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Abstract
Background Proprotein convertase subtilisin/kexin type 9 inhibitors, such as evolocumab, are cholesterol-lowering drugs 
effective in lowering lipid levels in high-risk patients with primary hypercholesterolemia or mixed dyslipidemia.
Objective This study assessed the cost effectiveness of evolocumab in combination with lipid-lowering therapies (LLTs) 
compared with LLTs alone, from a public healthcare perspective in the Kingdom of Saudi Arabia (KSA).
Methods A Markov cohort state transition model was used, incorporating efficacy estimates from the FOURIER clinical trial 
and baseline cardiovascular event rates observed in clinical practice. Other model inputs were extracted from the literature 
and Saudi sources.
Results In patients with clinically evident atherosclerotic cardiovascular disease and baseline low-density lipoprotein choles-
terol ≥ 70 or ≥ 100 mg/dL, adding evolocumab to a maximally tolerated statin, with or without ezetimibe, was associated with 
incremental cost-effectiveness ratios (ICERs) of Saudi Arabian riyal (SAR) 109,274 ($US60,708) per quality-adjusted life-
year (QALY) gained and SAR75,163 ($US41,757) per QALY gained, respectively. The ICER was SAR22,391 ($US12,440) 
per QALY gained in patients with heterozygous familial hypercholesterolemia. Sensitivity analysis results were robust to 
changes in model parameters and fell below the willingness-to-pay threshold of up to three times gross domestic product 
per capita in 2019 (SAR264,813 [$US147,118]).
Conclusion Evolocumab can be considered a cost-effective treatment option for patients with atherosclerotic cardiovascular 
disease or heterozygous familial hypercholesterolemia in the KSA.
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Key Points for Decision Makers 

In the Kingdom of Saudi Arabia (KSA), many patients 
with clinically evident atherosclerotic cardiovascular 
disease (ASCVD) or heterozygous familial hypercho-
lesterolemia (HeFH) do not achieve adequate reductions 
in levels of low-density lipoprotein cholesterol (LDL-C) 
despite lipid-lowering therapies (LLTs) being widely 
available, leading to substantially increased cardiovascu-
lar event rates and associated costs.

Evolocumab in combination with LLTs is a cost-effec-
tive treatment choice for patients with clinically evident 
ASCVD and HeFH whose LDL-C levels are not well 
controlled with LLTs alone.

Decision makers may consider evolocumab as a useful 
option in improving the care of patients with ASCVD or 
HeFH in the KSA.

1 Introduction

Cardiovascular disease (CVD) is one of the leading causes 
of mortality worldwide and was responsible for more than 
17.7 million deaths in 2015 globally [1]. In Saudi Arabia, 
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CVD accounts for 45.7% of all deaths, with an estimation of 
41,000 deaths every year [2]. CVD incurs a high economic 
burden and high resource consumption. In Saudi Arabia, 
the direct medical costs for each patients with CVD was 
estimated to be $US10,710 per event [3].

Elevated low-density lipoprotein cholesterol (LDL-C) is 
one of the most important modifiable risk factors for ath-
erosclerotic CVD (ASCVD) [4, 5]. Individuals with familial 
hypercholesterolemia (FH), a hereditary condition that leads 
to life-long raised LDL-C levels, are also particularly vulner-
able to cardiovascular events [6–8]. Lipid-lowering thera-
pies (LLTs), mainly statins, are prescribed to reduce LDL-C 
levels. However, many patients do not achieve an adequate 
reduction in LDL-C level despite widely available LLTs [9, 
10] and so remain vulnerable to excess cardiovascular events.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) 
inhibitors, such as evolocumab, are a modern class of cho-
lesterol-lowering drugs that have proven efficacy in lowering 
lipid levels in high-risk patients with primary hypercholes-
terolemia or mixed dyslipidemia with demonstrated safety 
over 5 years [11–15].

Evolocumab has been shown to be a consistent and effi-
cacious treatment in reducing LDL-C levels, regardless of 
patient characteristics or background therapy [16].

However, the perceived added value of evolocumab could 
vary from country to country, as the reported incremental 
cost-effectiveness ratio (ICER) for evolocumab ranged from 
$US51,687 to 1,336,221 in ASCVD and from $US35,225 
to 503,000 in heterozygous familial hypercholesterolemia 
(HeFH), indicating that PCSK9 inhibitors may be cost effec-
tive in some countries but not in others [17–19]. Differences 
in cost effectiveness are mainly because of different popula-
tion characteristics, CVD risk factors, efficacy assumptions, 
and drug prices [17]. There is a need to support healthcare 
decision makers with economic evaluations to ensure scarce 
healthcare resources are invested efficiently.

The aim of this study was to assess the cost effectiveness 
of evolocumab as an add-on treatment for patients with clini-
cally evident ASCVD and patients with HeFH whose LDL-C 
levels are not controlled with conventional LLTs, from a pub-
lic healthcare perspective for the Kingdom of Saudi Arabia 
(KSA).

