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Abstract
Background Inclisiran is a novel, cholesterol-lowering therapy, with a long duration of effect, administered every 6 months 
(subcutaneously by a healthcare professional). In the ORION-10 trial in US patients with atherosclerotic cardiovascular 
disease (ASCVD) in addition to maximum tolerated statins, with or without ezetimibe, inclisiran demonstrated statistically 
significant reductions in low-density lipoprotein cholesterol (LDL-C) of up to 51%. This is the first peer-reviewed publica-
tion to investigate the price at which inclisiran is cost effective in the US.
Objective The aim of this study was to determine the maximum price at which inclisiran is cost effective in addition to 
standard of care, in US patients with ASCVD, versus standard of care alone, at different willingness-to-pay thresholds.
Design, Setting and Participants A lifetime Markov model from the US health system perspective, including 15 health 
states, was used to evaluate the cost effectiveness of inclisiran. The following states were separated by time from a previous 
cardiovascular event (0–1 years, 1–2 years, 2+ years [‘stable’]): initial, unstable angina, myocardial infarction, and stroke. 
Additional states included revascularization and death (cardiovascular or non-cardiovascular causes). Baseline risk of car-
divoascular events were from US database sources or published literature. Reductions in LDL-C from inclisiran were from 
the ORION-10 trial. LDL-C reduction was used to adjust baseline risk of cardiovascular events, based on established rela-
tionships between 1 mmol/L reduction in LDL-C and decreases in cardiovascular events, from the Cholesterol Treatment 
Trialists studies. The population included adults with a history of ASCVD, and LDL-C ≥ 70 mg/dL, despite maximum 
tolerated doses of statin therapy.
Interventions Inclisiran as an adjunct to standard of care, compared with standard of care alone.
Main Outcomes and Measures The threshold price of inclisiran.
Results Inclisiran as an adjunct to standard of care resulted in threshold annual inclisiran prices of $6383, $9973, and $13,563 
at willingness-to-pay thresholds of $50,000, $100,000, and $150,000 per quality-adjusted life-year, respectively. Probabil-
istic sensitivity analysis showed that at a threshold of $100,000 per QALY, inclisiran had a 100% probability of being cost 
effective, with an annual price below $9000. At the publicly available price of $3250 per dose, inclisiran was found to have 
an incremental cost-effectiveness ratio just above the $50,000 per QALY threshold, of $51,686.
Conclusions and Relevance This study identified the price at which inclisiran is cost effective for the US health system, at 
generally accepted willingness-to-pay thresholds.
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Key Points 

The price at which inclisiran is cost effective adjunctive 
to standard of care (SoC) versus SoC alone in US adults 
with atherosclerotic cardiovascular disease and elevated 
low-density lipoprotein cholesterol ≥70 mg/dL, despite 
maximum tolerated doses of statins (with or without 
ezetimibe), was investigated at willingness-to-pay thresh-
olds of $50,000, $100,000 and $150,000 per quality-
adjusted life-year (QALY).

Inclisiran was found to be cost effective at the evaluated 
thresholds, at a price ranging from $6383 to $13,563 per 
year ($3191 to $6782 per dose).

At the publicly available price of $3250 per dose, incli-
siran was found to have an incremental cost-effectiveness 
ratio just above the $50,000 per QALY threshold, of 
$51,686.

1 Introduction

Cardiovascular disease (CVD) is the leading cause of death 
in most racial and ethnic groups within the US, predomi-
nantly due to ischemic heart disease and stroke [1]. Ath-
erosclerotic CVD (ASCVD) is the most common subtype 
of CVD [2], accounting for over 600,000 hospitalizations 
due to acute myocardial infarction (MI) and 24,000 due to 
unstable angina (UA) in 2014 [3].

Low-density lipoprotein cholesterol (LDL-C) is both a 
biomarker of increased risk and a causal factor in the patho-
physiology of ASCVD [4]. People with raised cholesterol 
(predominantly high LDL-C) are at elevated risk of cardio-
vascular (CV) events leading to hospitalization or death [5]. 
Trials of statin therapy and other LDL-C-lowering interven-
tions, have consistently shown a 22% relative risk reduction 
in the risk of CV events per 1 mmol/L (38.67 mg/dL) reduc-
tion in LDL-C [4], although the magnitude of effect can be 
influenced by duration of therapy, with at least 1–2 years of 
treatment needed to achieve these LDL-C reductions [6]. 
Thus, lowering LDL-C represents a considerable opportu-
nity to improve overall morbidity and mortality.

