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Cost-effectiveness of Sacubitril-Valsartan in Hospitalized Patients

Who Have Heart Failure With Reduced Ejection Fraction
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IMPORTANCE Sacubitril-valsartan use reduces mortality and hospitalizations compared with
enalapril among patients with chronic heart failure with reduced ejection fraction (HFrEF);
however, the cost-effectiveness of these treatments when initiated during hospitalization for
HF is unknown.

OBJECTIVE To estimate the cost-effectiveness of inpatient initiation of sacubitril-valsartan vs
enalapril compared with no initiation or posthospitalization initiation of sacubitril-valsartan
among stabilized patients with HFrEF.

DESIGN, SETTING, AND PARTICIPANTS This economic evaluation included data on US patients
with HFrEF who were eligible for sacubitril-valsartan treatment from December 8, 2009,
to May 15, 2018.

MAIN OUTCOMES AND MEASURES A 5-state Markov model with all-cause mortality, HF,
and non-HF hospitalization probabilities was used. Quality of life was estimated using
Euro-QoL EQ-5D scores. Hospitalization, long-term care, and medication costs for
sacubitril-valsartan and enalapril were modeled with a discount rate of 3%. The base-case
analysis included a lifetime horizon from a health care and societal perspective.

RESULTS Modeled patients were a mean (SD) age of 63.8 (11.5) years. Inpatient treatment
with sacubitril-valsartan ($5628 per year) was associated with 62 fewer HF-related
admissions per 1000 patients compared with outpatient initiation or 116 fewer HF-related
admissions compared with continuation of enalapril treatment. From a health care system
perspective, initiation of sacubitril-valsartan during hospitalization saved $452 per year
compared with continuing enalapril and $811 per year compared with initiation at 2 months
after hospitalization and was associated with an incremental cost-effectiveness ratio of
$21532 per quality-adjusted life-year compared with continued enalapril treatment over a
lifetime. From a societal perspective, inpatient initiation was estimated to save $460 per year
per patient compared with no initiation of sacubitril-valsartan and $813 per year per patient
compared with initiation after hospitalization. In a budget analysis, inpatient initiation of
sacubitril-valsartan was estimated to save up to $449 per person for 1year or $2550 per
person over 5 years compared with continuation of enalapril.

CONCLUSIONS AND RELEVANCE The findings suggest that, for patients with HFrEF, initiation
of sacubitril-valsartan during hospitalization may be associated with reduced hospitalizations,
increased quality-adjusted life expectancy, and cost savings compared with no initiation or
initiation after hospitalization.
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atients with heart failure (HF) face a challenging prog-

nosis, with a 50% mortality rate in 5 years. In addition,

HF remains a leading cause of hospitalization for adults
and costs the US health care system approximately $40 bil-
lion per year.! Over the past 3 decades, therapies that inhibit
or alter neurohormonal pathways have led to improvements
in morbidity and mortality among patients with HF with re-
duced ejection fraction (HFrEF).

In 2014, the Prospective Comparison of ARNI (angioten-
sin receptor-neprilysin inhibitor) with ACEI (angiotensin-
converting enzyme inhibitor) to Determine Impact on Global
Mortality and Morbidity in Heart Failure (PARADIGM-HF) trial
showed that sacubitril-valsartan treatment in a population with
HFTEF lowered mortality and the number of hospitalizations
compared with enalapril treatment.? Subsequently, a study>
showed that sacubitril-valsartan was cost-effective com-
pared with enalapril when initiated in a modeled outpatient
population with HFrEF.? Recently, the Comparison of Sacu-
bitril/Valsartan Vs Enalapril on Effect on NT-proBNP
(N-terminal pro b-type natriuretic peptide) in Patients Stabi-
lized From an Acute Heart Failure Episode (PIONEER-HF)* trial
showed that it was safe to administer sacubitril-valsartan to
hospitalized patients with acute decompensated HFrEF and
that sacubitril-valsartan reduced NT-proBNP levels signifi-
cantly compared with enalapril over 8 weeks. Furthermore, in
an exploratory secondary analysis, sacubitril-valsartan treat-
ment was associated with reduced HF-related admissions com-
pared with enalapril treatment. We examined whether admin-
istering sacubitril-valsartan to patients hospitalized with HFrEF
was cost-effective compared with 2 patient groups: those who
initiated sacubitril-valsartan without readmission for HF for
at least 2 months after hospitalization (similar to the
PARADIGM-HF cohort) and those who continued enalapril
treatment indefinitely. In addition, we performed a budget
analysis of widespread use of sacubitril-valsartan in patients
hospitalized with HFrEF in the national health care system and
evaluated societal effects, including any changes in produc-
tivity.

