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Objective: Sacubitril/valsartan is a relatively new medication that is more effective than the 
usual enalapril for heart failure patients with reduced ejection fraction. Therefore, this study 
aims to determine the cost-effectiveness of sacubitril/valsartan compared to enalapril in 
Indonesia’s healthcare system.
Methods: In this study, a Markov decision-analytic model was developed to estimate the total 
cost, health outcomes, and cost-effectiveness of sacubitril/valsartan compared to enalapril from 
Indonesia’s healthcare perspective. The input parameters for the cost-effectiveness were predomi-
nantly from the PARADIGM-HF trial. Subsequently, the country-specific data were synthesized 
for medication and hospitalization costs, cardiovascular and non-cardiovascular death, as well as 
re-hospitalization rate. The incremental cost-effectiveness ratio (ICER) per quality-adjusted life 
years (QALYs) gained was estimated to determine the cost-effectiveness. Deterministic and 
probabilistic sensitivity analyses were conducted to assess the impact of parameter uncertainty.
Results and Discussion: In the base case, sacubitril/valsartan was more costly and effective 
than enalapril with a total cost of IDR 91,783,325,865 (USD 6,487,522) vs IDR 68,101,971,241 
(USD 4,813,653) and a total QALYs of 19,680 vs 18,795, resulting in an ICER of IDR 
26,742,098 (USD 1890). Based on the willingness to pay threshold GDP per capita in 
Indonesia, it can be considered cost-effective. The most influential drivers of cost- 
effectiveness in deterministic sensitivity analysis were risk of mortality outside hospitalization, 
hospital admission rate, and cost of sacubitril/valsartan. The vast majority of simulation results 
from probabilistic analysis suggested that sacubitril/valsartan was likely resulted in higher cost 
and improved QALYs compared with enalapril, indicating the robustness of the model.
Conclusion: Based on the current price in Indonesia, sacubitril/valsartan can be considered 
a cost-effective option, although this depends heavily on the willingness to pay threshold. 
Further studies that incorporate real-world evidence with sacubitril/valsartan are needed to 
inform the decision-making process.
Keywords: cost-effectiveness, heart failure, Markov model, sacubitril/valsartan

Introduction
Heart failure (HF) is a global public health and economic problems associated with 
significant morbidity and mortality.1,2 In Indonesia, cardiovascular disease such as 
HF, is a leading cause of hospitalization and mortality in adults, which is respon-
sible for the third major cause of deaths in Indonesia.3,4 Previous studies have 
shown that there is an increase in the prevalence of HF in younger patients, 
especially with a poor ejection fraction (HFrEF) and a high rate of 
comorbidities.3,5,6
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Previous international guidelines recommended angio-
tensin-converting enzyme inhibitors (ACEIs), angiotensin 
II receptor blockers (ARBs), beta-blockers, and aldoster-
one receptor antagonists for patients with HF.7,8 The use of 
these treatments for decades appeared to decrease hospi-
talization, death risk, and improve the quality of life.9 

Recently, a novel oral pharmacotherapy, namely dual- 
acting angiotensin receptor neprilysin inhibitor (ARNI) 
sacubitril/valsartan has been introduced to treat HF 
patients with reduced left ventricular ejection fraction 
(LVEF), based on the PARADIGM-HF trial results 
(Prospective Comparison of ARNI With ACEI to 
Determine Impact on Global Mortality and Morbidity in 
Heart Failure).10 The trial compared morbidity and mor-
tality in terms of hospitalization and a composite of death 
due to cardiovascular causes between sacubitril/valsartan 
and one of ACEIs, enalapril, in HFrEF patients.10 The 
result showed that sacubitril/valsartan was associated 
with a reduced risk of composite cardiovascular death as 
a primary outcome and HF hospitalization by approxi-
mately 20% compared to enalapril.10 Therefore, this treat-
ment is recommended by several guidelines as an 
alternative for HFrEF patients that tolerate enalapril,11,12 

including in Indonesia.13 In 2020, the Indonesian Cardiac 
Association started including sacubitril/valsartan for the 
treatment of heart failure in their recommendation. 
However, due to constraints in budget resources, the use 
of this drug is still limited. Currently, the universal health-
care system in Indonesian managed by Indonesia’s 
National Healthcare Security Agency, namely Badan 
Penyelenggara Jaminan Sosial Kesehatan (BPJS 

Kesehatan), is being implemented gradually.14 Given the 
limited healthcare budgets, health economic evaluation of 
relatively new drugs or medical interventions is needed to 
allow informed decisions by stakeholders and 
policymakers.