Statins represent first-line treatment for ASCVD. Poor 
adherence and lack of public trust in their safety con-
tinue to limit their prolonged and reliable use [7]. Obser-
vational data suggest as many as half of those who begin 

statin therapy discontinue within 1 year [8, 9]. Even when 
adherent, patients may not achieve recommended LDL-C 
thresholds [10]. Ezetimibe is recommended by the Ameri-
can College of Cardiology for the treatment of ASCVD in 
adults when statin therapy is contraindicated, patients are 
intolerant to statins, or LDL-C is not appropriately con-
trolled with statin therapy [11]. Uptake of ezetimibe is poor; 
real-world data from the 2009–2016 National Health and 
Nutrition Examination Survey (NHANES) showed that only 
4.2% of US adults aged ≥ 35 years with prior ASCVD and 
LDL-C ≥ 70 mg/dL receiving statin therapy were receiv-
ing ezetimibe [12]. Recently, monoclonal antibodies against 
proprotein convertase subtilisin-kexin type 9 (PCSK9) have 
been approved for use in the US in a secondary prevention 
setting for patients with familial hypercholesterolemia or 
ASCVD [13]. They are effective and generally well toler-
ated, but require highly specialized handling, frequent injec-
tions, and uncertainty remains regarding their cost effective-
ness [14]. PCSK9 inhibitor use remains low [15], and only 
approximately 60% of patients remain on PCSK9 inhibitors 
1 year after initiation [16].

Inclisiran is a novel, long-acting, subcutaneously deliv-
ered, synthetic short-interfering ribonucleic acid (siRNA) 
selectively targeting PCSK9 synthesis within the liver, 
thereby harnessing the natural mechanism of the RNA-
induced silencing complex. The ORION clinical trial pro-
gram included, amongst others, three phase III, randomized, 
multicenter, double-blind trials (ORION-9 [17], ORION-
10, and ORION-11 [18]) and included 3660 mostly statin-
treated patients with established CVD (ORION-10), were 
ASCVD risk-equivalent (ORION-11), or who had heterozy-
gous familial hypercholesterolemia (HeFH; ORION-9). Par-
ticipants received either 300 mg inclisiran sodium or pla-
cebo, subcutaneously on days 1, 90, 270 and 450, in addition 
to baseline statin therapy. At day 510 in ORION-10, incli-
siran reduced LDL-C by 51.3% relative to baseline LDL-C, 
whereas placebo increased LDL-C by 1.0%, leading to a 
between-group difference of 52.3% (95% confidence inter-
val [CI] − 55.7 to − 48.8; p < 0.001) [18]. In ORION-11, 
inclisiran reduced LDL-C at day 510 by 45.8% and placebo 
increased LDL-C by 4.0%, resulting in a between-group dif-
ference of 49.9% (95% CI − 53.1 to − 46.6; p < 0.001).

The dosing schedule of 6-monthly injection (with an 
additional dose at 3 months in year 1) provides an opportu-
nity to achieve improved adherence compared with existing 
LDL-C-lowering therapies.

The objective of this analysis is to determine the maxi-
mum price at which inclisiran is cost effective in addition to 
standard of care (SoC) in a US ASCVD population, versus 
SoC alone, at different willingness-to-pay (WTP) thresholds.
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2  Methods

The Institutional Review Boards of the University of Cali-
fornia, San Francisco, and Columbia University approved 
the analyses of Optum  Clinformatics® Data Mart data. All 
other data were sourced from publicly available data.

2.1  Population

The base-case modeled the cost effectiveness of inclisiran 
in US patients with ASCVD and LDL-C ≥  70  mg/dL, 
despite maximum tolerated doses of statins (with or without 
ezetimibe) (ORION-10 population) [18]. Patient character-
istics were based on ORION-10 (Table 1).

Model results are based on a weighted average popula-
tion, meaning the ASCVD population was stratified into 
subpopulations representing events that constitute ASCVD, 
and further stratified by time from previous event. Each sub-
population passed through the model separately, with results 
weighted by the real-world distribution of these subpopula-
tions to derive population estimates of cost effectiveness.

2.2  Model Structure

A lifetime Markov model was developed, including 15 mutu-
ally exclusive states (Fig. 1). Patients entered the model 
in any of three initial states, based on time from previous 
ASCVD event (0–1; 1–2; 2+ years) [19]. Three non-fatal 
CV (NF-CV) event states were included, i.e. UA, MI, and 
stroke, stratified based on time post-event (0–1; 1–2; 2+ 
years). Other states included revascularization and death 
(CV- or non-CV-related). Cycle length was 1 year, with 
half-cycle correction implemented based on the life-table 
method [20].