Methods

HF Disease Simulation Model Strategies

For this economic evaluation, a 5-state Markov model simu-
lating HF was developed using both the PIONEER-HF* and the
PARADIGM-HF? trial data from December 8, 2009, to May 15,
2018, that compared the 2 treatments: enalapril given up to
10 mg twice daily or sacubitril-valsartan given up to 97 mg/
103 mg twice daily in 3 different strategies. In the first strat-
egy, patients initiated sacubitril-valsartan treatment during
hospitalization and continued treatment throughout the analy-
sis. In the second strategy, patients received enalapril during
hospitalization for HF and for the first 2 months after hospi-
talization; 2 months after hospitalization, they were switched
tosacubitril-valsartan. In a third strategy, it was considered that
patients would continue enalapril treatment indefinitely. Be-
cause no human participants were involved in this study, ap-
proval by an institutional review board was not required.
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Key Points

Question Is sacubitril-valsartan more cost-effective than enalapril
when started during hospitalization compared with 2 months after
hospitalization for patients with heart failure with reduced ejection
fraction?

Findings In this economic evaluation, in a model of patients with
heart failure with reduced ejection fraction, inpatient treatment
with sacubitril-valsartan was associated with fewer admissions for
heart failure and was cost saving in a budget analysis and from
health care system and societal perspectives compared with
initiation after hospitalization or no initiation.

Meaning The findings suggest that inpatient initiation of
sacubitril-valsartan for patients with heart failure with reduced
ejection fraction may be associated with reduced hospitalizations,
increased quality-adjusted life expectancy, and cost savings
compared with no initiation or initiation after hospitalization.

Model Structure

The model followed a standard structure of HF>>” in which each
month a patient with HF had a probability of surviving, being hos-
pitalized, or dying. The probabilities in the different disease states
were derived from previous trial results.>*813 The 5 states were
(1) inpatient, (2) 1 month after hospitalization, (3) 2 months af-
ter hospitalization, (4) more than 2 months after hospitalization
for HF, and (5) death. In the PIONEER-HF trial,* there were no
significant differences among any of the safety outcomes; the
only feature with either health or cost implications modeled in
the short term was the reduction in HF-related hospitalizations.
After 2 months without a hospital admission for decompensated
HF, patients had high probabilities of death and readmission to
the hospital in the PARADIGM-HF trial.? This model differed from
the previous model®in 2 fundamental ways. First, we started the
model populated with a sicker population of inpatients with
HFTEF similar to those in the PIONEER-HF trial, whoin the 2 pre-
vious trials, had higher hospitalization and mortality rates than
an outpatient population with stable health. Second, we consid-
ered patients’ health to have eventually stabilized and assumed
aprofile similar to a patient from the PARADIGM-HF trial if they
had no additional hospital admission for at least 2 months. If a
patient was readmitted, they were considered to have reverted
to worse health with higher 2-month probabilities of death and
readmission. Furthermore, the hazard ratio (HR) for reduction
during this period in the PIONEER-HF trial using sacubitril-
valsartan was greater than that in the PARADIGM-HF trial. We
believed this was an improvement in the modeling reflecting the
dynamic health state in patients with HFrEF, with periods of vary-
ing stability with changing risks.

Perspectives

We evaluated the 3 different strategies from 2 perspectives. The
first perspective was the that of the health care sector, which
accounted for costs associated with the management of HF, in-
cluding medications and hospitalizations. Second, as recom-
mended by the Second Panel on Cost-effectiveness in Health
and Medicine,'*'> we evaluated the intervention from the so-
cietal perspective. This perspective included costs from the
health care perspective as well as the productivity gains from
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a longer life and increased consumption. With nearly 25% of
the population older than 65 years still working and earning
approximately $40 000 per year, considering these produc-
tivity gains has been the subject of recent economic
analyses.'®1” We followed previously adopted methods!® origi-
nally described by Kim et al'° that used US age-adjusted labor
force participation rates and US government age-standard-
ized estimates for productivity and consumption.

