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ABSTRACT

OBJECTIVE: Dyslipidemia, in particular elevated total and low-density lipoprotein cholesterol (LDL-C), results in athero-
sclerosis and increases the risk of cardiovascular (CV) events. Despite treatment with statins, many patients fail to reduce
their LDL-C enough to optimally minimize their risk. Novel therapy alirocumab, on top of background statin therapy,
resulted efficacious in lowering CV risk by reducing LDL-C levels. Aim of the present paper is to evaluate the cost-effec-
tiveness of alirocumab in high cardiovascular-risk patients in Italy

METHODS: A 1-year cycles Markov model was developed to evaluate the cost-effectiveness of statins at maximum dose
tolerated plus ezetimibe (MDTS+E) with or without alirocumab. Target population consisted of patients with high baseline
risk of CV events. Patients entered the model in stable disease and could experience a non- fatal CV event (acute coronary
syndrome, elective revascularization or ischemic stroke) or die. Results from the ODYSSEY trial were used to evaluate CV
risk reduction due to alirocumab add-on. Pharmaceutical, CV events, and LDL-C levels’ detection costs are considered in
the analysis from the perspective of Italian National Health Service.

RESULTS: Simulated cohort was 75 years old on average, 66% male, 42% diabetes mellitus and baseline LDL-C level
equal to 121mg/dl. Furthermore, 96% of subjects were hospitalized in the last 12 months. Alirocumab used as an add-on
to MDTS+E was more costly (€ 45,358 vs € 13,208) but more effective (8.01LY vs 6.33LY) than MDTS+E, leading to an
incremental cost effectiveness ratio of € 19,158 per LY. At a willingness to pay threshold of € 30,000 per LY, alirocumab
had 96% probability to be cost effective vs. MDTS+E alone. Results were relatively more favorable in the patient subset
with recent CV event (<12 months from index).

CONCLUSION: The results indicate that alirocumab in addition to MDTS+E is cost-effective versus MDTS+E alone in a
representative cohort of high CV risk patients in Italy.
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INTRODUCTION

The pathophysiology of atherosclerotic cardiovascular disease (ASCVD) is related to
multiple agents such as abnormal blood lipids levels, high systolic blood pressure, diabetes,
tobacco smoking and abdominal obesity [1].
Lipids, in particular low-density lipoprotein (LDL) and other apolipoprotein B (apoB)-
containing lipoproteins with small diameter, can go through the arterial intima and induce the
atherosclerotic plaque formation and are considered important factors related to atheroscle-
rotic disease. Moreover, the probability of cholesterol intimal retention and the progressive
development of atherosclerotic lesions increase with the LDL blood levels in a dose depen- .
dent manner [2]. ﬁorrgs.pondlng author
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several LDL lowering drugs able to interact with molecular mechanisms and decrease the risk
of cardiovascular (CV) events [3].

One of the molecules discovered most recently is PCSK9, a protease that binds the LDL-
R and promotes their degradation, thus reducing the clearance of LDL plasma levels [3].
Alirocumab is a human monoclonal antibody that binds to PCSK9 with high affinity and
specificity, inhibiting the interaction between this protease and LDL-R. This phenomenon
increases the number of LDL-R available to clear LDL, thereby lowering LDL cholesterol
(LDL-C) levels [4].

Efficacy of alirocumab was evaluated on different populations with inadequate response to
lipid-lowering therapy. The ODYSSEY OUTCOMES trial [5] compared alirocumab with pla-
cebo, added to high-intensity or maximum-tolerated statin treatment, as secondary prevention
after acute coronary syndrome (ACS). This multicenter, randomized, double-blind, placebo-
controlled trial involved almost 19,000 patients and showed a reduction of the risk of recur-
rent ischemic cardiovascular events among those who received alirocumab compared to those
who received placebo (hazard ratio [HR]: 0.85; 95% confidence interval [CI]: 0.78-0.96). A
post hoc analysis showed the reduction was more pronounced in patients with baseline LDL-
C greater than 100 mg/dl (HR: 0.76, 95% CI: 0.65-0.87).

