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A B S T R A C T
Background: In September 2014, the PARADIGM-HF trial showed the
heart failure drug combination sacubitril/valsartan to be superior to
enalapril for patients with a reduced ejection fraction. Objectives: To
determine the incremental cost-effectiveness of sacubitril/valsartan
compared with enalapril in the Netherlands using the clinical data
from the PARADIGM-HF trial. Methods: To compare sacubitril/valsar-
tan and enalapril in a cost-effectiveness study, a Markov model was
developed using the effectiveness data from the PARADIGM-HF trial. A
health care payer’s perspective was applied in the economic evalua-
tion. The developed model was used to evaluate the cost-
effectiveness for sacubitril/valsartan at different per diem prices.
Results: The base-case analysis showed that sacubitril/valsartan can
be cost-effective at maximum daily costs of €5.50 and €14.14 consid-
ering willingness-to-pay thresholds of €20,000 and €50,000 per
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quality-adjusted life-year (QALY), respectively. Sensitivity analysis
demonstrated the robustness of the model, identifying only the price
of sacubitril/valsartan and the mortality within the sacubitril/valsar-
tan group as significant drivers of the cost-effectiveness ratio. Sacubi-
tril/valsartan was cost-effective at a willingness-to-pay threshold of
€20,000 per QALY (€50,000 per QALY) in more than 80% of the
replications with certainty at the price point of €3 (€10). Conclusions:
Sacubitril/valsartan can be considered a cost-effective treatment at a
daily price of €5.25. Unless priced lower than enalapril (o€0.045 per
day), sacubitril/valsartan is very unlikely to be cost-saving/dominant.
Keywords: economic evaluation, heart failure, valsartan/sacubitril.

Copyright & 2017, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.
Introduction

Around 1% of the Dutch adult population suffers from chronic
heart failure (CHF) [1] and about 20% of the total population will
be diagnosed with CHF at some point in their lives [2]. The total
cost of heart failure (HF) for the Netherlands in 2011 was €939.7
million, over 1% of all national health care expenses, using the
definition of costs from Dutch Health and Social Care Accounts
[3]. This total cost includes all expenditures related to health,
welfare, and social care in a broad sense. No truly curative
interventions are at present available for HF patients and treat-
ment focuses on improving the clinical status, functional capa-
city, and quality of life while preventing hospitalizations and
reducing mortality [4]. The standard of care for clinically stable
patients with objective evidence of cardiovascular disease [4]
(i.e., a New York Heart Association [NYHA] class II or higher
[4]) is a combination of up to four drugs—a diuretic, an
angiotensin-converting enzyme inhibitor, a β-blocker, and a
mineralocorticoid receptor antagonist [5].

In 2014, McMurray et al. [6] published the results of the clinical
trial PARADIGM-HF, which compared enalapril with a combina-
tion of the neprilysin inhibitor sacubitril and the angiotensin
receptor blocker (ARB) valsartan (Entrestos, Novartis, Basel,
Switzerland). The clinical trial showed a significant reduction in
deaths (16%) and hospital admissions for CHF (21%) in the patient
group treated with sacubitril/valsartan compared with the group
treated with enalapril [6]. The European Medicines Agency has
granted an accelerated assessment procedure [7] and had
approved the drug by the end of 2015 [8].

Although the list price of sacubitril/valsartan is known at this
point (€5.25 per day) [9], hospitals, health insurance companies,
and the Dutch Ministry of Health may negotiate other price
points to reduce the costs. Because no economic evaluation for
the Netherlands has been published to date, this study aimed to
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determine the cost-effectiveness of sacubitril/valsartan com-
pared with enalapril at different price points, using the clinical
data from PARADIGM-HF.
Methods

Model Design

A Markov model was developed to simulate a cohort of 10,000
patients suffering from CHF using cycles with the duration of 1
month (Fig. 1). There were four major health states in the model:
1.
Fig
ind
HF: patients receiving home care only;