For the health care and societal perspectives, we evalu-
ated the strategies spanning 4 different time horizons. First,
we reviewed the lifetime of patients with HFrEF up to 30 years
as our base case. Next, we reviewed the 2-month duration of
the PIONEER-HF trial.* Third, we modeled the effects of the
strategies at 1 year. Finally, we assessed the strategies at 29
months, which was the duration of the 2 trials combined.

Budget Analysis

We evaluated annual budgetary effects for the strategies at the
individual and national levels. For the individual level, we
looked at a 1-year time frame. Given that enrollment in health
insuranceis usually done on an annual basis and the mean time
inajobis4.6 yearsin the US, thisis a time frame important to
both employers and insurers who make annual coverage de-
cisions. In individual analyses, we reported the undis-
counted costs per patient-month alive and the total cost sav-
ings for each period. For the national budget analysis, we
evaluated the annual costs for any nondominated strategies
and assessed the differences for hospitalizations and medica-
tions affected by the strategies. We estimated the national bud-
getary effects by assessing the number of current patients with
HFTEF, the number of new diagnoses of HF annually, the pro-
portion of patients with HFrEF who were admitted to the hos-
pital, the proportion of patients who had HFrEF, and the pro-
portion of patients who were eligible. To reflect actual
reimbursements, we used Medicare reimbursement rates and
the private insurance reimbursements for the proportion of pa-
tients who were eligible for each.?-20-2!

Patient Population

We modeled a population similar to that in the PIONEER-HF
trial, which assessed the effect of sacubitril-valsartan, an an-
giotensin receptor-neprilysin inhibitor, compared with enal-
april on NT-proBNP; key safety events; and clinical outcomes
in patients with HFrEF (EF <40%) who were hospitalized for
acutely decompensated HFrEF. Similar criteria of rEF and el-
evated NT-proBNP were used in the PARADIGM-HF trial. The
details of inclusion and exclusion and the study design have
been reported previously.*

Statistical Analysis

Intervention Effects and Model Assumptions

For the base-case analysis, we only modeled factors that were
statistically significant in the trials. Hospitalization rates dur-
ing the first 2 months were based on the results of the
PIONEER-HF trial for the enalapril group and the relative risk
reduction in the sacubitril-valsartan group. Given that the re-
admission rate was a secondary outcome from the trial with a
relatively small sample size, we performed a 1-way sensitiv-
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ity analysis across the full range of the 95% CI of the HR and a
2-way sensitivity analysis with the wide range of estimates for
the cost of HF-related hospitalizations. We assumed that sa-
cubitril-valsartan has no association with mortality in the first
2 months. Separate HRs for all-cause mortality and HF-
related hospitalizations beyond 2 months after hospitaliza-
tion were calculated and are reported in Table 1.

In the PIONEER-HF trial, there were no significant differ-
ences in any of the adverse events. There were statistically sig-
nificant differences among 4 adverse events in the
PARADIGM-HF trial: symptomatic hypotension was more com-
mon in the sacubitril-valsartan arm, whereas elevated serum
creatinine level, hyperkalemia (>6.0 mmol/L), and cough were
more common in the enalapril group. The difference in the
number of cases of angioedema was not statistically signifi-
cant in either trial (the number was higher in the sacubitril-
valsartan arm in the PARADIGM-HF trial and lower in the sa-
cubitril-valsartan arm of the PIONEER-HF trial). These adverse
events requiring hospitalizations were captured in the non-HF
admissions included in the model.

Costs and Utilities
Medication costs were based on the annual wholesale acqui-
sition cost for sacubitril-valsartan and enalapril listed in Table 1
and the proportion of patients who continued treatment. The
monthly costs for the medications were based on wholesale
acquisition costs.® Base-case hospital costs relied on Medi-
care rates,'? and private insurance rates were used for budget
estimates.®!© Annual costs of long-term outpatient care for pa-
tients were used for sensitivity analyses.!! Cost of a program
to initiate sacubitril-valsartan during hospitalization was es-
timated to range from $0 to $200 per patient, representing a
range of clinicians who prescribed medications on the basis
of'trial results to those who would benefit from a patient iden-
tification system and reminder system managed by a nurse or
pharmacist. Our base case assumed no cost to initiate the treat-
ments. Productivity gains were estimated by multiplying age-
specific labor force participation rates by mean annual earn-
ings during each year of life from the US Department of
Commerce.?? We also computed non-health care consump-
tion costs by age for each year in the model to capture future
resource use. The sources for mean annual earnings (Current
Population Survey 2014), labor force participation rate (Bureau
of Labor Statistics), and consumption costs (Bureau of Labor
Statistics Consumer Expenditure Survey) are summarized
elsewhere.'®

