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Abstract

Background In the CLEAR Outcomes study, 13,970 high cardiovascular risk patients with hypercholesterolemia and statin
intolerance were randomized to treatment with bempedoic acid or standard of care (placebo). Bempedoic acid reduced
the risk of major adverse cardiovascular events by 13%. However, the cost-effectiveness of bempedoic acid in this patient
population is unknown.

Methods Markov modeling estimated cost-effectiveness of bempedoic acid versus standard of care alone to reduce cardiovas-
cular risk from a US third-party payer perspective. Baseline risk was estimated by applying individual patient characteristics
from the trial to established risk equations. Treatment benefit was extrapolated over a lifetime horizon using hazard ratios for
individual major adverse cardiovascular event (MACE) components from CLEAR Outcomes. Scenario analyses included
on-treatment analysis, alternate bempedoic acid costs, and modeling effects of the fixed-dose combination with ezetimibe
on low-density lipoprotein cholesterol (LDL-C) reduction and predicted MACE.

Results Bempedoic acid was estimated to reduce lifetime MACE (1.58 versus 1.95 per patient) versus standard of care. At
list price, bempedoic acid was associated with increased costs (+ $22,600) and improved quality-adjusted life-years (QALYs,
+ 0.14), resulting in an incremental cost-effectiveness ratio ICER) of $166,830 per QALY. The on-treatment analysis resulted
in an ICER of $70,279 per QALY. Reduction in bempedoic acid price by 25% resulted in lower incremental total costs and an
ICER of $99,993 per QALY. Modeling the effects of the fixed-dose combination resulted in an ICER of $40,317 per QALY.
Conclusions Use of bempedoic acid offers improved lifetime cardiovascular (CV) risk reduction over standard of care in
patients with or at high risk for CV disease (CVD) at common cost-effectiveness thresholds ($150,000 per QALY).

Trial Registration ClinicalTrials.gov identifier: NCT02993406 (CLEAR Outcomes study).

1 Introduction CVD, incurring $749 billion in medical costs [1, 2]. The

sequelae of CVD can be devastating to patients, resulting in
Cardiovascular disease (CVD) is the ]eading cause of mor- premature death or dlsablhty, as well as impose a signiﬁcant
bidity and mortality in the USA and worldwide. By 2035,  economic burden to patients and the healthcare system [3,
an estimated 45% of the US population is expected to have ~ 4]. For example, data from the National Inpatient Sample
has shown an average cost of acute myocardial infarction
(MI) hospitalization ranging from $21,898 to $71,788, and
stroke hospitalization from $21,844 to $29,027 [4]. The cost
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The causal role of low-density lipoprotein cholesterol
(LDL-C) in atherosclerotic cardiovascular disease (ASCVD)
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While statins are the cornerstone for lowering LDL-C,
non-statin therapies may provide an effective lipid-low-
ering alternative in patients who are unable to tolerate or
unwilling to take statin therapy.

Clinicians, policy makers, and payers should understand
the clinical benefits and economic value of non-statin
oral agents, such as bempedoic acid, to lower LDL-C
and cardiovascular risk in primary and secondary pre-
vention patients.

Our findings suggest that the use of bempedoic acid at
prices resembling those paid by payers provides good
economic value, with incremental cost-effectiveness
ratios well below the threshold commonly used in the
USA of < $150,000 per QALY.

cardiovascular risk is further supported by consistent obser-
vations from randomized clinical trials, demonstrating that
lowering LDL-C levels with statins [7] and other interven-
tions [8—10] results in less cardiovascular events. The find-
ings of these studies have influenced treatment guidelines,
which have placed LDL-C lowering with statins, as mono-
therapy and in combination with other agents, as a corner-
stone approach to reducing cardiovascular risk [11]. How-
ever, most high cardiovascular risk patients are not treated
with recommended high-intensity statins, and as such, fail
to reach guideline directed LDL-C levels [12, 13].

Partial or complete statin intolerance is a major con-
tributing factor to suboptimal lipid management, prevent-
ing some patients from reaching recommended cholesterol
levels. Symptoms of intolerance to statins are experienced
by 10-30% of patients [14]. Patients who are either unwill-
ing or unable to take guideline-directed statin therapy often
remain at high LDL-C levels and at an elevated risk of expe-
riencing major adverse cardiovascular events (MACE) [14,
15]. Accordingly, there is a need for effective lipid-lowering
therapies that can be used to lower cardiovascular risk in
patients who cannot tolerate statins.