The uptake and cost-effectiveness analysis result of 
this medication varied among countries due to variations 
in drug cost, hospitalization rate, healthcare system, and 
the willingness to pay thresholds. Several cost- 
effectiveness analyses conducted in high-income countries 
showed that sacubitril/valsartan seems to be a cost- 
effective option compared to the current standard of 
care.15–18 However, conflicting results that were also 
observed in several countries showed that sacubitril/val-
sartan is likely not to be cost-effective.19–21 Therefore, this 
study aims to assess the cost-effectiveness of sacubitril/ 
valsartan compared to enalapril from the perspective of 
Indonesia’s healthcare system.

Methods
Model Overview
The reporting standard for the evaluations was based on 
the Consolidated Health Economic Evaluation Reporting 
Standards (CHEERS) statement.22 As depicted in Figure 1, 
a Markov model was developed to simulate a hypothetical 
cohort of 10,000 patients suffering from HF, using Markov 
cycles of 3 months. The cohort characteristics were based 
on the PARADIGM-HF trial, which includes patients cate-
gorized as having New York Heart Association (NYHA) 
functional class II–IV, with left ventricular ejection frac-
tion (LVEF) of 40% or less.10

Figure 1 A schematic representation of the Markov model. The model consists of three health states, and the arrows indicate transition probabilities between the health 
states per three-month cycle.
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The starting age of the cohort was 60 years old, which 
corresponds to the mean age of patients suffering from HF 
in several Indonesian hospitals.3 The cohort was followed 
over the time horizon of ten years, which is equivalent to 
recent data on life expectancy in Indonesia.23 This model 
analyzed the total cost, health outcomes in terms of qual-
ity-adjusted life-years (QALYs), and cost-effectiveness of 
sacubitril/valsartan compared to one of the usual ACEIs 
drug, namely enalapril.13,24 The primary outcome for the 
cost-effectiveness analysis was expressed as the incremen-
tal cost-effectiveness ratios (ICERs) per QALYs gained. 
The cost-effectiveness model was built in Microsoft Excel. 
Validation of the model was conducted using extreme 
value testing on transition probabilities. The detail of 
CHEERS checklist is provided in Supplementary Material.

Input Parameters
In the schematic representation of the model (Figure 1), 
oval shapes represented the health states, and the arrows 
indicated the transition probabilities between the health 
states during the 3-month cycle. There were three health 
states in the model, ie:

1. HF state represented outpatients/ambulatory care
2. Hospitalization state comprised patients receiving 

treatment in the hospital, and
3. Death due to natural cause or due to HF 

complications.

All patients in the cohort started in the HF state with 
a probability of being hospitalized or remained in the HF 
state. Moreover, patients can be re-hospitalized, returned 
to HF state (outpatients), or transit to the death state. The 
following formula (1) was used to transform the incidence 
rate of input parameters to 3-month transition 
probability:25,26

r ¼
� ln 1 � pð Þ

t 

And rate to probability, formula (2):

p ¼ 1 � exp rtð Þ

where r denoted the rate, p denoted the probability, and 
t was the time period of interest.25,26

