
Published 08 August 2016                                                                                                               1 

 

 

alirocumab 75mg and 150mg solution for injection in pre-filled pen 
(Praluent®) SMC No. (1147/16) 
Sanofi 
 
 
08 July 2016 
 
The Scottish Medicines Consortium (SMC) has completed its assessment of the above product 
and advises NHS Boards and Area Drug and Therapeutic Committees (ADTCs) on its use in 
Scotland.  The advice is summarised as follows: 

 

ADVICE: following a full submission  
 
alirocumab (Praluent®) is accepted for restricted use within NHS Scotland. 
 
Indication under review: adults with primary hypercholesterolaemia (heterozygous familial 
and non-familial) or mixed dyslipidaemia, as an adjunct to diet: 

- in combination with a statin or statin with other lipid lowering therapies in patients 
unable to reach LDL-C goals with the maximum tolerated dose of a statin or, alone or 
in combination with other lipid-lowering therapies in patients who are statin-intolerant, 
or for whom a statin is contraindicated. 

 
SMC restriction: for  specialist use only in patients at high cardiovascular risk as follows: 

- patients with heterozygous familial hypercholesterolaemia (HeFH) and LDL-C 
≥5.0mmol/L, for primary prevention of cardiovascular events or, 

- patients with HeFH and LDL-C ≥3.5mmol/L, for secondary prevention of 
cardiovascular events or, 

- patients at high risk due to previous cardiovascular events and LDL-C ≥4.0mmol/L or,  
- patients with recurrent/polyvascular disease and LDL-C ≥3.5mmol/L.  

 
In a large phase III clinical study program, alirocumab significantly reduced LDL-C from 
baseline to week 24 versus active and placebo comparators in patients with 
hypercholesterolaemia unable to reach lipid goals with currently available therapies. 

SMC advice takes account of the benefits of a Patient Access Scheme (PAS) that improves 

the cost effectiveness of alirocumab and is contingent upon the continuing availability of the 

PAS in NHS Scotland or a list price that is equivalent or lower. 

 
Overleaf is the detailed advice on this product. 
 
Chairman, 
Scottish Medicines Consortium  
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Indication 
Alirocumab is indicated in adults with primary hypercholesterolaemia (heterozygous familial 
and non-familial) or mixed dyslipidaemia, as an adjunct to diet: 
- in combination with a statin or statin with other lipid lowering therapies in patients unable to 
reach LDL-C goals with the maximum tolerated dose of a statin or, 
- alone or in combination with other lipid-lowering therapies in patients who are statin-
intolerant, or for whom a statin is contraindicated. 

Dosing Information 
The usual starting dose is 75mg administered subcutaneously once every two weeks. 
Patients requiring larger LDL-C reduction (>60%) may be started on 150mg administered 
subcutaneously once every two weeks. 
 
The dose of alirocumab can be individualised based on patient characteristics such as 
baseline LDL-C level, goal of therapy, and response. Lipid levels can be assessed four weeks 
after treatment initiation or titration, when steady-state LDL-C is usually achieved, and dose 
adjusted accordingly (up-titration or down-titration). Patients should be treated with the lowest 
dose necessary to achieve the desired LDL-C reduction.  
 

Product availability date 
October 2015 
 

 

Summary of evidence on comparative efficacy 

 
Proprotein convertase subtilisin kexin type 9 (PCSK9) binds to low density lipoprotein (LDL) 
receptors on the surface of hepatocytes to encourage LDL receptor degradation in the liver. LDL 
receptors clear circulating LDL so the presence of PCSK9 increases circulating low density 
lipoprotein-cholesterol (LDL-C). Alirocumab is a monoclonal antibody that binds to PCSK9, 
leading to higher levels of LDL receptors and subsequently increased clearance of LDL-C.1  
 
The submitting company has requested that SMC considers alirocumab when positioned for use 
in the following patients at high cardiovascular risk: 
1. Patients with heterozygous familial hypercholesterolaemia (HeFH) and LDL-C ≥5.0mmol/L, 
for primary prevention of cardiovascular events 
2. Patients with HeFH and LDL-C ≥3.5mmol/L, for secondary prevention of cardiovascular 
events 
3. Patients at high risk due to previous cardiovascular events and LDL-C ≥4.0mmol/L 
4. Patients with recurrent/polyvascular disease and LDL-C ≥3.5mmol/L.  
 
Evidence to support the marketing authorisation came from the ODYSSEY clinical study 
program: 10 phase III, randomised, multi-centre, double-blind clinical studies, conducted in 
adults with LDL-C levels not adequately controlled with their current lipid modifying therapy. All 
enrolled patients followed the National Cholesterol Education Program Adult Treatment Panel III 
Therapeutic Lifestyle Changes (NCEP ATP III TLC) or equivalent diet.2 The primary outcome in 
all phase III studies, measured in the intention-to-treat (ITT) population, was the percentage 
change in calculated LDL-C (using the Friedewald formula) from baseline to week 24. Total 
cholesterol, apolipoprotein B, non-high density lipoprotein-cholesterol (non-HDL-C), 
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lipoprotein(a), fasting triglycerides, HDL-C and apolipoprotein A1 were measured as secondary 
outcomes in all studies.2 
 