The ATP citrate lyase inhibitor, bempedoic acid, has
been demonstrated to lower LDL-C levels. The Choles-
terol Lowering via Bempedoic Acid, an ACL-Inhibiting
Regimen (CLEAR) Outcomes trial evaluated the impact of
bempedoic acid, compared with placebo, on MACE in high
cardiovascular risk patients who were unable or unwilling
to take recommended doses of statins. Treatment with bem-
pedoic acid reduced levels of LDL-C by 21.1% and high
sensitivity C-reactive protein by 22.2% at 6 months, and
was associated with a 13% risk reduction in time to first
occurrence of the MACE-4 primary endpoint (composite
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endpoint of cardiovascular death, nonfatal MI, nonfatal
stroke, and coronary revascularization) [16]. Bempedoic
acid also significantly reduced the risk for the key second-
ary composite endpoint MACE-3 (composite of cardiovas-
cular death, nonfatal MI, nonfatal stroke) by 15%, and the
individual components of the composite endpoint: nonfatal
MI and coronary revascularization procedures. The CLEAR
Outcomes efficacy endpoints were measured as “time to first
event.” However, patients at high CV risk may experience
multiple clinical events, resulting in a cumulative burden
for both patients and the healthcare system. In a prespeci-
fied exploratory analysis of the intention-to-treat population,
bempedoic acid was associated with a 20% risk reduction in
the total incidence of MACE-4 (hazard ratio [HR] 0.80; 95%
confidence interval [CI]: 0.72, 0.89) [17].

To date, no study has evaluated the cost-effectiveness of
bempedoic acid in high cardiovascular risk patients who are
unable or unwilling to take statins, similar to the CLEAR
Outcomes trial population. Although the Institute for Clini-
cal and Economic Review evaluated the cost-effectiveness
of bempedoic acid in combination with ezetimibe in March
2021, their analysis was conducted in patients with estab-
lished ASCVD on maximally tolerated statin therapy [18].
While the model included a subgroup of statin-intolerant
patients with ASCVD, the analysis was conducted prior to
the completion of CLEAR Outcomes, and risk reduction
was predicted on the basis of LDL-C reduction. In a recently
published microsimulation model of statin-intolerant patients
in Australia and the UK, Morton et al. found that bempe-
doic acid and ezetimibe, alone or in combination, were cost-
effective for long-term primary prevention of CVD disease
[19]. However, the health systems, payment/reimbursement,
and drug costs in the USA are substantively different, all of
which may impact cost-effectiveness. As such, the aim of
the current analysis was to determine the cost-effectiveness
of bempedoic acid, over a lifetime horizon, compared with
placebo (standard of care alone) for high cardiovascular risk
patients with statin intolerance from a US payer perspective.

2 Methods
2.1 CLEAR Outcomes Study Design

The CLEAR Outcomes study design and results have been
previously reported [16, 20]. Briefly, eligible patients
included those 18-85 years of age and with a baseline
LDL-C level at least 100 mg/dL with either clinically man-
ifested ASCVD or at high risk of a cardiovascular event.
Patients were required to have reported being unable or
unwilling to take recommended doses of statins, owing to
symptoms of intolerance that improved or went away when
the statin was discontinued. Patients were permitted to be
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treated with very low doses of statins, defined as below the
lowest approved dose. Stable, background lipid-lowering
therapies were permitted, including ezetimibe and propro-
tein convertase subtilisin-kexin type 9 inhibitors. The trial
randomized 13,970 patients to treatment with bempedoic
acid 180 mg or matching placebo daily, and patients were
followed for a median of 3.4 years. The primary efficacy
endpoint of the study was the composite endpoint MACE-4;
key secondary endpoints included MACE-3, and the indi-
vidual components of the primary endpoint. The present
analysis followed the Consolidated Health Economic Evalu-
ation Reporting Standards (CHEERS) reporting guideline
[21] (Supplementary Table 4).

2.2 Cost-Effectiveness Analysis: Patient Population
and Model Structure

A de novo cohort Markov model with 4-week cycle lengths
was developed in Microsoft® Excel, considering the US
third-party payer perspective and assuming a lifetime
horizon [18]. A cohort of adult patients who were either
at high risk for CVD (primary prevention) or who had a
history of CVD (secondary prevention) and who were una-
ble or unwilling to take statin therapy entered the model.
Patients could then transition between mutually exclusive
health states that matched those observed in CLEAR Out-
comes: nonfatal MI, nonfatal stroke, coronary revasculari-
zation, cardiovascular death, or non-cardiovascular death
(Supplementary Fig. 1). In line with the cardiovascular
risk profile of CLEAR Outcomes (where enrollment was
capped at 30% primary prevention patients), the distribu-
tion of patients entering the simulation were 30% primary
prevention and 70% secondary prevention. Primary pre-
vention patients became secondary prevention patients if
they experienced a nonfatal MACE during a cycle. Mul-
tiple events could occur over the lifetime time horizon.
The baseline risk of MACE was calculated using estab-
lished risk equations and the actual baseline characteris-
tics of individual patients in CLEAR Outcomes and then
aggregated, accounting for increase in risk over time as
patients age. This was accomplished by increasing the
age parameter in each risk equation without changing any
other parameters. In the primary prevention population,
the Reynolds Risk Score was used to estimate MACE-4
risk [22, 23]. Since there is no established risk equation
for MACE-4 in secondary prevention, MACE-3 risk was
calculated using SMART?2 [24, 25] then inflated by the
proportion of coronary revascularizations observed in
the CLEAR Outcomes MACE-4 endpoint (43.3%). The
risk of 10-year MACE by age is presented in Supple-
mentary Table 1. In the model, the 10-year probabilities
were converted to per-cycle probabilities and applied to
all cycles where a patient is that age. For example, using