The mortality risks were differentiated into death due 
to HF complications and death due to other causes.3,27 The 
age-specific mortality rates from the World Health 
Organization (WHO) life tables were used to estimate 

the mean mortality rate due to other causes apart from 
HF complications.27 Data on both hospitalization and non- 
hospitalization mortality rates of HF were derived from 
a prospective cohort study assessing predictors of mortal-
ity and HF-related re-hospitalization in several hospitals in 
Indonesia.3 The 3-month HF hospitalization and non- 
hospitalization mortality risks were 2.3% and 5.1%, 
respectively, while the mortality risk due to natural cause 
based on cohort age in the model was 0.76%.3,27 To derive 
HF mortality rates for both enalapril and sacubitril/valsar-
tan, the country-specific mortality rates were adjusted for 
both hospitalization and non-hospitalization with cardio-
vascular mortality risk described in PARADIGM-HF. The 
result showed a 16.45% cardiovascular death in patients in 
the enalapril group, and 13.33% in the sacubitril/valsartan 
group (hazard ratio 0.80; 95% CI 0.71–0.89).10 The 
adjusted values are presented in Table 1.

The mean incidence rate ratio of HF hospitalization in 
patients aged 50–69 years old, in correspondence to the age 
cohort, was used to estimate the probabilities of hospitaliza-
tion in the model.28 In the absence of country-specific data 
on the incidence rate of hospitalization in these patients, 
estimation from the best available data that represented the 
probabilities was used. Furthermore, the estimation from 
previous cost-effectiveness study was used,15 which 
obtained the risk of HF hospitalization from the total num-
ber of hospitalizations for HF reported in PARADIGM- 
HF29 assessing sacubitril/valsartan group compared with 
enalapril (rate ratio 0.77; 95% CI 0.67–0.89) to adjust the 
risk of HF hospitalization. The reported 3-month probabil-
ities were 2.62% and 3.44% for sacubitril-valsartan and 
enalapril, respectively. The estimations on the risk of HF 
hospitalization for both interventions are shown in Table 1. 
The 3-month re-hospitalization rate was obtained from 
country-specific data and estimated to be 17.12%.3 This 
rate was adjusted with the converted relative risk of hospital 
re-admission for sacubitril/valsartan compared to enalapril, 
as reported in the PARADIGM-HF trial,30 which was pre-
viously used in previous cost-effectiveness analysis21 

(Table 1).
The healthcare payer perspective which considered 

only direct medical costs was used for analysis. 
Subsequently, the estimated average cost of HF hospi-
talization covered by the Indonesian National 
Healthcare Insurance (BPJS Kesehatan) was from the 
official tariffs from the public access government 
database,31 considering the cost incurred by private 
and government hospitals in Indonesia. Since BPJS 
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Kesehatan did not cover both sacubitril/valsartan and 
enalapril, the cost for both medications using the offi-
cial highest retail price was considered.32 The cost per 
cycle was estimated by calculating the average cost of 
medications in each group and its usage percentage in 
3 months. Meanwhile, other direct costs such as out-
patient visits and laboratory assessments were assumed 
to be similar in both groups and were not included in 
the analysis. In addition, all cost estimations in the 
input parameters were in Indonesian rupiah (IDR) 
2020, which is shown in Table 1. The results were 
also presented in US dollars (USD) 2019 and were 
converted using official exchange rates from The 
World Bank’s annual consumer index.

Due to incomplete data on preference-based health out-
comes in Indonesian HF patients, the average value of utility 
parameters was from published data that measured the 
impact of chronic HF on health-related quality of life 
(HRQoL).33 Similarly, utility values from a cost- 
effectiveness study that assessed the economic evaluation 
of different treatments for HF patients were also used.34 

These data were differentiated for both hospitalized and non- 
hospitalized patients and the estimated utility value for both 
patients were 0.70 and 0.65, respectively (Table 1). 
Attributable to a long-time horizon in the analysis, all costs 
and health outcomes were discounted at 3%, a rate com-
monly used in many countries,35 in the absence of the 
specific guideline regarding discounting in Indonesia.