Quality of life (QOL) or utility decrements were applied
each month during which a person had HF and were based
on Euro-QoL 5D scores from the PARADIGM-HF trial (Euro-
QoL 5D is a standardized instrument that evaluates generic
QOL). Values in Table 1 represent utilities for a person at the
beginning of the simulation. Consistent with the
PARADIGM-HF trial, patients continued treatment 81% of
the time, which was the mean percentage of patients receiv-
ing medication in the 2 trials assuming that most of the
drop-off in participation was early. In a sensitivity analysis,
we tested the effects of having no additional QOL gains after
the PARADIGM-HF trial.
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Table 1. Model Inputs

Input Value (range) Hazard ratio (95% CI) Source
Probability of HF
hospitalization, enalapril
monthly
First 2 mo after 0.072 NA PIONEER-HF*
hospitalization
>2 mo After 0.022 NA PARADIGM-HF?
hospitalization
Sacubitril-valsartan vs
enalapril
First 2 mo after discharge  NA 0.56 (0.37-0.84) PIONEER-HF
>2 mo After discharge NA 0.79 (0.71-0.89) PARADIGM-HF
Probability of mortality,
enalapril monthly
First 2 mo after discharge  0.017 NA PIONEER-HF
>2 mo after discharge 0.008 (0.007-0.009) NA PARADIGM-HF
Sacubitril-valsartan vs
enalapril
First 2 mo after discharge ~ NA 0.66 (0.30-1.48) PIONEER-HF
>2 mo After discharge NA 0.84 (0.76-0.93) PARADIGM-HF

Costs, $

Medicare fee schedule or
private payers®10:12

Medicare fee schedule
Red Book WAC Price®
Red Book WAC Price

Abbreviations:

CEA, cost-effectiveness analysis;
EQ-5D, Euro-QoL 5D scale; HF, heart
failure; PARADIGM-HF, Prospective
Comparison of ARNI (angiotensin
receptor-neprilysin inhibitor) with
ACEI (angiotensin-converting
enzyme inhibitor) to Determine
Impact on Global Mortality and
Morbidity in Heart Failure;
PIONEER-HF, Comparison of
Sacubitril/Valsartan Vs Enalapril on
Effect on NT-proBNP (N-terminal pro
b-type natriuretic peptide) in Patients
Stabilized From an Acute Heart
Failure Episode; WAC, wholesale
acquisition cost.

2 Utilities were calculated based on
mixed effects model based on

E4

HF hospitalization 16 467 (14 250-29061) NA
Non-HF admission 13319 NA
Enalapril, annual 175 (48-1080) NA
Sacubitril-valsartan, 5628 (5600-6600) NA
annual
Long-term outpatient 4790 (4204-22032) NA
costs, annual
In-hospital initiation 200 (0-100) NA
program, per patient
Utilities®
Sacubitril-valsartan 0.838(0.0833-0.0843) NA
Enalapril 0.829 NA
Discount rate 3% NA

EQ-5D scores reported at baseline
and over time during the trial.
Model utilities were a function of
NA baseline EQ-5D scores, age, time,
hospitalization, and treatment
status. Values reported in the table
are utilities for an average-age
patient in the first year of the
model. Further details are available
in Gaziano et al.®

Dunlay!!

PARADIGM-HF
PARADIGM-HF
Second panel on CEA*

Base-Case Cost-effectiveness Analysis

We evaluated the lifetime discounted HF-associated health care
costs and quality-adjusted life-years (QALYs) accrued under the
3 treatment options. Incremental cost-effectiveness ratios
(ICERs) were calculated according to conventional cost-
effectiveness analysis guidelines.?® Costs and QALYs were each
discounted at 3%.' We applied commonly accepted cost-
effectiveness thresholds of $50 000 per QALY, $100 000 per QALY,
and $150 000 per QALY to assess the optimal strategy in base-case
and sensitivity analyses with $100000 as our primary
threshold.?*

