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A B S T R A C T   

Background and aims: Guidelines recommend that high-risk patients with atherosclerotic cardiovascular disease (ASCVD) be treated with maximally tolerated statins 
to lower low-density lipoprotein cholesterol (LDL-C) levels and reduce the risk of major adverse cardiovascular events. In patients whose LDL-C remains elevated, 
non-statin adjunct therapies, including ezetimibe (EZE), bempedoic acid (BA), and proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors are 
recommended. 
Methods: The impact of BA and EZE in a fixed-dose combination (FDC) on LDL-C goal attainment was evaluated using a simulation model developed for a United 
States cohort of high-risk adults with ASCVD. Treatment was simulated for 73,056 patients not at goal (LDL-C >70 mg/dL), comparing BA + EZE (FDC), EZE only, 
and no oral adjunct therapy (NOAT). The addition of PCSK9 inibitors was assumed after 1 year in patients not at LDL-C goal. Treatment efficacy was estimated from 
clinical trials. Patient-level outcomes were predicted over a 10-year horizon accounting for treatment discontinuation and general mortality. 
Results: Baseline mean age of the cohort was 67 years, most were White (79%) and male (56%). A majority had established coronary artery disease (75%), 48% had 
diabetes, and mean LDL-C was 103.0 mg/dL. After 1 year, 79% of patients achieved LDL-C goal (mean, 61.1 mg/dL) with BA + EZE (FDC) compared to 58% and 42% 
with EZE (71.7 mg/dL) and NOAT (78.4 mg/dL), respectively. 
Conclusions: This simulation shows that adding BA + EZE (FDC) to maximally tolerated statins would result in more patients achieving LDL-C goal than adding EZE 
alone or NOAT.   

Atherosclerotic cardiovascular disease (ASCVD) affects approxi-
mately 26 million Americans each year [1], resulting in 2 million hos-
pitalizations and 400,000 deaths [2]. People living with ASCVD are at an 
increased risk for morbidity due to recurrent major adverse cardiovas-
cular events (MACE) including myocardial infarction, stroke, and death. 
MACE risk is modulated by several factors such as patient history and 
clinical characteristics, including elevated low-density lipoprotein 
cholesterol (LDL-C) [3,4]. Treatment guidelines recommend statin 
therapy as the cornerstone of LDL-C lowering to reduce risk in patients 
with established ASCVD [5–7]. Guidelines recommend reducing LDL-C 
to <70 mg/dL in patients at high-risk [5]; more recent recommenda-
tions by the European Society of Cardiology (ESC) and European 
Atherosclerosis Society (EAS) and the American College of Cardiology 
(ACC) Expert Consensus Decision Pathway (ECDP) recommend an 
LDL-C goal of <55 mg/dL in patients at very high-risk [6,7]. Addition of 

a non-statin lipid-lowering therapy such as ezetimibe (EZE), bempedoic 
acid (BA), and proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors are recommended in patients who do not reach recommended 
goals to further reduce LDL-C [5–7]. The US Food and Drug Adminis-
tration approved BA, an adenosine triphosphate citrate lyase inhibitor, 
in February 2020 for the treatment of adults with established ASCVD or 
heterozygous familial hypercholesterolemia who require additional 
LDL-C lowering on maximally tolerated statin therapy alone or in a 
fixed-dose combination (FDC) with EZE as a once-daily, oral, non-statin, 
adjunct therapy [8,9]. BA and BA + EZE (FDC) have demonstrated ef-
ficacy in lowering LDL-C in patients with ASCVD beyond that achieved 
with statins alone [10,11], providing an oral treatment alternative 
which may delay or reduce the need for injectable PCSK9 inhibitors. 
Recent simulation studies in European populations estimated that use of 
BA to lower LDL-C resulted in a 25%–30% reduction in the need for 
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PCSK9 inhibitors to achieve LDL-C goals [12–14]. Due to differences in 
treatment guidelines and patient characteristics, these European studies 
may not be generalizable to the US population. Thus, this present study 
aims to conduct a similar analysis in a real-world US population by 
estimating the impact of adding BA + EZE (FDC) in patients with ASCVD 
on statin therapy and not at LDL-C goal. 