2.
 Ward hospitalization: patients receiving treatment in the

hospital ward within a month;

3.
 Intensive care unit (ICU) hospitalization: patients receiving

ICU treatment within a month; and

4.
 Death: deceased patients.

All patients started in the HF state. When hospitalized, 10%
also receive ICU treatment for a portion of their stay [10]. After a
month from which they were hospitalized, patients could be
rehospitalized, could go back to the HF state, or could die. The
length of stay (LOS) of each patient varied within a month of
. 1 – Schematic representation of the Markov model. The circ
icate all possible transitions between the states during each
hospitalization. The probabilities for hospitalization and death
from PARADIGM-HF were used to calculate the monthly transi-
tion probabilities for sacubitril/valsartan and the comparator
group. Each month, both the total quality-adjusted life-years
(QALYs) and the costs were calculated. A health care payer’s
perspective was applied.

The model was built using Microsoft Excels 2013 (see
Appendix 1 in Supplemental Materials found at http://dx.doi.
org/10.1016/j.jval.2016.10.015).
Time Horizon

In the base-case analysis, the effects of sacubitril/valsartan
versus enalapril were limited to the first 42-month period,
equivalent to the available data from PARADIGM-HF [6]. After
this, both treatment arms maintained the same probabilities of
dying and hospitalization, and the costs were the same (i.e., no
treatment advantage of one intervention over the other). We used
a 30-year time horizon. Given the age of the cohort at the start,
and status as a CHF patient, this can be considered a lifetime
horizon as prescribed in the Dutch pharmacoeconomic guidelines
[11]. As a scenario analysis, we have assumed a persistent
treatment effect of sacubitril/valsartan versus enalapril during
the entire 30-year model run.
les represent the four states of the model, and the arrows
monthly cycle. ICU, intensive care unit.

http://dx.doi.org/10.1016/j.jval.2016.10.015
http://dx.doi.org/10.1016/j.jval.2016.10.015
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Input Parameters

Transition probabilities
Both hospitalization probabilities and cardiovascular death rate
were taken from PARADIGM-HF, with the hospitalization proba-
bilities being time-dependent [6,12]. Because the underlying data
from the Kaplan-Meier curves were not presented in the pub-
lication, the necessary parameters were derived using the soft-
ware tool DigitizeIt (Braunschweig, Germany) [13] and plotted
using Microsoft Excel 2013. A linear function was found for the
cardiovascular death rate and a logarithmic function for the
hospitalizations. The 30-day rehospitalization data were also
taken from PARADIGM-HF, specifically concerning the data for
Western Europe (only reported combined with “other”) [14].
Unfortunately, the 30-day hospital death data from PARADIGM-
HF are not publicly available. Instead, data were used from Corrao
et al. [15]. Fortunately, these data are very recent and include age-
dependent differences to optimally align this information with
our model. The transition probabilities associated with dying due
to causes other than CHF were also age-dependent and taken
from the Dutch statistics [16]. The resulting individual monthly
transition probabilities are presented in Table 1. These data do
not have a distribution associated in the model, because these
were not available. Nevertheless, all-cause death, in-hospital
death, and rehospitalization are based on large numbers and
inherent uncertainty may be small. Yet, these variables vary by
age and the initial hospitalizations vary by the progression of
time in the model (time after starting the treatment).

The hazard ratios from PARADIGM-HF [6,12] were multiplied
by the different probabilities (hospital/ICU admissions and
deaths) to calculate the parameters for sacubitril/valsartan. The
values are presented in Table 2.