Sensitivity Analysis

We varied values for all variables (or groups of associated vari-
ables) through plausible ranges or used alternative values to as-
sess the robustness of our cost-effectiveness analysis results to
changes in the input parameters. Sensitivity analyses were per-
formed on key inputs, including hospital cost, medication costs,
time decays in benefit of HF hospitalization reduction, and QOL
over 29 months and after 10 years. The model was run using DATA
TreeAge Pro, version 2018 (TreeAge). Finally, we conducted a
second-order probabilistic sensitivity analysis based on 1000 it-
erations using distributions appropriate to the variable®”:  dis-
tributions for health probabilities bounded by 0 and 1, log nor-
mal distributions for the HRs, and y distributions for the costs.
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Model Validation

We compared the model performance with the trial results for
the duration of the 2 different trials for hospitalizations and
mortality. We also compared the 5-year survival rates of the
enalapril arm of the model with those in community-based co-
horts of patients with HF including from the Atherosclerosis
Risk in Communities study, Framingham and Olmsted County
(eTable 1in the Supplement).

. |
Results

Model Validation

Modeled patients were a mean (SD) age of 63.8 (11.5) years. At
the end of the PIONEER-HF trial, with a follow-up of 8 weeks
(56 days), 8.0% in the sacubitril-valsartan arm and 13.8% in the
enalapril arm had been readmitted to the hospital for HF. In
our model, at 2 months (61 days), we estimated that 8.1% of
patientsin the sacubitril-valsartan group and 14.2% in the enal-
april group would be admitted to the hospital for HF. At 27
months, the model predicted a rate of 62% HF hospitaliza-
tions; the PARADIGM-HF trial reported a rate of 57% HF hos-
pitalizations at the same follow-up time. Mortality in our model
at 27 months was 21% and in the PARADIGM-HF trial was 20%.
The enalapril arm in the model was within the estimated range
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of 5-year survival (43%) seen in the community-based co-
horts (42%-54%).%"-2°

Cost-effectiveness Analyses

Health Care Perspective

The model predicted 44% fewer admissions in the first 2 months
and 62 fewer HF-related admissions per 1000 patients compared
with outpatient initiation and 116 fewer HF-related admissions
compared with continuation of enalapril treatment over a life-
time. In our base-case analysis, the model predicted survival of
6.93 years (5.46 QALYs), 2.91 lifetime HF hospitalizations, and
costs of $109 709 for those receiving enalapril. For those who ini-
tiated sacubitril-valsartan after hospitalization, survival was 8.1
years (6.43 QALYs), with 2.48 HF-related admissions and dis-
counted costs of $134 409. For those who initiated sacubitril-
valsartan as an inpatient, the model predicted survival of 8.44
years (6.70 QALYs), 2.40 HF-related admissions, and lifetime costs
of $137 062. Compared with continuation of enalapril treatment
indefinitely, initiation of sacubitril-valsartan treatment after hos-
pitalization was associated with a cost per QALY gained of
$25705. Compared with continuation of enalapril treatment in-
definitely, initiation of sacubitril-valsartan as an inpatient was
associated with a cost per QALY of $21532, and initiation of
sacubitril-valsartan after hospitalization was eliminated by ex-
tended dominance when comparing all 3.

When evaluated over shorter periods of 2 months
(PIONEER-HF trial duration) and 12 months, the use of
sacubitril-valsartan compared with enalapril was cost saving.
In 2 months, sacubitril-valsartan treatment would save the
health care system more than $473 per person compared with
enalapril treatment, including medications, long-term care
costs, and hospitalizations. At 29 months (combined
PIONEER-HF and PARADIGM-HF trials duration), when com-
paring initiation of sacubitril-valsartan after hospitalization
with enalapril initiation at any time, the ICER was $17 040 per
QALY gained; sacubitril-valsartan initiated after hospitaliza-
tion was dominated with fewer QALYs and more costs than ini-
tiating as an inpatient. At a national level, 52 856 fewer HF ad-
missions per year would be averted if all eligible patients were
prescribed sacubitril-valsartan as an inpatient compared with
continuing enalapril treatment indefinitely (Figure 1).