Table 1 Input Parameters

Input Data * Value ** Distribution 
(PSA)

Reference

Transition probabilities (range)**

Death due to HF outside hospitalization
Enalapril 0.077 (0.057–0.096) Dirichlet [3,10]

Sacubitril/valsartan 0.074 (0.055–0.092) Dirichlet [3,10]

Death due to HF during hospitalization

Enalapril 0.049 (0.036–0.061) Dirichlet [3,10]
Sacubitril/valsartan 0.045 (0.033–0.056) Dirichlet [3,10]

Death due to natural cause 0.0076 (0.0057– 
0.0095)

Dirichlet [27]

Rate of hospital admission (range/ 95% CI)

HF hospital admissions rate (50 −69 years old) 13.17 (9.87–16.46) Dirichlet [28]

HF hospital admissions rate ratio sacubitril/valsartan compared with enalapril 0.77 (0.67–0.89) Dirichlet [15,29]

Risk of HF hospitalization
Enalapril 0.065 (0.048–0.081) Dirichlet [15,28,29]

Sacubitril/valsartan 0.0583 (0.044–0.073) Dirichlet [15,28,29]

Re-hospitalization rate (3 months) 17.12 (21.75–36.25) Dirichlet [3]
Relative risk re-hospitalization sacubitril/valsartan compared with enalapril 0.80 (0.617–0.976) Dirichlet [21,30]

Utility variables

Heart failure 0.70 Beta [33,34,45]

Heart failure with hospitalization 0.65 Beta [33,34,45

Cost variables (IDR, 2020)

Hospitalization cost per stay IDR 7,257,385 Gamma [31]

Cost enalapril IDR 674,460 Gamma [32]

Cost sacubitril/valsartan IDR 4,736,550 Gamma [32]

Notes: *In the model, transition probability and cost variables were estimated in accordance to model’s cycle, ie, 3 month. ** If data on 95% CI was unavailable, the values 
were ranged to a 75% to 125% interval of their primary values. 
Abbreviations: PSA, probabilistic sensitivity analysis; HF, heart failure; CI, confidence interval.
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Analyses
Base-Case
The base-case analysis was performed using the determi-
nistic value to estimate the ICER in IDR per QALYs 
gained, which was calculated as the difference in total 
costs divided by the difference in health outcomes measure 
of sacubitril/valsartan and enalapril. Due to paucity in the 
cost-effectiveness thresholds in Indonesia, a treatment 
choice was considered to be cost-effective when the esti-
mated ICER was not greater than willingness-to-pay 
(WTP) thresholds of one to three times gross domestic 
product (GDP) per capita (GDP per capita Indonesia) 
(USD 4135 or IDR 58,000,000).36

Sensitivity Analysis
Deterministic and probabilistic sensitivity analyses were 
carried out to determine the effects of uncertainty in the 
model. Subsequently, a one-way sensitivity analysis was 
conducted in the deterministic analysis by varying all 
transition probabilities, costs, and utilities in ranges of 
plausible values. A 95% confidence interval (CI) was 
used to vary the parameters whenever possible. When the 
data on 95% CI were unavailable, the values were ranged 
from 75% to 125% interval of their primary values and the 
individual effect on the ICER was displayed as a Tornado 
diagram.

In addition to the deterministic analysis, a probabilistic 
sensitivity analysis was performed. All parameters were 
varied simultaneously using their respective distributions 
to determine the uncertainty in the model. Furthermore, 
the expected outcomes in terms of costs and QALYs were 
estimated using Monte Carlo simulations with 10,000 
iterations. Dirichlet distributions were used for transition 
probabilities since the data were multinomial, while beta 
distributions were used for utility variables, and gamma 
distributions for costs, using predefined standard errors 
when the data on 95% CI were not available.

Results
Base-Case Analysis
The base-case analysis results showed that the total costs 
of sacubitril/valsartan were higher than enalapril. The total 
cost of sacubitril/valsartan was IDR 91,783,325,865 (USD 
6,487,522) compared to a total cost of enalapril, which 
was IDR 68,101,971,241 (USD 4,813,653). In terms of 
effectiveness, total QALYs of sacubitril/valsartan were 
also higher than total QALYs of enalapril (19,680 vs 
18,795), which showed that sacubitril/valsartan was more 

effective than enalapril. Compared to enalapril, sacubitril/ 
valsartan resulted in 11% and 2% lower number of hospi-
talization and cardiovascular death, respectively. 
Considering both total costs and QALYs, the ICER was 
estimated to be IDR 26,742,098 or USD 1890. 
Considering the threshold of GDP per capita of 
Indonesia, sacubitril/valsartan can be considered cost- 
effective. The summary of total cost and effectiveness 
results is provided in Table 2.