Costs

Medicine costs
The cost difference between sacubitril/valsartan and enalapril is
one of the main differentiators between both treatments.
Although the list price of sacubitril/valsartan is known in the
Netherlands at this point (€5.25 per day), parties such as the
Department of Health, hospitals, and health insurance compa-
nies may still negotiate lower prices. For this reason, several daily
price points of sacubitril/valsartan (€0.045, €1, €3, and €10) were
considered in the analysis in addition to €5.25 as the base case.
For enalapril, the lowest price point as found on the Dutch
database of medicine costs is used in the model, which is
€16.42 for the 20-mg dose package (730 tablets, taken twice daily
for a year) or €0.045 per day [9]. Additional medicine costs
included were hydrochlorothiazide, digoxin, metoprolol, and
spironolactone, all of which were used by a subset of the
population as described in PARADIGM-HF [6]. The specific costs
Table 1 – Transition probabilities used in the Markov mo

Transition Probab

Death (all causes, except cardiovascular) 0.000
Death (cardiovascular) 0.008
Death (in hospital) 0.03
Death (in ICU) 0.11
Hospitalization 0.011
Rehospitalization within 30 days 0.199 (ena

0.088 (sacubitri

ICU, intensive care unit.
* Probability displayed is at age 65 y.
† Probability displayed is in the first month.
of these additional drugs are presented in Table 3. All these costs
include taxes and exclude the dispensing fee (€6 per 3 months);
this fee was included separately in the model.

Hospital costs
The hospital LOS during PARADIGM-HF has been reported by
Packer et al. [12]. The average ICU LOS for CHF in the Netherlands
has been described in a study by Van Vliet et al. [18]. The LOS, as
used in the model, is shown in Appendix 2 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2016.10.015.
Note that the LOS in the ICU model state is the same for the
enalapril group and the sacubitril/valsartan group and that these
patients are actually treated in the normal ward for most of their
stay. The hospital costs were calculated using the weighted
average for both academic and general hospital per diem costs,
which were €502.54 per day for the nursing ward and €2400.53 per
day for the ICU (including correction for inflation to 2015), as
described in the Dutch manual for costs research [19,20].

Elderly care and general practitioner costs
To estimate the elderly care and general practitioner costs, the
Dutch cost of illness Website was used [3]. These costs were
converted to costs per patient by calculating the total number of
HF patients in the Netherlands, using the prevalences described
in the Rotterdam Study [21] and the age tables provided by
Statistics Netherlands [22].These data are age-dependent
categories.

Unrelated medical costs in life-years gained
The unrelated medical costs in life-years gained from all diseases
except HF were included in the Markov model [23]. Both the costs
of the last year of life and all other years were taken into account.
Because of some practical limitations of a Markov model, the
costs in the last year of life were added when a person died and
the previous costs of health care were subtracted from this
amount. These costs were not included in the base case, but in
a specific targeted scenario.

Health Outcomes

Utilities
Because the utilities were not available from PARADIGM-HF, the
previously published EuroQol five-dimensional questionnaire
data from the Systolic Heart Failure Treatment with the If
Inhibitor Ivabradine Trial were used [24]. Both trials included
patients with an ejection fraction of 35% or less. These utility
values differentiated between NYHA classes. PARADIGM-HF,
however, did not publish outcomes differentiated by NYHA class.
Therefore, using the NYHA class distribution as weights, the
del.

ility Dependences Source

86 Age* [16]
9 – [6]
7 Age* [15]

– [17]
9 Time† [12]
lapril) – [14]
l/valsartan)

http://dx.doi.org/10.1016/j.jval.2016.10.015
http://dx.doi.org/10.1016/j.jval.2016.10.015


Table 2 – Effects (risk ratios) of sacubitril/valsartan compared with enalapril.

Target of effect Risk ratio (sacubitril/valsartan compared with enalapril) (95% CI) Distribution Source

Hospitalization 0.77 (0.67–0.89) Lognormal [12]
ICU admission 0.82 (0.72–0.94) Lognormal [12]
Death 0.84 (0.76–0.93) Lognormal [6]

CI, confidence interval; ICU, intensive care unit.

Table 3 – Medicine costs for the included drugs in the model and usage among the two treatment groups.