2  Materials and Methods

2.1  Patient Population

A base-case simulation used real-world data to model the 
Saudi patient population. Three patient populations were 
considered in the economic model: two subgroups of 
patients with clinically evident ASCVD (LDL-C ≥ 70 and 
≥ 100 mg/dL) and patients with HeFH. Because of resource 

limitations and the absence of a complete dataset, data from 
multiple sources were used to inform patient population 
characteristics, as detailed in Table 1.

The majority of population characteristics for the ASCVD 
populations were obtained from the Saudi Acute Myocardial 
Infarction Registry (STARS-1), a registry for patients with 
acute myocardial infarction (MI) that was conducted across 
50 hospitals across the KSA, focusing on the public popula-
tion sector [20].

Where data were not available from the STARS-1 dataset, 
alternative sources were used, such as Al Sifri et al. [21], a 
multicenter observational study investigating the prevalence 
of lipid abnormalities and cholesterol values in patients with 
stable dyslipidemia in the KSA. Baseline mean LDL-C lev-
els were obtained from Altowaijri et al. [22].

For patients with HeFH, population characteristics were 
sourced from Al-Rasadi et al. [23]. This study assessed the 
prevalence, management, and outcomes of HeFH in patients 
with dyslipidemia in the Arabian Gulf. The model assumed 
that the discharge diagnoses observed in this patient popula-
tion were representative of the underlying natural history for 
patients with HeFH in the KSA.

2.2  Model Structure

A previously published Markov state transition model was 
adapted for the Saudi public healthcare setting to estimate 
the cost effectiveness of evolocumab in lowering LDL-C for 
patients with ASCVD or HeFH [18, 24–28]. The model was 
populated with local inputs for baseline patient characteris-
tics, background therapy, event rates, background mortal-
ity, and costs. The model used a lifetime time horizon and 
public healthcare perspective, and costs and outcomes were 
discounted at an annual rate of 3.0% [29]. Scenario analyses 
exploring alternative discount rates are provided in the elec-
tronic supplementary material (ESM). The model considered 
an annual cycle length consistent with other economic evalu-
ation studies in CVD [30].

The model comprised eight main health states: no 
ASCVD, nonfatal MI, post-MI, nonfatal ischemic stroke 
(IS), post-IS, other ASCVD, cardiovascular death, and non-
cardiovascular death (Fig. 1). The ‘other ASCVD’ health 
state captured less severe cardiovascular events, namely 
unstable angina, transient ischemic attack, revascularization 
without MI, and peripheral artery disease (i.e., peripheral 
revascularization and vascular amputations). The ‘nonfatal 
MI’ and ‘nonfatal IS’ health states covered the initial year 
period after the event, and post-event health states covered 
subsequent years, to account for differences in risk, costs, 
and utilities between initial and subsequent years.

Additionally, the model included combined health states 
that comprised either two or three post-event health states, cre-
ated to track patients’ cardiovascular event history over time.
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2.3  Model Inputs

2.3.1  Clinical Data

2.3.1.1 Atherosclerotic Cardiovascular Disease Popula‑
tion The baseline nonfatal cardiovascular event rates for 
patients with clinically evident ASCVD were derived from 
the Truven MarketScan database [18, 31]. The rate of car-
diovascular death was estimated separately by combining 
National Health and Nutrition Examination Survey mortal-
ity files (2004–2012) and the National Vital Statistics Mor-
tality Report 2012 [18, 31].

Patients in the KSA have an elevated baseline cardiovas-
cular event risk compared with a practice-based population 
from North America, so the baseline rate was increased 
by an adjustment factor based on geographic region, 
adjusted for REACH risk score (hazard ratio [HR] 1.54; 
95% confidence interval [CI] 1.11–2.15) [32]. This yielded 
a cardiovascular event rate of 9.85, expressed as per 100 
patient-years.

The baseline cardiovascular event rates were adjusted 
by age and LDL-C level using a published HR for age and 
a rate ratio for LDL-C levels [33, 34].

2.3.1.2 Heterozygous Familial Hypercholesterolemia Pop‑
ulation Published risk equations were applied to popula-
tion characteristics from the RUTHERFORD-2 clinical 
trial to predict the aggregate 10-year risk of cardiovas-

cular events in patients with and without a cardiovascular 
event history [35–37].

Patients with HeFH have a longer exposure to higher 
LDL-C levels, so they have a higher baseline cardio-
vascular risk than estimates based on the Framingham 
and REACH risk equations [38, 39]. Consequently, 
to approximate the risk for patients with HeFH, we 
adjusted the initial predicted aggregate cardiovascu-
lar event rate by using published event odds ratios of 
patients with HeFH compared with those without HeFH, 
while adjusting for several risk factors (13.2 [95% CI 
10.0–17.4] in subjects with HeFH off therapy; 10.3 
[95% CI 7.8–13.8] in subjects with HeFH on therapy). 
These reported odds ratios were used to calculate the 
rate ratios of cardiovascular events in patients with 
HeFH compared with other patients with hyperlipidemia 
[40]. To mimic the routine clinical setting, the risks of 
treated and untreated groups were pooled to account for 
the mix of patients with or without cardiovascular event 
history. A rate ratio of 7.1 (95% CI 5.7–8.7) was applied 
to the rates of events initially predicted to adjust for the 
increased risk in the modeled HeFH population [40].