Sensitivity Analysis
The tornado diagram in Figure 2 shows the deterministic 
sensitivity analysis results. Input parameters considered in 
the model were ordered from top to bottom, from the most 
influential driver for the ICERs to the least. Risk of mor-
tality outside hospitalization for sacubitril/valsartan and 
enalapril were the most influential driver on the cost- 
effectiveness, followed by hospital admissions and cost 
of sacubitril/valsartan. Other input parameters seemed to 
result in fewer changes on ICER, including the cost of 
hospitalizations, cost of enalapril, and utility value of 
hospitalizations.

The probabilistic sensitivity analysis result was pre-
sented in a form of a cost-effectiveness plane in Figure 3. 
The results of 10,000 iterations from the simulation showed 
that all ICERs were scattered in all quadrants, dominantly in 
the northeast, which indicated that sacubitril/valsartan was 
likely associated with higher cost and improved QALYs 
compared to enalapril as shown in 77% of the simulations. 
Moreover, approximately 19% of the simulations showed 
that sacubitril/valsartan can be a dominant option compared 
to enalapril, with a lower total cost and more QALYs. The 
result from Monte Carlo simulations also showed that there 
were chances for sacubitril/valsartan to be more costly but 

Table 2 Base-Case Results for Cohort of 10,000 HF Patients

Variable Enalapril (ACEI) Sacubitril/Valsartan 
(ARNI)

Total cost (IDR/ 

USD 2020)

68,101,971,241/ 

4,813,653

91,783,325,865/ 

6,487,522

Total QALYs 18,795 19,680

ICER (IDR/ QALYs) 26,742,098

ICER (USD/QALYs) 1890

Abbreviations: HF, heart failure; ACEI, angiotensin-converting enzyme inhibitor; 
ARNI, angiotensin receptor neprilysin inhibitor; IDR, Indonesian rupiah; USD, 
United States dollar; QALYs, quality-adjusted life years; ICER, incremental cost- 
effectiveness ratio.
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less effective (1% of the simulations) and less cost and less 
effective (3% of simulations) compared to enalapril. 
Figure 4 shows the cost-effectiveness acceptability curve 
of sacubitril/valsartan in the range of willingness to pay 
(WTP) of GDP per capita. The result showed that at the 

current price, the probability of sacubitril/valsartan to be 
cost-effective was approximately more than 80% at a WTP 
threshold of IDR 58,000,000 per QALYs gained (equal to 
Indonesia’s GDP per capita), and more than 98% at a WTP 
threshold of IDR 100,000,000.

Figure 2 Tornado diagram showing the deterministic sensitivity analysis of the Markov model assessing the cost-effectiveness of ACEIs regimen compared to ARBs regimen. 
Abbreviations: HF, heart failure; s/v, sacubitril/valsartan.

Figure 3 Scatter plots of 10,000 iterations of incremental costs and effects for sacubitril/valsartan compared with enalapril in a hypothetical cohort of 10,000 patient.
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Discussion
The base-case result showed that HF therapy with sacubi-
tril/valsartan had an ICER of IDR 26,742,098 or USD 
1890 per QALY gained compared to enalapril, based on 
Indonesia’s health care system perspective. When willing-
ness to pay thresholds of GDP per capita was used, this 
result was considered cost-effective. The model results 
were robust to variations in most assumptions and the 
uncertainty parameters when assessed in the sensitivity 
analysis. Moreover, reductions in mortality, hospitaliza-
tion, and the cost of sacubitril/valsartan also appeared to 
have the most influential impact on the ICER. When 
several assumptions on input parameters were varied in 
sequence, the results showed that the changes had 
a relatively moderate impact on the ICER. In the probabil-
istic sensitivity analysis, when all model input parameters 
were varied, the results were scattered between four quad-
rants of the cost-effectiveness plane. However, the major-
ity of simulations showed that the ICER was still below 
Indonesia’s GDP per capita per QALYs gained.