The FH I, FH II and HIGH FH studies were conducted in patients with HeFH. Diagnosis was 
either by genotyping or clinical criteria (Simon Broome criteria or World Health 
Organization/Dutch Lipid Network criteria with a score of >8 points).3 In FH I and FH II, patients 
were eligible if they had LDL-C levels greater than the current guidelines for primary 
(≥2.6mmol/L) or secondary (≥1.8mmol/) prevention, as appropriate.4 In HIGH FH, patients were 
eligible if their LDL-C levels were ≥4.1mmol/L.5 All patients were receiving maximally tolerated 
stable statin therapy with or without other lipid-lowering therapy.3, 4 
  
Patients continued on their current lipid lowering therapy and were randomised in a 2:1 ratio to 
alirocumab or placebo for 78 weeks. In FH I and FH II, patients allocated to alirocumab received 
75mg subcutaneously every two weeks; at week 12, the alirocumab dose could be uptitrated to 
150mg if the week 8 LDL-C was ≥1.8mmol/L. In HIGH FH, patients allocated to alirocumab 
received 150mg subcutaneously every two weeks from randomisation.3 Stratification was 
according to history of myocardial infarction (MI) or ischemic stroke, intensity of statin treatment 
and, in FH I and HIGH FH, geographic region.3, 4  
 
The primary outcome and secondary outcomes related to changes in calculated LDL-C for 
these studies are presented in Table 1. The mean percentage changes from baseline to week 
24 for the other secondary outcome lipid variables were numerically or statistically significantly 
better in the alirocumab group versus the placebo group.2 
 
Table 1. Primary outcome and selected secondary outcomes for FH I, FH II and HIGH FH1, 2, 4 
 FH I 

(N=485) 
FH II 

(N=247) 
HIGH FH 
(N=106) 

Baseline LDL-C, mmol/L (SD) 3.7 (1.3) 3.5 (1.1) 5.1 (1.4) 
Mean % change from baseline in 
calculated LDL-C at week 24 versus 
placebo 

-58% -51% -39% 

p value p<0.0001 p<0.0001  p<0.0001 
Mean absolute change from 
baseline in calculated LDL-C at 
week 24 versus placebo, mmol/L 

-2.2 -1.8 -1.9 

Mean % change in calculated LDL-C 
from baseline to week 52 versus 
placebo 

-56% -59% -39% 

Difference in the proportion of 
patients in the alirocumab and 
placebo groups achieving calculated 
LDL-C <1.8mmol/L at week 24 

59% 67% 30% 

SD: standard deviation 

 
The COMBO I and COMBO II studies were designed to evaluate the efficacy and safety of 
alirocumab as add-on therapy to stable, maximally tolerated, daily statin therapy in patients with 
hypercholesterolaemia at high cardiovascular risk.6 COMBO I compared alirocumab with 
placebo, and COMBO II compared alirocumab with ezetimibe. Patients had established 
coronary heart disease or coronary heart disease risk equivalents. In both studies, baseline 
LDL-C was ≥1.8mmol/L at the screening visit in patients with a history of documented 
cardiovascular disease, or LDL-C ≥2.6mmol/L at the screening visit in patients who did not have 
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a documented history of cardiovascular disease.6 In COMBO I, patients’ current therapy was a 
maximally tolerated daily dose of statin with or without other lipid-modifying therapy. In COMBO 
II, patients’ current therapy was a maximally tolerated daily dose of statin at a stable dose for a 
minimum of four weeks prior to the screening visit.6 
 
Patients were randomised in a 2:1 ratio to alirocumab subcutaneously 75mg every two weeks or 
placebo for 52 weeks in COMBO I, or ezetimibe 10mg orally daily for 104 weeks in COMBO II. 
At week 12, the alirocumab dose could be increased to 150mg every two weeks if the week 8 
LDL-C was ≥1.8mmol/L. Patients were stratified by prior history of MI or ischaemic stroke, 
intensity of statin treatment and geographic region (COMBO II only).6 
 
The primary outcome and secondary outcomes related to changes in calculated LDL-C for 
these studies are presented in Table 2. The mean percentage changes from baseline to week 
24 for the other secondary outcome lipid variables were numerically or statistically significantly 
better in the alirocumab group versus the comparator group.2 
 
Table 2. Primary outcome and selected secondary outcomes for COMBO I and COMBO II2 
 COMBO I 

(N=311) 
COMBO II 
(N=707) 

Baseline LDL-C, mmol/L (SD) 2.6 (0.8) 2.8 (0.9) 
Mean % change from baseline in calculated 
LDL-C at week 24 versus comparator* 

-46% -30% 

p value p<0.0001 p<0.0001 
Mean absolute change from baseline in 
calculated LDL-C at week 24  versus 
comparator (mmol/L) 

-1.2 -0.8 

Mean % change in calculated LDL-C from 
baseline to week 52 versus comparator 

-43% -31% 

Difference in the proportion of patients in the 
alirocumab and comparator groups achieving 
calculated LDL-C <1.8mmol/L at week 24 

66% 31% 

SD: standard deviation *comparator is placebo in COMBO I and ezetimibe in COMBO II 