2.3.2  Mortality

We estimated non-CVD mortality by subtracting the propor-
tion of CVD-related deaths from the Saudi general popula-
tion mortality, taken from life tables by age and sex for the 

Table 1  Patient characteristics

ASCVD atherosclerotic cardiovascular disease, HeFH heterozygous familial hypercholesterolemia, IS ischemic stroke, LDL-C low-density lipo-
protein cholesterol, LLT lipid-lowering therapy, MI myocardial infarction
a The proportion of patients who have experienced prior other ASCVD = 100% – (% experiencing prior MI + % experiencing prior IS)
b Statin-treated patients who also receive ezetimibe

Characteristic Clinically 
evident 
ASCVD
(LDL-C ≥ 70 
mg/dL)

Source Clinically 
evident 
ASCVD
(LDL-C 
≥ 100 mg/
dL)

Source HeFH (LDL-C 
≥ 100 mg/dL)

Source

Age (mean, years) 55.79 Alhabib et al. [20] 55.79 Alhabib et al. [20] 50.00 Al-Rasadi et al. [23]
Female (%) 14.33 Alhabib et al. [20] 14.33 Alhabib et al. [20] 38.00 Al-Rasadi et al. [23]
Mean LDL-C (mg/dL) 103.00 Al Sifri et al. [21] 131.40 Altowaijri et al. [22] 305.40 Al-Rasadi et al. [23]
Prior cardiovascular event 

(%)
100.00 Assumption 100.00 Assumption 86.00 Al-Rasadi et al. [23]

Post-MI 13.21 Alhabib et al. [20] 13.21 Alhabib et al. [20] 83.00 Al-Rasadi et al. [23]
Post-IS 3.63 Alhabib et al. [20] 3.63 Alhabib et al. [20] 0.00 Assumption
Other  ASCVDa 83.16 Al Sifri et al. [21] 83.16 Al Sifri et al. [21] 17.00 Al-Rasadi et al. [23]
Background LLT (%) 100.00 Assumption 100.00 Assumption 100.00 Assumption
High-intensity statin 83.60 Alburikan et al. [52] 83.60 Alburikan et al. [52] 83.60 Alburikan et al. [52]
Moderate-intensity statin 16.40 Alburikan et al. [52] 16.40 Alburikan et al. [52] 16.40 Alburikan et al. [52]
Concomitant  ezetimibeb 12.90 Al Sifri et al. [21] 12.90 Al Sifri et al. [21] 12.90 Al Sifri et al. [21]
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KSA, published by the World Health Organization (WHO) 
[41]. The proportion of CVD-related deaths was assumed to 
be the same as observed in a Spanish data source to substi-
tute unavailable Saudi CVD-only mortality estimates [42]. 
CVD mortality was modeled separately, dependent on the 
incidence of cardiovascular events predicted in the model.

2.3.3  Treatment Effect Data

The predicted effectiveness of evolocumab in reducing 
CVD event rates was derived from the relative LDL‐C 
reduction from baseline in the FOURIER study. The 
LDL-C reduction at week 48 was assumed to remain con-
stant over the modeled time horizon [12]. This assump-
tion is aligned with the observed sustained reductions 
in LDL-C for up to 5 years of evolocumab treatment in 
the open-label, randomized extension study OSLER-1 
[15, 43]. This cost-effectiveness analysis used a rate ratio 
of 0.73 (95% CI 0.70–0.77) per 1 mmol/L (39 mg/dL) 
of LDL-C reduction for nonfatal MI events, 0.77 (95% 
CI 0.70–0.85) for nonfatal IS events, and 0.86 (95% CI 
0.82–0.90) for cardiovascular death events, as reported by 
the Cholesterol Treatment Trialists' Collaboration (CTTC) 
[34].