Aim of the present paper is to evaluate both clinical and economic consequences due to
alirocumab in addition to a “background therapy” defined as the maximum tolerated dose
of high intensity statins and ezetimibe (MDTS+E) in patients with high baseline risk of CV
events: patients with acute coronary syndrome, myocardial infarction or unstable angina. The
analysis adopted the Italian National Health Service (NHS) perspective, hence only direct
medical cost was considered in the present analysis [6]; according to international literature
referring to the Italian context, a discount rate equal to 3.5% has been applied for both costs
and benefits [7].

METHODS

The cost-effectiveness analysis (CEA) was based on a 1-year cycles cohort Markov mod-
el, developed through MS Excel®, with a lifetime perspective (time horizon of 40 years). The
model allows to evaluate clinical and economic consequences of alirocumab, simulating the
evolution of a hypothetical population with or without the addition of MDTS+E. The risk of
CV events is estimated at the begin of the simulation considering population baseline charac-
teristics — age, sex, risk factors and LDL plasma levels — and changes over time depending on
therapies received. Costs include drugs and
CV events management.

ACS 0-12 ACS >12 .
Target population
Mean age' (years) e Simulated cohort consists of patients
<55 49° characterized by high risk of CV events, spe-
<65 18%3 cifically patients with ACS, myocardial in-
75 5094 farction or unstable 'fmgi.na who.ex.perienced
80 — at least one hospitalization — within the last
< V. .
° 12 months (ACS 0-12) or previous to the last
Sex (male, %) 66%° 12 months (ACS >12).
Comorbidities (DM, %) 42.2%?° Baseline characteristics (age, sex, con-
Mean LDL-C level? (mg/dI) 121.06 126.02 comitant diabetes mellitus, and mean LDL-C
<130 o LG levels) are estlmateq according to a primary
care database regarding more than 80,000 pa-
130-160 21.9% 24.3% . . L
tients treated with statins in Italy (Table I) [8].
>160 5.1% 10.8%

Table I. Baseline characteristics
ACS 0-12 = patients with acute coronary syndrome, myocardial infarction or unstable

According to the AIFA (Italian medi-
cines agency) reimbursement agreement, the

angina with hospitalization within the last 12 months; ACS>12 = patients with acute
coronary syndrome, myocardial infarction or unstable angina with hospitalization previous
to the last 12 months; DM = diabetes mellitus.

' Mean age is estimated assuming a gamma distribution chosen according to the best
fitting criteria between log-normal, Gompertz, and Weibull distributions (ordinary least
squares method)

2Mean LDL-C level is estimated assuming a log-normal distribution chosen according to
the best fitting criteria between gamma, Gompertz, and Weibull distributions (ordinary least
squares method)

3 Data regarding ACS populations were not divided between recent (ACS 0-12) and past
hospitalizations (ACS>12) for age, sex and comorbidities data, consequently a unique
value has been considered for both populations
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minimum LDL-C level considered to start
the therapy is fixed at 100 mg/dl for second-
ary prevention therefore only patients with
baseline LDL-C level >100 mg/dl were con-
sidered in the analysis.

Baseline risks regarding CV events are
not available specifically for our population,
hence data derived from UK-THIN database
and used in the alirocumab CEA submission
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Figure 1. Markov model

ACS = acute coronary syndrome; IS = ischemic stroke; Ml = myocardial infarction, NF = non-fatal; P- = post; Revasc = elective revascularization

to NICE were considered [9], and adjusted for the national population: risk of CV events,
divided by kind of event, is specific for population age and basal LDL-C level (Table II).
Moreover, as diabetes mellitus is a risk factor for CV events, data specific for patients with
and without diabetes were reported.