The model allowed annual transitions based on risks of 
CV events (fatal and NF) and non-CV death. Following 
movement to a post NF-CV event state, patients remained at 
risk of subsequent events (fatal or NF). Patients only moved 
health states when a ‘worse’ event occurred, to avoid illogi-
cal outcomes leading to quality-of-life improvement (events 
in order of severity are stroke, MI, UA, revascularization). 
Less severe events were captured as acute events, with one-
off quality-adjusted life-year (QALY) loss and costs applied.

Costs and QALYs were discounted at 3% annually [21]. 
The model assumed the payer perspective, considering all 
direct health care costs, and the cost of inclisiran without 
any potential rebates/discounts (see electronic supplemen-
tary material [ESM] e1 for more model structure details).

2.3  Baseline Risk of Cardiovascular Events

US real-world data from Optum  Clinformatics® Data Mart 
(a retrospective cohort study of patients with ASCVD from 
2015 to 2020) informed baseline NF-CV event probabili-
ties (see ESM e2a) [22]. The distribution across the various 
subpopulations from the Optum data (Table 1) was used to 
calculate weighted average model results. Each subpopula-
tion entered the model in the relevant health state, e.g. 100% 
of the stroke 0–1 population would start in the initial state 
(year 0–1).

Fatal event rates were taken from published literature, as 
mortality was not recorded in the Optum database (Table 1 
and ESM e2b).

Baseline risk of cardiovascular events required adjust-
ment because they represented a population whose age and 
LDL-C level (eTable 1 in the ESM) did not match the mod-
eled population (see ESM e2c/e2d).

Non-CV mortality was estimated from the Centers for 
Disease Control and Prevention [23]. CV mortality was 
identified using the CVD International Classification for 
Diseases, Tenth Revision (ICD-10) code as per the Ameri-
can Heart Association definition [24]. The proportion of 
non-CV-related deaths was applied to the latest US life-
table data (2017). This was calculated separately for men 
and women, and weighted by the modeled gender split.

2.4  Treatment Strategies

The comparator was SoC, represented by the ORION-10 
placebo arm. The distribution of SoC treatments were from 
ORION-10, split into eight mutually exclusive categories; 
those taking or not taking ezetimibe were split into those 
nottaking statins or those taking low/moderate/high-intensity 
statins. Baseline LDL-C associated with each stratification 
was from ORION-10, allowing calculation of an overall SoC 
weighted average LDL-C, to enable LDL-C to be recalcu-
lated each cycle as people discontinue treatments.

Inclisiran was modeled adjunctive to SoC. LDL-C reduc-
tion with inclisiran was from ORION-10, based on the 
mean difference in LDL-C reduction between arms at day 
510 (52.3%) [18]. This LDL-C reduction was applied to the 
baseline (SoC) LDL-C to determine the LDL-C level on 
inclisiran.

A link has been demonstrated between exposure time and 
treatment effect, with observed rate ratios per mmol/L reduc-
tion in LDL-C being smaller in the first year of treatment 
[25]. An adjustment was applied to reflect this (see ESM e3).
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Table 1  Key input parameters

Parameters Base-case 
value

Distribution Source

Baseline characteristics
Age (mean) 66.04 NA ORION-10 patient-level data
Female 31% NA
Diabetes 45% NA
Baseline LDL-C, mg/dL (weighted average) 104.97 NA
Distribution of treatments across SoC subcategories
Taking ezetimibe Not taking statins 1.9% NA

Low-intensity statins 0.1% NA
Moderate-intensity statins 1.4% NA
High-intensity statins 6.1% NA

Not taking ezetimibe Not taking statins 8.9% NA
Low-intensity statins 0.6% NA
Moderate-intensity statins 17.3% NA
High-intensity statins 63.7% NA

Baseline LDL-C across SoC subcategories, mg/dL
Taking ezetimibe Not taking statins 151.90 NA

Low-intensity statins 90.00 NA
Moderate-intensity statins 104.81 NA
High-intensity statins 106.37 NA

Not taking ezetimibe Not taking statins 151.80 NA
Low-intensity statins 131.90 NA
Moderate-intensity statins 104.53 NA
High-intensity statins 96.75 NA

Distribution across subpopulations from event rate dataa

ACS 0–1 1.9% NA Optum  Clinformatics® Data Mart 
analysis (data on file)ACS 1–2 1.8% NA

