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Background: Screening for germline pathogenic BRCAI or BRCAZ variants
(gBRCA) in high-risk breast cancer patients is known to be cost-effective in
high-income countries. Nationwide adoption of genetics testing in high-risk
breast cancer population remains poor. Our study aimed to assess gBRCA health
economics data in the middle-income country setting of Thailand.

Methods: Decision tree and Markov model were utilized to assess cost-utility
between the testing vs. no-testing groups from a societal and lifetime perspective
and lifetime. We interviewed 264 patients with breast/ovarian cancer and their
family members to assess relevant costs and quality of life using EQ-5D-5L.
One-way sensitivity, probabilistic sensitivity (Monte Carlo simulation), and budget
impact analyses were done to estimate the outcome under Thailand’'s Universal
Health Coverage scheme.

Results: The predicted lifetime cost and Quality-adjusted Life Years (QALY) for
those with breast cancer were $13,788 and 10.22 in the testing group and $13,702
and 10.07 in the no-testing group. The incremental cost-effectiveness ratio for
gBRCA testing in high-risk breast cancer patients was $573/QALY. The lifetime cost
for the family members of those with gBRCA was $14,035 (QALY 9.99), while the
no-testing family members group was $14,077 (QALY 9.98). Performing gBRCA
testing in family members was cost-saving.

Conclusion: Cost-utility analysis demonstrated a cost-effective result of gBRCA
testing in high-risk breast cancer patients and cost-saving in familial cascade
testing. The result was endorsed in the national health benefits package in
2022. Other middle-income countries may observe the cost-effective/cost-saving
aspects in common genetic diseases under their national health schemes.
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1 Introduction

Germline genetic testing of BRCAI and BRCA2 (gBRCA) has
become an integral part of the current management of breast
and ovarian cancer. At the individual level, the genetic results
influence patients’ eligibility for PARP inhibitors and increased
surveillance to reduce contralateral or second primary cancer (1).
At the family level, cascade testing expands the opportunities for
cancer prevention, both medically and surgically. The importance
of a molecular diagnosis led the United States Preventive Services
Task Force (USPSTF) to recommend gBRCA in at-risk patients
nationally since 2005 (2).

Healthcare systems play a crucial role in the distribution of
the resources for genetic risk assessment. Despite an increase
in awareness of gBRCA testing in the United States, notably
after the “Angelina” effect (3), <5% of USPSTF guideline-
eligible women who underwent a mammography 10 years after
the recommendation at a university hospital in the US had
received gBRCA testing (4). Multiple interventions to reform
the healthcare through diversity, equity, and inclusion efforts for
at-risk populations have been a decade-long focus. Addressing
the financial constraints through the Affordable Care Act (ACA)
seemed to increase the uptake of gBRCA in marginalized
populations (5). Relaxed testing criteria, from the USPSTF 2005 to
the National Comprehensive Cancer Network (NCCN) guideline,
is being adopted to expand the high-risk territory (6). To date in
the United States, the cost of genetic counseling and testing are
being covered under Medicare or Medicaid in most states. Yet,
how the federal organization and other major stakeholders enact
the inclusion of gBRCA as a national effort remains to be seen.

Globally, the economic evaluation of gBRCA testing had
been studied in several settings. The gain in life-years and the
cost-effectiveness in gBRCA testing were concurringly productive
under each countries’ threshold (7). The interventions following
detection of pathogenic/likely pathogenic gBRCA variants,
including risk-reducing mastectomy (RRM) and risk-reducing
(RRSO), included with
difference scenarios in those cost-effectiveness studies (8). Recent

salpingo-oophorectomy have been
work incorporated familial cascade testing to the model, and the
cost-effectiveness expanded toward testing in family members (8).
However, previous studies were all carried out in high-income
countries. With the advancement of techniques for genetic testing
that become more widely available with affordable cost, it appears
to be possible for middle- and low-income countries to adopt the
practice, more or less similarly to high-income countries. This
study aims to report data from an upper-middle income country
and highlight the health-economic analysis that rationalized the
enrollment of gBRCA testing in high-risk women with breast
cancer and their families in Thailand.