Model: description and risk

Patients have 2 possible initial states based on previous hospitalization for CV events: pa-
tients ACS 0-12 months start in state “Initial (0-1 yr)”, then the following year move to “Initial
ACS 1-2 yrs” and only at the beginning of the third year are considered as “Stable”. Patients
in the group ACS >12, start from “Initial ACS (1-2 yrs)” and move to the “Stable” state the
following year. From the “Stable” state, patients can experience a non- fatal CV event (acute
coronary syndrome, elective revascularization or ischemic stroke) according to specific prob-
abilities, or death. (Figure 1).

Based on expert opinion and to simplify the model, non-fatal myocardial infarction and
unstable angina are considered as a unique event which is calculated as a weighted mean of
both risks. Elective revascularization is included in the model as it can modify future risk
of CV events; however, this state is assumed to be only prior to ACS or ischemic stroke

With DM Without DM
Population
ACS 0-12 ACS >12 ACS 0-12 ACS >12
CV annual risk (%) 24.80 9.40 15.60 7.20
« MINF 5.20 1.70 410 1.50
« Unstable angina 3.30 1.20 2.40 0.70
« ACS 8.50 2.80 6.50 2.30
« RVSC 4.90 0.90 3.60 0.70
« ISNF 1.70 1.00 0.80 0.70
« All-cause death 9.60 4.70 4.70 3.60
Mean UK-THIN LDL-C (mg/dl) 88.9 90.5 100.5 96.7
Mean UK-THIN age (years) 70.9 72 69.5 721

Table Il. Baseline risk for CV events

ACS = acute coronary syndrome (non-fatal Ml and unstable angina); ACS 0-12 = patients with acute coronary syndrome, myocardial infarction or unstable
angina with hospitalization within the last 12 months; ACS>12 = patients with acute coronary syndrome, myocardial infarction or unstable angina with
hospitalization previous to the last 12 months; CV = cardiovascular; DM = diabetes mellitus; IS = ischemic stroke; LDL-C = low-density lipoprotein
cholesterol; MI = myocardial infarction; NF = non-fatal; RVSC = revascularization

F Farmeconomia. Health economics and therapeutic pathways 2021; 22(1) 17
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Event HR (95% CI)

(IS) as both these events precede elective re-
vascularization. In case of ACS or IS event,

Non-fatal myocardial infarction or unstable angina

Revascularization

Ischemic stroke

All-cause death

two subsequent states are planned in order

0.74 (0.70-0.77) ts .

0.76 (0.72-0.78) to quel tbe clinical course till a new stable
state is achieved post ACS or IS (assumed to

LT UraTEs) be two years after the event).

0.91 (0.88-0.93) Baseline risk of CV events, derived from

Table Ill. Hazard ratio reduction in baseline CV risk related to 1 mmol/l reduction ~ UK-THIN data (Table II), are adjusted for

of LDL-C

Cl = confidence interval; CV = cardiovascular; HR = hazard ratio; LDL-C = low-density
lipoprotein cholesterol

LDL-C levels and age of Italian population

by applying:
- HR estimated in the CTT study [10], a

Event

meta-analysis of 27 randomized clinical

A s ) trials including about 170,000 patients

Year 1 Years 2+ (Table III); each HR measures the reduc-

Non-fatal myocardial infarction ~ 0.95 (0.74-1.23)  0.63 (0.48-0.82) tion in risk of CV event related to a reduc-
Unstablo Ani tion of 1 mmol/l of LDL-C;

nstable Angina DiEs (@l eil) 025 (@173, 112) - Relative risks (RR) for each year incre-

Revascularization 0.89 (070'1 14) 0.66 (051 '086) ment Wlth respect to the UK-THIN base_

Ischemic stroke 0.43 (0.21-0.91) 0.75 (0.44-1.30) line age every year; RR is equal to 1.03 in

All-cause death 0.79 (0.51-1.22) 0.67 (0.50-0.89) case of non-fatal event and 1.10 for fatal

Table IV. Hazard ratios of CV risk related to treatment from ODYSSEY

OUTCOMES trial

Cl = confidence interval; CV = cardiovascular; HR = hazard ratio
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events, according to Wilson et al. [11].