ACS stable 1.8% NA
IS 0–1 2.7% NA
IS 1–2 2.6% NA
IS stable 2.6% NA
PAD 0–1 9.4% NA
PAD 1–2 9.5% NA
PAD stable 9.7% NA
Other CHD 0–1 19.4% NA
Other CHD 1–2 19.3% NA
Other CHD stable 19.3% NA
Rate ratios applied per 1 mmol reduction in LDL-C (adjusting real-world probabilities for SoC)
Revascularization 0.75 Log normal (95% CI 0.72–0.78) Armitage et al. [39]
NF-MI 0.73 Log normal (95% CI 0.70–0.76)
Vascular death 0.84 Log normal (95% CI 0.80–0.88)
IS 0.79 Log normal (95% CI 0.74–0.85) CTT collaboration et al., 2012 

[41, 45]
Rate ratios applied per 1 mmol reduction in LDL-C (adjusting SoC probabilities for inclisiran—year 1)
Revascularization 0.89 NA Based on adjustment from Collins 

et al., 2016 [25]NF-MI 0.89 NA
Vascular death 0.92 NA
IS 0.91 NA
Rate ratios applied per 1 mmol reduction in LDL-C (adjusting SoC probabilities for inclisiran—after year 1)
Revascularization 0.71 NA Based on adjustment from Collins 

et al., 2016 [25]NF-MI 0.69 NA
Vascular death 0.80 NA
IS 0.75 NA
Annual probabilities of CV mortalityb

MI 14.50% Beta (95% CI 0.12–0.17) Krumholz et al. [46]
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Table 1  (continued)

Parameters Base-case 
value

Distribution Source

UA 6.44% Beta (95% CI 0.05–0.07) Krumholz et al. [46]
Stroke 12.20% Beta (95% CI 0.10–0.14) Krumholz et al. [46]
Revascularization 2.66% Beta (95% CI 0.02–0.03) Peterson et al. [47]
PAD 1.78% Beta (95% CI 0.015–0.021) Law et al. [48]
Other CHD 1.78% Beta (95% CI 0.015–0.021) Assumed same as PAD
Other adjustments
Annual increase in NF events 3% NA TA393 [19]
Annual increase in fatal events 5% NA
Proportion of deaths that are CV-related 62% NA CTT collaboration, 2012 [45]
SMR: CV mortality >1 year vs. before 1 year after event—CHD (men) 0.63 Log normal (95% CI 0.54–0.73) Smolina et al. [49]
SMR: CV mortality >1 year vs. before 1 year after event—CHD (women) 0.69 Log normal (95% CI 0.58–0.79) Smolina et al. [49]
SMR: CV mortality >1 year vs. before 1 year after event—stroke 0.29 Log normal (95% CI 0.20–0.39) Dennis et al. [50]
SMR: second event of the same kind vs. after first event 1.5 Log normal (95% CI 1.28–1.73) Smolina et al. [49]
Treatment efficacy
Inclisiran LDL-C reduction 52.3% Beta (95% CI 0.50–0.53) Ray et al. [18]
Annual discontinuation rate—statins 23% Beta (95% CI 0.20–0.26) Burke et al. [26]
Annual discontinuation rate—inclisiran 11.5% Beta (95% CI 0.06–0.21) Freemantle et al. [27]
Discontinuation cap—statins 20% NA Unpublished data
Discontinuation cap—inclisiran 20% NA Unpublished data
Costs—drug costs and resource use
Simvastatin—average of 10 mg and 20 mg—cost per pack $2.36 NA Micromedex Red Book [37]
Atorvastatin 40 mg—cost per pack $7.28 NA
Ezetimibe—cost per pack $8.50 NA
Total SoC—cost per year $77.40 NA Calculated
Injection procedure cost $14.31 Gamma (95% CI 12.16–16.46) Centers for Medicare and Medic-

aid Services [51]Outpatient visit cost $92.47 (95% CI 78.60–106.34)
Costs—health state costs
MI—acute $66,476 Gamma (95% CI 56,504–76,447) Fox et al. [29]
UA—acute $44,853 Gamma (95% CI 38,123–51,581)
Stroke—acute $47,037 Gamma (95% CI 39,981–54,092)
Revascularization—acute $62,032 Gamma (95% CI 52,727–71,337)
CV death—acute $22,065 Gamma (95% CI 18,755–25,374) Bhatt et al. [30]
MI—year 1 $13,628 Gamma (95% CI 11,584–15,672) Fox et al. [29]
UA—year 1 $9142 Gamma (95% CI 7771–10,513)
Stroke—year 1 $9892 Gamma (95% CI 8408–11,375)
MI—year 2, MI—stable $14,468 Gamma (95% CI 12,298–16,638)
UA—year 2, UA—stable $9651 Gamma (95% CI 8204–11,099)
Stroke—year 2, Stroke—stable $14,440 Gamma (95% CI 12,274–16,605)
Revascularization—stable $7703 Gamma (95% CI 6548–8859)
General population utility regression
Coefficient—baseline 0.893 Beta (95% CI 0.89–0.90) Bhatt et al. [30]
Coefficient—age-adjustment factor − 0.001 Normal (95% CI – 0.001 to 

