricing
(VPPHP) were collected in 2023. Prices obtained from other
studies were adjusted for inflation using the Consumer Price
Index. The primary outcome measure was quality-adjusted life
years (QALYs), and results were reported as incremental cost-
effectiveness ratios (ICERs). As there is no official cost-effec-
tiveness threshold in Vietnam, we used the World Health Or-
ganization’s (WHO) threshold of three times the gross domestic
product per capita. The threshold was equal to 325950000
VND (13038 USD).¢

Target population

The target population included CRC patients diagnosed in Viet-
nam and their first-degree relatives (FDRs). The incidence rate
of CRC in Vietnam was estimated at 0.0139%."' Based on our lo-
cal study, the prevalence of LS among Viethamese CRC patients
was 0.0632. The distribution of MMR gene mutations in our
study was as follows: 0.25 for MSH2, 0.167 for MLH1, 0.167 for
MSHS6, and 0.416 for PMS2.

The inclusion of FDRs enabled the evaluation of cascade
screening. Each CRC patient was assumed to have an average
of 3.83 FDRs, based on Severin, et al.,” with an estimated germ-
line mutation carrier rate of 0.44 among FDRs, according to
Snowsill, et al.® No age restrictions were applied, ensuring the
model’s inclusivity across all age groups.

Diagnostic strategies
Fig. 1 depicts a flowchart for the two approaches.

In our study, we compared two distinct strategies for LS test-
ing with the no screening approach. The first strategy, desig-
nated as Strategy 1, began by offering immunohistochemistry
(THC) testing to all diagnosed CRC patients using antibodies
that target the MMR proteins produced by the four MMR genes:
MLH]1, MSH2, MSH6, and PMS2. An absent protein stain served
as an indicator of the likely presence of a pathogenic variant in
the corresponding gene, thereby prompting MMR sequencing
of the said gene. Alternatively, Strategy 2 entailed the sequenc-
ing of all MMR genes using Next Generation Sequencing with-
out prior tumor analysis. In case a causative alteration is identi-
fied in a CRC patient, targeted DNA testing for the same variant
could be offered to their FDRs. Consequently, relatives who in-
herited the family-specific variant, which is characteristic of LS
mutation carriers, would then be eligible for targeted prevention
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programs.

The proportion of CRC patients accepting LS testing was as-
sumed to be 0.85, based on Ramsoekh, et al.,® for both screen-
ing strategies. The proportion of FDRs agreeing to DNA testing
was assumed to be 38.9%, according to Seppélé, et al.'® The es-
timates from Palomali, et al."! were used for the sensitivity and
specificity of IHC laboratory testing, which were 0.87 and 0.91,
respectively. Additionally, it was assumed that the sensitivity
and specificity of germline testing in CRC patients and FDRs
were both 100%.'"*2

Model structure

Our study used a combined model that integrates a decision
tree (Fig. 1) and a Markov model (Fig. 2) to evaluate the cost-
utility of LS screening strategies among CRC patients in Viet-
nam. This modeling approach allowed us to comprehensively
assess both the initial diagnostic process and long-term health
and economic outcomes associated with LS screening.

Decision tree
The decision tree component of the model was designed to
capture the initial diagnostic process, including the three strat-
egies evaluated:

No screening
Patients receive standard CRC care without systematic LS
screening.

Universal IHC testing (Strategy 1)

CRC patients undergo IHC testing to detect MMR protein defi-
ciencies, followed by germline testing for patients with abnor-
mal ITHC results.

Universal germline testing (Strategy 2)
All CRC patients are offered germline testing directly, without

] IHC testing for 4
E Strategy 1 ’E MMR genes

Patients newly
diagnosed with @_’
CRC testing

v

Do not accept
testing

Cost-Utility Analysis of Lynch Screening in a LMIC

prior tumor analysis.

The decision tree simulates the diagnostic outcomes for
CRC patients and their FDRs, including the detection of LS
mutation carriers and the cascade screening of FDRs.

Markov model

The Markov model was used to simulate the long-term pro-
gression of health states among CRC patients and their FDRs.
The model included the following health states:

o Well: Individuals with no current cancer diagnosis.

« CRC: Patients diagnosed with CRC at various stages.