Drug Cost per year
(€) [9]

Used by % of population for
enalapril group [6]

Used by % of population for sacubitril/
valsartan group [6]

Hydrochlorothiazide (25
mg)

4.90 80.1 80.3

Digoxin (0.125 mg) 11.68 31.2 29.2
Metoprolol (25 mg,

controlled release)
10.06 92.9 93.1

Spironolactone (25 mg) 12.12 57 54.2
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average value of utility scores was calculated [24–26]. These
utility scores were calculated using the population norms from
the United Kingdom [26,27]. The weighted averages (using data
from PARADIGM-HF) were calculated for both hospitalized and
nonhospitalized patients and are presented in Table 4. These
utilities were used to calculate quality-adjusted life-months,
which were converted into QALYs.

To take the uncertainty around the utilities into account, a
triangular distribution was applied to these data for the proba-
bility sensitivity analysis. The point estimate was used as mode,
80% as the lower bound and 120% as the upper bound.

Discounting
All costs were discounted at 4% per year and health outcomes
were discounted at 1.5% per year according to the Dutch phar-
macoeconomic guidelines [19]. A sensitivity analysis was per-
formed using equal discounting rates at 4% a year and was
included as an additional scenario.

Willingness to Pay

Cost-effectiveness was assessed using the incremental cost-
effectiveness ratio (ICER), expressed as the difference in health
care costs divided by the difference in QALYs. Although there is
no explicit cost-effectiveness threshold in the Netherlands,
thresholds of €20,000 to €50,000 per QALY have previously been
reported as reference values and are therefore considered
Table 4 – Yearly utility scores for HF patients,
weighed average for all NYHA classes.

Model state Utility score [26]
(lower bound–upper

bound)

Distribution

No hospitalization 0.72 (0.576–0.864) Triangular
Hospitalization

(both ICU and
non-ICU)

0.64 (0.512–0.768) Triangular

Death 0 None

HF, heart failure; ICU, intensive care unit; NYHA, New York Heart
Association.
reasonable [28]. Therefore, the thresholds of €20,000 and
€50,000 per QALY were used as lower and upper willingness-to-
pay (WTP) limits in this article.

Sensitivity Analyses

To investigate the effects of uncertainty in the model, univariate
sensitivity analyses were performed by changing the values to an
80% to 120% interval of their primary values. This interval was
used because no 95% confidence intervals were available for all
parameters. Subsequently, the individual effects on the ICER
were recorded and displayed as a Tornado diagram.

In addition to this, a probabilistic sensitivity analysis was
performed to investigate the uncertainty around all parameter
values simultaneously. This was done by calculating the results
using random samples of the distribution of the different input
parameters in 1000 replications. These results are shown on a
cost-effectiveness (CE) plane and were transformed into cost-
effectiveness acceptability curves (CEACs).
Results

Sacubitril/Valsartan Costs

The list price of €5.25 per day yields an ICER of €19,133 per QALY
(see Table 5 for the detailed results). Considering €20,000 and
€50,000 per QALY as reasonable WTP thresholds, sacubitril/
valsartan can be priced up to €5.50 and €14.14 per day,
respectively.
Table 5 – Base-case results.

Variable Enalapril Sacubitril/
valsartan

Difference

Costs (€) 12,358.01 17,918.22 5,560.21
Life-

years
6.87 7.28 0.40

QALYs 4.93 5.22 0.29
ICER €19,113

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted
life-year.



Fig. 2 – Tornado diagram showing the univariate sensitivity analysis of the Markov model simulation. The range measured for
the different parameters is 80%–120%. hos, hospital; ICU, intensive care unit; LOS, length of stay.
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Univariate Sensitivity Analysis

The results of the univariate sensitivity analysis are shown in the
Tornado diagram in Figure 2. The parameters are ordered with
the most influential driver of the cost-effectiveness at the top to
the least important driver of the results at the bottom. The effect
of sacubitril/valsartan on death has the most influence on the
ICER. The model responds less to changes in any other values,
including the nonhospital utilities and minor changes in the price
of sacubitril/valsartan.
Table 6 – Maximum daily costs of sacubitril/valsar-
tan for different scenarios.