–0.000)
Coefficient—mean age in the study by Bhatt et al. 59 NA
Utilities—secondary prevention population utility multipliersc

MI 0.965 Beta (95% CI 0.95–0.98) Kazi et al. [33, 34]
UA 0.906 Beta (95% CI 0.87–0.94)
Stroke 0.884 Beta (95% CI 0.84–0.91)
Revascularization 0.986 Beta (95% CI 0.98–0.99) Kazi et al. [32]
PAD 0.965 Beta (95% CI 0.95–0.98) Assumed same as MI
Other CHD 0.965 Beta (95% CI 0.95–0.98) Assumed same as PAD
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Table 1  (continued)

Parameters Base-case 
value

Distribution Source

Disutilities for CV events
UA—year 1 − 0.021 Normal (95% CI – 0.05 to 0.00) Bhatt et al. [30]
MI—year 1 − 0.028 Normal (95% CI – 0.03 to 

– 0.02)
Stroke—year 1 − 0.073 Normal (95% CI – 0.09 to 

– 0.06)
UA—year 2 − 0.001 Normal (95% CI – 0.02 to 

– 0.01)
MI—year 2 − 0.023 Normal (95% CI –0.03 to – 0.02)
Stroke—year 2 − 0.069 Normal (95% CI – 0.08 to 

– 0.06)
UA—year 2+ − 0.001 Normal (95% CI – 0.02 to 0.01)
MI—year 2+ − 0.023 Normal (95% CI – 0.03 to 

– 0.02)
Stroke—year 2+ − 0.069 Normal (95% CI – 0.08 to 

– 0.06)
Revascularization—year 2+ 0.002 Normal (95% CI 0.00–0.01)
Disutility for injection
Disutility for injection − 0.0015 Normal (95% CI – 0.0013 to 

– 0.0017)
Matza et al. [35]

ACS acute coronary syndromes, CHD coronary heart disease, CI confidence interval, CTT  Cholesterol Treatment Trialists, CV cardiovascular, IS 
ischemic stroke, LDL-C low-density lipoprotein cholesterol, MI myocardial infarction, NA not applicable, NF non-fatal, NF-MI non-fatal myo-
cardial infarction, PAD peripheral artery disease, SMR standardized mortality ratio, SoC standard of care, UA unstable angina
a These values are a weighted average based on the distribution for those males (with and without diabetes) and females (with and without diabe-
tes). Data may not sum to exactly 100% due to rounding
b These are further adjusted by multiplying by the proportion of death that would be CV death (where this was needed) and by adjusting for age 
to match the age of the cohort being modeled
c Regardless of time from index event

Fig. 1  Model structure. CHD coronary heart disease, CV cardiovascular, NF non-fatal, NF-MI non-fatal myocardial infarction, P-MI post-myo-
cardial infarction, P-stroke post-stroke, P-UA post-unstable angina, revasc revascularization, UA unstable angina, yrs years
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Patients who discontinued statins reverted to the LDL-C 
of patients receiving no statins at baseline in ORION-10, 
likewise for ezetimibe. Statin and ezetimibe discontinuation 
rates were assumed to be 23% per year [26]. A rate ratio of 
0.5 versus statin discontinuation was applied to determine 
inclisiran discontinuation (see ESM e4) [27]. A discontinua-
tion cap was included to prevent patients remaining on treat-
ment falling indefinitely to zero; this was 20% for statins and 
inclisiran and 5% for ezetimibe (Campbell C, unpublished 
data, January 2022).

Adverse events were excluded, as the ORION program 
showed inclisiran had a similar adverse event profile to pla-
cebo [18]. The exception was injection-site reactions, which 
clinical experts suggested would not be associated with 
significant cost or health-related quality of life (HRQoL) 
impact, as these were found to be mild and did not persist in 
the ORION trials [18]. This is consistent with other CV risk 
reduction models [19]. However, a disutility associated with 
having injections themselves, has been included, as literature 
showed that treatment modality can have an effect on health 
state utility [28].