2 Materials and methods

2.1 Model development
A model to assess the efficacy and cost of applying genetic

testing followed by subsequent management strategies based on
gBRCA status was jointly designed, in a stakeholder meeting, by
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the authors and seven national experts from multiple specialties
related to care for the condition (Figure 1A). It was decided to
study the population with high-risk breast cancer defined by the
2019 NCCN guidelines for genetic/familial high-risk assessment of
breast and ovarian cancers. The model was a hybrid decision tree
and Markov model, beginning with the decision of uptaking vs. not
uptaking gBRCA testing (labeled with a red square in Figure 1).
Each decision was followed by possible outcomes from the test
including gBRCA pathogenic/likely pathogenic variant (P/LP),
absence of P/LP variant, and Variant of Uncertain Significance
(VUS), each of which harbored different carcinogenesis risk
and transitional probability in Markov model fashion. In the
probands with P/LP variants, choices of intensified surveillance
per breast cancer treatment protocol, risk-reducing mastectomy
(RRM), and/or risk-reducing salpingo-oophorectomy (RRSO) were
counseled and carried through. Different uptakes following the
post-test genetics counseling session in the probands led to the
probability of entering management stratification in the decision
tree and subsequent Markov models designated as M1, M2, M3, and
M4 illustrated in Figure 1 A. Probands who tested negative for P/LP
gBRCA variants were advised to resume routine cancer surveillance
and enter the Markov model as the M5 category. Patients with
VUS in gBRCA were counseled regarding reclassification of
potential future variants and managed individually. The VUS group
entered the Markov model as the M5 category as risk-reducing
surgery was not recommended and the risk of carcinogenesis was
converged toward the negative P/LP group. In the no gBRCA
testing decision group, patients who did not harbor P/LP gBRCA
variants entered the Markov model via M5 while the probands who
tested positive for P/LP gBRCA variants entered the Markov model
via M6.

For family members, we used the decision model shown
in Figure 1B. The decision tree started with the uptaking vs.
not uptaking familial cascade when targeted testing after the
P/LP gBRCA proband is established (labeled as red square
in Figure 1B). Family members were counseled and provided
the option of accepting or declining cascade testing. Targeted
sequencing performed in this circumstance, for those accepting
the test, led to potential outcomes only with positive and negative
specific P/LP gBRCA variants. As in the patient’s perspective model,
family members with P/LP gBRCA had the choice to opt in for
intensified surveillance, RRM, and/or RRSO and proceeded to
Markov model via the M1-M4 categories. Family members with
negative targeted testing advanced to the Markov model via the
M5 category. Family members who declined testing and family
members in the not uptaking decision scenario who would have
tested positive for P/LP gBRCA progressed toward the Markov
model via M6. Lastly, family members who declined testing and
family members in the not uptaking decision scenario who would
have tested negative for P/LP gBRCA moved along the Markov
model via the M5 subgroup.

Overall, the decision tree model stratified the risk of breast
and ovarian cancer development based on the natural history and
preventative measures taken in patients and their family members
in to six groups: M1-M6. M1, M2, M3, and M4 are those who
harbor P/LP gBRCA and opted in for a intensified surveillance
program, both RRM and RRSO, RRM only, and RRSO only. M5
refers to the group of patients or family members of P/LP gBRCA
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FIGURE 2

Markov model demonstrating transition of 6 different risk categories (M1-M6) to different states of health.

probands whose genetic test yielded negative or VUS. Note that we
do not offer risk-reducing surgery to patients with VUS results, and
that the risk of breast/ovarian tumorigenesis in the VUS group was
presumed to be on par with the negative result. M6 represented
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patients or family members with presumably undiagnosed P/LP
gBRCA and would follow the natural history of gBRCA patients
without risk-reducing intervention other than the standard breast
cancer treatment/surveillance in the proband.
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2.1.1 Markov model

A Markov model was designed to estimate relevant health
outcomes and costs using a lifetime horizon from the societal
perspective. Our model accounted for the possible consequences
with both breast cancer and ovarian cancer development, with post-
treatment and progression (metastasis) as different health states
(Figure 2). We set the entry age to be 45 years old for both patient
and family members, established a cycle length of 1 year, and
followed the patient throughout their lifetime (until death). The
entry age in this study was derived from NCCN guideline 2019 v.2
and the observed age of population in our previous study. The
discount rate in this study was set at 3%.