1. Methods 

A Monte Carlo simulation model was developed using R and 
Microsoft® Excel to estimate the impact of adjunctive oral lipid lowering 
therapy in a real-world cohort of patients diagnosed with ASCVD and 
above LDL-C goal. The cohort was identified from patient-centric data 
from the Cerner Real-World Data™ (CRWD), a national (US) de- 
identified, longitudinal electronic medical records data source [15]. 
Adults with established ASCVD who had a documented prescription for 
a statin therapy and LDL-C ≥70 mg/dL were considered for the model 
population. It was not possible in these data to confirm whether in-
dividuals were on a maximally tolerated statin dose, hence it was 
assumed that all patients with a documented statin prescription were 
stable at a maximally tolerated dose. The primary outcomes modeled 
were proportion of patients achieving LDL-C goal, life years spent at 
goal, number of 3-component MACE (myocardial infarction, stroke, and 
cardiovascular death), and treatment costs per avoided MACE. A 
10-year time-horizon was implemented to align with published risk 
models [16] and to provide tangible and meaningful estimates for 
healthcare providers and decision makers. All costs were calculated in 
2022 US dollars ($). Costs and health benefits were discounted at an 
annual rate of 3%. 

Identification of the ASCVD cohort was based on International Sta-
tistical Classification of Diseases and Related Health Problems 10th 
Revision (ICD-10) diagnosis codes and defined as acute coronary syn-
drome, history of myocardial infarction, stable or unstable angina, 
coronary or other arterial revascularization, stroke, transient ischemic 
attack, and/or peripheral arterial disease including aortic aneurysm 
consistent with recent guidelines [5]. Mean age and gender distributions 
were obtained from the CRWD population along with additional clinical 
characteristics, such as high-density lipoprotein cholesterol, total 
cholesterol, and systolic blood pressure, and risk factors including cur-
rent smoking status, diagnosis of diabetes mellitus, and current antico-
agulant therapy use. Patients with no record of LDL-C measurement (n 
= 141,667) and/or no record of statin use (n = 76,925) were excluded 
from the analysis, as were those missing records of high-density lipo-
protein cholesterol (n = 136,022) and/or total cholesterol (n = 127, 
612). In addition, patients with documented EZE or PCSK9 inhibitor use 
at baseline and/or a diagnosis of dialysis-dependent chronic kidney 
disease were excluded. In the remaining cohort of 73,056 patients, for 
those missing any record of smoking status (n = 58,615), the patient was 
assumed not to smoke. If creatinine (n = 71,294) or systolic blood 
pressure (n = 1990) was missing, the patient was assigned the popula-
tion median value (median creatinine, 1.2 mg/dL; median systolic blood 
pressure, 132 mmHg). A full list of characteristics and risk factors is 
presented in Table 1. As all data were fully deidentified, this study was 
approved as exempt by the University of Texas Southwestern Institu-
tional Review Board. 

Treatment pathways and LDL-C goal achievement were simulated for 
the cohort of patients not at goal (LDL-C ≥70 mg/dL) despite statin 
therapy at baseline, as shown in Fig. 1. LDL-C goal achievement (<70 
mg/dL and <55 mg/dL) in this cohort was estimated for BA + EZE (FDC) 
as the intervention and compared to (1) EZE alone, to reflect current 
standard-of-care recommendations [7], and (2) no additional oral 
adjunct therapy (i.e., direct to PCSK9 inhibitor), to approximate 
real-world prescribing practices [17]. Consistent with guidelines and 
clinical recommendations, patients in the cohort who did not reach 
LDL-C goal with the addition of a non-statin lipid-lowering therapy (i.e., 
BA + EZE [FDC], EZE only) were eligible to add a PCSK9 inhibitor [7]. It 

was assumed that half (50%) of eligible patients would, in practice, add 
a PCSK9 inhibitor. Patients escalating to adding a PCSK9 inhibitor were 
not modeled to switch therapies. 

The impact of treatment on LDL-C reduction and treatment discon-
tinuation rates were obtained from published clinical trials [10,11, 
18–21] (Table 2) and applied to patients in the CRWD population to 
predict individual LDL-C goal achievement. PCSK9 inhibitor efficacy 
was based on a published meta-analysis of 8 clinical trials of evolocu-
mab, alirocumab, and inclisiran [19]. In the no oral adjunct comparison, 
it was assumed that 100% of patients remain above LDL-C goal. Treat-
ment discontinuation was applied over the first year following initiation 
of each treatment, after which treatment was assumed to continue until 
death or the end of the model time-horizon, whichever happened first. 