« Second cancer: Patients who develop an additional cancer
following the primary CRC diagnosis.

« Alive after cancer: Individuals who survive treatment and
remain cancer-free.

« Death: All-cause mortality or death due to cancer.

The model utilized annual cycles over a lifetime horizon to ac-
count for disease progression, preventive measures, and sur-
veillance outcomes.

The probability of CRC for LS carriers was assumed to be 0.009,
based on Snowsill, et al. The CRC stage distribution among LS

Colorectal
cancer

Alive after
cancer

Second
cancer

Fig. 2. Markov model.

Patients with all » i
protein presents ’7 No mutations —>
Patients with at MMR gene MMR gene
sequencing mutation
absen

i

least one protein LS proband

— Strategy 2

MMR gene

2 No mutations
sequencing End

MMR gene mutation LS proband

Fig. 1. Flowchart of the two diagnostic strategies for identifying LS. LS, Lynch syndrome; CRC, colorectal cancer; IHC, immunohistochemistry; MMR,

mismatch repair.
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carriers with increased surveillance was derived from Engel, et
al.”® For LS carriers not undergoing increased surveillance, the
CRC stage distribution was assumed to be similar to that of the
general CRC patient population and was based on data from
Le, et al."* in Vietnam. The probability of developing a second
CRC for LS carriers was assumed to be 0.0173, according to
Parry, et al."* Additionally, the probability of death for CRC pa-
tients, stratified by stage and years from diagnosis, was derived
from Snowsill, et al.?

Prevention program
In our model, the prevention programs for FDRs identified as
LS mutation carriers included two main interventions:

Regular colonoscopy surveillance

FDR mutation carriers were assumed to undergo colonoscopy
screening every two years starting from the recommended
age (typically between 25-30 years or 10 years earlier than the
youngest CRC case in the family). The average age at which
screening begins was assumed to be 43.2 years, based on
Snowsill, et al.® Participation in prevention programs was as-
sumed to result in earlier detection of CRC at more favorable
stages, leading to improved survival outcomes. The stage dis-
tribution for CRC detection among participants was adjusted
based on previous studies to reflect the benefits of surveil-
lance.”®™

Aspirin prophylaxis

Mutation carriers were assumed to receive low-dose aspirin as
part of the prevention program, based on evidence suggesting
itsrole in reducing CRC risk among LS carriers.

Among FDRs identified as mutation carriers, 80% were as-
sumed to participate in regular prevention programs, includ-
ing colonoscopy surveillance and aspirin prophylaxis. This
adherence rate was based on estimates reported in the Sever-
in, et al.” and Snowsill, et al.®

This combined approach was chosen because it enables a
comprehensive evaluation of both short-term decisions (e.g.,
choice of screening strategy) and long-term outcomes (e.g.,
QALYs and costs). Decision trees are ideal for capturing im-
mediate diagnostic outcomes, while Markov models are well-
suited for simulating the lifetime consequences of those initial
decisions, including disease progression and treatment effects.

The decision to use this modeling structure was informed
by its successful application in similar studies conducted in-
ternationally.'*"?

The model was reviewed by local experts in oncology and
health economics to ensure its applicability to the Viethamese
context. Semi-structured interviews were conducted to vali-
date key assumptions, input parameters, and the overall struc-
ture of the model. Although no formal validation study has
been conducted for this specific model in Vietnam, its struc-
ture and methodology have been extensively tested in inter-
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national settings, providing robust evidence for its reliability.

Parameters

Supplementary Table 1 (only online) presents the input pa-
rameters used in this study, which were derived from a combi-
nation of existing literature, semi-structured interviews, and
expert opinions.

The model relied on several key assumptions to estimate the
costs and health outcomes associated with LS screening strat-
egies and the participation of FDRs in prevention programs.
The main assumptions have been detailed in the relevant sec-
tions above. Additional assumptions include:

Discount rates

Costs were discounted at 5% per year, and health benefits
(QALYs) were discounted at 3.5% per year. The 5% discount rate
for costs reflects the financial conditions and inflationary envi-
ronment in Vietnam. This rate is consistent with economic eval-
uations conducted in other lower-middle-income countries,
where inflation and the time value of money tend to be higher.
Using this rate ensures that the present value of future costs is
appropriately adjusted for the economic context. The 3.5% dis-
count rate for health outcomes is aligned with recommenda-
tions from international guidelines, such as those by the WHO
and the UK National Institute for Health and Care Excellence.
The use of differing discount rates is common in health eco-
nomic evaluations and has been applied in several studies
evaluating LS screening strategies.'®'"*?