the Reynolds Risk Score, a primary prevention patient
between 69.5 and 70.5 years old would have a 10-year
MACE risk of 27.3%. When aggregated, the baseline
10-year risk was 21.6% and 36.5% for primary preven-
tion and secondary prevention patients, respectively. In the
analysis, primary and secondary prevention patients were
handled similarly to the conduct of the CLEAR Outcomes
trial, wherein each had a different level of baseline cardio-
vascular risk and a different distribution of type of MACE
event that occurred, but the primary efficacy analysis was
conducted on all 13,970 patients randomized [16].

The model simulated subsequent cardiovascular events,
including cardiovascular and non-cardiovascular-related
deaths as a function of baseline cardiovascular risk and the
risk reduction observed for bempedoic acid and standard of
care. Non-cardiovascular-related deaths were applied, based
on age and sex norms from the US population [26], exclud-
ing cardiovascular deaths to avoid double counting. This
follows similar methodology used in previous published
models [18, 27, 28]. MACE-4 was used in the base case to
align with the primary efficacy endpoint of CLEAR Out-
comes [16]. When a MACE occurred, the type of event was
determined by the distribution of MACE types observed in
CLEAR Outcomes. For primary prevention, this distribution
was calculated from the number of patients who had a first
event of each type. The cardiovascular mortality rate by age
was based on the National Center for Health Statistics [29]
and the CDC WONDER database [30].

2.3 Intervention Effects

The impact of treatment with bempedoic acid comes from
a reduction in the risk of MACE. Hazard ratios (HR) were
based on the individual components of the MACE-4 endpoint
in CLEAR Outcomes: nonfatal MI, nonfatal stroke, coro-
nary revascularization, and cardiovascular death (Table 1).
Although the primary endpoint of CLEAR Outcomes was
the time to first MACE-4 event, patients with or at high CV
risk may often experience multiple events over a lifetime. As
such, the base case used total event HRs in order to best esti-
mate the totality of the impact of treatment for these patients,
similar to previously published models [28, 31].

In CLEAR Outcomes, cardiovascular mortality reduction
was not observed within the follow-up period. In the base
case, risk reduction for cardiovascular mortality was set at
0%, consistent with the approach used in previous cost-effec-
tiveness modeling [27]. The treatment discontinuation rate
observed during the trial was applied during the modeled trial
period (32.5% by 3.46 years); thereafter, a fixed value of 3.2%
per year was assumed (based on the proportion of patients
who discontinued treatment due to serious adverse events in
CLEAR Outcomes), also consistent with the approach used
in previous cost-effectiveness modeling [32].
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2.4 Utilities and Costs

Over the model time horizon, patients incurred short- and
long-term (3 year) treatment costs, as well as reductions
in quality of life when they experienced a MACE. Health-
related quality of life (HRQoL), measured by the EQ-5D,
was calculated by applying acute and long-term decreases
in quality of life after a nonfatal MI or nonfatal stroke to
the baseline utility of patients with CVD [33, 34]. Baseline
utility and disutility values were taken from previously pub-
lished sources (Table 1). A coronary revascularization was
assumed to have no impact on HRQoL, similar to other pub-
lished models [31, 32, 35]. If a patient experienced multiple
events, only the most severe permanent HRQoL decrement
applied. Utility values did not differ between primary and
secondary prevention populations. A utility value of 0 was
assigned to death status.

Direct medical costs associated with MACE were sourced
from US claims data (IMS LifeLink PharMetrics Plus) [5].
Each type of MACE incurred an immediate cost of manage-
ment (1-4 weeks) as well as costs over the following 3 years;
costs differed between primary and secondary prevention
patients (Supplementary Table 2). Secondary prevention

Table 1 Key clinical inputs

patients also incurred an annual cost of $8329 to reflect the
increased monitoring and management of established CVD
[36]. Cardiovascular deaths had a one-time cost incurred
at the time of death of $23,527 [31]; non-cardiovascular
deaths were assumed to incur no incremental costs. Drug
costs for bempedoic acid were based on the 2024 RedBook
wholesale acquisition cost of $408 for 30 tablets ($13.60
per dose) [37]. Costs for other background lipid-lowering
therapies were not included, as baseline usage of background
statins and ezetimibe was equal between the intervention
and control arms in CLEAR Outcomes [16]. All costs were
inflated to 2024 US dollars using the consumer price index
for medical care [38].