The baseline 10-year cumulative risk of MACE before applying the 
treatment effect on LDL-C was estimated for all individuals within the 
ASCVD cohort using the updated Secondary Manifestations of ARTerial 
disease (SMART2) risk equation and was assumed to be constant over time 
[16]. The SMART2 equation utilizes patient age, age squared, male 
gender, current smoker, systolic blood pressure, diabetes diagnosis, cor-
onary artery disease, cerebrovascular disease, peripheral artery disease, 
aortic aneurysm, years since ASCVD diagnosis, years since ASCVD diag-
nosis squared, log of non–high-density lipoprotein cholesterol, estimated 
glomerular filtration rate, estimated glomerular filtration rate squared, log 
of C-reactive protein, and current use of anticoagulants as predictors of 
10-year MACE risk [22]. Following the guidance of the SMART2 authors, 
glomerular filtration rate was estimated using the gender-dependent 
Chronic Kidney Disease Epidemiology Collaboration formulas [23]. 
Each MACE predicted was associated with a 5.5% chance that the event 
was fatal [16]. In addition to MACE outcomes, general population mor-
tality was taken into account using 2019 US life tables, excluding the rate 
of CVD mortality to avoid double-counting fatal MACE [24]. 

The impact of treatment-related LDL-C reduction on subsequent 
MACE risk was estimated using the cardiovascular risk reduction 
observed in a meta-analysis of over 300,000 patients from 52 random-
ized controlled studies of LDL-C lowering therapies, where each 1 
mmol/L (38.67 mg/dL) reduction in LDL-C was associated with a 19% 
decrease in the 10-year risk of MACE [21]. For patients escalated to a 
PCSK9 inhibitor, a 20% reduction in MACE risk, in line with published 
cardiovascular outcomes data [19], was applied over the remaining time 
on treatment to avoid overestimating the real-world risk reduction for 
patients on PCSK9 inhibitor therapy. Thus, the 10-year risk of a MACE 
event after treatment was calculated as: 

Table 1 
Baseline demographic and clinical characteristics.  

Parameter Patient cohort (N = 73,056) 

Male, n (%) 40,853 (56) 
Mean age, years (SD) 67.4 (10.8) 
Clinical characteristics, mean (SD) 

LDL-C, mg/dL 103.0 (30.6) 
HDL-C, mg/dL 48.4 (15.0) 
Total cholesterol, mg/dL 179.0 (37.5) 
Systolic blood pressure, mmHg 134.7 (21.0) 
Creatinine, mg/dL 1.4 (2.2) 
High-sensitivity C-reactive protein, mg/dL 3.1 (3.1) 
Years since ASCVD diagnosis 4.2 (9.0) 

Risk factors and history, n (%)a 

Current smoking 7752 (11) 
Diabetes mellitus 35,369 (48) 
Coronary artery disease 54,567 (75) 
Cerebrovascular disease 23,617 (32) 
Peripheral artery disease 17,766 (24) 
Aortic aneurysm 2108 (3) 
Current anticoagulant therapy 9900 (14) 

ASCVD = atherosclerotic cardiovascular disease; HDL-C = high-density lipo-
protein cholesterol; LDL-C = low-density lipoprotein cholesterol; SD = standard 
deviation. 

a Patients may be represented in more than 1 diagnostic category. 
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• MACErisk = BaselineRisk*0.81(LDLbaseline− LDLt )*0.8*PCSK9i.  
• Where LDLt is the LDL-C level at time t without accounting for the 

LDL-C reduction due to PCSK9 inhibitors, and PCSK9i is a binary 
variable that indicates if a patient is receiving a PCSK9 inhibitor or 
not. 

Drug acquisition costs were calculated based on dosages published in 
the US Prescribing Information for each product and the corresponding 
wholesale acquisition costs from RedBook and reported in 2022 US 
dollars [8,9,25–29]. Treatment administration costs were applied only 
for inclisiran [28,30] (Table 3). No cost offsets were considered for the 
potential costs associated with LDL-C reduction and related sequelae, 
resulting in a conservative estimate of costs (i.e., treatment costs only). 