  
LONG TERM was designed to evaluate the efficacy and safety of alirocumab as add-on therapy 
to stable, maximally tolerated, daily statin therapy with or without other lipid modifying therapy in 
patients with hypercholesterolaemia (LDL-C ≥1.8mmol/L) at high cardiovascular risk. Enrolled 
patients had HeFH or established coronary heart disease or coronary heart disease risk 
equivalents.7 
 
Patients were randomised in a 2:1 ratio to alirocumab 150mg subcutaneously every two weeks 
or placebo for 78 weeks. Randomisation was stratified according to HeFH status, prior history of 
MI or stroke, background statin treatment and geographic region.7 
 
The primary outcome and secondary outcomes related to changes in calculated LDL-C for this 
study are presented in Table 3. The mean percentage changes from baseline to week 24 for the 
other secondary outcome lipid variables were numerically or statistically significantly better in 
the alirocumab group versus the placebo group.2 
 



5 

 

 
Table 3. Primary outcome and selected secondary outcomes for LONG TERM2, 7 
 LONG TERM 

(N=2,310) 

Baseline LDL-C, mmol/L (SD) 3.2 (1.1) 
Mean % change from baseline in calculated LDL-C at 
week 24 versus placebo 

-62% 

p value p<0.001 
Mean absolute change from baseline in calculated  
LDL-C at week 24 versus placebo, mmol/L 

-1.8 

Mean % change in calculated LDL-C from baseline to 
week 52 versus placebo 

-61% 

Difference in the proportion of patients in the alirocumab 
and placebo groups achieving calculated LDL-C 
<1.8mmol/L at week 24 

71% 

SD: standard deviation 

 
Positively adjudicated cardiovascular events were reported in 4.6% of the alirocumab group and 
5.1% of the placebo group. In the post hoc analysis comparing the rate of positively adjudicated 
major adverse cardiovascular events (MACE) between the two study groups, 1.7% and 3.3% of 
patients met this endpoint, respectively, HR 0.52 (95% CI: 0.31 to 0.90), nominal p=0.02.7 
 
ALTERNATIVE was designed to evaluate the efficacy and safety of alirocumab as monotherapy 
compared with ezetimibe monotherapy in statin-intolerant patients with hypercholesterolaemia 
at moderate, high or very high cardiovascular risk.8 LDL-C was ≥1.8mmol/L at the screening 
visit for patients at high cardiovascular risk or ≥2.6mmol/L for patients at moderate 
cardiovascular risk.8  Statin intolerance was defined as the inability to tolerate ≥2 statins 
because of unexplained skeletal muscle-related symptoms (e.g. pain, aches, weakness or 
cramping) other than those due to strain or trauma that began or increased during statin 
treatment and resolved on statin discontinuation. At least one statin should have been 
discontinued while at or below the lowest-approved daily starting dose. There was a four-week 
single-blind placebo run-in to exclude patients with non-statin-related muscle symptoms.8 
 
Patients who completed the placebo run-in without experiencing a skeletal muscle-related 
adverse event were randomised in a 2:2:1 ratio to receive alirocumab 75mg subcutaneously 
every two weeks, ezetimibe 10mg orally daily or atorvastatin 20mg orally daily for 24 weeks. At 
week 12, the alirocumab dose could be increased to 150mg every two weeks if the week 8 LDL-
C was ≥1.8mmol/L for patients at very high cardiovascular risk, or ≥2.6mmol/L for patients at 
moderate or high cardiovascular risk.8 Randomisation was stratified by history of MI or 
ischaemic stroke.8  
 
The primary outcome and secondary outcomes related to changes in calculated LDL-C for 
these studies are presented in Table 4. The mean percentage changes from baseline to week 
24 for the other secondary outcome lipid variables were numerically or statistically significantly 
better in the alirocumab group versus the ezetimibe group.2 
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Table 4. Primary outcome and selected secondary outcomes ALTERNATIVE 2 
 ALTERNATIVE 

(N=314) 

Baseline LDL-C, mmol/L (SD) 5.0 (1.8) 
Mean % change from baseline in calculated LDL-C at 
week 24 versus ezetimibe 

-30% 

p value p<0.0001 
Mean absolute change from baseline in calculated 
LDL-C at week 24 versus ezetimibe, mmol/L 

-1.3 

Difference in the proportion of patients in the 
alirocumab and ezetimibe groups achieving 
calculated LDL-C <1.8mmol/L at week 24 

32% 

SD: standard deviation 

 
The final three studies in the ODYSSEY clinical study program were MONO, OPTIONS I and 
OPTIONS II. The MONO study was conducted in patients at moderate cardiovascular risk who 
were not taking statins; the patients were not required to be intolerant of statins.9 OPTIONS I 
and OPTIONS II enrolled patients who were not on maximum tolerated statin therapy.2 The 
efficacy results from these three studies have limited relevance to this submission.  
 