2.5 Base-Case Cost-Effectiveness Analysis

The model base case simulated quality-adjusted life-years
(QALYs), MACE (individual and composite), and total costs
for bempedoic acid and standard of care over a lifetime time
horizon in the intention-to-treat cohort. The incremental cost
per QALY and the incremental cost to avoid a MACE for
bempedoic acid versus standard of care were calculated as
the incremental cost-effectiveness ratio ICER) expressed as:

Input Value (95% CI) Source
ITT hazard ratios (base case)®
Nonfatal MI 0.69 (0.58, 0.83) [17]
Nonfatal stroke 0.80 (0.63, 1.03) [17]
Coronary revascularization 0.78 (0.68, 0.89) [17]
CV death 1.0° Assumption
On-treatment hazard ratios®
Nonfatal MI 0.69 (0.57, 0.84) Unpublished data from CLEAR Outcomes database

Nonfatal stroke 0.69 (0.52, 0.92)
Coronary revascularization 0.74 (0.63, 0.86)
CV death 0.91 (0.74, 1.12)

Health state utility values

Unpublished data from CLEAR Outcomes database
Unpublished data from CLEAR Outcomes database
[52]

Baseline utility
Acute (4-week) decrement
Nonfatal MI
Nonfatal stroke
Coronary revascularization
Long-term decrement
Nonfatal MI
Nonfatal stroke

Coronary revascularization

0.854 (0.844, 0.864)

—0.191 (- 0.192, — 0.190)
—0.256 (- 0.257, — 0.256)
0.000

—0.150 (= 0.150, — 0.1496)
—0.204 (= 0.204, — 0.204)
0.000

[33, 34]

[43]
[43]
Assumption

[43]
[43]

Assumption

ClI, confidence interval; CV, cardiovascular; MACE, major adverse cardiac event; MI, myocardial infarction

2Total events, ITT

®HR for CV death assumed = 1.0. 95% CI (0.88, 1.24) from trial used for one-way sensitivity analysis

“Total events, on-treatment analysis
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(BACOSI _ SOCcOS[)/(BAQALYS _

SOCQALYS), where BA is bempedoic acid and SOC is standard of care

Ranges for cost-effectiveness were set at $50,000 to
$200,000 per QALY, based on commonly used thresholds
[39, 40]. In the base case, the model considered MACE-4,
including nonfatal MIs, nonfatal strokes, coronary revas-
cularizations, and CV deaths. All costs and QALYs were
discounted at an annual rate of 3% [41].

2.6 Sensitivity and Scenario Analyses

One-way and probabilistic sensitivity analyses were con-
ducted to test the influence of individual parameters, as well
as overall uncertainty in model results. In the one-way sen-
sitivity analysis, each parameter was varied by + 10% or by
a clinically relevant range (e.g., the 95% confidence interval
[CI]). Probabilistic sensitivity analyses were performed by
simultaneously varying all model parameters over 2500 sim-
ulations to generate a cost-effectiveness acceptability curve.
Threshold analyses were conducted across a range of ICERs
(850,000 to $200,000 per QALY).

Several scenario analyses were conducted. In one sce-
nario, total event HRs from the on-treatment analysis, a
prespecified analysis of CLEAR Outcomes, which removed
patients after they stopped adhering to scheduled treatment
(and incurring its cost), were used to best reflect real-world
effectiveness of therapy over the long-term (Table 1), given
that a therapy can only be effective if it is taken. Additional
scenarios included: (1) varying the cost of bempedoic acid
to reflect a more realistic average US payer price; (2) using
the MACE-3 endpoint instead of MACE-4; (3) applying the
HRs for the occurrence of the first event rather than total
events; (4) applying an age adjustment to the baseline util-
ity value instead of a fixed value; and (5) an exploratory
analysis of the cost-effectiveness of the fixed-dose combi-
nation of bempedoic acid and ezetimibe in the same patient
population.

2.7 Model Validation

Internal validity was established through a robust quality
control check by an independent team member not involved
in the model development to minimize the likelihood of pro-
gramming errors. External validation was conducted against
previously published models for other lipid-lowering thera-
pies, including bempedoic acid, as well as against actual trial
results. To evaluate consistency with the key trial, the model
compared modeled MACE with MACE observed during the
follow-up period in CLEAR Outcomes.