The rate ratios per mmol/L of LDL-C reduction 
observed in the FOURIER trial (after accounting for study 
duration) were aligned with those from the CTTC meta-
analysis. It has been well-documented that it takes time for 
the benefit of LLT to become evident [44–47]. To account 
for this delayed treatment effect, prespecified landmark 
analyses were performed in FOURIER, in which patients 
who were alive and included in follow-up at the end of the 
first year formed the group at risk to estimate the effect of 
evolocumab on outcomes beyond the first year. These anal-
yses showed that the magnitude of the relative risk reduc-
tion of major cardiovascular events increased over time, 
from 16% during the first year to 25% beyond the first 
year. Compared with the statin-based CTTC meta-anal-
ysis, treatment with evolocumab had very similar effects 
on the risk of major cardiovascular events per 1 mmol/L 
of LDL-C reduction, for years 0 to 1 and years 1 to 2 
[12]. Furthermore, the results from the FOURIER trial are 
consistent with the results of a Mendelian randomization 
study showing that variants in the genes encoding PCSK9 
and 3-hydroxy-3-methylglutaryl-coenzyme A reductase 
(the target of statins) were associated with nearly identi-
cal effects on the risk of cardiovascular events per unit 
decrease of LDL-C [48]. In addition, a meta-analysis of 49 

Fig. 1  Model structure. ASCVD 
atherosclerotic CV disease, 
CV cardiovascular, IS ischemic 
stroke, MI myocardial infarction
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studies comparing the effects of statins and eight nonstatin 
LLTs (including PCSK9 inhibitors) demonstrated that low-
ering LDL-C levels was associated with a consistent pro-
portional improvement in cardiovascular outcomes [49]. 
Importantly, the reduction in risk of major cardiovascular 
events observed in the FOURIER trial, when adjusted for 
duration of follow-up, is similar to that of statins based 
on the CTTC meta-analysis [50]. The treatment effect in 
our model was, therefore, based on the CTTC relationship 
between LDL-C reduction and reduced rates of cardiovas-
cular events.

2.3.4  Treatment Persistence and Discontinuation

Treatment discontinuation was included in the economic 
model, using FOURIER Kaplan–Meier estimates for dis-
continuation for any reason other than death (Table 2) 
[51]. Given that the LDL-C reduction of 59% estimated 
in the FOURIER trial already incorporated the effect of 
treatment discontinuation in LDL-C lowering, no further 
adjustments were applied to the treatment effect after 
patients discontinued.

2.3.5  Resource Use and Costs

2.3.5.1 Medication Costs Maximally tolerated statin (with 
or without ezetimibe) was chosen as the background LLT on 
top of which evolocumab may be administered as an adjunct 
therapy. Background LLT statin proportions applied in the 
model were sourced from Alburikan et al. [52], and propor-
tions of concomitant ezetimibe were sourced from Al Sifri 
et  al. [21]. For simplicity, we assumed that low-intensity 
statins reported were equal to moderate-intensity statins. 
The composition of background LLT is detailed, by popula-
tion, in Table 1.

Medication costs were calculated using the price provided 
by the National Unified Procurement Company (NUPCO), 
which is the company responsible for the centralized pro-
curement, warehousing, distribution, and re-exporting of 
pharmaceuticals, medical equipment, and supplies for the 
benefit of all public hospitals and healthcare facilities. 
NUPCO provides drugs with a fixed tender price for all 
governmental hospitals and health centers. The costs used 
in the model are presented in the ESM. No administration 
costs were considered for evolocumab since the prefilled pen 
is designed for self-administration by the patient.

2.3.5.2 Health State Costs Table 2 summarizes the costs 
per modeled health state from the Saudi public healthcare 

perspective, as applied in this economic evaluation. Health 
state costs were calculated using real-world data from the 
local setting. Only direct medical costs were considered in 
this study, including the costs of outpatient visits, diagnos-
tic tests, laboratory tests, medications, procedures, emer-
gency room visits, and hospital stay [22]. Direct medical 
costs were collected from different public institutions in 
Riyadh, the KSA, and a weighted average was calculated. 
All cost data were collected in 2019 and adjusted for 
inflation to 2020 values. In addition, the estimated costs 
were presented in Saudi Arabian riyal (SAR) and $US 
($US1 = SAR3.75).

Because of a lack of data availability for the cost of car-
diovascular death in the KSA, these costs were estimated 
based on estimations from expert cardiologist opinion. The 
cost of revascularization was calculated using the propor-
tion of patients who underwent coronary artery bypass graft 
(CABG) or percutaneous coronary intervention (PCI) in our 
study (18 and 82%, respectively) multiplied by the direct 
medical costS of CABG and PCI [22, 53]. These costs were 
combined to calculate the expected annual cost of residing 
in each health state included in the model.

2.3.6  Utilities

In the absence of utility values for the Saudi setting, CVD 
health state utilities were derived from a general popula-
tion sample in the UK that used time trade-off methods 
(Table 2) [54]. Patient health-related quality of life is 
anticipated to be lower for patients who have experienced 
multiple events than for those who have experienced a 
single event. There are three standard approaches combin-
ing health utility information as defined in Ara and Wailoo 
[55]. However, these methods have not been validated. The 
multiplicative method was used in this economic analysis 
to estimate the utilities for the combined health states, 
as these were considered the most clinically plausible by 
a leading clinician practicing in KSA. Scenario analyses 
exploring the additive and minimum methods as an alter-
native to the multiplicative method are provided in the 
ESM. The model used the same CVD health state utilities 
for patients with ASCVD and those with HeFH (primary 
and secondary prevention). However, the HeFH popula-
tion without a previous cardiovascular event (i.e., in the 
‘no ASCVD’ health state) were assigned sex-specific, age-
dependent utility values estimated from a Belgian National 
Health Survey (as measured by the EQ-5D) [56]. Once 
primary prevention patients with HeFH had a cardiovas-
cular event, the model used the CVD health state utilities 
described in Table 2.
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Table 2  Model inputs

