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Abstract
Background  Despite treatment with statins, dyslipidaemia patients with elevated cholesterol- and triglyceride-levels remain 
at high residual risk for major adverse cardiovascular events (MACE). New lipid-lowering drugs must prevent the occurrence 
of MACE and exhibit cost-effectiveness for their successful adoption to clinical practice.
Objective  To assess the cost effectiveness of icosapent ethyl, fenofibrate, ezetimibe, evolocumab, and alirocumab in com-
bination with statins compared to statin monotherapy for cardiovascular prevention from the perspective of UK’s National 
Health Service.
Methods  A Markov model simulated the progression of cardiovascular disease and MACE, including myocardial infarction, 
stroke, angina pectoris, and coronary revascularisation, in dyslipidaemia patients. The model was populated with cardiovas-
cular outcome trial data for each drug. Cost and utility data were extracted from peer-reviewed literature. The incremental 
cost-effectiveness ratio (ICER) is reported per quality-adjusted life years (QALY) gained in 2021 Great Britain Pounds (£).
Results  For primary cardiovascular prevention, icosapent ethyl increased QALYs by 0.79 and costs by £15,421 compared to 
statin monotherapy (ICER = £19,485/QALY). Fenofibrate yielded 0.62 additional QALYs at cost-savings of − £6127 (ICER 
= − £9932/QALY). For secondary prevention, the omega-3 fatty acid icosapent ethyl extended QALYs by 0.98 at costs of 
£12,981 compared to statin monotherapy (ICER = £13,285/QALY). Fenofibrate added 0.85 QALYs whilst saving − £637 
(ICER = − £7472/QALY). Ezetimibe increased QALYs by 0.60 at cost reductions of − £2529 (ICER = − £4231/QALY). 
PCSK9 inhibitors provided QALYs of 0.53 and 0.86 at costs of £45,279 and £46,375 for evolocumab (ICER = £85,193/
QALY) and alirocumab (ICER = £54,211/QALY), respectively. At a willingness-to-pay threshold of £25,000/QALY, there 
is a probability of 100% for icosapent ethyl (98% in primary prevention) and 0% for PCSK9 inhibitors to be cost effective 
in secondary prevention.
Conclusions  Icosapent ethyl is cost effective for primary and secondary cardiovascular prevention at an annual price of £2064 
in the UK. For PCSK9 inhibitors, price discounts or prescription restrictions are necessary to achieve cost effectiveness.
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1  Introduction

Every third death is caused by atherosclerosis and resulting 
cardiovascular diseases (CVD) in the UK (2018) [1]. Con-
sequently, there remains a pertinent need to prevent the inci-
dence of CVD and its fatal events such as myocardial infarc-
tion (MI) and stroke. The European Society of Cardiology 
(ESC) recommends lifestyle modification and subsequently 
pharmacological therapy to reduce cardiovascular risk fac-
tors among high-risk patients, including arterial hyperten-
sion, diabetes mellitus, and dyslipidaemia [2]. Dyslipidae-
mia patients are commonly treated with statins. Despite 
treatment with high-intensity statins, patients continue to be 
exposed to significant residual risk for cardiovascular events 
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Graphical abstract

Key Points 

Recently, the triglyceride-lowering omega-3 fatty acid 
icosapent ethyl and the low-density-lipoprotein-choles-
terol-lowering (LDL-C) PCSK9 inhibitors evolocumab 
and alirocumab emerged as add-on statin treatments to 
reduce the risk of acute cardiovascular events in dyslipi-
daemia patients.

The developed Markov model reveals that icosapent 
ethyl is cost effective for primary and secondary cardio-
vascular prevention, whilst PCSK9 inhibitors are not.

Subgroup analyses demonstrate especially favour-
able clinical economics in high-risk populations, e.g., 
patients with elevated LDL-C levels (≥ 100 mg/dL 
or 2.6 mmol/L) for PCSK9 inhibitors or patients with 
elevated triglycerides (≥ 200 mg/dL or 2.3 mmol/L) and 
low high-density-lipoprotein-cholesterol (HDL-C) levels 
(≤ 35 mg/dL or 0.9 mmol/L) for icosapent ethyl.

in addition to safety concerns surrounding high statin doses 
[3, 4]. As a result, additive lipid-lowering therapies have 
been developed to further reduce the risk of major adverse 
cardiovascular events (MACE) [5–10].

The ESC categorises additive lipid-modifying drugs 
according to their primary effect on low-density lipoprotein 
cholesterol (LDL-C) and triglycerides [11]. Both indicators 
function as independent markers to detect at-risk patients 
[12, 13]. Whilst ezetimibe, evolocumab, and alirocumab 
predominantly impact LDL-C levels (cholesterol-lowering 
strategy), icosapent ethyl and fenofibrate mainly lower tri-
glycerides (triglyceride-lowering strategy) [5–8, 10, 11]. 
Nonetheless, statins and icosapent ethyl exert beneficial 
pleiotropic effects on molecular pathways beyond lipid 
modification to achieve the MACE risk reduction observed 
in clinical trials [8, 14].

Novel pharmacological treatments must demonstrate 
not only efficacy, but also economic value to patients and 
insurers for successful adoption to clinical practice [2]. 
Public Health England estimates that 6% (£7.4 billion) of 
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the National Health Service’s (NHS) annual healthcare 
budget is spent on CVD [15], which further increases pres-
sure to introduce cost-effective prevention strategies. Previ-
ous cost-effectiveness analyses ordinarily evaluated single 
lipid-lowering drugs for secondary prevention in countries 
around the world [16–22]. The present study assesses the 
cost effectiveness of icosapent ethyl, fenofibrate, ezetimibe, 
evolocumab, and alirocumab in combination with moderate-/
high-intensity statins compared to moderate-/high-intensity 
statin monotherapy for primary and secondary cardiovascu-
lar prevention from the perspective of the NHS. To the best 
of our knowledge, this is the first study evaluating the cost 
effectiveness of icosapent ethyl in the UK.