Costs

The cost of genetic testing was obtained from expert opinions
at the University Medical Center of Ho Chi Minh City and data
from VPPHP. The cost of colonoscopy was sourced from Tran,
et al.** at Hue Central Hospital, Vietnam.

The cost of low-dose aspirin was estimated at 20000 VND
(0.8 USD) per month, aggregated annually, based on VPPHP.

The cost of hospital treatment for complications from bleed-
ing after colonoscopy was obtained from Tran, et al.** at Hue
Central Hospital, Vietnam, while the cost of hospital treatment
for complications from perforation after colonoscopy was de-
rived from expert opinions at the University Medical Center of
Ho Chi Minh City.

The cost of CRC treatment was also sourced from Tran, et al.**
at Hue Central Hospital, Vietnam.

For cost of annual surveillance post-CRC, this cost includes
one colonoscopy, one ultrasound, and one carcinoembryonic
antigen test per year. The unit costs were obtained from VPPHP,
while the surveillance procedures were determined based on
expert opinions from gastroenterologists and oncologists at the
University Medical Center of Ho Chi Minh City.

Utility values
The health states modeled included: healthy, cancer, alive af-
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ter cancer, second cancer, and death. We assigned a QALY of 1
to the healthy state and 0 to death. Similar to the study by Pas-
torino, et al.,'’® we assumed that the alive after cancer state
(health state for individuals who have been diagnosed with
CRC, received treatment, and survived the disease without ac-
tive recurrence or progression) had a QALY of 0.95.

For cancer, QALYs were assigned based on disease stage (I,
11, I1I, and IV). In line with Pastorino, we referenced QALY val-
ues from the systematic review by Snowsill, et al.,’ which com-
piled data from Ness. Specifically, the assigned QALYs for CRC
patients were:

o Stage1: 0.74

o Stage II: 0.67

o Stage II1: 0.50

o Stage IV: 0.25

For second cancer (occurrence of a new CRC in individuals
who have previously been diagnosed with CRC), we assumed
QALY values similar to those of the initial cancer, correspond-
ing to the respective stage at diagnosis.

Model analysis

In the base-case analysis, we estimated the costs, health out-
comes (QALYs), and ICERs for each screening strategy. The
analysis was conducted from the Vietnamese healthcare sys-
tem’s perspective using a decision-analytic model that inte-
grates decision trees and Markov models.

The base-case model compared three strategies:

1) No screening (standard CRC care without systematic LS
screening).

2) Universal THC testing (IHC for all CRC patients, followed
by germline testing if IHC results are abnormal).

3) Universal germline testing (direct germline testing for all
CRC patients without prior IHC).

For each strategy, we calculated:

« Total costs, including screening, surveillance, and treatment
costs.

Table 1. Numbers of LS Probands and Relatives and Costs for Each Strategy

Cost-Utility Analysis of Lynch Screening in a LMIC

« Total QALYs gained for patients and their FDRs.

« ICERs relative to the no screening strategy.

The model was run using TreeAge Pro, applying a 5% dis-
count rate for costs and 3.5% for health benefits.

To account for the uncertainty of input parameters, we con-
ducted one-way sensitivity analysis and probabilistic sensitivi-
ty analyses (PSA). For the PSA, we performed 1000 Monte Car-
lo simulations, where input values were randomly sampled
from the assigned distributions for each iteration. The theoreti-
cal distributions for input variables followed those used in pre-
vious studies by Ladabaum, et al.** and Severin, et al.”: beta
distributions were assigned to probabilities, gamma distribu-
tions to costs, and a Poisson distribution to the number of FDRs
undergoing screening. The parameters for these distributions
are detailed in Supplementary Table 1 (only online).