Input Value Distribution References

Baseline CV event rates
 Clinically evident ASCVD – rate per 100 patient–

years (95% CI)
9.85 (9.58–10.12) Gamma Calculation

 HeFH without previous CV event—rate per 100 
patient-years (95% CI)

3.86 (2.90–4.81) Gamma Calculation

 HeFH with previous CV event– rate per 100 
patient—years (95% CI)

9.42 (7.76–11.08) Gamma Calculation

Treatment effect
 Evolocumab reduction in LDL-C (95% CI) 59% (58–60) Normal FOURIER
  Rate ratio of events (per mmol/L reduction) on 

MI rates
0.73 (0.70–0.77) Lognormal CTTC [34]

  Rate ratio of events (per mmol/L reduction) on 
IS rates

0.77 (0.70–0.85) Lognormal CTTC [34]

   Rate ratio of events (per mmol/L reduction) on 
CV death rates

0.86 (0.82–0.90) Lognormal CTTC [34]

 Number of patients discontinuing evolocumab, n 
(%)

1682 (12.22) Fonarow et al. [18]

 Kaplan–Meier estimates, % (95% CI)
  At 12 months 7.47 (7.03–7.91) NA Fonarow et al. [18]
  At 24 months 11.66 (11.10–12.21) NA Fonarow et al. [18]
  At 36 months 14.96 (14.09–15.82) NA Fonarow et al. [18]

Annual medication costs (SAR)
 Evolocumab 140 mg 13,207.70 Fixed Based on SAR 1012.50 per pack; each pack pro-

viding treatment for 28 days. With 365 days in a 
year, 13.04 packs are needed annually

 High-intensity statins Fixed NUPCO
  Simvastatin 80 mg per day 705.60
  Atorvastatin 40 mg per day 459.98
  Atorvastatin 80 mg per day 725.76
  Rosuvastatin 20 mg per day 615.89
  Rosuvastatin 40 mg per day 1232.11

 Moderate-intensity statins Fixed NUPCO
  Simvastatin 20 mg per day 184.80
  Simvastatin 40 mg per day 352.80
  Atorvastatin 10 mg per day 247.30
  Atorvastatin 20 mg per day 374.64
  Rosuvastatin 10 mg per day 425.71

 Ezetimibe 504.00 Fixed NUPCO
Health state costs (SAR) – year 1
 Other ASCVD – Altowaijri et al. [22]
 Nonfatal MI 52,542.70 Gamma Altowaijri et al. [22]
 Nonfatal IS 89,739.39 Gamma Altowaijri et al. [22]
 CV death 58,875.00 Gamma Altowaijri et al. [22]
 Revascularization 43,636.80b Gamma Altowaijri et al. [22]

Health state costs (SAR) – beyond year 1 (post-event)
 Other ASCVD 6,834.15 Gamma Altowaijri et al. [22]
 Nonfatal MI 6,972.66 Gamma Altowaijri et al. [22]
 Nonfatal IS 10,926.60 Gamma Altowaijri et al. [22]
 Post-IS + post-MI 17,899.26 Gamma Altowaijri et al. [22]
 oASCVD + post-MI 13,806.81 Gamma Altowaijri et al. [22]
 oASCVD + post-IS 17,760.74 Gamma Altowaijri et al. [22]
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2.4  Base‑Case Analyses

Key outcomes included total and incremental life-years, 
quality-adjusted life-years (QALYs) and costs, and the 
ICER. Since there is no established cost-effectiveness 
threshold in the KSA, we assumed the threshold to be three 
times the Saudi gross domestic product (GDP) for the year 
2019 (SAR264,813) in accordance with the WHO recom-
mendations [57].

2.5  Sensitivity Analyses

One-way sensitivity analysis was performed, where efficacy 
parameters, rate adjustment factors, and health state utilities 
in the model were varied individually between their upper 
and lower bounds. We assumed a standard error of 10% of 
the mean values to calculate the 95% CIs for cost inputs. 
Probabilistic sensitivity analysis was also conducted to fully 
examine the combined effect of parameter uncertainty on the 
incremental cost per QALY gained. Values for parameters 

were sampled by Monte‐Carlo simulation with 1000 itera-
tions in each loop, where stabilization had been achieved.

3  Results

3.1  Base Case

The incremental costs, QALYS, and ICER estimates associ-
ated with the addition of evolocumab to conventional back-
ground LLT treatment compared with background LLT 
alone are presented in Table 3.