Analyses were conducted to estimate the 1-year and long-term 
clinical and economic outcomes with BA + EZE (FDC) and each 
comparator option. To estimate the range of uncertainty, the simulation 
results were repeatedly sampled and summarized to generate boot-
strapped confidence intervals. One percent of the patients’ histories 
were sampled with replacement 1000 times to generate these uncer-
tainty estimates. Because PCSK9 inhibitor use is highly variable between 
clinical guideline recommendations and real-world clinical practice, and 
the costs can be substantial, scenario analyses were conducted to assess 

outcomes by varying the percent of patients receiving PCSK9 inhbitors 
and the rate of PCSK9 inhibitor discontinuation. An additional scenario 
analysis was conducted by assuming an LDL-C treatment goal of <55 
mg/dL to more closely align to the 2019 ESC/EAS guidelines [6] and the 
recommendation for very high-risk patients [5]. (Table 4). 

2. Results 

2.1. Study population 

The final cohort from the CRWD was 73,056 ASCVD patients with a 
documented prescription for a statin therapy and LDL-C ≥70 mg/dL. At 
baseline, the mean age of the cohort was 67.4 years (standard deviation 
[SD], 10.8), a majority were male (56%), and most patients were White 
(79%). Mean LDL-C at baseline was 103 mg/dL (SD, 30.6), with over 
half of patients (58%) having baseline LDL-C between 70 and 99 mg/dL 
and 2% having LDL-C over 190 mg/dL. Just over half of patients ob-
tained health coverage through a private network (57%), and approxi-
mately one-third through Medicare (33%; Table S1). 

Fig. 1. Model structure. 
LDL-C goal was <70 mg/dL in base case; <55 mg/dL explored in scenario analysis. Dashed lines were 50% in base case, and 0% or 100% in scenarios. BA =
bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; LDL-C = low density lipoprotein cholesterol; MACE = major adverse cardiovascular event; PCSK9i 
= proprotein convertase subtilisin/kexin type 9 inhibitor. 

Table 2 
Clinical inputs.  

Treatment LDL-C reduction (95% CI), % Annual treatment discontinuation, % 

BA þ EZE (FDC) 38.0 (29.6–46.5) [10] 8.2 [10] 
EZE 16.8 (16.0–17.5) [18] 10.0 [18] 
PCSK9 inhibitors (pooled) [40],a 51.2 (41.2–61.2) [19] 5.8 [20] 

BA = bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; PCSK9 = proprotein convertase subtilisin/kexin type 9. 
a PCSK9 inhibitor pooled costs are a weighted average of recent market shares. 

Table 3 
Drug acquisition and administration costs.  

Treatment Acquisition cost per dose [29] Administration cost per dose Doses per 4-week cycle Cost per 4-week cycle Annual cost 

BA þ EZE (FDC) $12.81 $0.00 28 $358.80 $4677.23 
EZE $0.18 $0.00 28 $5.04 $65.66 
PCSK9 inhibitor (pooled)a – – – $503.83 $6549.79 

Evolocumab $259.91 $0.00 2 $519.82 $6757.66 
Alirocumab $231.75 $0.00 2 $463.50 $6025.50 
Inclisiran $3250.00 $15.88 [30] 0.15 $502.44 $6531.76 

BA = bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; PCSK9 = proprotein convertase subtilisin/kexin type 9. 
a PCSK9 inhibitor pooled costs are a weighted average of recent market shares [40]. 
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2.2. LDL-C goal attainment at 1 year 

BA + EZE (FDC) treatment was associated with a mean LDL-C of 
61.1 mg/dL (SD, 20.7) at year 1, corresponding to an absolute reduction 
of 41.9 mg/dL. Of the 71,653 (98%) of patients alive at year 1, 47,345 
(66%) were predicted to achieve LDL-C goal with BA + EZE (FDC) alone 
(mean LDL-C, 67.5 mg/dL [SD, 23.7]) without requiring escalation to a 
PCSK9 inhibitor (Fig. 2). The addition of a PCSK9 inhibitor in half of 
eligible patients who were not at goal after BA + EZE (FDC) resulted in 
an additional 13% achieving goal at year 1. In addition, almost half 
(48%) of all BA + EZE (FDC) patients were predicted to achieve LDL-C 
<55 mg/dL at year 1 (Fig. 3). 