2 � Data and Methods

2.1 � Model Structure

A Markov model simulating the progression of CVD in dys-
lipidaemia patients was adapted from existing cost-effec-
tiveness studies (Fig. 1) [23]. Patients transitioned between 
three distinct health states: “Alive without CVD”, “Alive 
with CVD”, and “Dead”. The occurence of non-fatal MI 
and non-fatal strokes transitioned patients without prior 
CVD history to the “Alive with CVD” state. Within each 
health state, patients were at risk of acute events, including 
coronary revascularisation and hospitalisation for unstable 
angina pectoris. Patients without CVD entered the model in 
the “Alive without CVD” state (primary prevention cohort), 
whereas patients with documented CVD commenced in the 
“Alive with CVD” state (secondary prevention cohort). 
Patients were channelled to the “Dead” state by dying from 
CVD or non-CVD causes. The model was constructed from 

the perspective of the UK's NHS, entailing a 20-year time 
horizon (lifetime) and a 3.5% (± 1.5%) discount rate [24].

2.2 � Evaluated Treatment Options

For the purpose of our analyses, we considered all lipid-
lowering therapies that were approved by the European 
Medicines Agency (EMA) for primary or secondary car-
diovascular prevention after the introduction of statins. Nic-
otinic acid in combination with laropiprant was excluded 
based on a negative EMA recommendation after the results 
of the HPS2-THRIVE study in 2013 [9]. For each drug, we 
selected the largest cardiovascular outcomes trial (CVOT) 
in dyslipidaemia patients (Supplementary Table e1). We 
therefore considered five drugs (ezetimibe, icosapent ethyl, 
evolocumab, alirocumab, fenofibrate) in our analyses. Only 
icosapent ethyl and fenofibrate were analysed for primary 
cardiovascular prevention as ezetimibe, evolocumab, and 
alirocumab were not yet evaluated in patients without estab-
lished CVD. Until this point there were no completed CVOT 
for bile acid sequestrants, inclisiran, bempedoic acid, and 
other investigational new drugs.

2.3 � Comparator

The European Society of Cardiology guidelines recom-
mend to escalate lipid-lowering treatments from moderate-/
high-intensity statins to moderate-/high-intensity statins in 
combination with an adjunct therapeutic for patients with 
refractory elevated blood lipids [11]. Therefore, moderate-/
high-intensity statin monotherapy, e.g., simvastatin (20–40 
mg), atorvastatin (40–80 mg), rosuvastatin (20–40 mg), was 
set as the comparator. This also reflects the average baseline 
patient population in each drug’s underlying CVOT (Sup-
plementary Table e1).

Fig. 1   Markov model structure 
of cardiovascular diseases 
progression and acute events. 
Patients commence the model 
in the “Alive without CVD” 
(primary prevention) or “Alive 
with CVD” (secondary preven-
tion) state. Every year patients 
were at risk of experiencing 
acute cardiovascular events 
(myocardial infarction, stroke, 
coronary revascularisation, 
unstable angina pectoris) and 
dying from CVD or non-CVD 
causes. Model structure adopted 
from Michaeli et al. [23]. CVD 
cardiovascular disease
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2.4 � Transition Probabilities

Transition probabilities were calculated based on the 
CVOT results for icosapent ethyl (REDUCE-IT), evo-
locumab (FOURIER), alirocumab (ODYSSEY), ezetimibe 
(IMPROVE-IT), and fenofibrate (ACCORD) [5–8, 10]. 
First, hazard ratios for each acute event, non-CVD death, 
and CVD death were extracted from the respective trials 
(Table 1). Second, endpoints were converted to annual 
transition probabilities using the median follow-up of each 
CVOT (Supplementary Table e2), coherent with previous 
cost-effectiveness studies [16, 25].

For icosapent ethyl and fenofibrate, CVOT reported 
distinct endpoints in patients with and without estab-
lished CVD. Consequently, separate transition probabili-
ties for primary and secondary cardiovascular prevention 
were estimated based on the underlying CVD prevalence, 
the overall MACE reduction, and the occurrence of acute 
events in patients with and without established CVD [16]. 
For ezetimibe, evolocumab, and alirocumab, CVOT only 
reported endpoints in patients with established CVD. There-
fore, these therapies were only evaluated for secondary car-
diovascular prevention setting. Similar to previous studies, 
baseline transition probabilities were multiplied by + 10% 
and + 14% annually to model the age-dependent increased 
risk of non-CVD and CVD events, respectively [23].

2.5 � Model Population

Patients commenced the simulation at 63 years of age, which 
equals to the weighted-average age of the patient population 
studied in all considered CVOT.

2.6 � Costs

The healthcare expenditure of cardiovascular events in 
patients with dyslipidaemia was obtained from peer-
reviewed literature. Costs for the “Alive without CVD” state 
of £2497 per year were based on healthcare expenditure in 
dyslipidaemia patients without history of any cardiovascular 
event [26]. These costs are based on a retrospective cohort 
study of 24,093 patients over 6 years in the UK. Costs for 
acute events amounted to £7842 for non-fatal MI, £11,512 
for non-fatal stroke, £3517 for unstable angina, and £7337 
for coronary revascularisation [27, 28]. Spending for the 
“Alive with CVD” state of £3466 per year was based on the 
treatment cost of patients with established CVD, e.g., after 
MI, stroke, angina pectoris, and associated comorbidities, 
e.g., arterial hypertension, diabetes mellitus, and chronic 
kidney diseases [27, 28]. Costs for non-CVD deaths were 
estimated at £2734 based on the NHS expense during the 
last 90 days of life weighted by the location of death [29, 
30]. The incremental cost of dying from CVD compared to 

non-CVD causes was estimated at £3558 [28]. All costs are 
presented in 2021 Great British Pounds (£).