3 Results
3.1 Base-Case Cost-effectiveness

Demographic and clinical characteristics of the popula-
tion have been previously described [16] (Supplementary
Fig. 2). In the base case analysis using the risk reduction in
MACE-4 total events from CLEAR Outcomes, mean life-
time costs were estimated to be $142,670 per patient treated
with standard of care and $165,940 per patient treated with
bempedoic acid, for an incremental cost of $23,270. Treat-
ment with bempedoic acid resulted in a reduction in lifetime
MACE compared with standard of care (1.58 versus 1.95
composite MACE-4 per patient; difference of — 0.37). In
total, the standard of care group experienced 365.6 more
events for every 1000 patients compared with the bempedoic
acid group (+ 147.1 nonfatal MIs, + 42.8 strokes, + 179.6
coronary revascularizations, and 3.8 fewer cardiovascu-
lar deaths). Fewer MACE-4 led to additional QALYSs: the
incremental number of QALY's gained with bempedoic acid
were (.14 per patient (10.25 versus 10.11), as summarized
in Table 2. Compared with standard of care alone, treatment
with bempedoic acid resulted in an ICER of $166,830 per
QALY gained and $63,649 per MACE-4 avoided.

3.2 Sensitivity Analyses

In a one-way sensitivity analysis, the model was most sen-
sitive to the HR for cardiovascular death, as the upper end
of the 95% CI exceeds 1.0, which is most likely attribut-
able to the uncertainty in rare events over the trial period.
(Supplementary Fig. 3) The cost-effectiveness acceptability
curve shows that the likelihood of bempedoic acid being
cost-effective increases from 0.2% at $50,000 per QALY, to
25.4% at $100,000, 45.2% at $150,000, 54.7% at $200,000,
and 60.8% at $250,000 (Fig. 1). A plot of the incremental
costs and incremental QALY for each of the 2500 proba-
bilistic sensitivity analysis iterations can be found in Sup-
plementary Fig. 4.

3.3 Scenario Analyses

The cost-effectiveness of treatment benefit scenarios that
have potential implications for clinical practice were further
investigated, as illustrated in Table 3. While the primary
analysis included the intention-to-treat cohort, an on-treat-
ment analysis permitted the opportunity to evaluate patients
who continued to take the study drug, as originally intended
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Table 2 Cost-effectiveness results in the base case analysis

Bempedoic Acid Standard of care Difference ICER
Base case (per patient)
Lifetime costs $165,940 $142,670 $23,270 -
QALYs 10.25 10.11 0.14 $166,830 per QALY gained
ASCVD QALYs 7.39 6.74 0.64
Acute MACE decrements - 0.07 —0.10 0.03
Post MACE QALYs 2.94 3.47 -053
MACE 1.58 1.95 -0.37 $63,649 per MACE avoided
MACE per 1000 patients
Total MACE 1584.9 1950.5 —365.6 -
Nonfatal MI 320.3 467.4 —147.1 -
Nonfatal stroke 171.3 214.1 —42.8 -
Coronary revascularization 605.3 784.8 - 179.6 -
CV death 488.0 484.2 3.8 -

ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular; ICER, incremental cost-effectiveness ratio; MACE, major adverse cardio-
vascular event; MI, myocardial infarction; QALY, quality-adjusted life-year

at the time of randomization. This demonstrated an ICER of
$70,279 per QALY and $57,124 per MACE avoided.

The base-case ICER of $166,830 per QALY reflects
the list price of bempedoic acid; however, if the cost of
bempedoic acid was discounted by 25% from the list price
($306 per month), aligning more closely with actual payer
costs, the ICER would be $99,993 per QALY. If a net price
of bempedoic acid were used, accounting for all discounts
and rebates taken in 2022 ($226 per month using the SSR
Health’s net pricing data) [42], the ICER would be reduced
even further to $47,572 per QALY and $18,150 per MACE
avoided compared with standard of care. The relationship
between the cost-effectiveness and monthly drug acquisi-
tion cost of bempedoic acid is shown in Fig. 2.

Probability Cost Effective
w
3

$100,000

$150,000

When the efficacy endpoint employed was MACE-3
rather than MACE-4, higher incremental costs were
observed owing to the removal of coronary revasculari-
zation. Compared with standard of care, treatment with
bempedoic acid resulted in greater lifetime costs (incre-
mental cost + $27,666 per patient), but also more QALY's
(incremental + 0.14 per patient), resulting in an ICER of
$204,450 per QALY gained and $148,397 per MACE-3
avoided.