2.2 Input data

2.2.1 Internal data

The study protocols were approved by the Siriraj Hospital
IRB protocol COA approval numbers 656/2019, 631/2019, and
508/2020. The study population included all breast cancer patients
who received gBRCA testing and breast cancer treatment at
Siriraj Hospital, a large medical school accepting referrals from
all provinces in the country (n = 257). Family members (n =
7) were recruited from those who underwent targeted-variants
familial cascade testing at the medical genetics clinic at Siriraj
Hospital. Direct medical and non-medical costs were obtained
by interviewing the study population and from the hospital
database. Utilities were retrieved by interviewing using the ED-5Q-
5L questionnaire. A total of 264 patients and family members in
different health states were recruited for interviewing (Table 1).

2.2.2 Cost
2.2.2.1 Direct medical cost

Sequencing cost: All genetic testing was performed at the
Siriraj Genomics Laboratory with the next-generation sequencing
technology. The cost of genetic testing for probands through
the panel was 21,340 THB ($666.88) and the cost of familial
cascade testing (targeted variant testing by Sanger sequencing) was
2,500 THB ($78.13) in 2021. Note that, in our study, the genetic
testing utilized was next-generation sequencing (NGS) based on
a recent study that suggested an absence of significant founder
variants in a Thai population (9). Deletion/duplication analysis
was integrated as part of the bioinformatics pipeline. A multiple
Ligation-Dependent Probe Amplification technique was used to
screen and confirm the presence of large copy number variation.

Cancer care cost: We reviewed in-hospital care costs for
included patients who received care at Siriraj Hospital from
the hospital database between 2017-2021 based on ICD-10 that
matched eight states of health. Out-of-hospital costs for each state
of health were obtained through interview and listed in Table 1.

2.2.2.2 Indirect medical cost

The indirect costs were obtained by interviewing patients
in different health states who received care at Siriraj Hospital
during October 2020—March 2021. The interview was carried out
by trained research assistants using a standardized questionnaire
collecting data according to guidelines recommended for health
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technology assessment in Thailand. Inquired data included
transportation costs, meals during hospital visits for patient/family
member, and accommodation costs for patients and family
members incurred while receiving cancer treatments at the hospital
for all health states of interest. The number of visits to the
hospital for cancer treatments was also inquired. The cost of
supportive equipment in the first year of diagnosis together with
cost of caregivers, supplements, and private clinics in the long
term was also obtained through interviewing the patients and
families. Moreover, costs of opportunity lost for family members
and informal care givers were also included. The average indirect
cost is shown in Table 1.

2.3 Transitional probability

The rate of P/LP and VUS gBRCA in high-risk breast
cancer patients per NCCN 2019.2 recommendation among a Thai
population were 18.6% and 6.31% respectively (N = 301) (9).

Decisions on Preventive measures were reviewed from a total
of 58 P/LP gBRCA patients from the medical genetics clinic at
Siriraj hospital between February 2017 and March 2021 (allowing at
least 1-year follow up after the date of genetic testing). 11 patients
(18.97%) received both RRM and RRSO, 16 patients (27.59%)
received RRSO, and six patients (10.34%) received RRM. The rest
opted in for intensified surveillance.

There were a total of 280 first-degree relatives for the included
P/LP gBRCA proband (average of five first-degree relatives per
proband). Only 46 family members (16.43%) had their cascade
testing done at the 1-year mark after the date of the proband’s
genetic test. There were 11 family members (23.91%) who tested
positive for targeted sequencing. Amongst the 11 family members
with positive familial cascade testing, three (27.27%) underwent
RRSO. The rest opted in only for intensified surveillance. All the
values are demonstrated in Table 1.