List prices for all lipid-lowering drugs were obtained 
from the British National Formulary to calculate annual 
treatment costs [31], which amounted to £357 for statin 
(weighted-average cost of generic statins for high-intensity 
treatment), £346 for ezetimibe, £2064 for icosapent ethyl 
(manufacturer guidance), £4423 for evolocumab, £4412 for 
alirocumab, and £141 for fenofibrate.

2.7 � Utilities

Health-related quality of life (HRQoL) values, measured by 
the EQ-5D-5L index, were assigned to each health state. 
Patients in the “Alive without CVD” state were assigned an 
average age-specific HRQoL value of the overall English 
population obtained from the longitudinal General Practice 
Patient Survey (GPPS) with 1,416,793 responses [32]. The 
HRQoL was reduced by − 0.08 in the “Alive with CVD” 
state [33]. A HRQoL of 0 was allocated to the “Dead” state. 
HRQoL values were further reduced contingent on the inci-
dence of acute cardiovascular events: − 0.04 for non-fatal 
MI, − 0.12 for non-fatal stroke, − 0.09 for hospitalisation 
for angina, and − 0.01 for coronary revascularisation [16].

2.8 � Outcomes

We calculated the incremental  cost-effectiveness ratios 
(ICERs) per quality-adjusted life years (QALY) and life 
years (LY) for each adjunct lipid-lowering drug compared 
to statin monotherapy. We also contrasted numbers needed 
to treat (NNT) for each cardiovascular event across treatment 
alternatives.

2.9 � Sensitivity, Scenario, Willingness‑to‑Pay, 
and Pricing Analyses

Several sensitivity analyses were conducted to assess the 
robustness of calculated outcomes. First, a univariate (deter-
ministic) sensitivity analysis evaluates the impact of vari-
ations in a distinct input parameter on ICERs. Variability 
in drug prices, discount rates, time horizon, and mortality 
trends were assessed in a scenario analysis. Drugs' dif-
ferential efficacy in patient populations was explored in 
a subgroup analysis. A probabilistic sensitivity analysis 
(PSA) evaluates the impact of simultaneous variations in 
input parameters on results. Base case point estimates were 
therefore sampled 1000 times from their defined distribu-
tion (Table 1) to estimate 95% confidence intervals (CI) for 
ICERs. Based on the PSA, we estimated the probability that 
a treatment is cost effective at the UK’s willingness-to-pay 
(WTP) threshold of £20,000 to £30,000 per QALY. Finally, 
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Table 1   Input parameters and distribution for ezetimibe, evolocumab, alirocumab, icosapent ethyl, and fenofibrate: hazard ratios, costs, utilities, 
and others

Cholesterol-lowering strategy Triglyceride-lowering strategy Distribution References

Ezetimibe Evolocumab Alirocumab Icosapent Ethyl Fenofibrate

Hazard ratios
Alive without CVD (primary prevention)
Non-fatal MI NAa NAa NAa 0.78 (0.67–0.90) 0.98 (0.84–1.13) Normal [5–8, 10]
CVD death NAa NAa NAa 0.90 (0.77–1.04) 0.92 (0.78–1.06) Normal [5–8, 10]
Non-CVD death NAa NAa NAa 1.14 (0.97–1.31) 1.03 (0.87–1.18) Normal [5–8, 10]
Non-fatal stroke NAa NAa NAa 0.81 (0.69–0.93) 1.13 (0.96–1.29) Normal [5–8, 10]
Hospitalisation for 

unstable angina
NAa NAa NAa 0.76 (0.64–0.87) 1.05 (0.89–1.21) Normal [5–8, 10]

Coronary revasculari-
sation

NAa NAa NAa 0.76 (0.64–0.87) 1.06 (0.90–1.21) Normal [5–8, 10]

Alive with CVD (secondary prevention)
Non-fatal MI 0.87 (0.80–0.95) 0.72 (0.64–0.81) 0.86 (0.77–0.96) 0.68 (0.58–0.79) 0.88 (0.75–1.01) Normal [5–8, 10]
CVD death 1.00 (0.89–1.13) 1.05 (0.88–1.25) 0.88 (0.74–1.05) 0.79 (0.67–0.91) 0.82 (0.70–0.95) Normal [5–8, 10]
Non-CVD death 0.98 (0.90–1.06) 1.04 (0.91–1.19) 0.78 (0.66–0.94) 1.01 (0.85–1.16) 0.92 (0.79–1.06) Normal [5–8, 10]
Non-fatal stroke 0.86 (0.73–1.00) 0.91 (0.78–1.07) 0.73 (0.57–0.93) 0.71 (0.60–0.82) 1.01 (0.86–1.17) Normal [5–8, 10]
Hospitalisation for 

unstable angina
1.06 (0.85–1.33) 0.99 (0.82–1.18) 0.61 (0.41–0.92) 0.67 (0.57–0.77) 0.94 (0.80–1.08) Normal [5–8, 10]

Coronary revasculari-
sation

0.96 (0.90–1.02) 0.78 (0.71–0.86) 0.88 (0.79–0.97) 0.66 (0.56–0.75) 0.94 (0.80–1.08) Normal [5–8, 10]