In comparison, treatment with EZE alone would result in a mean 
LDL-C of 71.7 mg/dL (SD, 27.7) at year 1, corresponding to a 31.4 mg/ 
dL absolute reduction from baseline, with 58% of patients alive at year 1 
achieving LDL-C goal. Half of patients reaching goal, or approximately 
one-third (29%, n = 20,495) of the total cohort, did so without requiring 
escalation to a PCSK9 inhibitor (mean LDL-C, 87.7 mg/dL [SD, 26.7]). In 
addition, 24% were estimated to reach LDL-C <55 mg/dL at year 1. Less 
than half (42%) of the cohort reached goal when no oral adjunct therapy 
was simulated, resulting in a mean LDL-C of 78.4 mg/dL (SD, 36.1) at 
year 1 (24.6 mg/dL change from baseline). All LDL-C reduction and goal 
attainment in this cohort was attributable to adding a PCSK9 inhibitor. 
Overall, BA + EZE (FDC) reduced the need for adjunctive PCSK9 in-
hibitor treatment by 57% compared with EZE alone and 69% compared 
with no oral adjunct therapy. 

Table 4 
Key scenario parameters for PCSK9 inhibitors.  

Parameter Base case Real-world PCSK9 inhibitor 
discontinuation 

Unrestricted access to PCSK9 
inhibitor 

No PCSK9 
inhibitor 

LDL-C goal  
<55 mg/dL 

Baseline MACE risk [22] SMART2 SMART2 SMART2 SMART2 SMART2 
LDL-C goal [5] <70 mg/dL <70 mg/dL <70 mg/dL <70 mg/dL <55 mg/dL 
Eligible patients receiving PCSK9 

inhibitor, % 
50 [41,42] 50 [41,42] 100a 0 50 [41,42] 

Annual discontinuation rates, %      
BA + EZE (FDC) [10] 8.2 8.2 8.2 8.2 8.2 
EZE [18] 9.95 9.95 9.95 9.95 9.95 
PCSK9 inhibitors 5.8b 20.0 [43] 5.8 [17]b n/a 5.8 [17]b 

BA = bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; LDL-C = low-density lipoprotein cholesterol; MACE = major adverse cardiovascular event; 
PCSK9 = proprotein convertase subtilisin/kexin type 9. 

a Assumption. 
b The modeled discontinuation rate was prorated from a published 12.2% discontinuation rate over 26 months. 

Fig. 2. Proportion of patients in the overall population predicted to reach 
LDL-C goal at year 1 with and without PCSK9 inhibitor. 
Values may not add up to the total values due to rounding. 
BA = bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; LDL-C, 
low-density lipoprotein cholesterol; NOAT = no oral adjunct therapy; PCSK9 =
proprotein convertase subtilisin/kexin type 9. 

Fig. 3. Predicted LDL-C levels at year 1, by treatment pathway. 
LDL-C levels at year 1 for patients recieving (A) BA + EZE (FDC) (n = 71,645), (B) EZE (n = 71,737), and (C) NOAT (n = 71,587). 
Percentages may not add up to 100% due to rounding. The total number of patients included in each analysis represents the number of patients simulated to be alive 
at year 1. 
BA = bempedoic acid; EZE = ezetimibe; FDC = fixed-dose combination; LDL-C = low density lipoprotein cholesterol; NOAT = no oral adjunct therapy. 
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2.3. Cardiovascular event reduction 

The baseline risk of MACE in the CRWD ASCVD cohort was estimated 
to be 49% (SD, 19) over 10 years. Adding BA + EZE (FDC) was associ-
ated with a 20% relative risk reduction in 10-year MACE risk from 
baseline compared with 14% with the addition of EZE only. This 
translated to 3653 fewer MACE predicted over 10 years with BA + EZE 
(FDC) versus adding EZE alone. The option of no oral adjunct therapy 
was associated with a relative risk reduction of 10% from baseline, 
which was a result of downstream PCSK9 inhibitor use. Adjunct BA +
EZE (FDC) was estimated to result in 7300 fewer MACE compared with 
no oral adjunct treatment in the CRWD ASCVD cohort over 10 years. 

Patients with ASCVD were estimated to spend more life years at LDL- 
C goal after treatment with BA + EZE (FDC) and EZE only (521 and 387 
per 100 patients, respectively), and have a smaller number of MACE (49 
and 54 per 100 patients, respectively; Table 5). Those with no oral 
adjunct therapy were estimated to have 231 fewer life years per 100 
patients and 10 additional MACE per 100 patients compared with the 
BA + EZE (FDC) group. 