Summary of evidence on comparative safety 

 
The integrated safety database submitted to the European Medicines Association (EMA) 
included nine placebo-controlled studies (five phase III studies [FH I, FH II, HIGH-FH, COMBO I 
and LONG TERM], four phase II studies) and five ezetimibe-controlled phase III studies 
(COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE and MONO). Two of the ezetimibe-
controlled studies (ALTERNATIVE and MONO) did not include concomitant statin usage.2 The 
safety analysis combines the two different doses of alirocumab, 75mg and 150mg, as the phase 
II studies did not identify a higher adverse event rate associated with the 150mg dosing 
schedule.2 
 
Alirocumab was given to 3,340 patients; 2,856 had received at least 24 weeks treatment, 2,408 
at least 52 weeks and 638 at least 76 weeks.2 A treatment-emergent (TE) adverse event, 
serious adverse event, adverse event leading to death or study drug discontinuation was 
reported by similar proportions in each group.2 The most common adverse event leading to 
study drug discontinuation was local injection site reaction.1  
 
In the placebo-controlled pool, the most commonly reported TE adverse events were 
nasopharyngitis (11% versus 11%), injection site reaction (6.7% versus 4.8%), upper respiratory 
tract infection (6.1% versus 7.0%), influenza (5.7% versus 4.6%), headache (4.8% versus 5.2%) 
and arthralgia (4.0% versus 5.5%) in the alirocumab and placebo-treated patients respectively.2 
  
In the ezetimibe-controlled pool, the most commonly reported TE adverse events were myalgia 
(6.7% versus 7.6%), upper respiratory tract infection (5.9% versus 6.0%) and nasopharyngitis 
(5.4% versus 5.7%) in the alirocumab and ezetimibe-treated patients respectively.2 
 
An LDL-C level of <0.6mmol/L was recorded at least once by 41% of patients who received 
alirocumab, 24% of patients had two consecutive results below this level. Most of these patients 
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were enrolled in one of the studies that only used the 150mg dose. There was a slightly higher 
incidence of some adverse events in these patients but not for the adverse events of interest, 
and the limited number of events limits the evaluation.2 Patients should receive the lowest dose 
of alirocumab needed to achieve the appropriate degree of LDL-C reduction.1 
 

Summary of clinical effectiveness issues 

 
Statins reduce serum levels of LDL-C and reduce the risk of cardiovascular disease.2 However 
the use of statins, especially at high doses, can be limited by adverse events, predominantly 
affecting skeletal muscle or liver function tests. A modest improvement in cardiovascular 
outcomes associated with the addition of ezetimibe to simvastatin therapy has recently been 
demonstrated in the IMPROVE-IT study.10 Fibrates, nicotinic acid, bile acid sequestrants and 
omega-3 fatty acid compounds are not recommended for use by the National Institute of Health 
and Care Excellence (NICE) clinical guideline 181. In addition, nicotinic acid MR and 
colesevelam are not recommended for use by SMC.11 Two PCSK9 inhibitors have recently 
received marketing authorisation, alirocumab and evolocumab.  
 
The submitting company has requested that SMC considers alirocumab when positioned for use 
in patients at high cardiovascular risk due to HeFH and patients at high risk due to previous 
cardiovascular events (see efficacy section for details). Clinical experts consulted by SMC 
considered that there is unmet need in this therapeutic area, namely patients at high risk of 
cardiovascular disease, including those with HeFH, who have hypercholesterolaemia despite 
high-intensity lipid lowering or are unable to tolerate these treatments. 
 
The ODYSSEY clinical study program has demonstrated the efficacy of alirocumab, measured 
by mean percentage change in calculated LDL-C from baseline to week 24, in a broad range of 
patients. Most patients enrolled in the ODYSSEY program were at high cardiovascular risk and 
had a raised LDL-C despite treatment. Most were on maximally tolerated statins and about half 
were receiving ezetimibe.  
 
The primary outcome measure, mean percentage change in calculated LDL-C from baseline to 
week 24 was reported as relative reduction from baseline versus the comparator rather than 
absolute reduction. Although LDL-C reduction is considered to be an established surrogate 
marker for cardiovascular risk reduction, the main evidence is with statin therapy and there is as 
yet no robust evidence for alirocumab. 2  
 
The drop-out rate in the studies was relatively high. However, the number of patients who 
discontinued treatment due to adverse events was reasonably small (1.2 to 12%) with the 
exception of the ALTERNATIVE study (18 to 25%) which enrolled patients with previous 
adverse events associated with statins.2 The LONG TERM study only used the 150mg dose of 
alirocumab so did not follow the licensed dosing schedule. The HIGH FH study also only used 
the 150mg dose, but these patients had a screening LDL-C of ≥4.1mmol/L so may well 
commence treatment on the higher dose in practice. There is no information regarding the 
combination of ezetimibe and alirocumab in statin-intolerant patients. The ALTERNATIVE study 
included a blinded statin group so patients who had previous serious adverse reactions to 
statins may not have enrolled.  
 
According to the submitting company, patients enrolled in the ODYSSEY program were 
generally younger than patients who would currently received treatment in the UK: mean age 60 
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to 63 years in the ODYSSEY program versus average age of 72 in The Health Improvement 
Network (THIN) database. The number of enrolled patients >75 years was small; however, the 
results for patients in this age group were consistent with the general population.2 
 