2.4 Data for budget impact analysis

The Incidence and prevalence of breast cancer in Thailand
were 22,158 cases/year and 76,440 cases in 2020-2021 respectively
(22). The rate of high-risk breast cancer based on NCCN guideline
2019v.2 amongst all breast cancer patients was estimated to be
30% per national experts consensus. The number of new high-
risk breast cancer patients that would qualify for gBRCA testing
was 6,648 patients annually (22,158 x 30%), while the number
of existing high-risk breast cancer patients was calculated to be
22,932 (76,440 x 30%). The rate of p/lp gBRCA in high-risk breast
cancer women in Thailand was 18.6% (9) and the acceptance rate
of familial cascade testing from our internal data was 16.43%. It was
estimated that one patient would have four first-degree relatives in
the age-group that would be eligible for familial cascade testing.
Overall, the number of newly diagnosed p/lp gBRCA high-risk
breast cancer patients was estimated to be 1,237 (6,648 x 18.6%)
annually, while the number of their positive p/lp gBRCA family
members accepting testing would be 406 (1,237 x 16.43% x 4
x 50%). The national’s sequencing throughput were estimated
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TABLE 1 Summary of input parameters (transitional probability, cost, and utility) for base-case analysis.

Variable(s) Distribution Mean SE Reference

Transitional probability

Rate of pathogenic/likely pathogenic gBRCA detection in high-risk breast Beta 0.1860 0.0186 Internal data from
cancer women Siriraj Genomics (9)
Rate of Variant of Unknown Significance (VUS) detection in high-risk Beta 0.0631 0.0063

breast cancer women

Rate of targeted variants testing uptake in family members within 1 year Beta 0.1643 0.0164

Rate of positive familial cascade testing within 1 year Beta 0.5 N/A

Rate of risk-reducing surgery uptake at 1-year follow up in proband with P/LP gBRCA

RRM and RRSO Beta 0.1897 0.0190 Internal data from
Siriraj database

RRM Beta 0.1034 0.0103

RRSO Beta 0.1897 0.0190

Rate of risk-reducing surgery uptake at 1-year follow up in family member with P/LP gBRCA

RRM and RRSO Beta 0 0 Internal data from
Siriraj database

RRM Beta 0 0

RRSO Beta 0.2727 0.0273

Risk of breast and/or ovarian cancer development transitional probability in different prevention strategies

Rate of breast cancer development in P/LP gBRCA with intensified Beta 0.0364 0.00364 (10)
surveillance

Rate of breast cancer development in RRM + RRSO Beta 0.0037 0.00037 (11)
Rate of breast cancer development in RRM Beta 0.0072 0.00072 (11)
Rate of breast cancer development in RRSO Beta 0.0178 0.00026 (12)
Rate of breast cancer development in negative gBRCA with intensified Beta 0.0072 0.00072 (10)
surveillance

Rate of ovarian cancer development in P/LP gBRCA with intensified Beta 0.0128 0.01282 (13)
surveillance

Rate of breast cancer development in RRM + RRSO Beta 0.0018 0.00065 (14)
Rate of breast cancer development in RRM Beta 0.0036 0.00005 (14)
Rate of breast cancer development in RRSO Beta 0.0027 0.00059 (12)
Rate of ovarian cancer development in negative gBRCA with intensified Beta 0.0006 0.00062 (15)
surveillance

Variables used in state of health change in Markov model

Rate of breast cancer metastasis Beta 0.0211 0.0021 (16)
Rate of breast cancer recurrence in 1-5 yr Beta 0.2432 0.0243 (17)
Rate of breast cancer recurrence in 6-10 yr Beta 0.0749 0.0075 (17)
Rate of breast cancer recurrence in 11-15 yr Beta 0.0383 0.0038 (17)
Rate of breast cancer recurrence after 16 yr Beta 0.0445 0.0045 (17)
Rate of ovarian cancer development in breast cancer patient Beta 0.0007 0.0001 (18)
Rate of breast cancer development in ovarian cancer patient Beta 0.0040 0.0004 (19)
Mortality rate of breast cancer patient in the first year Beta 0.1500 0.0230 (20)
Mortality rate of breast cancer patient in the 2-3 year Beta 0.1391 0.0383 (20)
Mortality rate of breast cancer patient in the 4-5 year Beta 0.1091 0.0383 (20)
Mortality rate of breast cancer patient in the 6-10 year Beta 0.0758 0.0076 (17)
Mortality rate of breast cancer patient in the 11-15 year Beta 0.0390 0.0039 (17)
(Continued)
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VELELIES) Distribution Mean SE Reference