2.5  Costs and Utilities

For SoC, the average cost of 10 mg and 20 mg simvastatin 
represented both low- and medium-intensity statins, while 
40 mg atorvastatin represented high-intensity statins. A 
weighted average cost of SoC per year was calculated, given 
the distribution of ORION-10 patients using each SoC com-
ponent (Table 1).

All patients with ASCVD, regardless of therapy type, 
should receive, at minimum, one outpatient appointment 
per year (not included in the analysis [11]). Therefore, with 
two doses per year, one outpatient appointment and two 
injection procedures were costed annually. An additional 
appointment and injection procedure cost were included in 
year 1 to account for the additional dose in the first year. 
Zero administration costs for SoC were assumed.

The costs for UA, MI, stroke, revascularization events 
[29], and CV death [30] were from published literature and 
are inflated to 2021 US dollars using the medical consumer 
price index (Table 1) [31]. Acute event costs were applied 
as one-off costs to acute events less severe than the patient’s 
current health state.

Population age-adjusted utilities for patients with no his-
tory of CVD were based on the regression from Bhatt et al., 
[30] which analyzed patient-level data from the alirocumab 
ODYSSEY study and identified baseline age-adjusted utili-
ties (controlling for age, sex, baseline EQ-5D-3L utility, CV 
history, and diabetes at baseline). Utility multipliers to rep-
resent baseline subpopulations were obtained from previous 
cost-effectiveness models in this disease area [32–34], and 
applied to population age-adjusted utilities.

Disutilities from CV events (Table 1) were applied for all 
health states in all years, except for revascularization, where 
disutility was assumed non-permanent and only applied to 
the cycle where the event occurred [30]. For subsequent CV 
events, for the same or worse event, the patient transitioned 
to the more severe state and the disutility from the second 
event was applied as the patient proceeded through the 
model; for a less severe event, a one-off short-term disutil-
ity was applied [30].

An annual disutility associated with having an injection 
has been included, i.e. − 0.00150 [35], based on a study 
investigating utilities associated with attributes of migraine 
prevention treatments, including route of administration (see 
ESM e5).

2.6  Outcomes

The primary outcome was the price at which inclisiran is 
cost effective over the lifetime analytic horizon, at WTP 
thresholds of $50,000, $100,000, and $150,000 per QALY 
[36].

An incremental cost-effectiveness ratio (ICER) is based 
on the difference in costs between treatments divided by the 
difference in QALYs (to give the cost per additional QALY) 
[Eq. 1].

A threshold analysis rearranges this equation and finds 
the total incremental cost (by varying the cost of inclisiran) 
that would lead to an ICER at a particular threshold (Eq. 2).

2.7  Sensitivity Analyses

One-way sensitivity analysis was undertaken, varying 
parameters within their 95% CI, or ± 15%, where this was 
not available.

Several prespecified scenario analyses were also per-
formed (Table 2), including a scenario that uses the public 
list price of inclisiran [37].

Joint parameter uncertainty was explored through proba-
bilistic sensitivity analysis (PSA), where all parameters were 
assigned distributions and varied jointly.

Table 1 presents the range and type of distribution uti-
lized for each input parameter. A total of 1000 Monte Carlo 
simulations were recorded as results had stabilized by this 
point, with variation of < 0.01% between simulations. PSA 
was undertaken at various annual prices of inclisiran. Cost-
effectiveness acceptability curves (CEAC) were generated, 
with the proportions of simulations where inclisiran is 

(1)ICER =
ΔCosts

ΔQALYs
.

(2)ΔCosts = ICER at threshold × ΔQALYs.
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optimal (at each WTP threshold) plotted as a function of 
the price of inclisiran.

The model was constructed in Microsoft  Excel® (Micro-
soft Corporation, Redmond, WA, USA). Statistical analyses 
of event rate data were undertaken using SAS (see the ESM 
for model validation details [Sect. e6]).

3  Results

3.1  Base‑Case Analysis

Of the ASCVD patients analyzed, around 90% were tak-
ing statins and 10% were taking ezetimibe. Average LDL-C 
was 104.97 mg/dL and average age was 66 years, with 45% 
having diabetes, and 31% were female. Independently of 
the  inclisiran price modeled, inclisiran as an adjunct to 

SoC produces an additional 0.43 QALYs and incremen-
tal costs (excluding the cost of inclisiran) of $104,471. 
The annual cost of inclisiran at each WTP threshold of 
$50,000, $100,000, and $150,000 per QALY was found 
to be $6383, $9973, and $13,563, respectively (price per 
dose of $3191, $4987, and $6782, respectively), leading to 
incremental costs of $21,498, $42,990, and $64,482, respec-
tively. Table 3 presents the base-case analysis results in the 
weighted average ASCVD population.