In the clinically evident ASCVD population with base-
line LDL-C ≥ 70 mg/dL (1.8 mmol/L), adding evolocumab 
to background LLT generated more costs (SAR101,985 
[$US56,658]) than conventional background LLT alone but 
also generated more life-years (0.92) and QALYs (0.93). 
This resulted in an ICER of SAR109,274 ($US60,708) for 
each additional QALY gained.

ASCVD atherosclerotic cardiovascular disease, CI confidence interval, CTTC  Cholesterol Treatment Trialists' Collaboration , CV cardiovascular, 
HeFH heterozygous familial hypercholesterolemia , IP investigational product, IS ischemic stroke, MI myocardial infarction, NA not applicable, 
NUPCO National Unified Procurement Company, oASCVD other atherosclerotic cardiovascular disease, SAR Saudi Arabian riyal
a Time to IP discontinuation was calculated from the first dose date to the last dose date for those with events (i.e. discontinuing IP), and the 
earliest of the end of study date or the last dose date + 30 days for those without events (i.e. not discontinuing IP); patients who discontinued IP 
because of death were censored [52]
b Arithmetic mean of 18% coronary artery bypass graft (SAR 50,000) and 82% percutaneous coronary intervention (SAR 42,240) [17]
c The utility value for ‘other ASCVD’ was assumed to be equal to the value attributed to subsequent years of MI (0.82)
d The utility values for combined health states were calculated using the multiplicative utility approach for comorbidities. The product of indi-
vidual health states was taken to calculate the combined health state utility value [42]

Table 2  (continued)

Input Value Distribution References

 oASCVD + post-IS + post-MI 24,733.40 Gamma Altowaijri et al. [22]
Health state utility values – year 1; mean (95% CI)
 No ASCVD Age/sex specific Belgian Health Interview Survey [56]
 Other ASCVD – Assumptionc

 MI 0.67 (0.62–0.72) Beta Matza et al. [54]
 IS 0.33 (0.26–0.39) Beta Matza et al. [54]
 Post-IS + post-MI – Assumptiond

 Other ASCVD + post-MI – Assumptiond

 Other ASCVD + post-IS – Assumptiond

 Other ASCVD + post-IS + post-MI – Assumptiond

Health state utility values – beyond year 1; mean (95% CI)
 No ASCVD Age/sex specific Belgian Health Interview Survey [56]
 Other ASCVD 0.82 (0.80–0.85) Beta Assumptionc

 MI 0.82 (0.80–0.85) Beta Matza et al. [54]
 IS 0.52 (0.47–0.58) Beta Matza et al. [54]
 Post-IS + post MI 0.4318 Beta Assumptiond

 Other ASCVD + post-MI 0.6790 Beta Assumptiond

 Other ASCVD + post-IS 0.4318 Beta Assumptiond

 OtherASCVD + post-IS + post-MI 0.3558 Beta Assumptiond
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In the clinically evident ASCVD population with base-
line LDL-C ≥ 100 mg/dL (2.6 mmol/L), adding evolocumab 
to background LLT generated more costs (SAR91,134 
[$US50,630]) than conventional background LLT alone but 
also generated more life-years (1.22) and QALYs (1.21). 
This resulted in an ICER of SAR75,163 ($US41,757) per 
QALY gained.

In the patients with HeFH, adding evolocumab to 
background LLT generated more costs (SAR69,511 
[$US38,617]) than conventional background LLT 
alone but also generated more life-years (3.21) and 
QALYs (3.10). This resulted in an ICER of SAR22,391 
($US12,440) per QALY gained.

3.2  Sensitivity Analyses

3.2.1  Deterministic Sensitivity Analysis

One-way sensitivity analyses showed that, across all 
patient populations, ICER values were most sensitive to 
the cardiovascular event rate ratio (per 1 mmol/L LDL-C 
reduction) for cardiovascular death and, in ASCVD popu-
lations, to the baseline cardiovascular event rate increase 
for the Middle East (Fig. 2).

3.2.2  Probabilistic Sensitivity Analysis

Probabilistic results by patient population are reported in 
the ESM. Figure 3 shows the cost-effectiveness accept-
ability curves for the three patient populations. The 

results showed that evolocumab reached a probability of 
being 100% cost effective at SAR169,480 ($US94,156) 
for the ASCVD, LDL-C ≥ 70 mg/dL group; SAR116,517 
($US64,732) for the ASCVD, LDL-C ≥ 100 mg/dL group; 
and at only SAR42,370 ($US23,539) for the HeFH group.

4  Discussion

To the best of our knowledge, this is the first cost-effec-
tiveness analysis to determine the value of evolocumab 
in the Middle East. In this study, we evaluated the eco-
nomic value of adding evolocumab in patients with clini-
cally evident ASCVD or HeFH whose LDL-C was not 
currently controlled by conventional LLT of maximally 
tolerated statin (with or without ezetimibe) from a Saudi 
healthcare perspective. Our analysis showed that adding 
evolocumab to LLT therapy (with or without ezetimibe) 
would be considered cost effective among all study popu-
lations when compared with conventional LLT alone, as 
the ICER estimates fell below the assumed willingness-to-
pay threshold of three times the Saudi GDP (SAR264,813 
[$US147,118]). This suggests that adding evolocumab 
to conventional background LLT therapy would provide 
value as secondary prevention in patients with ASCVD or 
HeFH in the KSA.