Mortality rate of breast cancer patient after 16 year Beta 0.0465 0.0047 (17)

Mortality rate of breast and ovarian cancer patient in the 1-5 year Beta 0.0195 0.0510 (21)

Mortality rate of breast and ovarian cancer patient after 6 year Beta 0.0069 0.0612 (21)

Medical cost

Direct medical costs

Cost of gBRCA test with next generation sequencing (USD) Gamma 666.88 133.375 Internal data from
Siriraj Genomics

Cost of targeted sequencing in family member (USD) Gamma 78.13 78.125

Outpatient medical cost (USD/year)

Breast cancer Gamma 902.31 2,310.5 Internal data from
Siriraj database

Post-breast cancer Gamma 350.13 1,258.5

Metastatic breast cancer Gamma 1,824.50 4,539.344

Breast cancer + ovarian cancer Gamma 1,331.81 3,106.219

Ovarian cancer Gamma 448.63 1,153.69

Post-ovarian cancer Gamma 199.78 954.56

Metastatic ovarian cancer Gamma 1,193.22 2,688.53

Inpatient medical cost (USD/year)

Breast cancer Gamma 2,354.44 2,527.09 Internal data from
Siriraj database

Post-breast cancer Gamma 2,289.41 3,615.91

Metastatic breast cancer Gamma 3,469.19 5,828.94

Breast cancer + ovarian cancer Gamma 3,533.81 4,247.16

Ovarian cancer Gamma 2,543.50 1,648.91

Post-ovarian cancer Gamma 2,515.59 2,139.38

Metastatic ovarian cancer Gamma 4,087.28 5,087

Direct non-medical costs (USD/visit)

Transportation cost Gamma 17 27.97 Interview

Meal cost for patient/family Gamma 3.97 8.94

Accomodation cost Gamma 3.22 21.97

Opportunity cost for family member Gamma 19.53 43.38

Only for first year: supportive equipment and house renovation (USD/year)

Well Gamma 126.19 321.28 Interview

Breast cancer Gamma 282.72 1,201.28

Post-breast cancer Gamma 3.13 10.16

Metastatic breast cancer Gamma 209.59 631.13

Breast cancer + ovarian cancer Gamma 96.88 247.56

Ovarian cancer Gamma 97.09 130.09

Post-ovarian cancer Gamma 5.22 15.63

Metastatic ovarian cancer Gamma 260.41 247.56

From first and following years: supplements, caregiver, private clinic (USD)

Breast cancer Gamma 1,289.56 2,359.03 Interview

Post-breast cancer Gamma 466.47 1609

(Continued)
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TABLE 1 (Continued)
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Variable(s) Distribution Mean SE Reference
Metastatic breast cancer Gamma 1,980.34 3,954.06

Breast cancer + ovarian cancer Gamma 992.50 2,025.72

Ovarian cancer Gamma 756.78 1,469.97

Post-ovarian cancer Gamma 223.78 373.06

Metastatic ovarian cancer Gamma 3,250.00 5,629.16

Utility values

Well Beta 0.89 0.13 Interview
Breast cancer Beta 0.84 0.18

Post-breast cancer Beta 0.90 0.09

Metastatic breast cancer Beta 0.80 0.16

Breast cancer + ovarian cancer Beta 0.86 0.11

Ovarian cancer Beta 0.76 0.18

Post-ovarian cancer Beta 0.88 0.13

Metastatic ovarian cancer Beta 0.71 0.39

RRM, Risk-reducing mastectomy; RRSO, Risk-reducing salpingo-oophorectomy; USD, US Dollar.

TABLE 2 Outcome estimation from a model-based cost utility analysis
comparing genetic testing vs. no genetic testing in the high-risk patient
and the family member with P/LP gBRCA.