3.2  Sensitivity Analyses

The parameters with the most impact on the ICER at each 
threshold price were the rate ratios used for the relation-
ship between LDL-C reduction and reduction in CV events, 
and the efficacy of inclisiran. The tornado diagrams at each 

Table 2  Scenario analyses performed

MI myocardial infarction, NA not applicable, NMA network meta-analysis

Input Detail Base-case value used Scenario value used

Discontinuation Assuming the minimum proportion 
remaining on inclisiran or statins 
was 40%

20% 40%

Assuming no discontinuation for 
any treatments (inclisiran, statins, 
ezetimibe)

11.5% inclisiran
23% statins/ezetimibe

0%

Health state costs Alternative costs for MI and stroke 
states

Acute Year 1 Year 2/stable Acute Year 1 Year 2/stable
MI $66,845 $13,704 $14,548 MI $22,675 $39,890 $6096
Stroke $47,298 $9947 $14,520 Stroke $22,675 $39,890 $6096

Efficacy of inclisiran Using alternative efficacy for incli-
siran from a NMA

52.3% 56.06% [52]

Cost of inclisiran Using the published list price of 
inclisiran

NA $3250 per dose

Table 3  Base-case results—weighted average ASCVD (deterministic)

ASCVD atherosclerotic cardiovascular disease, LYG life-year gained, QALY quality-adjusted life-year, SoC standard of care, WTP willingness-to-
pay

Technologies Inclisiran cost-
effective price per 
dose

Inclisiran cost-
effective price per 
year

Total costs ($) Total LYG Total QALYs Incremen-
tal costs 
($)

Incre-
men-
tal LYG

Incremen-
tal QALYs

$50,000 WTP threshold
SoC – $121,184 11.27 9.41 – – –
Inclisiran + SoC $3191 $6383 $142,682 11.76 9.84 $21,498 0.50 0.43
$100,000 WTP threshold
SoC – $121,184 11.27 9.41 – – –
Inclisiran + SoC $4987 $9973 $164,174 11.76 9.84 $42,990 0.50 0.43
$150,000 WTP threshold
SoC – $121,184 11.27 9.41 – – –
Inclisiran + SoC $6782 $13,563 $185,666 11.76 9.84 $64,482 0.50 0.43
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threshold are shown in eFig. 4, eFig. 5, and eFig. 6 in the 
ESM.

PSA results as a function of the price of inclisiran are 
presented in Fig. 2. At each WTP threshold, inclisiran had 
100% probability of being cost effective if the annual price 
is below $6000, $9000, or $12,000, respectively. Cost-effec-
tiveness planes at each threshold are available in the ESM 
(e7b).

The scenarios (see eTable 4 in the ESM) that resulted in 
more favorable threshold prices for inclisiran than the base-
case resulted when inclisiran efficacy was increased. The 
scenarios that resulted in less favorable threshold prices for 
inclisiran than the base-case were assuming the minimum 
proportion remaining on any of the treatments was 40%, 
having no discontinuation, and having alternative health 
state costs.

The scenario where the publicly available price of incli-
siran was used led to an ICER just above the $50,000 per 
QALY threshold, of $51,686.

4  Discussion

This analysis assessed the threshold price at which incli-
siran is cost effective in adults with a history of ASCVD and 
LDL-C ≥ 70 mg/dL, despite receiving maximum tolerated 
doses of statin therapy, with or without ezetimibe, at WTP 
thresholds of $50,000, $100,000, and $150,000 per QALY.

In the base-case, inclisiran was cost effective at annual 
prices of $6383, $9973, and $13,563 at WTP thresholds of 
$50,000, $100,000, and $150,000 per QALY, respectively, 
and was found to be just over the $50,000 threshold at the 
publicly available price of inclisiran. Cost effectiveness was 
driven by the relationship between LDL-C and CV events 
and the effectiveness of inclisiran.

Although the threshold prices have been identified in this 
analysis, in reality, payers will pay less than the list price, as 
the patients will have an estimated 20% average co-payment, 
meaning the required threshold prices to make inclisiran cost 
effective at the three WTP thresholds will be 20% higher 

than those identified here. Results are also expected to be 
more cost effective in higher risk groups, such as those with 
familial hypercholesterolemia.

4.1  Strengths and Limitations

The strengths of this analysis include the use of real-world 
estimates of baseline event rates, which greatly improved 
generalizability to a US population. Although the analysis 
was considered representative of NF event probabilities in a 
US ASCVD population, it did not inform the probability of 
CV death, where additional literature was sourced.