Additionally, a one-way sensitivity analysis was conducted,
varying each parameter individually within its specified range.
The upper and lower bounds for these parameters are also
provided in Supplementary Table 1 (only online).

Ethics statement
The protocol of the study was approved by the Institutional
Review Board (IRB) of the University of Medicine and Phar-
macy at Ho Chi Minh City, Vietnam (No. 618/HDDD-DHYD).
This study was conducted and reported in accordance with
the Consolidated Health Economic Evaluation Reporting Stan-
dards (CHEERS) guidelines to ensure comprehensive and trans-
parent reporting of health economic evaluations (https://
www.equator-network.org/reporting-guidelines/cheers/).

RESULTS

Table 1 showed the numbers of LS probands in patients diag-
nosed with CRC, the numbers of relatives tested for LS, the
numbers of relatives with LS mutations detected, and the costs
of screening for different testing strategies. The total number of
relatives with LS mutations was 875 in the simulated popula-

No screening Universal IHC testing Universal germline testing
No. of LS probands detected 0 646 742
No. of relatives tested for LS 0 964 1106
No. of relatives with LS mutations detected 0 424 487
Cost of detecting LS in CRC patients 0 34517800000 VND 29377500000 VND
(1380712 USD) (1175100 USD)
Cost of detecting LS in relatives 0 1156800000 VND 1327200000 VND
(46272 USD) (53088 USD)
Cost of surveillance and treatment for CRC in relatives 15696341952 VND 25163944317 VND 4572519010 VND
with LS mutations (627853 USD) (1006557 USD) (182900 USD)
Total cost 15696341952 VND 60838544317 VND 35277219010 VND
(627853 USD) (2433541 USD) (1411088 USD)

LS, Lynch syndrome; CRC, colorectal cancer; IHC, immunchistochemistry.
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Table 2. Cost-Effectiveness Analysis Results Based on ICER among Different Strategies

Incremental costs per Incremental costs per

Strategy Cost QALYs QALY gained QALY gained (relative to
(relative to no screening)  the strategy in the previous line)
No screening 15696341952 VND 1186124
(627853 USD)
Universal germline testing 35277219010 VND 1186535 47615038 VND/QALY 47615038 VND/QALY
(1411088 USD) (1904 USD/QALY) (1904 USD/QALY)
Universal IHC testing 60838544317 VND 1186482 126095537 VND/QALY Dominated
(2433541 USD) (5043 USD/QALY)

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; IHC, immunohistochemistry.

tion. As expected, universal germline testing was the most effi-
cient strategy to identify relatives with LS mutations. Universal
germline testing identified 487 relatives with LS mutations, fol-
lowed by 424 for universal IHC testing. Interestingly, universal
germline testing was actually less expensive than universal
IHC testing.

Table 2 revealed that universal germline testing was the most
cost-effective strategy, offering 1186535 QALYs at a cost of
35277219010 VND (1411088 USD) with an ICER of 47615038
VND (1904 USD) per QALY gained relative to no screening. In
contrast, universal IHC testing resulted in 1186482 QALYs at a
much higher cost of 60838544317 VND (2433541 USD), lead-
ing to an ICER of 126095537 VIND (5043 USD) per QALY gained
relative to no screening. Considering a threshold of 325950000
VND (13038 USD)/QALY, both universal germline testing and
universal IHC testing were cost-effective compared to no screen-
ing. Furthermore, the negative ICER when comparing univer-
sal IHC testing to universal germline testing indicated that uni-
versal IHC testing was both more expensive and less effective,
making it an unfavorable option.

The one-way sensitivity analysis results are shown in the tor-
nado diagrams (Supplementary Figs. 1-3, only online).

The first one-way sensitivity analysis (Supplementary Fig. 1,
only online) evaluated universal germline testing compared to
no screening. The ICER was most sensitive to the prevalence of
LS among CRC patients, the probability of CRC among LS carri-
ers, and the proportion of relatives with LS accepting increased
surveillance. The acceptance rate of LS testing among relatives
and CRC stage distribution without surveillance also had a no-
table impact, while costs related to complications, IHC charac-
teristics, and the number of FDRs per patient showed minimal
influence.