A scenario analysis was conducted using the HR for
first occurrence of MACE-4, rather than total number of
events, to align with the primary endpoint of CLEAR Out-
comes. This resulted in fewer MACE-4 avoided and QALY's
gained with bempedoic acid, and an ICER of $205,891 per

$200,000 $250,000

Willingness to Pay Per QALY Gained

Fig. 1 Cost-effectiveness acceptability curve: probability that bempedoic acid will be cost-effective according to the willingness-to-pay per

QALY gained. QALY, quality-adjusted life-year
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Table 3 Cost-effectiveness of bempedoic acid in additional modeling scenarios
Bempedoic acid Standard of care Difference ICER

Base case (per patient)

Lifetime costs $165,940 $142,670 $23,270 -

QALYs 10.25 10.11 0.14 $166,830/QALY gained

MACE 1.58 1.95 -0.37 $63,649/MACE avoided
On-treatment analysis

Lifetime costs $166,595 $142,670 $23,925 -

QALYs 10.46 10.11 0.34 $70,279/QALY gained

MACE 1.53 1.95 -042 $57,124/MACE avoided
25% Reduction in bempedoic acid price ($306/month)

Lifetime costs $156,618 $142,670 $13,947 —

QALYs 10.25 10.11 0.14 $99,993/QALY gained

MACE 1.58 1.95 -037 $38,150/MACE avoided
Net bempedoic acid price ($226/month)*

Lifetime costs $149.306 $142.670 $6636 -

QALYs 10.25 10.11 0.14 $47,572/QALY gained

MACE 1.58 1.95 -0.37 $18,150/MACE avoided
MACE-3 endpoint (without coronary revascularization)

Lifetime costs $144,698 $117,032 $27,666 -

QALYs 10.04 9.90 0.14 $204,450/QALY gained

MACE 1.05 1.24 -0.19 $148,397/MACE avoided
First event versus total events

Lifetime costs $167,780 $142,670 $25,110 -

QALYs 10.24 10.11 0.12 $205,891/QALY gained

MACE 1.63 1.95 -0.32 $78,780/MACE avoided
Reduction in utility per additional year of age

Lifetime costs $165,940 $142,670 $23,270 -

QALYs 9.96 9.84 0.12 $191,788/QALY gained

MACE 1.58 1.95 -037 $63,649/MACE avoided

ICER, incremental cost-effectiveness ratio, MACE, major adverse cardiovascular event; QALY, quality-adjusted life-year

*Based on data from SSR Health (2022) which estimates drug prices net of all discounts, rebates, concessions to wholesalers and distributors,

and costs of patient assistance programs

QALY gained and $78,780 per MACE avoided. Similarly,
using a reduction in utility of — 0.002 per additional year of
age (based on the annualized change in EQ-5D scores by
age strata reported from nationally representative surveys
[43, 44]) resulted in an ICER of $191,788 per QALY and
$63,649 per MACE avoided. When these additional sce-
nario analyses were conducted in the on-treatment cohort,
the results demonstrated more favorable ICER per QALY
gained and MACE avoided (Supplementary Table 3; Sup-
plementary Figs. 5 and 6).

An exploratory scenario analysis was investigated exam-
ining the potential cost-effectiveness of the fixed-dose com-
bination of bempedoic acid and ezetimibe in the CLEAR
Outcomes patient population. As this was not the research
question addressed in the CLEAR Outcomes study, an esti-
mated composite MACE-4 risk reduction was calculated for
the fixed-dose combination in the model. The fixed-dose

combination product is priced equivalent to that of bempe-
doic acid monotherapy ($408 monthly). A previous clinical
trial that evaluated the impact of the fixed-dose combination
of bempedoic acid and ezetimibe in patients with high cardi-
ovascular risk and hypercholesterolemia, treated with maxi-
mally tolerated statins, demonstrated that the combination
produced LDL-C lowering by 38% compared with placebo
[45]. This relative reduction was applied to the CLEAR Out-
comes baseline LDL-C (3.59 mmol/L), to derive an absolute
reduction of 1.37 mmol/L. Subsequently, the Cholesterol
Treatment Trialists’ Collaboration calculation of overall risk
reduction in major vascular events, defined as any major
coronary event (coronary death or nonfatal MI), coronary
revascularization, or stroke (22% per 1 mmol/L) [7] was
applied to the absolute LDL-C reduction, with the result-
ing HR of 0.71 applied for composite MACE-4. The com-
posite MACE-4 was used, as the HRs for each individual
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Fig.2 Relationship between bempedoic acid cost and ICER at different willingness-to-pay thresholds. BA, bempedoic acid; ICER, incremental
cost-effectiveness ratio; QALY, quality-adjusted life-year; WAC, wholesale acquisition cost

component was not available. The ICER for the fixed-dose
combination was $40,317 per QALY gained and $70,452
per MACE-4 avoided. These findings represent an optimistic
scenario, as the use of the overall composite HR instead of
the individual component HRs assumed that the effect of
treatment on cardiovascular death was equivalent to the over-
all MACE-4 reduction. The ICER progressively increased
when the HR for cardiovascular death was increased from
0.71 to 0.80 ($48,896), 0.90 ($68,411), and 1.00 ($135,768),
while holding the HR for all other components equivalent
at 0.71 (Table 4).