Costs
Annual treatment cost 346 4467 4.412 2064 141 Fixed [31]
Annual statin cost 357 Fixed [31]
Alive without CVD 2497 (± 25%) Gamma [26]
Alive with CVD 3466 (± 25%) Gamma [5–8, 10, 26]
Non-fatal MI 7842 (± 25%) Gamma [27, 28]
Non-fatal stroke 11,512 (± 25%) Gamma [27, 28]
Hospitalisation for 

unstable angina
3517 (± 25%) Gamma [26]

Coronary revasculari-
sation

7337 (± 25%) Gamma [26]

Non-CVD death 2734 (± 25%) Gamma [29, 30]
CVD death 6291 (± 25%) Gamma [27–30]
Utilities
Alive without CVD
65–70 years 0.7395 (0.7385–0.7415) Beta [32]
70+ years 0.6745 (0.6725–0.6770) Beta [32]
Alive with CVD
65–70 years 0.6595 (0.6585–0.6615) Beta [32, 33]
70+ years 0.5945 (0.5925–0.5970) Beta [32, 33]
Decrements
Non-fatal MI 0.04 (0.02–0.05) Gamma [49]
Non-fatal stroke 0.12 (0.09–0.16) Gamma [49]
Hospitalisation for 

unstable angina
0.09 (0.06–0.13) Gamma [49]

Coronary revasculari-
sation

0.01 (0.01–0.03) Gamma [49]

Others
Discount rate 3.5% (2–5) Fixed [24]
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the impact of drug prices on the calculated ICERs was inves-
tigated in a pricing analysis.

3 � Results

Base case results are presented and thereafter scrutinised 
in a variety of sensitivity, scenario, and subgroup analyses.

3.1 � Base Case Analysis

3.1.1 � Cholesterol‑Lowering Strategy

Figure 2 visualises the results of base case ICERs per QALY 
gained on a cost-effectiveness plane. Ezetimibe increased 
QALYs gained by 0.60 at cost reductions of − £2529 com-
pared to statin monotherapy for secondary cardiovascular 
prevention (ICER = − £4231 per QALY). Protein con-
vertase subtilisin/kexin type 9 serine protease (PCSK9) 
inhibitors provided incremental QALYs of 0.53 and 0.86 
at costs of £45,279 and £46,375 for evolocumab (ICER = 
£85,193 per QALY) and alirocumab (ICER = £54,211 per 
QALY), respectively. Incremental LYs gained were 0.80 for 
ezetimibe, 0.60 for evolocumab, and 1.14 for alirocumab. 
Number needed to treat was lower for PCSK9 inhibitors 
compared to ezetimibe across all cardiovascular endpoints. 

3.1.2 � Triglyceride‑Lowering Strategy

Regarding primary prevention, icosapent ethyl increased 
QALYs by 0.79 and costs by £15,421 compared to statin 
monotherapy (ICER = £19,485 per QALY). Fenofibrate 

yielded 0.62 additional QALYs at incremental cost-savings 
of − £61,267 (ICER = − £9932 per QALY). Supplementary 
Figure e1 demonstrates that icosapent ethyl provided greater 
LYs gained than fenofibrate (0.90 vs 0.84). Number needed 
to treat was lower for icosapent ethyl in MI, stroke, and CVD 
death prevention, yet not unstable angina, coronary revascu-
larisation, and non-CVD death prevention relative to fibrate.

In secondary prevention, icosapent ethyl extended 
QALYs by 0.98 for patients at costs of £12,981 compared 
to statin monotherapy (ICER = £13,285 per QALY). Fenofi-
brate added 0.85 QALYs whilst saving − £6377 (ICER = 
− £7472 per QALY). Life-years gained were similar for 
icosapent ethyl and fenofibrate (1.25 vs 1.28). Fewer patients 
were needed to treat with icosapent ethyl relative to fenofi-
brate to prevent all MACE (Table 2).

3.2 � Sensitivity Analyses

Univariate, scenario, probabilistic, WTP, and pricing analy-
ses were conducted to evaluate the robustness of base case 
results under varying input values and different settings.

3.2.1 � Univariate Sensitivity and Scenario Analyses

Univariate sensitivity analysis demonstrates that ICERs 
are mainly influenced by the transition probability from the 
“Alive with CVD” to “Death” state and attributed costs as 
well as the incidence of acute cardiovascular events (Tor-
nado plots in Supplementary Figure e2 and e3). Scenario 
analysis shows that a ± 1.5% variation in the discount rate 
causes an average fluctuation of ± 7% in ICERs (Supple-
mentary Table e3). A ± 2% uncertainty surrounding the 

Table 1   (continued)

Cholesterol-lowering strategy Triglyceride-lowering strategy Distribution References

Ezetimibe Evolocumab Alirocumab Icosapent Ethyl Fenofibrate

Annual CVD risk 
increase

14% (12–14) Fixed [23]

Annual non-CVD risk 
increase

10% (8–12) Fixed [23]

Cohort 1000 patients Fixed Assumption
Starting age 63 years Fixed [5–8, 10]
Time horizon Lifetime: 20 years Fixed [24]

The Table presents base case input parameters regarding hazard ratios, costs, utilities, and others for evaluated lipid-lowering therapies. Deter-
ministic and probabilistic sensitivity analyses were conducted based on variations displayed in brackets and their defined distribution. Transition 
probabilities were derived from displayed hazard ratios combined with each trial’s follow-up period as illustrated in Supplementary Table e2. 
Lipid-lowering drugs are presented as cholesterol-and triglyceride-lowering according to guideline recommendations [11]. Costs in 2021 Great 
Britain Pounds (£)
CVD cardiovascular disease, MI myocardial infarction
a No clinical trials reporting major cardiovascular adverse events for patients without established CVD were available for ezetimibe, evolocumab, 
and alirocumab
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annual CVD risk increase, caused an average ± 6% varia-
tion in ICERs.