The long-term cardiovascular outcome study (OUTCOMES) is currently ongoing. The effect of 
alirocumab on cardiovascular morbidity and mortality has not yet been determined.1 A 
systematic review and network meta-analysis of PCSK9 antibodies was presented.12 Although 
both alirocumab and evolocumab studies were included, most of the data came from alirocumab 
studies, in particular ODYSSEY LONG TERM.12 The meta-analysis found a benefit associated 
with PCSK9 antibodies measured by all-cause mortality (odds ratio [OR], 0.45 [95% CI: 0.23 to 
0.86]; p=0.015; heterogeneity p=0.63; I2 = 0%), cardiovascular mortality (OR, 0.50 [95% CI: 0.23 
to 1.10]; p=0.084; heterogeneity p=0.78; I2 = 0%), rate of MI (OR, 0.49 [95% CI: 0.26 to 0.93]; 
p=0.030; heterogeneity p=0.45; I2=0%), and a reduction in the increase of serum creatine 
kinase levels (OR, 0.72 [95% CI: 0.54 to 0.96]; p=0.026; heterogeneity p=0.65; I2 = 0%). There 
was no significant difference in the rate of serious adverse events. An accompanying editorial 
advises that, although encouraging, the results should be interpreted with caution, as the 
included studies were of small or moderate size with short follow-up periods, and the results 
were based on a small total number of events.13   
 
Clinical experts consulted by SMC considered that alirocumab is a therapeutic advancement 
due to its novel mechanism of action and potential benefit in patients who are at high risk of 
cardiovascular disease. 
 
Clinical experts consulted by SMC considered that the place in therapy of alirocumab is in 
secondary care. Alirocumab should be initiated and managed in specialist lipid clinics.  
 
Training on how to administer the injections will be required. The submitting company has 
advised that the Praluent Patient Support Programme will provide support to patients and 
healthcare professionals on establishing the correct injection technique, and a sponsored 
homecare service will be made available. 
 
Allergic reactions including serious reactions such as hypersensitivity, nummular eczema, 
urticaria and hypersensitivity vasculitis have been reported in patients taking alirocumab in the 
clinical studies. Patients experiencing a serious allergic reaction should discontinue treatment 
with alirocumab.1 
 

Summary of comparative health economic evidence 

 
The submitting company presented a cost-utility analysis of alirocumab as an adjunct to statins 
and/or ezetimibe for the treatment of adults with primary hypercholesterolaemia (heterozygous 
familial and non-familial) or mixed dyslipidaemia, in addition to appropriate dietary measures. 
SMC clinical experts have confirmed that alirocumab would be used as an adjunctive treatment. 
In patients who are statin intolerant, ezetimibe was suggested as the agent most likely to be 
displaced. 
 
The submission defined four groups of patients:  

• Patients with HeFH and LDL-C ≥5.0mmol/L, for primary prevention of cardiovascular 
(CV) events  

• Patients with HeFH and LDL-C ≥3.5mmol/L, for secondary prevention of CV events  
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• Patients at high risk due to previous CV events and LDL-C ≥4.0mmol/L  

• Patients with recurrent/polyvascular disease and LDL-C ≥3.5mmol/L. 
 
The ‘patients at high risk’ group included those with a history of acute coronary syndrome (ACS, 
myocardial infarction or unstable angina), coronary revascularisation and other arterial 
revascularisation procedures or other coronary heart disease, ischaemic stroke and peripheral 
artery disease. ‘Patients with recurrent/polyvascular disease’ included those with recurrent 
incidences of CV events (more than one previous event) or evidence of disease in multiple 
vascular beds.  
 
A Markov model was developed over a lifetime time horizon. Patients enter the model in an 
initial state of having raised LDL-C and over time they can either stay in this state, experience a 
non-fatal cardiovascular event, or die (from CV or non-CV causes). Time dependency has been 
built into these health states to capture the fact that after a recent cardiac event there is an 
increased risk of another event within 1 year and a lesser increase after 1-2 years.  
 
The model effect was worked through using LDL-C as a surrogate outcome measure linked to 
cardiovascular events, where reducing LDL-C is predicted to reduce CV events in the future. In 
the model, this relationship was originally based on the results of the network meta-analysis 
described above.12 However, following feedback from SMC clinical experts relating to the size of 
the reduction in CV events based on this meta-analysis, the company provided a revised base 
case analysis using data from another meta-analysis carried out by the Cholesterol Treatment 
Trialists’ (CTT) Collaboration.14 
 
Baseline CV event probabilities in the model were based on real world data from The Health 
Improvement Network (THIN). For the sub-groups, the transition probabilities were derived from 
the published literature. These varied based on patient characteristics such as sub-group, age, 
baseline LDL-C and health state. For example, for the high risk and recurrent/polyvascular sub-
groups, the transition probabilities were derived from Kaplan-Meier data from the THIN 
database. The transition probabilities are time dependent in that they vary depending on the age 
of the patient (reflecting the increasing risk of CV events with age). To account for an increased 
risk associated with multiple CV events, the model applied a increased risk of death of 1.5  to 
the transition probabilities in the post-MI and post-ischaemic stroke health states, using data 
from hospital episode statistics and mortality statistics databases.  
 
CV risk with alirocumab and usual care was estimated given the baseline characteristics. 
Annual CV event probabilities were varied based on patients’ characteristics in any particular 
health state based on the THIN database. An age adjustment was applied of 3% and 5% each 
year for non-fatal CV events and CV death respectively. The model sets a minimum LDL-C level 
based on recommended targets for each sub-group and  then applies the average LDL-C value 
for patients with an LDL-C above that cut-off value found in the literature.  
 