Maximum daily cost (€)

Scenario WTP
threshold
of €20,000/

QALY

WTP
threshold
of €50,000/

QALY

Base case 5.50 14.14
Extrapolated effect to 30 y 6.04 15.50
Included unrelated medical

costs in life-years gained
4.05 12.69

Applied equal discounting
for costs and effects
(4% annually)

4.57 11.81

QALY, quality-adjusted life-year; WTP, willingness to pay.
Scenario Analyses

Different scenario analyses were compared with the base case.
Table 6 presents a comparison of the maximum daily costs of
sacubitril/valsartan at both WTP thresholds of €20,000 and
€50,000 per QALY.

CE Plane and CEAC

The CE plane in Figure 3 displays the distribution of the base-case
results of the probabilistic sensitivity analysis for different
possible price points of sacubitril/valsartan. In Figure 4, the
CEACs of sacubitril/valsartan are displayed for different price
points. The probability of sacubitril/valsartan to be cost-effective
at €5.25 per day is more than 95% at a WTP threshold of €50,000
per QALY and more than 75% at €20,000 per QALY. At the price
point of €1, the probability of sacubitril/valsartan being cost-
effective is almost 90% at a WTP threshold of €20,000 per QALY.
Considering a WTP threshold of €50,000 per QALY, the probability
of being cost-effective at the price point of €10 is 90%.
Discussion

The base-case results of the Markov model show that sacubitril/
valsartan, disregarding parameter uncertainty, can be considered
cost-effective at €5.50 per day (at a WTP threshold of €20,000 per
QALY) or €14.14 per day (at a WTP threshold of €50,000 per QALY).
In this model, sacubitril/valsartan treatment was not likely to be
cost-saving unless priced at the same level as the off-patent
enalapril.

In the CE plane (Fig. 3), the distribution of the Monte-Carlo
analyses is shown for the different price points. This indicates a



Fig. 3 – Cost-effectiveness plane displaying the results of the Monte-Carlo simulation.
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relatively small contribution to the overall treatment costs by
these lower sacubitril/valsartan prices; even if sacubitril/valsar-
tan is priced at the same level as enalapril, the probability of it
being cost-saving is only 63%. This changed profoundly at the
higher price points at which the sacubitril/valsartan price became
the major driver of the cost-effectiveness outcomes. The CEAC
(Fig. 4) shows that the probability of cost-effectiveness of the
price point of €5.25 is more than 95% at a WTP threshold of
€50,000 per QALY. When a WTP threshold of €20,000 per QALY is
considered, the calculated price points of €0.045 and €1 are likely
to be cost-effective with 90% certainty.

The univariate sensitivity analysis (Fig. 2) shows that the
uncertainty around the relative risk of dying for the sacubitril/
valsartan group has the highest impact on the ICER: avoiding
deaths in the sacubitril/valsartan treatment arm leads to consid-
erably more QALYs compared with the enalapril treatment arm.
Another important driver of the model outcomes was the utility
of patients who are nonhospitalized because of the additional
gained QALYs, because patients who use sacubitril/valsartan
tend to live longer. In addition, the minor changes in the
sacubitril/valsartan price, in this case ranging from €4.20 to
€6.30, seem impactful as well, although to a lesser extent.

The scenario in which the effects of PARADIGM-HF were
extrapolated to 30 years results in higher maximum per diem
costs of sacubitril/valsartan for both thresholds. This is mainly
due to the increase in long-term effects, which are discounted
less than the long-term decrease in costs.