It should be highlighted that the WTP threshold that 
was used to determine that the therapy was cost-effective 
was solely based on the recommendation from WHO,37 in 
the absence of a formal cost-effectiveness threshold in 
Indonesia. Given the considerable variation among coun-
tries in terms of the healthcare system, available resources, 
affordability, and cultural value perceived on health, coun-
try-specific cost-effectiveness thresholds were prominent 
to reflect each countries’ needs.38 However, there are very 

few countries that explicitly disclosed a WTP threshold, 
including Indonesia. The results also showed that using the 
choice of GDP per capita as a WTP threshold was favor-
able for sacubitril/valsartan, as shown in the base case. 
Subsequently, probabilistic sensitivity analysis results 
showed that sacubitril/valsartan was likely to be cost- 
effective below the threshold in 80% of the simulations. 
Although general WTP was used for analysis, the results 
provided a valuable quantitative assessment of this rela-
tively new therapy for HF to assist the decision-making 
process.

The results of previous cost-effectiveness study of 
sacubitril/valsartan were varied among different countries. 
While most analyses conducted in high-income countries 
suggested that sacubitril/valsartan was considered cost- 
effective as seen from countries’ implemented cost- 
effectiveness threshold,15–17,39 some results indicated 
otherwise.20,21 Furthermore, two previous studies in 
Singapore and Thailand indicated that sacubitril/valsartan 
was not considered cost-effective at ICER per QALY 
gained of USD 55,490 in Singapore and USD 4857 in 
Thailand since the ICERs were above the country’s thresh-
olds. Based on country classification by income, Indonesia 
is currently categorized as an upper-middle-income 
country,40 and Thailand was the only upper-middle- 
income country that assessed the cost-effectiveness of 
sacubitril/valsartan compared to enalapril. The difference 
in Thailand’s results compared to this study was mainly 
due to the decision to describe intervention as cost- 
effective. Thailand has set their country-specific cost- 

Figure 4 Cost-effectiveness acceptability curve.
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effectiveness thresholds, which is 160,000 THB/QALY 
gained or approximately USD 4789/QALY gained,21 that 
was lower than Thailand’s GDP per capita (USD 7806). 
Therefore, the result of USD 4857/QALY gained was 
slightly above the threshold, thus was considered as not 
cost-effective. Meanwhile, discrepancies were also 
observed in the model structure, and several input para-
meters, especially cost, that inevitably affected total costs 
and effects. For instance in Thailand, the cost for sacubi-
tril/valsartan was approximately 225 times more expensive 
than enalapril (USD 452 vs USD 2), while in Indonesia, 
the price difference was not significantly high (USD 331 
vs USD 47). This might be because generic enalapril was 
unavailable in Indonesia;41 therefore, the price was higher. 
In Indonesia, the first line of ACEIs covered by BPJS 
Kesehatan was captopril at approximately USD 9 for 3 
months of usage, which was still more expensive than 
generic enalapril in Thailand. We tried to incorporate this 
in the deterministic sensitivity analysis, where we assumed 
the same effectiveness for enalapril and captopril and used 
the price of generic captopril. The result showed that the 
ICER was higher, with a value of 2345 per QALY gained 
but was still below the country’s GDP per capita, which 
showed that the price of enalapril had a relatively modest 
impact on the final results. According to the result from 
deterministic sensitivity analysis, the uncertainty in the 
risk of mortality in the sacubitril/valsartan group was 
accountable and had the highest impact on the ICER. 
When the upper risk of mortality was used, the ICER 
resulted in IDR 8432 per QALY gained, above the thresh-
old of one GDP per capita. This estimation was because 
avoiding death due to HF was a significant parameter of 
medication effectiveness, which directly resulted in more 
QALYs than enalapril.