A number of the studies in the ODYSSEY programme assessed health-related quality of life 
using EQ-5D; however, these data were not used in the economic model. Utility values from 
previously published studies were applied for specific CV events. The utility values in the model 
were not fixed but varied over time depending on CV events experienced, and used an age-
adjusted baseline utility function (with multiplicative disutility) based on Health Survey for 
England data.  
 
Resource use covered medicines costs and costs associated with CV events: non-fatal 
myocardial infarction, unstable angina, ACS, revascularisation, ischaemic stroke, CV death and 
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non-CV death. The costs of CV events are mainly related to the cost of hospitalisation and 
follow-up care. These estimates were based on clinical guidelines, as well as other published 
sources. Monitoring and adverse events costs were assumed to be equal across both arms and 
thus not included. The treatment duration (and treatment benefit) was assumed to continue for 
20 years and a discontinuation rate of 8% was applied. 
 
A patient access scheme (PAS) was submitted by the company and assessed by the Patient 
Access Scheme Assessment Group (PASAG) as acceptable for implementation in NHS 
Scotland. Under the PAS, a simple discount was offered. The results of the base case analysis 
are summarised in Table 5. The incremental cost was driven by drug costs associated with 
alirocumab. The QALY gains are driven by reduced rates of CV events in the future. 
 
Table 5. Base case with PAS results by sub-group 

Patient population 
Intervention 

Inc. Costs Inc. QALYs 
ICER 

(cost per QALY) Comparator 

HeFH 
primary prevention 
(LDL-C ≥5.0mmol/L) 

Alirocumab + 
statins + ezetimibe 

£16,038 0.48 £33,255 
Statins + ezetimibe 

HeFH 
secondary prevention 
(LDL-C ≥3.5mmol/L) 

Alirocumab + 
statins + ezetimibe  

 
£13,579 

 
 

0.61 

 
 

£22,303 Statins + ezetimibe 

High risk CVD 
(LDL-C ≥4.0mmol/L) 

Alirocumab + 
statins 

 
£13,145 

 
0.52 

 
£25,519 

 
Statins 
 

Recurrent/ 
Polyvascular 
Disease 
(LDL-C ≥3.5mmol/L) 

Alirocumab + 
statins 

 
£12,195 

 
0.52 

 
£23,645 

 
Statins 
 

Statin intolerant - High 
risk CVD (LDL-C 
≥4.0mmol/L) 

Alirocumab + 
ezetimibe £13,106 0.57 £22,949 

Ezetimibe 

Statin intolerant -
Recurrent/ 
Polyvascular 
disease(LDL-C 
≥3.5mmol/L) 

Alirocumab + 
ezetimibe 

£12,053 0.6 £20,184 

Ezetimibe 

ICER: incremental cost-effectiveness ratio, QALY: quality-adjusted life-year 

 
For the HeFH primary, secondary prevention, high-risk CVD and recurrent/polyvascular disease 
the probabilistic sensitivity analyses (PSA) showed that at a willingness-to-pay threshold of 
£30,000/QALY the probability that alirocumab is cost-effective in each subgroup is 37.4%, 
88.2%, 75.8% and 85.2% respectively. The deterministic and scenario analyses showed the 
results were sensitive to the baseline level of LDL-C, annual CV risk, the duration and 
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magnitude of the treatment benefit and the time horizon. While the lifetime horizon used in the 
base case is appropriate, shorter time horizons provide an indication of the importance of the 
long-term relationship between LDL-C changes and CV events in the model. Table 6 
summarises some of the key sensitivity analysis results. 
 
Table 6. Key deterministic and scenario analyses results by sub-group 

Parameter 
HeFH 

primary 
prevention 

HeFH 
secondary 
prevention 

High risk 
CVD 

Recurrent/ 
polyvascular 

disease 

Relative risk for LDL-C 
reduction based on PCSK9 
antibodies NMA12 

£22,086 £12,058 £12,849 £11,391 

Rate ratio per 1 mmol/L for 
treatment effect using 
upper 95% CI 

£38,448 £27,182 £31,739 £29,629 

Annual CV risk reduced by 
20% 

£42,907 £26,740 £31,275 £28,178 

Baseline LDL-C reduced by 
25% 

£59,513 £35,188 £41,057 £36,990 

Treatment duration and 
benefit reduced to 10 years 

£35,117 £22,353 £25,855 £23,803 

Time horizon reduced to 10 
years 

£142,606 £41,524 £51,345 £40,711 

NMA: network meta-analysis 

 
The following weaknesses were noted: 

• The model depends on the observed reductions in LDL-C with alirocumab resulting in 
reductions in future CV events including deaths but there is limited evidence to support 
this assumption for alirocumab. SMC clinical experts confirmed that there is likely to be a 
relationship between lowering LDL-C and reducing CV events, but that this is mainly 
based on evidence from treating with statins and that the relationship is not a simple 
one. The experts did also note that this effect may be greater in high risk patients as 
further LDL-C reduction would likely result in fewer events. This is confirmed by the cost-
effectiveness being better in the high-risk patients than in the HeFH primary prevention 
group, for example. 
 

• There is uncertainty regarding the size of the reduction in CV events for a given change 
in LDL-C and the results were sensitive to this. The company initially used the PCSK9 
antibodies NMA which resulted in lower ICERs as noted in Table 6, but some SMC 
clinical experts questioned why a given change in LDL-C produced a higher change in 
CV events than with statins, as estimated by the CTT meta-analysis referred to above. 
While a strength of the PCSK9 NMA is that it was based on data from alirocumab 
studies, there are some limitations with this analysis and the Committee considered the 
CTT meta-analysis used in the revised base case to be a more appropriate data source. 