3.2.2 � Subgroup Analyses

All drugs displayed differential efficacy outcomes in their 
clinical trials. Consequently, ICERs were assessed for a 
variety of patient populations (Table 3). Compared to the 
overall population, icosapent ethyl was especially cost effec-
tive among patients aged < 65 years for both primary (ICER 
= £14,368 per QALY) and secondary (ICER = £8809 per 
QALY) cardiovascular prevention. Patient age did not sig-
nificantly impact ICERs for PCSK9 inhibitors. The ICER 
of icosapent ethyl was lower among patients with baseline 
triglycerides of ≥ 200 mg/dL (≥ 2.3 mmol/L) and HDL-C 
levels of ≤ 35 mg/dL (≤ 0.9 mmol/L) for primary (ICER 
= £12,166 per QALY) and secondary (ICER = £7131 per 
QALY) cardiovascular prevention. Accordingly, the targeted 
treatment of patients with baseline LDL-C of ≥ 100 mg/dL 
(≥ 2.6 mmol/L) reduced the ICERs of evolocumab (ICER = 
£63,600 per QALY) and alirocumab (ICER = £44,851 per 
QALY). ICERs were lower for icosapent ethyl and PCSK9 
inhibitors in patients with a baseline high-sensitivity CRP 
lower than ≤ 2 mg/L.

3.2.3 � Probabilistic Sensitivity Analyses

Input parameters were drawn from their defined distribution 
across CIs displayed in Table 1 for 1000 iterations. Incre-
mental QALYs and costs of these 1000 resamples are visu-
alised on a cost-effectiveness plane in Fig. 3.

For the cholesterol-lowering strategy, QALYs gained 
were significantly higher for alirocumab (0.86, 95% CI 
0.72–1.00) than for evolocumab (0.53, 95% CI 0.40–0.67, 
p < 0.001) and ezetimibe (0.60, 95% CI 0.43–0.77, p 
< 0.001) in secondary prevention. The ICER of ali-
rocumab and evolocumab remained robust at £54,703 
(95% CI 46,737–63,565) and £87,062 per QALY (95% CI 
67,690–111,250), respectively.

For the triglyceride-lowering strategy, QALY gains 
were consistently higher for icosapent ethyl (0.80, 95% 
CI 0.68–0.92) than fenofibrate (0.62, 95% CI 0.51–0.73, 
p < 0.001) in patients without established CVD. For sec-
ondary prevention, icosapent ethyl offered QALY gains 
of 0.97 (95% CI 0.82–1.14) compared to 0.86 (95% CI 
0.70–1.03, p < 0.001) for fenofibrate. The ICER of icosap-
ent ethyl remained robust at £19,544 per QALY (95% CI 
15,843–23,586) for primary prevention and at £13,402 per 
QALY (95% CI 10,379–16,469) for secondary prevention.

Fig. 2   Cost-effectiveness plane 
for ezetimibe, evolocumab, 
alirocumab, icosapent ethyl, 
and fenofibrate in combination 
with statins for primary (A) and 
secondary (B) cardiovascular 
prevention. QALYs and costs 
presented for the average person 
simulated in the model. Lipid-
lowering drugs are presented 
as cholesterol-and triglyceride-
lowering according to guideline 
recommendations [11]. Costs in 
2021 Great Britain Pounds (£). 
QALY quality-adjusted life year
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3.2.4 � Willingness‑to‑Pay and Pricing Analyses

In primary prevention, fenofibrate was cost effective across 
all WTP thresholds (Fig. 4). Icosapent ethyl surpassed a 
95% probability of cost effectiveness at a WTP of £24,000 
per QALY. Assuming a WTP of the National Institute for 
Health and Care Excellence of £25,000 per QALY, icosa-
pent ethyl was cost effective 98% of times—at a WTP of 
£30,000 per QALY, icosapent ethyl was cost effective across 
all simulations for secondary prevention. We estimated a 
maximum list price of £2704 for icosapent ethyl to maintain 
cost-effectiveness, representing a +31% premium to the list 
price of £2064 proposed by the manufacturer (Supplemen-
tary Fig. e4).

In secondary prevention, the generic drugs ezetimibe and 
fenofibrate were cost effective compared to statin monother-
apy across all WTP thresholds. Icosapent ethyl surpassed a 
95% probability of cost effectiveness at a WTP threshold of 
£17,000 per QALY, alirocumab at a threshold of £64,000 
per QALY, and evolocumab at a threshold of £112,000 per 
QALY. Consequently, icosapent ethyl was cost effective 
across 100% of simulations, whilst PCSK9 inhibitors were 
not cost-effective across any simulation at the UK’s WTP of 
£30,000 per QALY. We therefore estimated a maximum list 
price of £3402 for icosapent ethyl, which represents a + 65% 
increase compared to manufacturer guidance. In contrast, 
discounts of − 37 to − 53% are necessary to achieve cost 

Table 2   Base case LYs, QALYs, ICERs, and NNT for primary and secondary cardiovascular prevention