Genetic \[e) Increment
testing genetic
testing
Proband
Cost (USD) $13,788 $13,702 $86 (44-126)
(12,838~ (12,775~
14,737) 14,630)
QALY 10.22 10.07 0.15 (0.14-0.15)
(10.14-10.30) (9.99-10.16)
ICER $573/QALY
(435-723)
Family
Cost (USD) $14,035 $14,077 ~$42 ~(36-47)
(13,120~ (13,163-
14,950) 14,990)
QALY 9.99 9.98 0.01
(9.91-10.07) (9.90-10.06) (0.012-0.014)
ICER -$4,200/QALY
~(3,560-9,112)

to be 3,500 samples per year and was projected to increase by
55% annually.

3 Results

Cost-utility analysis results are summarized in Table 2. The
incremental cost-effectiveness ratio (ICER) calculated for the
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life-time cost included genetics testing minus the cost for no
genetics testing divided by the quality-adjusted life years (QALY)
difference between genetics testing and no genetics testing. Offering
gBRCA testing in high-risk breast cancer patients resulted in an
ICER of $573 per one QALY gained. Offering familial cascade
testing in the family members was cost saving at an ICER of
$4,200/QALY.

One-way sensitivity and probabilistic sensitivity analyses were
also performed to determine the potential effects of each factor.
Tornado diagrams from one-way sensitivity analyses for patients
and family members were shown in Figures 3A, B. From the
patient’s perspective (Figure 3A), the three most impactful variables
toward ICER were the percentage of P/LP gBRCA patients who
opted in for intensified surveillance for ovarian cancer instead of
RRSO, the sequencing cost, and the inpatient treatment cost of
breast cancer. From the family member’s perspective (Figure 3B),
the most impactful variable remained to be the probability of
intensified surveillance (positive) for ovarian cancer, followed by
the cost of genetics test and the discounting rate for outcome.

The probability that implementing genetics testing in high-risk
breast cancer women at the willingness-to-pay threshold (WTP)
at $5,000/QALY (Thailand’s threshold) will be cost-effective was
0.84. The probability of performing family cascade testing at the
willingness-to-pay threshold at $5000/QALY will be cost-effective
was 0.83.

The budget impact analysis is shown in Table 3. The estimated
impact on the national budget in endorsement of gBRCA testing
for high-risk breast cancer patients under the Universal Health
Care coverage scheme in Thailand on the first year was US$ 2.34
million and the estimated 5-year budget impact assuming that
genetics testing capacity will increase by 55% annually was US$
34.69 million.
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FIGURE 3

Tornado diagram illustrating one-way sensitivity analysis of variables toward ICER. (A) Represents patient's perspective, and (B) represents family
member’s perspective.
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TABLE 3 5-year Budget impact analysis between no genetics testing vs. BRCA testing followed by preventive strategies.

Strategy Annual budget (million USD)

1st year 2nd year 3rd year 4th year 5th year
Strategy 1: no genetic testing
Patient’s cancer care cost 0.66 1.94 3.78 6.69 11.25 24.31
Family’s cancer care cost 0.5 1.38 2.81 5.09 8.66 18.41
Total 1.16 3.31 6.59 11.78 1991 42.75
Strategy 2: genetics testing and subsequent prevention measures
Testing cost—patient 2.34 3.63 5.59 8.69 13.47 33.72
Testing cost—family 0.03 0.06 0.09 0.13 0.19 0.47
Total testing cost 2.38 3.66 5.69 8.81 13.66 34.22
Patient’s cancer prevention 0.63 1.66 3.34 6.03 10.19 24.84
and treatment cost
Family’s cancer prevention 0.5 1.38 278 5.06 8.59 18.28
and treatment cost
Total cancer prevention and 1.13 3.03 6.13 11.06 18.78 40.13
treatment cost
Total 3.5 6.69 11.81 19.88 32.44 74.34
Budget impact 2.34 3.38 5.25 8.09 12.56 34.59