4 Discussion

The current analysis examined the cost-effectiveness of
bempedoic acid used in the management of high cardio-
vascular risk patients with high levels of LDL-C and statin
intolerance. The CLEAR Outcomes study demonstrated that
administration of bempedoic acid resulted in a 13% reduc-
tion in the primary composite endpoint of cardiovascular
death, nonfatal MI, nonfatal stroke, and coronary revascu-
larization, as well as a 15% reduction in the combination
of cardiovascular death, nonfatal MI, and nonfatal stroke.
This cost-effectiveness analysis estimated that, at its list
price, bempedoic acid had an of ICER of $166,830 per
QALY in the intention-to-treat cohort. Although this ICER
exceeds the threshold generally established by the Institute
for Clinical and Economic Review for cost-effectiveness
and the American College of Cardiology/American Heart
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Association for intermediate versus low value (> $150,000
per QALY) [39, 40], when the list price was discounted to
reflect actual payer pricing, the ICERs fell well below this
threshold. The ICER was $99,993 per QALY using the dis-
counted WAC (— 25%) and $47,572 per QALY using the net
SSR price. As drug rebates and other discounts are routinely
offered to commercial and government health insurers, and
can range from 18 to 37% or greater [46, 47], it is likely
that the true economic value of bempedoic acid lies some-
where between. We also modeled cost-effectiveness using
the combination of bempedoic acid and ezetimibe and dem-
onstrated that more effective LDL-C lowering should result
in greater lowering of cardiovascular death, MI, stroke, and
coronary revascularization (— 29%), with an incremental
cost per QALY gained ranging from $40,317 to $135,768.
These data suggest the use of bempedoic acid at either a
cost encountered in clinical practice or in a commonly used
fixed-dose combination should result in favorable health
economic outcomes.

The cost-effectiveness of bempedoic acid in our analysis
is higher than that reported by the Institute for Clinical and
Economic Review in their 2021 assessment, although the
patient populations and methodologies are different, limiting
comparisons. The model by Lin et al. evaluated bempedoic
acid plus ezetimibe in a subgroup of statin-intolerant adults
with established ASCVD, and demonstrated an ICER of
$92,000 per QALY gained compared with ezetimibe plus
maximum tolerated statin therapy [18]. At the time, the
Outcomes trial was not yet completed, and cardiovascular
risk reduction, including cardiovascular death, was predicted
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Table 4 Modeled cost-effectiveness of the bempedoic acid and ezetimibe fixed-dose combination
Lifetime cost QALY MACE/1000 patients

Standard of care $142,670 10.11 1950.5
Overall MACE HR 0.71 (CV death HR 0.71)

BA + EZE $172,603 10.86 1525.6

Difference versus standard of care $29,933 0.74 — 4249

ICER - $40,317 per QALY gained $70,452 per MACE avoided
CV death HR 0.80

BA + EZE $169,680 10.61 1524.1

Difference versus standard of care $27,010 0.50 —426.4

ICER - $48,896 per QALY gained $63,349 per MACE avoided
CV death HR 0.90

BA + EZE $166,559 10.46 1522.1

Difference versus standard of care $23,889 0.35 —428.4

ICER - $68,411 per QALY gained $55,763 per MACE avoided
CV death HR 1.0

BA + EZE $163,563 10.27 1519.7

Difference versus standard of care $20,893 0.15 —430.8

ICER - $135,768 per QALY gained $48,504 per MACE avoided

BA, bempedoic acid; CV, cardiovascular; EZE, ezetimibe; HR, hazard ratio; ICER, incremental cost-effectiveness ratio; LY, life-year; MACE,

major adverse cardiovascular event; QALY, quality-adjusted life-year

using the Cholesterol Treatment Trialists’ calculation from
an LDL-C reduction of 24.6% (subgroup analysis of two sta-
tin-intolerant clinical trials). The CLEAR Outcomes study,
on which our model was based, evaluated both primary and
secondary prevention patients who were unable to tolerate
statin therapy, and had low ezetimibe use (11.5%) [16]. In
the trial, while bempedoic acid was associated with a 13%
risk reduction in time to first occurrence of MACE-4, there
was no significant reduction in the single component of car-
diovascular death, a finding that limited its cost-effectiveness
in the modeling, and likely accounted for some of the dif-
ferences in results.