In the scenario that incorporates unrelated medical costs in
life-years gained, the upper limits of the sacubitril/valsartan cost
are €4.05 and €12.69 per day for €20,000 per QALY and €50,000 per
QALY WTP thresholds, respectively. This is lower compared with
the base case, which is mainly due to the extra costs that are
added in the additional life-years gained in the sacubitril/valsar-
tan case and the increased end-of-life costs at a later age.
Although the inclusion of unrelated medical costs in life-years
gained essentially is a penalty for a beneficial outcome (life-years



Fig. 4 – Cost-effectiveness acceptability curve showing the maximum willingness to pay (or threshold ratio) and the
corresponding probability of cost-effectiveness for both enalapril and sacubitril/valsartan.
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gained), these are costs that have to be taken into account
according to new Dutch guidelines [11]. These results suggest
that to achieve a high probability of cost-effectiveness, sacubitril/
valsartan will need to be priced lower than the base case
suggests. The sensitivity analysis in which equal discounting
was applied shows that the maximum daily costs of sacubitril/
valsartan at both WTP thresholds benefit from differential dis-
counting. Especially when the €50,000 per QALY WTP threshold is
considered, the maximum per-diem costs are lower (down to
€11.81 from €14.14 in the base case). The long-term effects of
sacubitril/valsartan seem to play an important role in its cost-
effectiveness.

The PARADIGM-HF trial was limited to patients with a
reduced ejection fraction (HF-REF) and as such, data from this
trial (e.g., death rates, hospitalization rates, and sacubitril/valsar-
tan effects) are applicable only to this group [6]. Other data
sources used to create the Markov model in this study are for
the general CHF patient population. The costs data are based on
averages for all HF patients in the Netherlands [3]. Although it
would be preferable to create an economic evaluation for the
whole group of CHF patients, the model can be used only for
patients with HF-REF. At the time of writing, an ejection fraction
equal to or less than 35% is a requirement in the Netherlands to
have sacubitril/valsartan reimbursed by health insurance [9]. At
present, other groups are being researched with a focus on
patients with a preserved ejection fraction (HF-PEF) [29,30]. The
results of the PARAMOUNT phase 2 trial, which compared
sacubitril/valsartan with valsartan, are promising [30]; we, how-
ever, speculate that the beneficial effects of sacubitril/valsartan
for these groups will be less pronounced, because HF-PEF is
usually less severe than HF-REF, resulting in a lower maximum
daily price than that in our results.

The data derived from the Kaplan-Meier curves from
PARADIGM-HF were used to calculate the hospitalization and
cardiovascular death rate in the model. The trial data, however,
stopped after 42 months [6,12]. The results will need to be
continually updated with the availability of more trials and
longer follow-up data. Accordingly, the appropriate pricing of
the drugs needs to be re-evaluated continually. Validation of the
Markov model is reported in Appendix 3 in Supplemental
Materials found at http://dx.doi.org/10.1016/j.jval.2016.10.015,
using a filled-in version of the model validation assessment tool
AdViSHE (Assessment of the Validation Status of Health Eco-
nomic decision models) [31]. A part of the model validation
process was a cross-validation with other published studies.
The CE analysis created by Novartis for the Dutch market reports
an ICER of €18.580 per QALY, which is lower than, but close to, the
ICER of €19,113 per QALY that we found. A main difference here is
that the effects of sacubitril/valsartan are extrapolated to 30 years
(the time horizon). They also assume lower daily costs of
sacubitril/valsartan (€4.83) and higher daily costs for enalapril
(€0.14) [32]. King et al. [33] published a CE analysis for the
American market using a daily price of sacubitril/valsartan of
$12.66, resulting in an ICER of $50,959 per QALY. If a daily price of
€12.66 is applied to our model, it results in an ICER of €44,853 per
QALY. They also used a Markov model, the main differences
being the cycle length (3 months) and a differentiation of differ-
ent NYHA classes [33].