 

• The model assumes that the treatment effect is sustained over the lifetime of the model, 
despite the mean treatment duration being less than this. To test this assumption, the 
company was asked to apply treatment durations of 10 and 5 years. The results were 
relatively sensitive to applying these shorter treatment durations as the benefits of 
treatment are also truncated (see Table 6). However, the ICERs remained below £30k in 
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all subgroups except for the HeFH primary prevention group where the ICER increased 
to £37k when the treatment benefit was reduced to 5 years.  
 

Despite these uncertainties, the economic case has been demonstrated.    
 

Summary of patient and public involvement 

 
A Patient Group submission was not made. 
 

Additional information: guidelines and protocols 

 
The Joint British Societies produced consensus recommendations for the prevention of 
cardiovascular disease in 2014 (JBS3).15 Cholesterol lowering therapy is recommended in the 
following individuals: 

• established cardiovascular disease  

• high risk of cardiovascular disease: diabetes age >40 years, chronic kidney disease 
stages 3 to 5, or familial hypercholesterolaemia 

• high 10-year cardiovascular disease risk (threshold to be defined by NICE guidance)  

• high lifetime cardiovascular disease risk (JBS3 calculator) where lifestyle changes are 
insufficient 

In all patients with familial hypercholesterolaemia, lifetime lowering of LDL-C is recommended to 
reduce CVD outcomes. Familial combined hyperlipidaemia cases should be managed by a lipid 
specialist. 
 
Statins are recommended as a highly effective treatment and, with benefits evident at <2mmol/L 
LDL-C levels, intensive therapy is encouraged. JBS3 advises a ‘lower is better’ approach, 
supporting strategies to achieve non-HDL-C of <2.5mmol/L (equivalent to LDL of <1.8mmol/L) in 
those at high risk of cardiovascular events. Combination therapy with the addition of a bile 
sequestrant, ezetimibe or possibly nicotinic acid to statin therapy are suggested when increased 
statin dose is not tolerated. However, specialist lipid advice should be sought if there is a failure 
to establish statin therapy in patients with established CVD or with suspected FH, or if there is a 
rise in creatine kinase >5× upper limit of normal on a statin.  
 
The JBS3 guideline refers to the development of PCSK9 inhibitors and the potential to produce 
benefits in patients with elevated LDL-C despite statin therapy and those with FH.  
 
In 2014, NICE published a clinical guideline (CG181) on cardiovascular disease risk 
assessment and reduction, including lipid modification. NICE recommend atorvastatin 20mg 
daily for primary prevention of cardiovascular disease in the following groups: 

• ≥10% ten year risk of developing CVD (QRISK2 tool)11 

• Type I diabetes who are over the age of 40, have had diabetes >10 years, have 
established neuropathy or have other CVD factors 

• Type II diabetes who have ≥10% ten year risk of developing CVD 

• Chronic kidney disease 

• Atorvastatin 20mg may also be considered in  

• People ≥ 85 years old (possible reduction in non-fatal MI) 

• All adults with type I diabetes 
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In patients with established CVD, including acute coronary syndrome, statins are recommended 
at the maximum tolerable dose (atorvastatin 80mg). 
 
Specialist advice should be sought when patients with a high risk of CVD (primary or secondary) 
are intolerant to three different statins. Fibrates, nicotinic acid, bile sequestrants and omega-3 
fatty compounds are not recommended as monotherapy or in combination with a statin for 
people being treated for primary or secondary CVD, those with CKD or type I or type II diabetes. 
 
In people with primary (heterozygous-familial and non-familial) hypercholesterolaemia, 
ezetimibe can be taken as monotherapy when statins are contraindicated or not tolerated, or in 
combination with the person’s usual statin when cholesterol target levels have not been met 
despite increased statin dose or where increased statin dose is intolerable.  
 
In 2008, NICE produced a clinical guideline (CG71) on the identification and management of 
familial hypercholesterolaemia.16 In August 2015, a statement was published indicating that the 
guideline required updating. The guidelines currently recommend life-long lipid lowering 
treatment, initial treatment for all adults in statins. The maximum licensed/tolerated dose of 
statin should be considered to achieve a >50% reduction in LDL-C concentration from baseline. 
Ezetimibe monotherapy is recommended for patients with HeFH who are intolerant or have a 
contraindication to statins. Ezetimibe, coadministered with initial statin therapy, is recommended 
as an option for the treatment of adults with HeFH who have been initiated on statin therapy 
when serum LDL-C concentration is not appropriately controlled either after appropriate dose 
titration of initial statin therapy or because dose titration is limited by intolerance to the initial 
statin therapy, and consideration is being given to changing from initial statin therapy to an 
alternative statin.  
 