The second one-way sensitivity analysis (Supplementary
Fig. 2, only online) compared universal IHC testing with no
screening. Similar to the first analysis, the most influential fac-
tors were the prevalence of LS, the probability of CRC in LS car-
riers, and the acceptance of surveillance among relatives. The
acceptance rate of LS testing among relatives, germline testing
cost, and IHC sensitivity further influenced the ICER. Other pa-
rameters, including late-stage treatment costs and complica-
tions, were less impactful.

https://doi.org/10.3349/ym].2024.0352

The third analysis (Supplementary Fig. 3, only online) com-
pared universal germline testing with universal IHC testing. The
dominant drivers of ICER included the prevalence of LS, the
probability of CRC in LS carriers, and surveillance uptake among
relatives. The cost of germline testing and the acceptance rate of
LS testing among relatives also played important roles. In con-
trast, factors such as IHC sensitivity, costs of complications, and
the number of FDRs per patient had minimal effect.

The cost-effectiveness acceptability curve illustrated the
probability that each of the three strategies—universal germline
testing, universal IHC testing, and no screening—was cost-ef-
fective across a range of willingness-to-pay (WTP) thresholds.
Initially, no screening was the most cost-effective option at very
low WTP values, but its acceptability quickly diminished as the
WTP increased. Universal germline testing rapidly became the
most favorable strategy, reaching a peak probability of around
70% at a WTP of approximately 50000000 VND (2000 USD),
maintaining a dominant position thereafter. Universal IHC test-
ing gradually increased in cost-effectiveness with higher WTP
values, but never surpassed the probability of universal germ-
line testing, indicating that universal germline testing was gen-
erally the most cost-effective option across most WTP values,
especially in scenarios with higher WTP. No screening remained
the least cost-effective as WTP increased, and universal IHC
testing was less favored compared to universal germline testing
atalmost all WTP levels.

As shown in Fig. 3, at the specific WTP threshold of 325950000
VND, the probability of each strategy being cost-effective was:
universal germline testing (60%), universal IHC testing (39.7%),
and no screening (0.3%). This suggests that at the current WTP
level in Vietnam, universal germline testing has the highest
probability of being the most cost-effective strategy, followed by
universal IHC testing, while no screening remains the least fa-
vorable option with a very low probability of cost-effectiveness.

DISCUSSION

LS screening in CRC patients helps personalize the treatment
strategy for the patient with LS and allows for follow-up ge-
netic screening for the patient’s relatives. The life expectancy
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Fig. 3. Cost-effectiveness acceptability curve. IHC, immunohistochemistry.

and quality of life of disease carriers are increased by proactive
disease prevention measures. In developed European nations
and the United States, comparative cost-effectiveness analyses
of LS screening strategies have been performed extensive-
ly.'"*%%2 Singapore and Taiwan conducted a cost-effectiveness
analysis of LS screening in CRC patients.'®* Our study is one of
the first to perform a cost-effectiveness analysis of LS screening
in patients with CRC in a lower-middle-income country such
as Vietnam.

Two typical screening methods for LS in CRC patients world-
wide are 1) IHC testing followed by germline testing and 2)
germline testing without prior tumor analysis. Usually, the ini-
tial option presents higher cost-efficiency compared to the lat-
ter.*'®1 Our findings indicated that germline testing without
prior tumor analysis is more effective in the Viethamese sce-
nario. This can be explained by the fact that IHC testing is more
expensive in Vietnam than in other countries. The price of the
THC test in Vietnam is approximately 2800000 VND (116 USD),
whereas the price of an equivalent test in Italy and Taiwan is
64 USD and 62 USD, respectively.'®" In the meantime, the cost
of germline testing in Vietnam is substantially lower than in
other countries. The cost of germline testing in Vietnam is
2500000 VND (100 USD). Meanwhile, a test for reproductive
cells in Italy costs 270 USD, in Taiwan it costs 4012 USD, and in
Switzerland it costs 3791 USD.'*'*" Therefore, screening based
on germline testing prior to tumor analysis is a practical and
economical option for Vietnam. This intriguing discovery may
considerably contribute to the improvement of LS screening
in Vietnam.