The impact on the national health budget of treatment with
sacubitril/valsartan instead of enalapril for HF-REF patients is
also investigated. If 50% of the 140,000 HF patients in the
Netherlands [34] would start sacubitril/valsartan treatment, there
would be an increase of €5.21 a day, assuming they already use
enalapril. This would amount to €385,140 per day, or €132,987,750
annually, which is 15% of all HF expenses or 0.16% of all health
care expenses in the Netherlands [3].

At present, sacubitril/valsartan is available only for HF-REF
patients who are already on an angiotensin-converting enzyme
inhibitor or an ARB [9]. Although this is a good solution to keep the
costs low in the short term, a health benefit for all HF-REF patients
may be achieved when patients are prescribed sacubitril/valsartan
immediately; lower costs of sacubitril/valsartan would enable this
with less effects on the health budget. In addition, new trials
covering, for example, HF-PEF patients might enable sacubitril/
valsartan to be prescribed to this group of patients [29,30].

The model was tailored to the Dutch situation as much as
possible, which includes all costing data. Not all country-specific
data were, however, available, such as the results from
PARADIGM-HF [35]. Nevertheless, the general practitioner guide-
lines in the Netherlands are similar to those in the rest of Europe
and the United States, which makes the CHF treatment compa-
rable and the results applicable to the Netherlands [4,5,36]. The
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LOS of PARADIGM-HF was used for the analyses to be able to
differentiate between the two treatment arms. The average LOS
in the Netherlands is close to the PARADIGM-HF results and well
within the ranges used for the sensitivity analysis [6,37].

Data collected during a trial are often not comparable to real-life
scenarios. During the PARADIGM-HF trial there was a run-in phase
at the start of the trial to make sure that patients were able to
tolerate both enalapril and sacubitril/valsartan. A well-known side
effect of enalapril is cough and patients experiencing this side effect
were excluded from the trial, although they would still require
treatment in daily practice. Overall, 12% of the patients were
excluded from the trial because of developing various side effects
[6]. Nevertheless, more patients had to leave the trial because of
adverse effects caused by enalapril than by sacubitril/valsartan [6].

Productivity losses are not taken into account for this simu-
lation. Therefore, this study is from the health care payer’s
perspective and not from the societal perspective as recom-
mended by Dutch authorities. Nevertheless, because most
patients are likely to be retired when HF is diagnosed [1], the
effect of this is likely to be low.

Another limitation of the study was the estimation of elderly
care costs. Sacubitril/valsartan was shown to improve quality of
life and reduce the decline in HF class compared with enalapril
[6,12]. It would be fair to assume that the elderly care costs for
these patients would be lower, because the need for home care
later would be offset. In this study, however, the only differ-
entiator for elderly care costs is age and it would have been better
to be able to select patients with a certain class of HF to distribute
the costs more accurately. Unfortunately, during the develop-
ment of the model these data from PARADIGM-HF were not
published. Last, the NYHA classification [38] was not incorporated
in the model because these data were not available as well.
Hospitalization and death rates are affected by NYHA class, as
has been described in the PARADIGM-HF trial [6]. The beneficial
effects of sacubitril/valsartan on the primary end point are more
pronounced in NYHA class I and II patients than in class III and
IV patients, which would probably also result in a lower ICER for
class I and II patients than for class III and IV patients. Unfortu-
nately, there were no specific data available on the utilities for
ICU-hospitalized patients as compared with the nursing ward.
Conclusions

With a WTP threshold of €20,000 per QALY the base-case results
show that sacubitril/valsartan is cost-effective at a maximum
cost of €5.50 per day. The CEAC shows a 90% certainty that
sacubitril/valsartan is cost-effective when priced at €1 per day.
When the WTP threshold of €50,000 per QALY is considered, the
base-case results demonstrate its cost-effectiveness up to a price
of €14.14 per day, or €5.25 with more than 95% certainty.

The Consolidated Health Economic Evaluation Reporting
Standards [39] checklist has been included as Appendix 4 in
Supplemental Materials found at http://dx.doi.org/10.1016/j.jval.
2016.10.015.
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