The study showed that the HeFH population had the high-
est QALY and life-year gain and the lowest incremental cost 
and ICER estimates, followed by patients with ASCVD 
with baseline LDL-C ≥ 100 mg/dL and then patients with 
ASCVD with LDL-C ≥ 70 mg/dL.

Table 3  Base-case cost-
effectiveness results

ASCVD atherosclerotic cardiovascular disease, HeFH heterozygous familial hypercholesterolemia, ICER 
incremental cost-effectiveness ratio, LDL-C low-density lipoprotein cholesterol, LLT lipid-lowering ther-
apy, LY life-year, QALY quality-adjusted life-year, SAR Saudi Arabian riyal

Evolocumab + back-
ground LLT

Background LLT Increment (∆)

Clinically evident ASCVD, LDL-C ≥ 70 mg/dL
 Total cost (SAR) 303,511 201,526 101,985
 Total LYs 11.07 10.15 0.92
 Total QALYs 8.14 7.21 0.93
 ICER (SAR per QALY) 109,274

Clinically evident ASCVD, LDL-C ≥ 100 mg/dL
 Total cost (SAR) 298,856 207,722 91,134
 Total LYs 10.72 9.50 1.22
 Total QALYs 7.87 6.66 1.21
 ICER (SAR per QALY) 75,163

HeFH
 Total cost (SAR) 314,731 245,220 69,511
 Total LYs 12.95 9.75 3.21
 Total QALYs 9.86 6.76 3.10
 ICER (SAR per QALY) 22,391
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Fig. 2  Tornado diagrams using upper and lower bound of parameters: 
a ASCVD and baseline low-density lipoprotein cholesterol ≥ 70 mg/
dL, b ASCVD and baseline low-density lipoprotein cholesterol ≥ 
100  mg/dL, c heterozygous familial hypercholesterolemia. ASCVD 
atherosclerotic cardiovascular disease; CV cardiovascular; HeFH het-

erozygous familial hypercholesterolemia; HSU health state utility; 
IS ischemic stroke; LDL-C low-density lipoprotein cholesterol; LLT 
lipid lowering therapy; MI myocardial infarction; oASCVD other ath-
erosclerotic cardiovascular disease; RV revascularization; SAR Saudi 
Arabian Riyal; VB vascular beds; Y year.
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Our results are in line with previous cost-effectiveness 
analysis studies conducted in the USA, Spain, and Swe-
den. In the USA, Fonarow et al. [58] found that adding 
evolocumab to statin therapy with or without ezetimibe in 
patients with ASCVD was cost effective and was associ-
ated with 0.33 QALYs and an ICER estimate of $US91,610. 
Although this study used a social perspective, our study 
resulted in higher QALY gains and a lower ICER in this 
population. The difference in QALYs reported in Fonarow 
et al. [58] and our study are mainly because both population 
age (65.5 vs. 55.8) and CVD baseline risk (4.2 vs. 9.85) 
were estimated from a clinical trial, which underestimates 
the rates compared with rates in actual clinical practice.

Similar results were also reported by Gandra et  al. 
[25] from the US payer perspective and Villa et al. [24] 
from the Spanish health system perspective. These stud-
ies, which included patients with ASCVD with baseline 
LDL-C ≥ 100 mg/dL and patients with HeFH, found that 
evolocumab was a cost-effective option in both populations 
for secondary prevention [24, 25]. However, in our study, 
QALY gains and ICER values were better for both ASCVD 
groups. Another study, conducted in Sweden by Lind-
gren et al. [59] and including all three populations, found 
that adding evolocumab would be cost effective, with the 

exception of patients with ASCVD with baseline LDL-C 
≥ 70 mg/dL. However, this was not the case in our study, 
where the addition of evolocumab was considered cost effec-
tive in this group, which was in line with findings from a 
recent Swedish study, that evolocumab was shown to be cost 
effective in very high-risk populations [28].

Several studies conducted in the USA, Canada, and Aus-
tralia yielded different results. In these studies, the ICER 
estimates were above the willingness-to-pay thresholds 
[60–62]. However, the evolocumab price used in our analy-
sis was lower than that in most of these countries. In addi-
tion, some of these studies were conducted before the price 
of evolocumab was lowered by almost 60% in the USA in 
2018. Variation in model results can also be explained by 
the diversity of healthcare systems, study perspectives, and 
willingness-to-pay thresholds.