The Table presents base case LYs, QALYs, ICERs, and NNT for a patient commencing respective lipid-lowering therapy at the age of 63 years 
until end-of-life. Lipid-lowering drugs are presented as cholesterol- and triglyceride-lowering according to guideline recommendations [11]. 
Costs in 2021 Great Britain Pounds (£)
CVD cardiovascular disease, ICER incremental cost-effectiveness ratio, LY life year, MI myocardial infarction, NA not applicable, NNT number 
needed to treat, QALY quality-adjusted life year
a No clinical trials reporting major cardiovascular adverse events for patients without established CVD were available for ezetimibe, evolocumab, 
and alirocumab

Cholesterol-lowering strategy Triglyceride-lowering strategy

Ezetimibe Evolocumab Alirocumab Icosapent ethyl Fenofibrate

Primary prevention
Incremental LYs a a a 0.90 0.84
Incremental QALYs a a a 0.79 0.62
Incremental costs (£) a a a 15,421 − 6167
ICER (£ per LY) a a a 17,121 − 7356
ICER (£ per QALY) a a a 19,485 − 9932
Number needed to treat (NNT)
 Non-fatal MI a a a 1.6 3.3
 Non-fatal stroke a a a 5.6 16.3
 Hospitalisation for unstable angina a a a 4.6 4.4
 Coronary revascularisation a a a 1.3 1.2
 CVD death a a a 3.9 5.0
 Non-CVD death a a a 41.7 17.5

Secondary prevention
Incremental LYs 0.80 0.60 1.14 1.25 1.28
Incremental QALYs 0.60 0.53 0.86 0.98 0.85
Incremental costs (£) − 2529 45,279 46,375 12,981 − 6377
ICER (£ per LY) − 3157 75,283 40,708 10,409 − 4998
ICER (£ per QALY) − 4231 85,193 54,211 13,285 − 7472
Number needed to treat (NNT)
 Non-fatal MI 2.7 1.6 1.6 1.5 3.5
 Non-fatal stroke 8.8 6.4 6.4 5.3 21.5
 Hospitalisation for unstable angina 31.3 5.8 14.1 4.3 5.2
 Coronary revascularisation 1.7 1.1 1.4 1.1 1.3
 CVD death 7.3 6.4 4.5 3.8 5.2
 Non-CVD death 15.8 24.3 17.9 48.8 23.1
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Table 3   Subgroup analysis

ICER (£ per QALY) are presented for different patient populations. Costs in 2021 Great Britain Pounds (£)
CRP c-reactive protein, CVD cardiovascular disease, HDL-C high-density-lipoprotein-cholesterol, ICER incremental cost-effectiveness ratio, 
LDL-C low-density-lipoprotein-cholesterol, NR not reported, QALY quality-adjusted life year
a A triglyceride level of 200 mg/dL is equivalent to 2.3 mmol/L. A HDL-C level of 35 mg/dL is equivalent to 0.9 mmol/LL
b A LDL-C level of 100 mg/dL is equivalent to 2.6 mmol/LL

Subgroup Primary prevention Secondary prevention

Icosapent ethyl Icosapent ethyl Evolocumab Alirocumab

Base case 19,485 13,285 85,193 54,211
Age
 < 65 years 14,368 8809 88,474 59,567
 ≥ 65 years 36,383 37,071 85,193 47,632

Baseline triglyceride ≥ 200 mg/dL and HDL-C ≤ 35 mg/dLa

 No 23,288 17,226 NR NR
 Yes 12,166 7131 NR NR

Baseline LDL-C ≥ 100 mg/dLb

 No NR NR 107,362 62,001
 Yes NR NR 63,600 44,851

Baseline high-sensitivity CRP
 ≤ 2 mg/L 14,882 9221 74,106 49,660
 > 2 mg/LL 25,694 20,048 99,947 59,567

Fig. 3   Probabilistic sensitiv-
ity analysis for ezetimibe, 
evolocumab, alirocumab, 
icosapent ethyl, and fenofibrate 
in combination with statins for 
primary (A) and secondary (B) 
cardiovascular prevention. Input 
parameters displayed in Table 1 
were varied by their confidence 
intervals and distribution; 1000 
simulations of this probabil-
istic sensitivity analysis are 
visualised in this Figure. The 
grey line illustrates the English 
NHS’ upper willingness-to-
pay threshold of £30,000 per 
QALY. Lipid-lowering drugs 
are presented as cholesterol- and 
triglyceride-lowering accord-
ing to guideline recommenda-
tions [11]. QALYs and costs 
presented for the average 
person simulated in the model. 
Costs in 2021 Great Britain 
Pounds (£). ICER incremental 
cost-effectiveness ratio, NHS 
National Health Service, QALY 
quality-adjusted life year
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effectiveness for alirocumab and evolocumab respectively, 
in the UK.

4 � Discussion

Our study assesses the cost effectiveness of lipid-lowering 
therapies for primary and secondary cardiovascular preven-
tion in the UK. Among cholesterol-lowering drugs, ezetimibe 
is cost effective for secondary prevention, whilst the PCSK9 
inhibitors evolocumab and alirocumab are not. Price dis-
counts beyond − 37% or the targeted treatment of patients 
with LDL-C levels beyond 100 mg/dL (2.6 mmol/L) are 
required for PCSK9 inhibitors to reach cost effectiveness. In 
contrast, both triglyceride-lowering drugs, icosapent ethyl 
and fenofibrate, are cost effective for patients with and with-
out established CVD at the UK’s WTP of £25,000 per QALY.