The base-case analysis was performed in the intention-
to-treat cohort, following the primary endpoint of the clini-
cal trial. Additional analyses were performed using the
on-treatment cohort, as a high rate of discontinuation was
observed in both the placebo (31.7%) and bempedoic acid
(29.1%) groups [16]. The on-treatment analysis removed
patients after they discontinued, given that therapy needs
to be taken in order to derive clinical benefit, and resulted
in an ICER of $70,279 per QALY. The high discontinua-
tion rates observed during the trial may have been caused
by a combination of the statin-intolerant population and the
challenge of conducting a clinical trial during the corona-
virus disease 2019 (COVID-19) pandemic. Patients with
statin-related muscle symptoms are more likely to discon-
tinue lipid-lowering therapy [48]; real-world studies have
shown that statin-intolerant patients have impaired quality
of life, are less likely to reach LDL-C goals, and more likely

to experience costly CV events than statin-tolerant patients
[48, 49]. These factors support the use of the on-treatment
analysis scenario to examine potential cost-effectiveness.

In addition to having an impact on discontinuation rates, a
sensitivity analysis of CLEAR Outcomes data suggests that
the global COVID-19 pandemic may have had an impact on
the cardiovascular death component [50]. Among all cardio-
vascular deaths, 24.7% were in the undetermined category.
Compared with the pre-pandemic period, rates of all cause
death, non-cardiovascular death, and cardiovascular death
of unknown causes increased during the pandemic period,
while rates of cardiovascular death with a known reason
remained stable. The sensitivity analysis excluded undeter-
mined deaths during the pandemic period from the cardio-
vascular death endpoint and yielded a hazard ratio of 0.94
(95% CI1 0.76-1.16) for cardiovascular death, compared with
1.04 (95% CI1 0.88-1.24), respectively, in the original analy-
sis [50]. It is of interest that in our base case, we assumed no
cardiovascular mortality reduction (HR of 1.0). If we were to
instead use the HR observed after the COVID-19 pandemic
sensitivity analysis [50], the resulting ICER would have been
$98,177 per QALY gained (using list price), which is closer
to that found by Lin et al. [18].

In order to evaluate the effects of uncertainty, we con-
ducted external validation of the model for the simulated
event rate versus actual event rate observed in CLEAR Out-
comes as part of the model development. As expected, total
events as modeled are greater than first events as observed
in CLEAR Outcomes. The model does overestimate the
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absolute number of events, but the relative number of events
between bempedoic acid and standard of care is as expected,
which is what drives the model results (i.e., the relative
effect). After the mean follow-up in CLEAR Outcomes (3.46
years), the model simulated a total MACE-4 event rate of
22.4% in the standard of care arm and 17.2% in the bem-
pedoic acid arm. At this point in CLEAR Outcomes, there
were 1471 total MACE-4 events (in 6978 patients; 21.1%)
and 1190 events (in 6992 patients; 17.0%) in the standard of
care and bempedoic acid arms, respectively.

4.1 Limitations

Several caveats should be considered with regard to the cur-
rent analysis. The findings were modeled from a clinical trial
conducted in patients who were either unable or unwilling to
take guideline-mandated doses of statin therapy. While use
of statins below the lowest daily approved dose was permit-
ted in the study, this was only evident in 22% of patients.
Therefore, the cost-effectiveness of bempedoic acid in pri-
mary and secondary patients treated with intensive statin
therapy remains unknown.

It is noteworthy that bempedoic acid produced a greater
proportional reduction in cardiovascular events in those
patients without clinically manifest ASCVD at baseline
[51]. In fact, the primary prevention subgroup analysis sug-
gested a significant reduction in cardiovascular death in the
bempedoic acid group. Whether this would result in more
favorable cost-effectiveness remains uncertain, although
the absolute clinical event rate and absolute risk reduction
with bempedoic acid would likely be lower in this setting.
Future modeling efforts may be undertaken to examine this.
It is also possible that there are specific subgroups, in which
bempedoic acid produces more favorable reductions in abso-
lute risk, which should theoretically result in improved cost-
effectiveness. This requires additional investigation.

Finally, economic modeling entails a variety of assump-
tions regarding disease states, treatment patterns, and costs.
This cost-effectiveness analysis represents a simplified
approach to a more complex integration of all these factors
to estimate the cost-effectiveness of bempedoic acid in the
specified population, and therefore, may not be generalizable
to all situations. The rate of clinical events and treatment
benefit from the CLEAR Outcomes trial were extrapolated
beyond the period of follow-up, and the model assumed that
the treatment benefit would remain constant over the lifetime
horizon. If the clinical benefits differed, the cost-effective-
ness findings could be over or underestimated.
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5 Conclusions

Bempedoic acid provides a novel therapeutic option for
management of hyperlipidemia in high cardiovascular risk
patients. At its list price, bempedoic acid has a 45% like-
lihood of being cost-effective for primary and secondary
prevention in patients who cannot take recommended statin
therapy at a willingness-to-pay threshold of $150,000. At
prices reflective of actual payer costs, the ICER for bempe-
doic acid falls well below generally accepted cost-effective-
ness thresholds. These data continue to support increasing
use of bempedoic acid in the management of patients at high
risk of cardiovascular events.
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