2.4. Treatment costs 

The clinical benefits associated with adding BA + EZE (FDC) to 
reduce LDL-C to goal in patients uncontrolled on statins would come at 
an increased treatment cost (Table 5). Adjunct BA + EZE (FDC) would 
cost an additional $19,549 per patient per year compared with 
adjunctive EZE alone (when considering drug costs only), and an addi-
tional $13,364 compared with using no oral adjunct therapy. When 
considering the source of the costs, the addition of PCSK9 inhibitors 
accounts for 18% of the overall treatment cost. In comparison, the 
estimated costs associated with EZE only and no oral adjunct therapy in 
patients achieving goal without PCSK9 inhibitors (29% and 42%, 
respectively) were $380 and $0 with a majority (97.5% and 100%) of 
the overall costs ($15,182 and $21,367, respectively) associated with 
PCSK9 inhibitor use. As such, the use of BA + EZE (FDC) would corre-
spond to a $8512 decrease (58%) in the cost of treatment with PCSK9 
inhibitors compared with use of EZE alone, and a $15,077 decrease 
(71%) in the cost of treatment with a PCSK9 inhibitor compared with no 

oral adjunct therapy. 

2.5. Scenario analyses 

Because PCSK9 inhibitor use is highly variable between clinical 
guideline recommendations and real-world clinical practice, and their 
costs can be substantial, 3 scenarios were evaluated to examine the 
impact of PCSK9 inhibitor utilization assumptions on treatment out-
comes (Table 4, Table S2). The first scenario assumed 50% of eligible 
patients received PCSK9 inhibitors, but treatment discontinuation was 
increased. Real-world discontinuation rates (20%) were applied to 
closely resemble the clinical practice and real-world use of PCSK9 in-
hibitors [17]. Overall goal achievement was similar to, but lower than, 
the base case across all treatment pathways. 

The second scenario examined the potential impact of unrestricted 
access to PCSK9 inhibitors for all eligible patients (ie, all eligible patients 
received PCSK9 inhibitor therapy). Under this assumption, more pa-
tients achieved goal compared with restricted access (50% of eligible 
patients in the base case), and the overall proportion of patients 
achieving LDL-C goal at 1 year was similar between BA + EZE (FDC) and 
EZE only (91% and 88%, respectively). However, even if all eligible 
patients received a PCSK9 inhibitor in the no oral adjunct therapy group, 
fewer would achieve goal at 1 year (84%). Mean LDL-C values and 
reduction from baseline for both BA + EZE (FDC) and EZE only groups 
were similar. Total costs would also be highest for the no oral adjunct 
therapy group in this scenario, driven by the high PCSK9 inhibitor use to 
get patients to goal. 

The third scenario examined the impact of no access to PCSK9 in-
hibitors. Fewer patients overall achieved goal in a scenario excluding 
PCSK9 inhibitor utilization compared with the base case. As expected, 
the results for the no oral adjunct therapy group in this scenario closely 
resembled the baseline statistics. 

The final scenario examined the impact of a lower LDL-C target goal 
(<55 mg/dL). As per the 2022 ACC treatment guidelines [7], and 
alignment with European Society of Cardiology 2019 guidelines [6] and 
simulation studies [12–14], the proportion of patients in each modeled 
treatment differed from those in the base case. In the BA + EZE (FDC) 
group, more than half of patients (52% vs 66% under the base case 

Table 5 
One-year and 10-year patient outcomes, and treatment costs (N = 73,056).   

BA + EZE 
(FDC) 

EZE Difference between BA + EZE 
(FDC) and EZE 

No oral adjunct 
therapy 

Difference between BA + EZE (FDC) 
and no oral adjunct therapy 

Alive at year 1, n (%) 71,654 (98) 71,737 
(98) 

− 83 (0) 71,587 (98) 67 (0) 

Patients reaching LDL-C goal before PCSK9 
inhibitor, n (%) 

47,224 (66) 20,504 
(29) 

26,810 (37) 0 (0) 47,224 (66) 

Patients reaching LDL-C goal at year 1, n (%) 56,416 (79) 41,862 
(58) 

14,364 (20) 29,991 (42) 26,425 (37) 

Mean (SD) LDL-C achieved at year 1, mg/dL 61.1 (20.7) 71.7 
(27.7) 

− 10.6 (34.6) 78.4 (36.1) − 17.3 (41.6) 

Mean LDL-C reduction at year 1, mg/dL 41.9 31.4 10.6 24.6 17.3 
Overall proportion simulated to receive PCSK9 

inhibitor treatment at year 1, n (%)a 
10,445 (14) 24,911 

(34) 
− 14,466 36,406 (50) − 25,961 

Overall 10-year treatment cost per patient (2022), 
US$ 

34,731 15,182 19,549 21,367 13,364 

Non-PCSK9 inhibitor costs 28,441 380 28,061 0 28,441 
PCSK9 inhibitor costs 6290 14,802 − 8512 21,367 − 15,077 