Societal Perspective

From a societal perspective (Table 2), initiation of sacubitril-
valsartan during hospitalization remained cost saving com-
pared with initiation after hospitalization or continuation of
enalapril treatment indefinitely. In our model, sacubitril-
valsartan saved $460 per person at 2 months and up to $15 926
per person during a lifetime compared with continuation of
enalapril treatment indefinitely. Sacubitril-valsartan initi-
ated during hospitalization compared with after hospitaliza-
tion saved $460 at 2 months, $813 at 1 year, and more than
$7073 per person during a lifetime. Even after adjustment for
possible lack of employment of up to 25% of patients with
HFrEF who were in New York Heart Association functional class
I1I or higher,?* sacubitril-valsartan was associated with cost
savings because of increases in years of productive work-
years gained.
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Figure 1. Comparison of Hospitalizations Over 1 Year in the

US Population With Heart Failure Who Initiated Sacubitril-Valsartan
During Hospitalization (S/V) vs After Hospitalization (EN/S)

vs Those Who Continued Enalapril Treatment Indefinitely (EN)

160000+
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1400004
120000
1000004 EN/SY

80000+

60000+

400004

Hospitalizations for heart failure, No.

20000+
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Budget Analysis

On the basis of data from the American Heart Association?' and
the trial results, approximately 367 000 patients with HF are eli-
gible for sacubitril-valsartan treatment each year (eTable 2 in the
Supplement). eTable 3 in the Supplement gives the annual bud-
getary effects of the different strategies at the individual and na-
tional levels. For 1 year, with sacubitril-valsartan initiated dur-
ing hospitalization, there would be undiscounted savings of up
to $449 or $2550 over 5 years compared with continuation of
enalapril treatment indefinitely. Initiation of sacubitril-valsartan
after hospitalization would be cost-effective but would cost
approximately $420 annually per patient compared with con-
tinuation of enalapril treatment. Nationally, the annual savings
associated with reduced HF-related hospitalizations would be
approximately $1.5 billion (eTable 3 in the Supplement), and the
medication costs would increase by $1.4 billion, with a net reduc-
tion in overall expenditures of $92 million per year for sacubitril-
valsartan initiation during hospitalization compared with con-
tinuation of enalapril treatment indefinitely.

Sensitivity Analyses

The model was most sensitive to cost of sacubitril-valsartan, with
the medication being cost saving in the health system perspec-
tive at an annual cost of $1043 and less than $10 000 per QALY
at $3200 per year. For the ICER to exceed $100 000 per QALY, the
cost of sacubitril-valsartan would need to be $12 760 per year or
higher. In the sensitivity analyses presented in the tornado dia-
gram (Figure 2), the ICERs remained less than $100 000 per QALY
in comparisons between sacubitril-valsartan and enalapril. Simi-
lar results were seen when comparing inpatient sacubitril-
valsartan treatment initiation with initiation of sacubitril-valsartan
after hospitalization or continuation of enalapril treatment (eFig-
ures 1-2 in the Supplement). For the estimated cost of HF admis-
sions, the ICER ranged from $16 186 per QALY when the cost of
admission was at its highest estimate ($29 000) to $22 478 per
QALY at the lowest estimate ($14 250). In a 2-way sensitivity analy-
sis of the full range of estimates for the HR for hospital reductions
(0.56;95% CI, 0.37-0.84) and the cost of hospitalizations ($16 467;
range, $14 250-$29 061), 74% of the paired results remained cost
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Table 2. Lifetime Mean Costs, Effectiveness, and Cost-effectiveness Ratios

Heart o
failure Life EEIN(ERIE)

Strategy admissions  expectancy  Cost, $ QALYs ICER, $/QALY
Health system perspective
Enalapril indefinitely 2.91 6.93 114778 5.49 (5.47-5.51) NA

(86 083 to 147 136)
Enalapril for 2 mo, then 2.48 8.10 139456 6.45 (6.43-6.47) Extended P :
sacubitril-valsartan as (100800 to 168 916) dominance® Abbreviations: ICER, incremental
outpatient cost-effectiveness ratio; NA, not

i ; QALY, ity-adjust
Sacubitril-valsartan,  2.40 8.44 142097 6.72(6.70-6.73) 21532 ﬁfpl'cable QALY. quality-adjusted
inpatient initiation (115 768 to 171 087) (16710- Ire-years.
26 368) 2 Extended dominance indicates that

Societal perspective the ICER is greater than next best
Enalapril indefinitely ~ NA NA -85063 549 (5.47-5.51)  Dominated® option.

(-112 065 to 50 886) b Dominated indicates that the
Enalapril for 2 mo, then  NA NA -93921 6.45(6.43-6.47)  Dominated® intervention costs more and results
sacubit_ril-valsartan as (-119137to 62 354) in fewer QALYS.
Chipatent < Cost saving indicates that the
Sacubitril-valsartan, NA NA -101014 6.72(6.70-6.73)  Cost saving* intervention costs less and

inpatient initiation (-125535 to-69 495)

increases QALYs.