Moreover, to take into account the effect
of previous CV events, risk of death related
to CV event is further increased with a RR
equal to 1.5 according to Smolina et al. [12].

The change over time of CV event risk due to alirocumab is simulated directly from OD-
YSSEY OUTCOMES trial [5] results (Table IV). Data are broken down between first and
subsequent years, aiming to include the delayed effect of the treatment observed in Kaplan-
Meier curves of trial (curves separate only after few months after the beginning of treatment).

Costs

According to the Italian NHS perspective, only direct health costs have been considered.
Specifically costs of drugs (alirocumab, statins and ezetimibe), costs related to CV events
management, and costs related to LDL-C levels’ detection.

Acquisition cost of alirocumab is estimated considering a pen delivery system prefilled
with 75 mg of active substance, administered subcutaneously every two weeks [4,13]. We as-
sumed 100% compliance and lifelong treatment. Annual treatment cost is estimated consider-
ing the ex-factory prices at net of VAT, applying the mandatory discount (5% + 5% reduction)
and price reductions negotiated among the pharmaceutical company, Local Health Units and
Hospital Units .

The analysis regarding statins consumption in Italy [8], highlights that 74% of patients
take atorvastatin and 26% take rosuvastatin. The mean annual cost of treatment, considering
for each statin the reference price in Italian NHS [14], is equal to € 149.86, while mean an-
nual cost treatment with ezetimibe is equal to € 293.83 assuming 100% adherence for all the
analysis.

CV event costs are broken down into costs related to the event and the incremental fol-
low-up costs (rehabilitation, adjunctive therapies, complications, etc.). Events considered and
related costs, divided into event related cost (ERC) and follow-up cost (FC) are: non-fatal
myocardial infarction [15] (ERC = € 18,457; FC = € 3,206), unstable angina [15] (ERC =€
3,069; no FC), revascularization by coronary artery bypass grafting (CABG) or percutaneous
coronary interventions (PCI) [16] (ERC = € 7,403; no FC), ischemic stroke [15] (ERC= €
8,794; FC = € 10,675), death due to cardiovascular causes [16] (ERC = € 4,018, no FC). All
data are up to date per 2019 using the Italian inflation rate for healthcare sector [17].

The cost for LDL-C level detection, needed for assessment of the eligibility to alirocumab,
is calculated considering the cost for a complete lipid profile (HDL-C, LDL-C, total, and tri-
glycerides) using Italian National tariffs [18].

Sensitivity analysis

A probabilistic sensitivity analysis (PSA) was conducted to take into account the input pa-
rameter uncertainty and its global influence on final results. PSA included 1,000 simulations,
in each iteration input parameters are sampled from ad-hoc distributions centered on the base

Farmeconomia. Health economics and therapeutic pathways 2021; 22(1) F
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Alirocumab+MDTS+E MDTS+E Delta
LY 8.01 6.33 1.68
Total cost (€) 45,358.38 13,208.46 32,149.91
Drug cost 37,099.50 2,807.64 34,291.87
CV events 8,245.95 10,400.83 -2,154.88
« ACS 4,261.79 6,048.46 -1,786.67
« Revascularization 727.71 793.49 -65.78
« Non-Fatal IS 1,429.43 1,582.08 -152.65
« CV deaths 1,827.02 1,976.80 -149.78
LDL-C detection 12.93 0.00 12.93
ICER (€) 19,158.12

Table V. Cost-effectiveness analysis: base case results
ACS = acute coronary syndrome; CV = cardiovascular; E = ezetimibe; ICER = incremental cost effectiveness ratio; IS = ischemic stroke; LDL-C = low-
density lipoprotein cholesterol; MDTS = maximum dose tolerated statins

case value (i.e. the mean of each distribution corresponds to the value used in the base case
analysis). In particular, baseline cohort characteristics (% of male, mean age, % of diabetic
patients, CV event risks), alirocumab efficacy and mean cost per event, have been sampled
from normal distributions; HRs, RRs and basal LDL-C levels from log-normal distributions.
If not available, standard error has been approximated as the range divided by 6 [19].