Mean (SD) 10-year MACE risk overall, %b 39 (16) 42 (17) − 3 (23) 44 (18) − 5 (24) 
MACE, 10-year totalc 49 54 − 5 58 − 10 
MACE, 10-year non-fatalc 46 51 − 4 55 − 9 
MACE, 10-year fatalc 3 3 0 3 0 
Life Years at LDL-C goalc 521 387 133 290 231 

BA = bempedoic acid; EZE = ezetimibe; FDC = fixed dose combination; LDL-C = low density lipoprotein cholesterol; MACE = major adverse cardiovascular event; 
PCSK9 = proprotein convertase subtilisin/kexin type 9; SD = standard deviation; US = United States. 

a In the base case, each eligible patient has a 50% chance of getting a PCSK9 inhibitor. 
b 10-year MACE risk at baseline, mean (SD) was 49% (19%). 
c Events reported per 100 patients. MACE values may not sum to total due to rounding. 
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LDL-C goal of <70 mg/dL) were predicted to reach the LDL-C goal on BA 
+ EZE (FDC) alone, and an additional 19% (vs 13%) were predicted to 
reach goal with the addition of PCSK9 inhibitor, even with the stricter 
LDL-C level goals (<55 mg/dL; Table S2). Across the therapeutic op-
tions, 37%–71% patients would achieve LDL-C goal compared with the 
base case of 42%–79% (Table S2). 

3. Discussion 

The CLEAR outcomes trial demonstrated significantly lower CV risk 
with BA use in actual practice among statin-intolerant patients over a 
3.5-year period compared with no oral adjunct therapy [17]. In the 
absence of a comparable outcomes trial examining BA + EZE (FDC) in 
the broader ASCVD population, the current model simulated a US pa-
tient cohort with established ASCVD and LDL-C above 70 mg/dL despite 
having a documented statin prescription. Following simulations of the 
INTERCATH [12], IQVIA™ German [13], and SANTORINI [14] cohorts 
in Europe, we sought to assess the clinical and economic outcomes of 
utilizing adjunct BA + EZE (FDC) after statins and before PCSK9 in-
hibitors in a real-world US patient population. 

Our simulation compared 3 treatment pathways for patients needing 
additional LDL-C lowering after statins: adjunct therapy with BA + EZE 
(FDC), EZE alone, or no oral adjunct therapy. Clinical guidelines unan-
imously recommend the addition of EZE alone for patients unable to 
reach LDL-C goals on statins alone, yet real-world studies have consis-
tently shown dishearteningly low use. Observed utilization of EZE in the 
CRWD dataset among patients on statins who were not at LDL-C goal 
was extremely limited (~4%) [31–34]. As such, the no oral adjunct 
therapy pathway was included to closely resemble routine clinical 
practice. Results of our simulation estimated that a larger proportion of 
patients treated with BA + EZE (FDC), compared with EZE alone and no 
oral adjunct therapy, would potentially achieve AHA/ACC LDL-C 
treatment goal (<70 mg/dL) [5,7] without the use of PCSK9 in-
hibitors. The addition of BA + EZE (FDC) would potentially provide 
additional long-term clinical benefit for those reaching LDL-C goal (<70 
mg/dL) within the first year of therapy by reducing the occurrence of 
future MACE. The predicted difference in simulated MACE outcomes 
prevented was greatest between adjunct BA + EZE (FDC) and no oral 
and adjunct therapy (9 MACE per 100 people). 

Though the cost of BA + EZE (FDC) therapy was expected to be 
higher than the alternatives of adding EZE only and using no oral 
adjunct therapy, this may underestimate the overall value of BA + EZE 
(FDC) because our simulation factored in only treatment costs, and did 
not consider medical costs asssociated with managing ASCVD or 
downstream MACE. As such, the incremental clinical benefits of BA +
EZE (FDC) (ie, LDL-C goal attainment and MACE avoidance) were pre-
dicted to come at a higher treatment cost that was modestly offset by 
delaying or reducing the need to escalate to PCSK9 inhibitor therapy. In 
context, a recent study noted that the overall healthcare costs for pa-
tients with ASCVD in the US are extensive and exceed approximately 
$20,000 annually, with average annual out-of-pocket spending 
exceeding $2000 [35]. If the costs of acute events and post-acute man-
agement had been included, the cost-offsets simulated with BA + EZE 
(FDC) would likely have been greater through reduction in the costs 
associated with MACE [36,37]. 