NICE recommends that adults with familial hypercholesterolaemia should be offered a referral to 
a specialist when 

• the recommended reduction in LDL-C concentration of greater than 50% from baseline 
has not been achieved despite maximum tolerated dose of a high intensity statin and 
ezetimibe or 

• the patient has been assessed as being at very high risk for of a coronary event 
(established coronary heart disease, family history or premature coronary heart disease 
or two or more other cardiovascular risk factors) or 

• statin or ezetimibe therapy is contraindicated or not tolerated 
Treatment with a bile acid sequestrant, nicotinic acid or a fibrate may be considered when 
statins or ezetimibe are contraindicated or not tolerated; the decision to offer these treatments 
should be made by specialists in FH.  
 
The Scottish Intercollegiate Guidelines Network (SIGN) are currently in the process of updating 
their cardiovascular disease guidelines. The 2007 SIGN publication on risk estimation and the 
prevention of cardiovascular disease includes recommendations on lipid lowering.17 Simvastatin 
40mg/day is recommended as primary prevention in all adults >40 years old who have a 10 
year CV first event risk of ≥20% (ASSIGN risk tool). All adults with established atherosclerotic 
cardiovascular disease should be considered for intensive statin therapy. Patients with familial 
hypercholesterolaemia based on clinical or genetic evidence should be considered for 
aggressive statin therapy, irrespective of their calculated cardiovascular risk. An anion 
exchange resin or ezetimibe in combination with a statin is recommended when target 
cholesterol level has not been met and a higher dose of statin cannot be tolerated. No 
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recommendation is made for monotherapy although the evidence statement notes treatment 
with a resin or ezetimibe may be useful when statins are not tolerated.  
 

Additional information: comparators 

 
Ezetimibe.  Evolocumab is another recently licensed PCSK9 inhibitor.  
 

Cost of relevant comparators 

 
Drug Dose Regimen Cost per year (£) 
Alirocumab 75mg to 150mg subcutaneously every two 

weeks 
4,368 

Evolocumab* 140mg subcutaneously every two weeks  
or 
420mg subcutaneously every month 

4,423 (fortnightly regimen) 
or 

6,124 (monthly regimen) 
 

Ezetimibe 10mg orally daily 342 
Doses are for general comparison and do not imply therapeutic equivalence. Costs from eVadis on 28 
January 2016. Costs do not take any patient access schemes into consideration. 
*Evolocumab is not recommended for use in NHS Scotland (1148/16) 

 

Additional information: budget impact 

 
HeFH 
The submitting company estimated there would be 171 patients eligible for treatment with 
alirocumab in year 1 rising to 175 patients in year 5. The estimated uptake rate was 9% in year 
1 (15 patients) and 29% in year 5 (51 patients). 
 
High Risk CVD  
The submitting company estimated there would be 634 patients eligible for treatment with 
alirocumab in year 1 rising to 639 patients in year 5. The estimated uptake rate was 2% in year 
1 (13 patients) and 16% in year 5 (104 patients). 
 
Recurrent Events/Polyvascular Disease 
The submitting company estimated there would be 549 patients eligible for treatment with 
alirocumab in year 1 rising to 562 patients in year 5. The estimated uptake rate was 2% in year 
1 (11 patients) and 16% in year 5 (90 patients). 
 

SMC is unable to publish the with-PAS budget impact due to commercial in confidence issues. 
A budget impact template is provided in confidence to NHS health boards to enable them to 
estimate the predicted budget with the PAS.  
 
Other data were also assessed but remain commercially confidential.* 
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This assessment is based on data submitted by the applicant company up to and including 17 
June 2016. 
 
*Agreement between the Association of the British Pharmaceutical Industry (ABPI) and the 
SMC on guidelines for the release of company data into the public domain during a health 

technology appraisal.  
 
Drug prices are those available at the time the papers were issued to SMC for consideration. 
SMC is aware that for some hospital-only products national or local contracts may be in place 
for comparator products that can significantly reduce the acquisition cost to Health Boards. 
These contract prices are commercial in confidence and cannot be put in the public domain, 
including via the SMC Detailed Advice Document. Area Drug and Therapeutics Committees and 
NHS Boards are therefore asked to consider contract pricing when reviewing advice on 
medicines accepted by SMC. 
 
Patient access schemes: A patient access scheme is a scheme proposed by a pharmaceutical 
company in order to improve the cost-effectiveness of a drug and enable patients to receive 
access to cost-effective innovative medicines. A Patient Access Scheme Assessment Group 
(PASAG, established under the auspices of NHS National Services Scotland reviews and 
advises NHS Scotland on the feasibility of proposed schemes for implementation. The PASAG 
operates separately from SMC in order to maintain the integrity and independence of the 
assessment process of the SMC. When SMC accepts a medicine for use in NHS Scotland on 
the basis of a patient access scheme that has been considered feasible by PASAG, a set of 
guidance notes on the operation of the scheme will be circulated to Area Drug and Therapeutics 
Committees and NHS Boards prior to publication of SMC advice. 
 
Advice context: 

 
No part of this advice may be used without the whole of the advice being quoted in full.  
 
This advice represents the view of the Scottish Medicines Consortium and was arrived at after 
careful consideration and evaluation of the available evidence. It is provided to inform the 
considerations of Area Drug & Therapeutics Committees and NHS Boards in Scotland in 
determining medicines for local use or local formulary inclusion. This advice does not override 
the individual responsibility of health professionals to make decisions in the exercise of their 
clinical judgement in the circumstances of the individual patient, in consultation with the patient 
and/or guardian or carer. 
 
 