4.1 � Cholesterol‑Lowering Strategy: Ezetimibe, 
Evolocumab, and Alirocumab

Protein convertase subtilisin/kexin type 9 serine protease 
inhibitors reduce the risk of MACE by 15%, in contrast to 
an observed risk reduction of 6% provided by ezetimibe 
[5–7]. However, PCSK9 inhibitors are costly with list prices 
around £4400 per year in the UK, causing ICERs to exceed 
the NHS’ established cost-effectiveness threshold of £20,000 
to £30,000 per QALY. Consequently, PCSK9 inhibitors are 
a “double edged sword” in the treatment of dyslipidaemia 
patients. Whilst increasing available therapeutic options to 
patients, pharmaceutical companies demand steep prices for 
the limited observed efficacy [6].

Consistent with our results, the NHS concluded that 
both PCSK9 inhibitors are not cost effective at annual 
treatment costs around £4400 [34, 35]. The committee 
demanded discounts in undisclosed magnitude alongside 
prescribing restrictions. Our analyses suggest that dis-
counts beyond − 37% are necessary for PCSK9 inhibitors 

Fig. 4   Probability of cost effec-
tiveness at different willingness-
to-pay thresholds for ezetimibe, 
evolocumab, alirocumab, 
icosapent ethyl, and fenofibrate 
in combination with statins for 
primary (A) and secondary (B) 
cardiovascular prevention. The 
grey line illustrates the English 
NHS’ upper willingness-to-
pay threshold of £30,000 per 
QALY. Dotted lines show the 
willingness-to-pay thresholds 
at which the probability of 
cost-effectiveness surpasses 
95%. Lipid-lowering drugs are 
presented as cholesterol-and 
triglyceride-lowering accord-
ing to guideline recommenda-
tions [11]. QALYs and costs 
presented for the average person 
simulated in the model. Costs 
in 2021 Great Britain Pounds 
(£) and willingness-to-pay 
thresholds in £/QALY. NHS 
National Health Service, QALY 
quality-adjusted life year
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to be cost effective. Prescription is restricted to patients 
with established CVD, a high risk of acute cardiovascular 
events, and LDL-C levels above 135 mg/dL (3.5 mmol/L). 
Incremental cost-effectiveness ratios can be substantially 
lowered by reducing prices and restricting prescription to 
at-risk patients as analyses in the USA demonstrate [22, 36]. 
Similarly, our subgroup analysis demonstrates lower ICERs 
among patients with baseline LDL-C levels of ≥ 100 mg/
dL for evolocumab (ICER = £63,600 per QALY) and ali-
rocumab (ICER = £44,851 per QALY).

In line with our results, meta-analyses reviewing the cost 
effectiveness of lipid-lowering therapeutics across the globe 
concluded that ezetimibe is cost effective, in contrast to 
PCSK9 inhibitors, which are not cost-effective [25, 37–39]. 
Only one of ten studies (10%) evaluated PCSK9 inhibi-
tors as cost effective, compared to five out of eight (63%) 
for ezetimibe [25]. Previous studies required discounts of 
− 20% to − 88% on PCSK9 inhibitors' list prices to achieve 
cost effectiveness [39]. Although the clinical economics of 
PCSK9 inhibitors are well established in developed nations, 
evidence from low-income countries is scarce [37].

4.2 � Triglyceride‑Lowering Strategy: Icosapent Ethyl 
and Fenofibrate

The REDUCE-IT and JELIS trials alongside recent meta-
analyses demonstrate that icosapent ethyl reduces the risk of 
MACE by up to 25% in patients with elevated triglyceride 
levels despite statin therapy in a dose-dependent manner 
[8, 40, 41]. Informed by these CVOT, studies evaluated the 
cost-effectiveness of icosapent ethyl in Germany, the USA, 
Australia, Canada, and Japan [16–21, 23].

In Germany, Michaeli et al assessed icosapent ethyl as a 
cost-effective use of resources compared to statin monother-
apy based on ICERs of €18,133 per QALY for primary and 
€14,485 per QALY for secondary cardiovascular prevention 
[23]. The US Institute for Clinical and Economic Review 
and Weintraub et al concluded icosapent ethyl is cost effec-
tive at the US WTP threshold of USD50,000 per QALY with 
ICERs ranging from USD18,000 to 36,118 per QALY [17, 
19]. Ademi et al considered icosapent ethyl cost effective at 
the Australian WTP threshold of AUD50,000 per QALY, 
especially for secondary prevention [16]. They calculated 
an ICER of AUD45,036 per QALY using a Markov model 
simulation based on annual treatment costs of AUD1637. In 
contrast, Gao et al calculated an ICER of AUD59,036 per 
QALY based on annual treatment costs of AUD3768 [18].

Similar to Australia, icosapent ethyl’s clinical econom-
ics remain disputed in Canada. Lachaine et al calculated 
an ICER of CAD42,797 per QALY, whilst the Canadian 
Agency for Drugs and Technologies in Health (CADTH) 
calculated an ICER of CAD105,053 per QALY and therefore 
demanded a price discount of − 43% to reach the Canadian 

WTP threshold of CAD50,000 per QALY [20, 21]. Kodera 
et al assessed icosapent ethyl as cost effective for primary, 
yet not secondary prevention in Japan [42]. However, they 
derive transition probabilities based on a MACE reduction 
of 19% observed in the Japanese JELIS trial, which treated 
patients with 1.8 g eicosapentaenoic acid (EPA) per day [40, 
42]. Consequently, icosapent ethyl's ICER is likely lower 
at treatment doses of 4 g per day in Japan considering the 
observed dose-dependent MACE reduction [41].