RESULTS

Patients with a recent acute coronary syndrome (ACS 0-12 population) represent almost
96% of the total cohort. The addition of alirocumab to MDTS+E gives an expected improve-
ment in overall survival of 1.68 life-years (LY), this gain requires an increase in lifetime
costs equal to € 32,171. The economic impact is mainly due to cost of therapy (€ +34,292)
and partly compensated by the reduction in CV events rate producing a saving of € -2,155.
Incremental cost effectiveness ratio (ICER) results in € 19,158 per LY (Table V). Results were
relatively more favorable in the patient subset with CV event < 12 months from index (Table
IA and Table ITA in Appendix).

Results of 1,000 simulations carried out for PSA (Figure 2), considering the uncertainty
regarding input parameters, highlight a limited variability of estimated ICER (95% CI: €
11,609-31,475 per LY).

The cost-effectiveness acceptability curve shows that at the maximum threshold of € 30,000
per LY [20], the probability that alirocumab is cost-effective was equal to 96% (Figure 3).

70,000
95%CI UL: € 31,475
60,000 /
50,000
@
k7]
S 40,000
s
c
£ 30,000
o
(3]
c
= 20,000
10,000
0
0.0 0.5 1.0 1.5 2.0 25 3.0 35

Incremental efficacy (LY)

Figure 2. Probabilistic sensitivity analysis results
Cl = confidence interval; LL = lower limit; LY = life years; UL = upper limit

F Farmeconomia. Health economics and therapeutic pathways 2021; 22(1) 19



Cost-effectiveness analysis of alirocumab in high cardiovascular-risk patients in Italy

Probability to be cost-effective
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Figure 3. Cost-effectiveness acceptability curve

LY = life years
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DISCUSSION

This cost-effectiveness analysis aimed to evaluate clinical and economic consequences of
alirocumab, modeling the evolution of a cohort of hypothetical patients with or without the
adjunction of alirocumab added to background therapy (maximum tolerated dose statins plus
ezetimibe). The target population consists of patients with high baseline risk of CV events
with previous hospitalization. Data were obtained from both Italian real world evidence re-
garding statins consumption [8] and UK-THIN, a large and well-validated electronic UK
primary care database [9].

The analysis shows that alirocumab added to background therapy is more costly (€ 45,358
vs € 13,208 for MDTS + E) but more effective (8.01 LY vs 6.33 LY for MDTS+E) leading to
an ICER of € 19,158 per LY. Results of sensitivity analysis confirm base case analysis (95%
CIICER: € 11,609-31,475); at a willingness to pay threshold of € 30,000 per LY, alirocumab
has an almost 96% probability to be cost effective vs. MDTS+E alone.

Even if data regarding risk of events do not derive from a national database, information
used are comparable based on data found in the CORE report [21]. This document evaluates
the burden of disease and healthcare costs related to about 6,000 patients treated with statins
after a previous episode of acute coronary syndrome in Italy. Annual risk for CV events ob-
tained from the CORE report (26%) is comparable with data applied in our model (16% for
patients without diabetes and 25% for patients with diabetes) such as the mean age (CORE-
report mean age is 71 years; presented analysis: UK-THIN ACS subgroup mean age is 69.5-
70.9 years).