4 Discussions

This study pioneered health economics data regarding the
implementation of gBRCA genetic testing in a high-risk population
in Thailand, a middle-income country. An addition of gBRCA
testing in high-risk breast cancer patients defined by NCCN
guideline 2019 v.2 was cost-effective (ICER 573 USD/QALY) which
is below the national WTP of 5,000 USD/QALY. Expanding
the intervention to familial cascade testing of P/LP gBRCA was
proven to be cost-saving. The result of this study was presented
to the National Health Security Office committee and received
strong support. An addition of gBRCA testing in high-risk breast
cancer patients and their families was therefore endorsed to be
reimbursable under Universal Healthcare Coverage and all other
health schemes in Thailand in 2022.

Data regarding cost for health care utilization from middle-
and low-income countries have been underrepresented in the
medical literature. It is intriguing to postulate whether the
health economics of genetic services could be more or less
cost-effective in resource-limited settings. The cost of clinical
genetic services, cancer treatment (both direct and indirect),
and preventative strategies in P/LP gBRCA were the main
driving factors in this study. When compared to the clinical
encounter cost in high-income countries, represented by Australia
(8), it appeared that conducting a clinical genetic service in
Thailand would be less costly. The sequencing cost in Thailand
was lower both in next-generation sequencing ($666 vs. $876)
and targeted sequencing ($78 vs. $168). The cost of cancer
prevention via surgery once diagnosed with P/LP gBRCA in
Thailand was also substantially less costly: $1,239 vs. $11,378
for RRM (8) and $631 vs. $6,293 for RRSO (8) (the cost of
interventions in Thailand discussed were from retrieved from
a medical school). When looking at the treatment cost, the
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direct medical cost of breast cancer care for the first year in
Thailand was also cheaper ($3,256.75 vs. $17,892). Overall, the
cost of implementing gBRCA testing in Thailand appeared to
be significantly lower when compared to high-income countries,
which may be driven to a certain extent by the lower overall
healthcare costs. Provided with the innovative technique with a
lower price for gBRCA testing, the lower healthcare cost in other
low- to middle-income countries may very well support the cost-
effectiveness of genetic services in each country and should be
further explored.

The rationale behind a highly cost-effective result in this study
might have been more than just differences in healthcare costs. How
this study distinguishes itself from previous models was through
an addition of transition to ovarian cancer state and prioritization
of transitional probability data from an Asian population. The
addition of ovarian cancer in the Markov model involved the
RRSO into the equation, which could have enhanced the cost-utility
when compared to previous models where only breast cancer was
formulated as RRSO and proven to be cost-effective (7). Moreover,
the higher rate of gBRCA pathogenicity (18.6% vs. 15%) (8) vs
presumptive 10% (23, 24) was exploited in our decision tree in
accordance with a recent publication which suggested a higher
prevalence in Asian patients who fulfilled NCCN testing criteria
(9). The higher rate of gBRCA may be partly explained by fewer
environmental factors, including obesity, in Asian populations.
The adoption of this model in countries with high prevalence of
gBRCA pathogenicity may reproduce the cost-utility we reached
and is encouraged.

Looking at the sensitivity analysis, it appears that several
the
implementing gBRCA testing in Thailand. The most important

interventions could = strengthen cost-effectiveness  in

factor toward ICER from the patients perspective was RRSO
(Figure 3A). Our RRSO adoption rates (both patients and family
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members) were significantly lower when compared to previous
studies (8). Our lower local surgical adoption rate might be
influenced by the cultural differences and the study design, as
the patients might not have decided to pursue surgical strategy
at 1-year follow up after molecular diagnosis. The promotion of
risk-reducing surgery, especially RRSO, may result in a higher
risk-reducing surgery rate and would ultimately escalate the
ICER toward being more cost-effective. This may contradict
a recent long-term study (25) that suggested a lower RRSO
adherence led to an improvement in ICER, as the cost of cancer
prevention in our country is remarkably cheaper which encourages
cancer prevention.