The principal limitation of this analysis was the reliance 
on predicted event risk reduction based on observed reduc-
tions in LDL-C. The total number of CV events observed 
in the ORION program were underpowered to draw mean-
ingful conclusions regarding the benefits of inclisiran on 
CV outcomes [38]. Although a recognized limitation, the 
relationship applied from the 2019 Cholesterol Treatment 
Trialists (CTT) analysis represents the largest study to inves-
tigate the relationship between LDL-C reduction and event 
risk reduction [39]. Previous CTT versions have been used 
in the economic evaluation of inclisiran in other countries 
[38] and other therapies in this disease area [19]. This uncer-
tainty will ultimately be addressed with the publication of 
the results of ORION-4, inclisiran’s CV outcomes trial.

The model utilized the results of a meta-analysis for 
the percentage reduction in LDL-C from inclisiran versus 
placebo. Treatment effects from ORION-10 were based on 
intention-to-treat outcomes and therefore implicitly contain 
the effects of discontinuation observed in the individual 
clinical trials. As the model also includes discontinuation 
as an input, then the treatment effect for inclisiran can be 
considered conservative.

4.2  Comparison with Published Data

A cost-effectiveness analysis of inclisiran plus statins ver-
sus statins alone from an Australian healthcare perspective 
(Markov model, based on ORION-10) reported an ICER of 

Fig. 2  Cost-effectiveness 
acceptability curve as a function 
of price
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AU$125,732 ($87,325.35) [40] per QALY, using an incli-
siran price of AU$6334 ($4399). Differences in results may 
be explained by lower baseline event rates from the Aus-
tralian analysis (based on the 2010 CTT publication [41], 
in which only 41% of patients had ASCVD) and a slightly 
different model structure (e.g. the exclusion of stroke).

The US Institute for Clinical and Economic Review 
(US-ICER) also assessed the comparative clinical effec-
tiveness and value of inclisiran and found a cost per QALY 
of $157,000 [42]. Key differences in the US-ICER’s meth-
odology include slightly different health states, including a 
composite acute coronary syndrome and stroke health state; 
different population and baseline LDL-C; no discontinua-
tion was included; and different sources for the relationships 
between 1 mmol/L reduction in LDL-C and reduction in 
CV events (using the 2010 CTT analysis [41], although an 
updated 2019 version was available [39]). Specifically, the 
US-ICER derived baseline LDL-C by identifying popu-
lation characteristics from NHANES for patients with 
LDL-C ≥ 70 mg/dL and taking statins. For those not tak-
ing ezetimibe (95.8%), baseline LDL-C was downwardly 
adjusted to reflect hypothetical ezetimibe use, and those with 
an LDL-C still ≥ 70 mg/dL were used to determine the aver-
age baseline LDL-C in the model (calculated as 88.8 mg/
dL; by contrast, ORION-10 found a baseline LDL-C of 
104.97 mg/dL). This methodology assumed inclisiran will 
be used by a population whose LDL-C remains ≥ 70 mg/
dL after trying both statins and ezetimibe. This represents 
only a subpopulation of patients for whom inclisiran has 
been studied and does not reflect the current treatment path-
way (as shown by the US-ICER NHANES analysis). It also 
assumes patients are fully compliant with ezetimibe. As a 
consequence of lower baseline LDL-C, and therefore lower 
baseline risks, the estimates produced by ICER are likely to 
be a more conservative estimate of the cost effectiveness of 
inclisiran (see ESM e8) and less likely to represent the cost-
effective profile of inclisiran in clinical practice.

Cost-effectiveness analyses of PCSK9 inhibitors have 
demonstrated a variety of results, with ICERs ranging from 
$56,655 to $503,000 [30, 33, 34, 43, 44]. This may be attrib-
uted to factors such as a change in price of the interventions 
over time, different model structures, different approaches to 
outcomes (CV endpoints from trials or surrogate endpoints 
of LDL-C reduction being linked to CV outcomes), and dif-
ferent compositions of SoC (including inclusion or exclusion 
of ezetimibe).

5  Conclusions

Inclisiran as an adjunct to SoC provides a cost-effective use 
of US resources in US patients with ASCVD and elevated 
LDL-C, despite receiving maximum tolerated doses of statin 

therapy, when priced below $6383, $9973, and $13,563 per 
year at WTP thresholds of $50,000, $100,000, and $150,000 
per QALY, respectively. A scenario with inclisiran at the 
publicly available price led to an ICER just above the 
$50,000 per QALY threshold, of $51,686.
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