Our results indicate that alirocumab in addition to MDTSHE is cost-effective compared to
MDTS+E alone in a representative cohort of high CV risk patients in Italy. Other economic
analyses conducted in Norway [22] and the US [23] suggested that PCSK9 inhibitors are not
cost-effective, in contrast with the presented model. Discrepancies could be related to differ-
ences between considered populations, different therapeutic schemes, and different economic
agreements in involved countries. Populations could not be considered fully comparable; in
Kazi et al. [23] for example, patients are younger (mean age 67.3 vs 74.7) and have more fa-
vorable clinical conditions (LDL-C levels: 103 vs 121 mg/dl; % of diabetes 30.4 vs 42.2), sub-
sequently, benefits estimated for the US population are smaller compared to patients consid-
ered in our model for which the effect of alirocumab is more evident. Moreover, comparisons
between therapeutic schemes are different, Kazi and colleagues evaluate effects of alirocumab
or ezetimibe added to statin therapy while our analysis considers statins plus ezetimibe with
or without alirocumab.

Although the analysis of Korman et al. [22] highlights the improvement of effectiveness
of PCSKD9 inhibitors, authors find that these therapies would not be cost-effective. Differences
between Norwegian and Italian data could be related to higher costs estimated and different
therapeutic schemes evaluated.

Farmeconomia. Health economics and therapeutic pathways 2021; 22(1) F
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Limitations

Our study has some limitations. The model does allow transitions from the post-IS health
states to the ACS event. This could be problematic in theory as the post-stroke health states
are usually associated with lower utilities. Also, transition from the post-IS and post-ACS
health states to the revascularization event are not admitted. Such assumptions were investi-
gated in sensitivity pathway analysis (data not shown) and had a small impact on the ICER.
Finally, national sources for CV baseline risk were not available and data from UK-THIN
were used. However, potential differences among Italian and UK patients were partially re-
duced adjusting for age and LDL-C levels.

In conclusion, our analysis indicates that alirocumab in addition to MDTS+E is cost-ef-
fective versus MDTS+E alone for high CV risk patients in Italy. Specifically, the effectiveness
increases in the patient subset with recent CV event (<12 months from index) indicating the
potential benefit of alirocumab if started directly after an acute event, as add-on to background

therapy.
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APPENDIX

Alirocumab+MDTS+E MDTS+E Delta
LY 7.98 6.30 1.68
Total cost (€) 45,292.94 13,251.10 32,041.84
Drug cost 36,986.91 2,795.96 34,190.95
CV events 8,293.10 10,455.14 -2,162.04
« ACS 4,299.70 6,091.46 -1,791.77
« Revascularization 738.15 804.42 -66.27
« Non-Fatal IS 1,426.15 1,580.22 -154.07
« CV deaths 1,829.10 1,979.04 -149.93
LDL-C detection 12.93 0.00 12.93
ICER (€) 19,070.72

Table IA. Cost-effectiveness analysis: results for ACS 0-12 sub-population

ACS = acute coronary syndrome; CV = cardiovascular; E = ezetimibe; ICER = incremental cost effectiveness ratio; IS = ischemic stroke; LDL-C = low-

density lipoprotein cholesterol; MDTS = maximum dose tolerated statins

Alirocumab+MDTS+E MDTS+E Delta
LY 8.55 6.91 1.63
Total cost (€) 46,812.16 12,261.33 34,550.84
Drug cost 39,600.88 3,067.09 36,533.80
CV events 7,198.35 9,194.24 -1,995.89
« ACS 3,419.62 5,093.11 -1,673.50
« Revascularization 495.69 550.66 -64.97
« Non-Fatal IS 1,502.29 1,623.33 -121.04
« CV deaths 1,780.75 1,927.14 -146.39
LDL-C detection 12.93 0.00 12.93
ICER (€) 21,155.68

Table llA. Cost-effectiveness analysis: results for ACS >12 sub-population

ACS = acute coronary syndrome; CV = cardiovascular; E = ezetimibe; ICER = incremental cost effectiveness ratio; IS = ischemic stroke; LDL-C = low-

density lipoprotein cholesterol; MDTS = maximum dose tolerated statins
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