Importantly, this study assumed that all patients with documented 
statin therapy at baseline were at the maximum tolerated dose and 
eligible to add adjunctive therapy. The result is that some patients in our 
cohort were modeled on adjunctive therapy when in actuality they may 
have been able to optimize their statin therapy to reach goal without 
additional treatment. The no oral adjunct therapy option provided a 
comparison to the potential outcomes in patients who may not have 
reached maximally tolerated statin utilization. 

Several factors related to patient cohort selection are also of note. We 
took a pragmatic approach to records with missing data from CRWD in 
an effort to preserve the sample size. This included interpolating key 

missing data elements required for use of the SMART2 risk equation, 
such as smoking status (assumed patient did not smoke if missing) and 
creatinine and systolic blood pressure measures (assumed the popula-
tion mean when missing). The population mean for creatinine was 
slightly lower than the overall cohort mean (1.2 mg/dL vs 1.4 mg/dL) 
and systolic blood pressure was similar (132 mmHg vs 134 mmHg). As 
these assumptions were applied equally to cohorts across all treatment 
options, it was expected that only the absolute number of predicted 
outcomes would differ if all data were available or alternative assump-
tions were made. It was the relative effects of BA + EZE (FDC) compared 
with EZE alone and no oral adjunct therapy that were at the center of 
this analysis and would not be expected to meaningfully change since 
only the impact on, and of, LDL-C was simulated. Estimates of MACE 
were projections based on adjustment of 1 clinical factor (LDL-C) and 
age out of 16 factors known to impact event risk. Thus, the incremental 
benefits on MACE outcomes at 10 years were less pronounced, likely due 
to the impact of other SMART2 risk factors that were assumed to remain 
constant from baseline (e.g., systolic blood pressure and diabetes mel-
litus). In addition, the SMART2 does not factor in the inflammatory 
biomarker, high sensitivity C-reactive protein (hsCRP) when calculating 
MACE risk, and as such, our analysis only considered the LDL-C lowering 
effects of BA + EZE (FDC) on cardiovsacular risk reduction. An analysis 
of the CLEAR Outcomes trial of 13,970 patients with or at high-risk for 
ASCVD found that hsCRP was as strong or stronger of a predictor for 
cardiovascular events and mortality as LDL-C [38]. As BA reduced 
hsCRP by 21.6% in CLEAR Outcomes, our simulation may underesti-
mate the actual cardiovascular risk reduction that could occur over the 
long-term [38]. 

Long-term MACE outcomes were estimated by first calculating the 
composite risk of MACE and then determining the specific event type 
(myocardial infarction, stroke, cardiovascular death) by applying a 
distribution to assign unique counts for individual events. This approach 
was a simplification of the complexities of real-world clinical experience 
and prognosis influenced by many factors including the occurrence of 
the events themselves. In addition, the assumption that this underlying 
distribution itself remained constant over time (10 years) was also a 
simplification. As with our patient cohort selection, this approach and 
assumption was applied equally to all treatment comparators and was 
not expected to systematically impact the relative findings or 
interpretation. 

In this simulation of a US patient cohort with established ASCVD, a 
larger proportion of patients on treatment with BA + EZE (FDC) were 
predicted to achieve LDL-C treatment goal (<70 mg/dL) without the 
need for escalating to PCSK9 inhibitors, compared with those on EZE 
alone. This resulted in more patients who would achieve LDL-C goals 
without needing to escalate to PCSK9 inhibitor therapy, thus delaying 
and reducing the need for PCSK9 inhibitor initiation and associated 
costs. These findings were consistent with those observed in previous 
European simulation studies [12–14] and similar to those in a simulated 
US cohort [39]. 

Implementation of BA + EZE (FDC) in the treatment pathway to 
lower LDLC levels demonstrated the anticipated benefit of providing an 
oral adjunct treatment option for patients who need further LDL-C 
lowering to achieve recommended treatment goals. The full context of 
individual patient factors, comorbidities, and history, along with rele-
vant cost considerations, were shown to be important factors to take into 
account when making treatment decisions and recommendations. In the 
future, real-world outcomes studies should be conducted to confirm the 
validity of these simulation findings. 
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