A previous study suggested that the immediate initia-
tion of sacubitril/valsartan during HF hospitalization can 
be considered cost-effective and even cost-saving com-
pared to the initial use of enalapril or switching to sacubi-
tril/valsartan after hospitalization with enalapril, with 
reduced hospitalizations and increased QALYs. This result 
indicates that if the present estimation also considers the 
immediate initiation of sacubitril/valsartan during HF hos-
pitalization, the results might be even more in favour of 
sacubitril/valsartan. However, this estimation needs to be 
confirmed in further research.42

To the best of our knowledge, this study was the first 
cost-effectiveness study of sacubitril/valsartan compared 
to enalapril based on input parameters and costs that 

were specific to Indonesia. The concept of universal 
national health insurance system is relatively new in 
Indonesia, as it was started only recently, in 2014.43 

Several policies related to medicines were introduced 
by the Ministry of Health to support the new system, 
one of which was the compilation of a national formu-
lary consisting of a list of medicines covered by BPJS 
Kesehatan.14 Due to the limited healthcare budgets, 
health economic evaluation of drugs or medical interven-
tions can be as critical as effectiveness and safety. As for 
Indonesia, cardiovascular disease, including heart failure, 
posed a tremendous economic burden, with the rough 
estimation showed that management of cardiovascular 
disease accounted for almost half of total healthcare 
expenses.41 Therefore, comprehensive consideration of 
the long-term cost and effectiveness of the treatment is 
fundamental in heart failure therapy.

Inevitably, this study has some limitations. Although 
we used country-specific data for death rate (cardiovascu-
lar and non-cardiovascular), re-hospitalization rate, and 
costs, other input parameters, including treatment effect, 
especially on hospitalization and mortality rate, were 
derived from the PARADIGM-HF trial. Because the base-
line and clinical characteristics of the patients may be 
different between countries, this could lead to different 
estimation on the actual effect of sacubitril/valsartan and 
also enalapril in Indonesia, even though subgroup analyses 
in PARADIGM-HF that was geographically diverse study, 
indicated that the treatment effect was considered 
similar.10 Therefore, further research needs to incorporate 
real-world data to better inform the decision-making pro-
cess. Another potential limitation was that we did not 
consider adverse events (AEs) due to the use of both 
sacubitril/valsartan and enalapril in the model. Based on 
the trial, there are several AEs that were associated with 
both drugs. Elevated serum creatinine and potassium level, 
hypotension, and cough were the few AEs associated with 
sacubitril/valsartan. However, the reported AEs in the trial 
were considered mild, did not require special treatment, 
and did not lead to medication discontinuation. Therefore, 
the main analysis might not differ significantly from the 
present results if we also consider the AEs.10,44 

Furthermore, due to limited data on HRQoL, the utility 
values were also from previous studies, while in reality, 
these estimations may differ between countries. These 
uncertainties were addressed by conducting both determi-
nistic and probabilistic sensitivity analyses, where the 
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results showed the impact of the variations of these para-
meters on the ICER.

Conclusion
In conclusion, based on the perspective of Indonesia’s 
healthcare system, the results from this analysis showed 
that sacubitril/valsartan was likely to be considered cost- 
effective compared to enalapril when a willingness to pay 
threshold of Indonesia GDP per capita was used. 
Furthermore, the ICER for sacubitril/valsartan was esti-
mated to be IDR 26,742,098 (USD 1890) per QALY 
gained.

Abbreviations
HF, heart failure; HFrEF, heart failure with reduced ejec-
tion fraction; ARNI, angiotensin receptor neprilysin inhi-
bitor; ACEIs, angiotensin-converting enzyme inhibitors; 
ARBs, angiotensin II receptor blockers; LVEF, left ventri-
cular ejection fraction; ICER, incremental cost- 
effectiveness ratio; QALYs, quality-adjusted life years; 
IDR, Indonesian rupiah; USD, United States dollar; GDP, 
gross domestic product; CHEERS, Consolidated Health 
Economic Evaluation Reporting Standards; NYHA, 
New York Heart Association; HRQoL, health-related qual-
ity of life; BPJS Kesehatan, Indonesian National 
Healthcare Insurance; WTP, willingness-to-pay.
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