Overall, one-way sensitivity analyses suggested these 
findings were robust to changes in the model input param-
eters. All estimated ICERs fell below the threshold of 
SAR264,813 ($US147,118) in the KSA. Despite higher 
medication costs, the incremental reduction in cardiovascu-
lar events, corresponding reductions in hospitalizations, and 
revascularizations resulting from the addition of evolocumab 
offset the medication cost. Tornado plots (Fig. 2) show that 

Fig. 2  (continued)
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Fig. 3  Cost-effectiveness acceptability curves  for a ASCVD and 
baseline low-density lipoprotein cholesterol ≥ 70 mg/dL, b ASCVD 
and baseline low-density lipoprotein cholesterol ≥ 100 mg/dL, c het-
erozygous familial hypercholesterolemia. ASCVD atherosclerotic 

cardiovascular disease; CEAC cost-effectiveness acceptability curve; 
HeFH heterozygous familial hypercholesterolemia; LDL-C low-den-
sity lipoprotein cholesterol; LLT lipid lowering therapy; QALY qual-
ity-adjusted life year; SAR Saudi Arabian Riyal
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ICER values were most sensitive to the cardiovascular event 
rate ratio (per 1 mmol/L LDL-C reduction) for cardiovascu-
lar death and, in ASCVD populations, to the baseline car-
diovascular event rate increase for the Middle East and for 
IS rates after 1 year. This is similar to what was reported by 
Fonarow et al. [18], where IS event rate and cardiovascu-
lar deaths after 1 year were the most sensitive parameters 
to changes in both the FOURIER trial patients and the US 
clinical practice groups.

The results of the probabilistic sensitivity analyses sug-
gested that the model outcomes were generally robust to 
simultaneous variation of all parameters according to their 
estimated uncertainty margins. For the three groups, evo-
locumab can be considered ~100% cost effective at the 
assumed willingness-to-pay threshold. The results of the 
CEACs showed that the HeFH group reached the probabil-
ity of being 100% cost effective at only 16% of the assumed 
willingness-to-pay threshold. For the ASCVD groups, the 
100% probability of being cost effective was reached at 44 
and 64% of the assumed willingness-to-pay threshold for 
LDL-C ≥ 100 and ≥ 70 mg/dL, respectively. Our results are 
in line with the probabilistic sensitivity analysis reported by 
Gandra et al. [63], who reported that, when evolocumab was 
added to standard of care it reached 100% cost effectiveness 
for the HeFH population, and other ASCVD groups reached 

87% probability of being cost effective compared with 100% 
for both ASCVD groups in our study.

There is a high burden of noncommunicable diseases in 
the KSA, and these account for 73% of deaths (of which a 
major cause is CVD) [64]. PCSK9 inhibitors such as evo-
locumab, in addition to improved diet and exercise in line 
with European Society of Cardiology (ESC) guidelines, 
could play a major role in reducing mortality and improv-
ing health outcomes in the Saudi population. This evaluation 
provides insights as to the economic implications of evo-
locumab therapy if applied to eligible patients with ASCVD 
in Saudi clinical practice.

The analysis is associated with some limitations, namely 
the lack of utility values specific to the Saudi population. 
However, this information was derived from alternative 
international populations with assumptions to ensure the 
analysis was representative of the Saudi general popula-
tion. Model inputs, including utility values were validated 
by a group of leading cardiologists practicing in the KSA to 
ensure they were representative of the KSA population. Sec-
ond, the public healthcare system in the KSA is fragmented, 
which may lead to variations in the estimated healthcare 
costs across different healthcare sectors; results should there-
fore be interpreted with caution. Furthermore, real-world 
evidence about the efficacy and safety of evolocumab is 

Fig. 3  (continued)
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lacking in the KSA. Even though FOURIER did not have a 
subgroup analysis specific to race, the results are still con-
sidered generalizable to the population in the KSA setting. 
We recognize the challenge in using clinical trial data in 
economic evaluation; however, it is currently the best avail-
able source for patient outcomes data to be used in economic 
evaluations given the lack of country-specific patient out-
come data. Another limitation was that the model assumed 
that the LDL-C reduction at week 48 was assumed to remain 
constant over the modeled time horizon [12]. However, this 
assumption is aligned with the observed sustained reduc-
tions in LDL-C for up to 5 years of evolocumab treatment in 
the open-label, randomized extension study OSLER-1 [15, 
43]. Finally, the latest guidelines from the ESC suggested a 
further possible subgroup of interest: patients with LCL-C 
baseline levels ≥ 55 mg/dL. As data currently available for 
this population in the KSA are limited, results would be 
associated with high uncertainty given the assumptions that 
would be required.

5  Conclusion

This economic evaluation suggests that evolocumab is a 
cost-effective treatment choice for patients with clinically 
evident ASCVD and HeFH whose LDL-C levels are not 
controlled with conventional LLTs. Decision makers may 
consider evolocumab as a useful option in improving the 
care of patients with ASCVD and HeFH in the KSA. Future 
economic research should consider new LDL-C guideline 
changes and take into account any utility values that will be 
established for a Saudi population.
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