The technique of screening CRC patients for LS using germ-
line testing without prior tumor testing has long been project-

822

ed to be the most cost-effective approach.*'® THC testing, fol-
lowed by genetic sequencing, is the current screening technique
for LS."*** Having to do sequential testing is inconvenient for
patients and their families, resulting in up to 64% of CRC pa-
tients missing follow-up appointments.?* In contrast, germline
testing without prior tumor testing is nearly 100% accurate, en-
abling confirmation of the presence of all cases of LS and elimi-
nating false-negative and false-positive diagnoses. This could
lead to more personalized CRC treatments with improved pa-
tient results. This technique also helps reduce the number of
CRC cases where patients opt out of LS screening due to the
complexity of the screening process, detect more cases of non-
carrying relatives, and diagnose CRC in these relatives at an earlier
stage. Both the 2014 guidelines on genetic evaluation and man-
agement of LS (Guidelines on Genetic Evaluation and Man-
agement of Lynch Syndrome: A consensus statement by the US
Multi-Society Task Force on Colorectal Cancer) and the ma-
jority of cost-effectiveness studies have predicted that germline
testing without prior tumor testing will replace tumor testing
as the most cost-effective approach to LS screening.*'® How-
ever, this will only be possible if the cost of germline testing is re-
duced to a reasonable level. From 2014 to 2021, studies showed
that the method of germline testing without prior tumor test-
ing is medically cost-effective, but it was not the best-perform-
ing technique when compared to other strategies, such as IHC
testing.'®'®!® In 2022, the Salikhanov, et al."® in Switzerland as-
sessed the comparative health-economic effectiveness of two
screening procedures for LS, namely primary screening by tu-
mor testing (the current strategy) and germline testing without
prior tumor testing (alternative strategy). In around 80% of cas-
es, germline and cascade testing for relatives was cost-effective.
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This method saved 17 lives at a cost of CHF 645 per death, with
an ICER of CHF 65058 per QALY saved and a cost-effective-
ness threshold of 100000 CHF in Switzerland.'

In the majority of previous cost-effectiveness studies regard-
ing LS screening in CRC patients, the clinical criteria approach,
such as the revised Bethesda criteria, was utilized as one of the
comparison arms.'*'*?? Due to its limited applicability, this
strategy is used less frequently over time. Due to its unavail-
ability in the Viethamese contex, this strategy was excluded from
our comparative arm. Previously, the application of the Amster-
dam II criteria for colorectal and other cancers involved clinical
and pedigree evaluation. The clinical criteria used to identify pa-
tients at high risk for CRC are complex and difficult to imple-
ment in practice. Between 23% and 50% of cases may be missed
by the revised Amsterdam II and Bethesda guidelines.

Several population-specific parameters, such as the cost of
genetic testing and the prevalence of LS among CRC patients,
can result in differences in the analysis results between our
study and others.

The cost of genetic testing is an important factor. In the one-
way sensitivity analysis, the results of Salikhanov, et al.” revealed
that the number of invited relatives and the cost of germline
DNA sequencing for patients with CRC had a major impact on
the outcome. In the deterministic analysis of ICER for univer-
sal germline testing compared to universal IHC testing in our
study, the cost of germline testing was identified as one of the
most influential factors affecting the cost-effectiveness be-
tween the two strategies. ICER is not only directly impacted by
the cost of genetic testing but also indirectly by the acceptance
rate of testing among CRC patients and their relatives. The cost
of genetic testing in our study is 2500000 VND (100 USD) for
CRC patients and 1200000 VND (48 USD) for their relatives. The
cost of these tests is very low compared to those of previous stud-
ies, which significantly contributed to lowering the ICER and
demonstrating the effectiveness of the LS screening program in
Vietnam."*®" Concerning the indirect influence of ICER through
test acceptance, Chieng and Lee® report on genetic testing ac-
ceptance in Singapore revealed that only 35% of patients and
relatives agreed to undertake the test, with price concerns (60%)
being the primary reason patients cited for refusing the test. In
Singapore, the cost of testing is entirely paid by the patient and
is considerably higher than the median household income of
4000 USD in 2012, according to government data.*® In the 2006
Chieng and Lee* conducted in Singapore, acceptance of the
BRCA1/2 test increased from 4% prior to 2004 to 44% between
2004 and 2006, when the government agreed to pay for the test.
In 2006, after the government subsidy program ceased, the rate
of BRCA1/2 testing dropped to 23%. In recent years, patient
adoption of the test has increased, despite the fact that cost
remains a significant barrier to the decision to perform the test.
More than half of respondents cited cost as their reason for de-
clining a test. In fact, among the 69 patients who underwent
BRCAL1/2 testing in Chieng and Lee,*® more than 50 percent of