Cost-effectiveness studies conducted in Germany, the 
USA, Australia, Canada, and Japan are coherent with our 
results in the UK. Icosapent ethyl is cost effective for cardio-
vascular prevention at the UK’s WTP of £25,000 per QALY. 
The clinical and economic value is especially favourable in 
secondary prevention (ICER = £13,285 per QALY). Fur-
thermore, the conducted subgroup analysis demonstrates 
that an early therapeutic intervention in patients younger 
than 65 years substantially lowers ICERs. Additionally, tar-
geting at-risk patients with elevated triglycerides (≥ 200 mg/
dL) at low HDL-C levels (≤ 35 mg/dL) reduces icosapent 
ethyl's ICERs.

Fenofibrate is an off-patent drug that is available for 
£141 per year, yet yields additional QALY and LY gains 
for patients. Consequently, their observed negative ICERs 
were expected. Clinicians must consider the economic sav-
ings that generic drugs offer to the healthcare system in their 
prescription behaviour.

4.3 � Limitations

First, long-term efficacy data are not available for all con-
sidered lipid-lowering drugs. We therefore derived annual 
transition probabilities from aforementioned CVOT with 
follow-up periods between 2.2 and 6.0 years (Supplemen-
tary Table 1), subsequently applied them to a 20-year time 
horizon, and considered age-specific trends by employing 
annually increasing CVD risks. Whilst this methodology is 
widely used in cost-effectiveness studies [16, 25], CVOT 
with longer follow-up periods are necessary to determine the 
efficacy and cost of lipid-lowering drugs in clinical practice.

The REDUCE-IT trial compared icosapent ethyl versus 
mineral oil, raising scientific debate about the potentially 
overestimated MACE reduction of 25%, which may over-
value its calculated ICER [8, 43]. Nonetheless, icosapent 
ethyl’s efficacy is underlined by the US Food and Drug 
Administration (FDA) and EMA regulatory approval.

Our analyses were conducted from the perspective of the 
UK NHS. Utilities, costs, and WTP thresholds in other coun-
tries may vary as previously discussed.

Previous studies evaluated the cost effectiveness of cho-
lesterol-lowering drugs by estimating transition probabilities 
from national CV observation studies to then simulate each 
drug’s risk reduction in MACE based on its effect on the 
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surrogate parameter LDL-C. In contrast, we derived transi-
tion probabilities and MACE risk reductions from CVOT to 
adequately capture each drug’s pleiotropic metabolic effects 
beyond lowering blood lipids, which are particularly impor-
tant for triglyceride-lowering drugs [8, 10].

Our Markov model assumes immediate treatment intensi-
fication. In clinical practice, there remains a significant delay 
in the intensification and initiation of lipid-lowering treat-
ments, resulting in worse CV outcomes and higher ICER 
estimates [44].

Finally, adverse events were not considered in our model. 
Future analyses should evaluate the clinical economics of 
triple and quadruple lipid-modifying agents. Moreover, the 
efficacy and costs of therapy sequence require further inves-
tigation, given their importance for physicians in clinical 
practice.

4.4 � Future Research

Coherent with previous meta-analyses [45, 46], this study high-
lights the lack of CVOT data for the use of ezetimibe and PCSK9 
inhibitors in primary cardiovascular prevention. Recent market 
access strategies reveal that pharmaceutical companies first 
develop new lipid-modifying agents for rare high-risk patient 
populations, e.g., familial hypercholesterolaemia. This strategy 
permits companies to finance costly CVOT, which require the 
enrolment of several thousand patients, for the secondary CV 
prevention indication. However, companies may be reluctant to 
fund further CVOT for primary CV prevention, as the lower effi-
cacy in this indication could lead to insurers demanding rebates 
on a drug’s overall price. Ultimately, this results in unmet needs 
of robust trials evaluating the efficacy of lipid-modifying drugs 
in patients without established CVD. More sophisticated indi-
cation-specific pricing, coverage, and reimbursement policies, 
which align a price per drug indication, could help to overcome 
this unmet need [47, 48]. Otherwise, academic institutes could 
support trials for primary CV prevention.

Although the new lipid-modifying treatments in this 
study were proven to significantly reduce the risk of 
MACE, adherence to these drugs remains low [44]. Par-
ticularly impractical administration routes, side-effects, 
high drug prices resulting in financial toxicity, and lack-
ing physician/patient education pose significant barriers 
to long-term compliance. Therefore, clinicians are eagerly 
awaiting trial results from lipid-modifying agents with 
more convenient administration routes (oral [NNC0385-
0434: NCT04992065] or semi-annual [inclisiran: ORION-
4] PCSK9 inhibitors), statin alternatives with fewer side 
effects (bempedoic acid: CLEAR Outcomes), and novel 
mechanisms of action (vupanorsen, volanesorsen, pelac-
arsen, olpasiran). More available therapeutics could permit 
more individualised patient care and drive down prices by 
increasing competition.

5 � Conclusion

Icosapent ethyl in combination with statins is cost effec-
tive for primary and secondary cardiovascular prevention 
at an annual price of £2064 in the UK relative to statin 
monotherapy. Especially an aggressive therapeutic strategy 
targeting patients younger than 65 years with elevated tri-
glycerides of ≥ 200 mg/dL (≥ 2.3 mmol/L) and low HDL-C 
levels of ≤ 35 mg/dL (≤ 0.9 mmol/L) further reduces icosa-
pent ethyl’s cost-effectiveness ratios. At list prices around 
£4400, PCSK9 inhibitors are not cost effective for secondary 
prevention. Cost effectiveness can be achieved with price 
discounts of − 37% to − 53% or by restricting prescrip-
tion to patients with LDL-C levels beyond 100 mg/dL (2.6 
mmol/L). For secondary prevention, ezetimibe and fenofi-
brate are low-cost generics that lower the risk of ischae-
mic cardiovascular events, whilst providing savings for the 
healthcare system.
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