Additionally, achieving a higher test volume once publicly
utilized would drop the cost of gBRCA sequencing in half. The
effect of economy of scale was discussed with the national experts
and under certain scenarios (e.g., 40% reduction in sequencing
cost and the national throughput reached a cap), the annual
budget impact would gradually decrease and we might observe a
cost-saving aspect of genetics testing endorsement. The in-patient
treatment cost of breast cancer variability, though, was a dynamic
topic of discussion. New treatment modalities in the gBRCA group,
such as PARP inhibitors, would tremendously affect the total cost of
care. If targeted therapy could be reimbursed under the universal
healthcare coverage in Thailand, the cost of in-patient treatment
would have changed. However, it is difficult to predict the changes
in cost-utility outcomes until a proper model is conducted as
better clinical outcomes and quality of life might accompany the
higher cost of treatment. Nevertheless, our team anticipated a trend
toward the addition of gBRCA testing being more cost-effective
in the future, with a higher uptake rate of genetic testing in high-
risk breast cancer patients. Meanwhile, the cost effectiveness of
including the novel promising treatment might be possible with the
implementation of other policies.

5 Model limitation

in health
economics evaluation has to evolve overtime to reflect recent

Decision tree and Markov model utilization

advancements in the management of gBRCA patients. In this
study, our model incorporated the potential result of “Variant
of Uncertain Significance”, which has been recommended by the
ACMG since 2015. We also took other malignancy/metastasis
into account as previously discussed. This model does not
incorporate the impact of medical interventions in the prevention
of breast/ovarian cancer, including selective estrogen modulators
and aromatase inhibitors, which were not approved for breast
cancer prevention in Thailand at the time we conducted the study.
Future models that integrate the use of pills as a choice of cancer
prevention and the chance of other cancer development including
prostate cancer and pancreatic cancer is warranted. Our model also
did not address familial cascade testing in the younger generation
(children) whose risk-reducing interventions’ adoption rate might
have differed and changed the results given the metabolic risk from
post-surgical ovarian failure. A recent population-based screening
model suggested that the incremental cost to adopt genetics testing
might be less when done in younger populations (26). Future model
expanding into this younger population may observe a lower ICER
and is encouraged with caution as stated above.
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6 Mass implementationin a
resource-limited country

A steep global increase in sequencing throughput has played
an important role in the assimilation of genetic testing in the
prevention of many diseases at the population level. These
include cystic fibrosis and spinal muscular atrophy detection
via newborn screening, prenatal thalassemia screening in high-
prevalent countries, and certain pharmacogenomic testing (e.g.,
HLA-B*5801 before allopurinol prescription). In recent years,
genetic testing in germline BRCAI and BRCA2 has become
a center of discussion. The benefit in recommending earlier
breast cancer screening (starting at 25 years of age per NCCN
guidelines compared to 50 years in average-risk women per USPTF
recommendation) and preventive measures (estrogen receptor
modulator and risk-reducing surgery) influenced the decision to
make BRCA1I and BRCA2 two of the first 56 genes to be reported
as important secondary findings in clinical exome/genome
sequencing per ACMG (27). To our knowledge, amidst the
consensus of population-wide testing vs. high-risk group testing,
gBRCA testing remains far from being widely adopted at the public
health level, with a few countries nearly reaching a nationwide
policy. As Thailand launched the adoption of gBRCA for high-risk
breast cancer patients as part of their government-sponsored
universal healthcare coverage, we believe that other countries with
higher willingness-to-pay thresholds e.g., Japan (USD$20,000-
50,000/QALY), UK (USD$25,000-$37,500/QALY), Australia
(USD$35,000/QALY), and the US (USD$50,000-100,000/QALY),
or other countries within the same economic tier and with similar
healthcare policies to Thailand (e.g., Argentina, Brazil, Malaysia,
Mexico, Peru, South Africa, and Turkey) could consider their
capability to launch a nationwide policy in the near future.

7 Conclusions

Cost-utility analysis demonstrated a highly cost-effective
outcome of gBRCA testing in high-risk breast cancer patients in
Thailand. Expanding the test to the proband’s family members
was cost-saving from a societal perspective. Other resource-limited
countries may benefit from the endorsement of genetics testing
for high-risk breast cancer patients under their national health
care plan.
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