https://doi.org/10.3349/ym].2024.0352

YMJ

these patients were funded by the government, which can be
viewed as a contributing factor. Numerous studies have simi-
larly identified cost as a barrier to genetic testing.?®* These
studies demonstrated that health programs that fund testing
for moderate-to-high-risk individuals could improve the deliv-
ery of genetic information with the ultimate aim of identifying
individuals contain mutations in order to monitor or imple-
ment cancer prevention programs that reduce incidence, mor-
tality, and medical costs.

The prevalence of LS among CRC patients is an additional
factor that significantly impacted the study design. Taiwan’s
analysis model demonstrated that this was the most influential
factor on the ICER." According to our research, this was also
one of the most influential factors on ICER. Vietham has a 6.32%
prevalence rate of LS in CRC patients. When focusing on the
key genes MLH1, MSH2, and MSHS, the prevalence was 3.7%.
This frequency is comparable to that found in Nadine’s 2022
global meta-analysis of the prevalence of LS in CRC patients.?
Northeast Asia was the location where the first studies on the
prevalence of LS in Asia were conducted, and these studies re-
vealed fewer cases than studies conducted in Europe and the
United States. In 2003, Jeong, et al.*® Korean investigation re-
vealed that only 0.4% of patients with CRC had LS. In 2017, Ku-
mamoto, et al.’! in Japan revealed that 0.7% of CRC patients
had LS. The minimal prevalence of LS in Northeast Asia is not,
however, representative of Asia as a whole. The prevalence of
LS among CRC patients in Beijing in 2020 was 2.7%, which is
roughly equivalent to the rate in the United States, which was
3%.% The research conducted by Jiang in Guangzhou (South
China) revealed that the prevalence of LS in CRC patients was
as high as 2.9%.% The rate of LS in CRC patients was also 2.3%,
according to a study conducted by Chang, et al.** in Taiwan,
where population characteristics are comparable to those of
mainland China. According to studies of Viethamese genomes,
Vietnamese alleles are comparable to those of the Thai and
South Chinese populations.® This may explain why the preva-
lence of LS gene mutations in the Vietnamese population is
comparable to that of the South Chinese.

Likewise, our study has numerous limitations. First, only di-
rect medical costs were included in our study. The model would
be more inclusive and valid if it included indirect medical ex-
penditures. To obtain these data, however, additional health
economics evaluation studies are required. Second, our re-
search did not include preventative measures against gastric
cancer in its computational model. According to studies con-
ducted in Japan and China, gastric cancer may be the most prev-
alent non-colon cancer.***” However, due to limited data avail-
ability and the absence of a structured gastric cancer screening
program in Vietnam, we did not include it in our model. Future
research should address this limitation as more data become
available. Finally, since there are no studies on some parameters
in Vietnam, many parameters in our research model were de-
rived from studies conducted in other countries. In both one-way
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sensitivity analyses for the IHC and germline testing strategies,
despite significant variations in key parameters, the ICERs for
both strategies remained below the WTP threshold of 325950000
VND. Therefore, these parameters do not impact the overall
conclusion regarding the cost-effectiveness of LS screening.
While some parameters lack Vietham-specific data and further
research is needed to refine these estimates, our findings strongly
suggest that universal screening for LS, using either strategy, re-
mains cost-effective in the Vietnamese context.

Our study evaluated the cost-effectiveness of screening for
LS in CRC patients in Vietnam. The study results indicated that
all the screening strategies for LS are cost-effective compared
with no screening in terms of the Vietnamese health system.
In particulay, screening by germline testing without prior tu-
mor testing was the most cost-effectiveness strategy. Therefore,
LS screening in CRC patients should be considered in health poli-
cies, even in lower-middle-income countries such as Vietnam.
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