Figure 2. Tornado Diagram of Sacubitril-Valsartan vs Enalapril Treatment

Base-case analysis

Sacubitril-valsartan cost |

Heart failure admission cost I:]
Enalapril cost I:

Heart failure admission on sacubitril-valsartan |:|
Sacubitril-valsartan quality of life gain ]

In-hospital sacubitril-valsartan initiation cost

Univariate sensitivity analyses
evaluating the association of each

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Incremental cost-effectiveness ratio

variable's uncertainty with the overall
cost-effectiveness ratio. The dashed
black line represents the base-case

saving and more than 95% of the results remained highly cost-
effective below $50 000/per QALY. At the lower range of the
95% CI(0.37-0.51) for the HR for reductions in HF hospitalizations,
using sacubitril-valsartan across all estimates of the cost of hos-
pitalizations remained cost saving. For our base-case assumptions
of 0.56 HF hospitalizations with sacubitril-valsartan for each hos-
pitalization with enalapril from the trial,* it was nolonger cost sav-
ing when the cost of hospital admission was less than $16 217. At
the higher end of the HR (0.84; 95% CI, 0.76-0.93), the interven-
tion was no longer cost saving when the cost of hospitalizations
was less than $24 000 per admission. However, all strategies re-
mained cost-effective below $60 000 per QALY.

When we tested the cost of enalapril from its highest
($1000) to lowest ($48) annual cost, the ICERs remained cost-
effective. Finally, when we assessed the QOL benefit acrossits
95% CI from the trial, the ICERs remained cost-effective. When
we assumed that the QOL benefit of sacubitril-valsartan dis-
sipated after 29 months, the ICER increased by approxi-
mately $100 per QALY and up to $500 per QALY and the QOL
gain was removed entirely. When we tested the effect of sa-
cubitril-valsartan tapered after 29 months or after 10 years, the
ICERs of sacubitril-valsartan vs enalapril indefinitely were
$25902 per QALY and $23 272 per QALY, respectively, and de-
layed sacubitril-valsartan was eliminated by extended domi-
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analysis.

nance. The probabilistic sensitivity analysis revealed a mean
value of $20 095 per QALY (95% CI, $16 710-$26 338 per QALY).
On the cost-effectiveness acceptability curve, sacubitril-
valsartan was optimal 100% of the time when the willingness-
to-pay threshold was more than $27 000 per QALY.

|
Discussion

Our model-based analyses suggests that from a health care sys-
tem perspective, initiation of sacubitril-valsartan during hospi-
talization in patients with recently decompensated HFrEF would
be cost-effective compared with the initial use of enalapril and
initiation of sacubitril-valsartan after hospitalization or the long-
term use of enalapril. Initiation of sacubitril-valsartan as an out-
patient was cost-effective but not cost saving compared with con-
tinued use of enalapril. In contrast, compared with no initiation
of sacubitril-valsartan, inpatient initiation was cost saving at 1
year and highly cost-effective (high value) at $21 532 per QALY
over a lifetime. All the results from the sensitivity analyses were
considered cost saving or high value (<$50 000/QALY) to a good
or intermediate value (<$150 000/QALY).%”

From a societal perspective, an additional $1000 to $1500
per patient per year would be added in productivity gains. Na-
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tionally, use of sacubitril-valsartan could save eligible US pa-
tients with HFrEF more than 50 000 hospitalizations for HF
each year compared with continuation of enalapril treat-
ment. This would result in a net savings of $92.3 million per
year. To place this in perspective, this represents only 0.15%
to 0.30% of the estimated $30 to $60 billion spent on HF per
year. The net savings would be attributable to a reduction of
$1.5billion per year in hospitalization costs per year and an in-
crease of $1.4 billion in medication costs (eTable 3 in the Supple-
ment). However, the net savings would be $47 million per year
if only half the eligible patients initiated sacubitril-valsartan
treatment during hospitalization.

Initiation of sacubitril-valsartan treatment for patients with
HFrEF while admitted for HF was cost-effective or cost saving
in this modeling of long-term outcomes compared with waiting
for outpatient stabilization for 2 main reasons. First, it led to re-
ductions in readmissions for HF by 44% by the end of 2 months.
Second, the absolute risk of rehospitalization in the PIONEER-
HF trial for recently discharged patients with HF was 3 times
higher compared with waiting until patients were stabilized, as
was seen in the PARADIGM-HF trial. Initiation of therapy in this
acute window was associated with greater absolute reductions
in HF-related hospitalizations. When these 2 factors were taken
into account and use of inpatient initiation of sacubitril-valsartan
was compared with indefinite treatment with enalapril in the pre-
sent analysis, the ICER decreased by approximately $23 000 per
QALY compared with results from the cost-effectiveness analy-
sis from the PARADIGM-HF trial.®> When QOL gains and drug ef-
fectiveness of sacubitril-valsartan were tested for decay over time,
the results showed cost-effectiveness below $25 000 per QALY
gained. This improvement in cost-effectiveness compared with
initiation after hospitalization may have been associated with
these patients generally having higher acuity of illness with higher
near-term hospitalization and mortality risk compared with a
population with stable HFrEF, such as those enrolled in the
PARADIGM-HF trial.

If the HR observed in the PIONEER-HF trial applied to rou-
tine use, in-hospital initiation of sacubitril-valsartan would also
be cost saving from a societal perspective. In addition to the
health care savings, the results suggest that an additional $170
to $300 million per year could be gained with increases in pro-
ductivity benefits per year compared with no initiation of
sacubitril-valsartan or initiation after hospitalization. Even
though nearly a quarter of patients with HFrEF may be unable
to perform full-time work because of their age or disability, pro-
ductivity gains from the remaining patients would still be asso-
ciated with overall societal gains. This finding has been observed
in many interventions that add QALYs; thus, this finding alone
does not justify increased use but must be compared with oth-
ersin the future as more economic analyses interpret productiv-
ity gains as part of their results. In a budget analysis, we found
that similar gains would be made on a per-person-alive basis. For
each year that a patient was receiving sacubitril-valsartan com-
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pared with receiving enalapril, a payer covering medication costs,
long-term costs, and hospitalization costs would have a net sav-
ings of approximately $500 per year per individual. This excludes
payments for premiums received; thus, the use of sacubitril-
valsartan for all patients should be attractive to payers, in addi-
tion to those who have already approved use as an outpatient.
Risk sharing may be different in different plans; thus, incentives
from those holding the hospitalization risk should be given to
those holding the pharmaceutical risk or the risks should be
bundled to encourage the optimization of both.

Limitations

Among the limitations of our study was the short duration of the
PIONEER-HF trial and its relatively small sample size. Further-
more, we based part of the analysis on an exploratory second-
ary outcome of HF-related hospitalizations in the PIONEER-HF
trial with a relatively large 95% CI.* Our 2-way sensitivity analy-
sis using cost of hospitalizations and the full range of likely re-
ductions suggested that in the first year, the inpatient initiation
of sacubitril-valsartan was cost saving approximately 75% of the
time and highly cost-effective 95% of the time, taking into con-
sideration the wide 95% CIs of the estimates. After the first year,
when most patients experience stabilization of their condition,
use of sacubitril-valsartan remained highly cost-effective but not
necessarily cost saving. When we adjusted the model to account
for amore dynamicrisk of hospitalizations, the ICER of inpatient
initiation of sacubitril-valsartan compared with enalapril treat-
ment only decreased considerably. We also did not model adverse
events directly; however, key safety outcomes in the PIONEER-
HF trial were no different in either arm, and discontinuation for
safety reasons were lower in the sacubitril-valsartan arm of the
PARADIGM-HF trial, which also had fewer emergency depart-
ment visits. Furthermore, any differences in non-HF hospital-
izations associated with adverse events were accounted for in
overall hospitalizations in the model. Despite the value of in-
hospital initiation of angiotensin receptor-neprilysin inhibitor
therapy, prior authorization requirements and substantial out-
of-pocket costs borne by patients remain barriers to greater use
of angiotensin receptor-neprilysin inhibitor therapy and need
to be addressed.

. |
Conclusion

We found that for eligible patients with HFtEF, initiation of sa-
cubitril-valsartan during hospitalization was cost saving com-
pared with initiation 2 months after hospitalization and was
cost saving or highly cost-effective compared with indefinite
continuation of enalapril treatment. There may also be cost sav-
ings from a societal perspective. From a budgetary perspec-
tive, use of sacubitril-valsartan may save similar amounts for
payers responsible for medication, outpatient, and inpatient
costs.
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