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CONFIDENTIAL

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Alirocumab for treating primary
hypercholesterolaemia and mixed
dyslipidaemia

This premeeting briefing presents:

e the key evidence and views submitted by the company, the consultees and their
nominated clinical experts and patient experts and

e the Evidence Review Group (ERG) report.

It highlights key issues for discussion at the first Appraisal Committee meeting and

should be read with the full supporting documents for this appraisal.

Please note that this document includes information from the ERG before the

company has checked the ERG report for factual inaccuracies.

This document does not include the ERG’s comments about the company’s
response to the request for additional sensitivity analyses about the applicability of
the Patient Access Scheme (PAS) |l in primary care.

Key issues for consideration

¢ In the absence of final outcomes data from the ODYSSEY trial, the effect of
alirocumab on LDL-c was translated into a reduction in cardiovascular (CV) event
risk using pooled hazard ratios for cardiovascular events from a meta-analysis of

PCSKO inhibitors (Navarese et al).

— The ERG stated that LDL-c reduction has a greater impact on cardiovascular
events using the Navarese meta-analysis compared with the meta-analysis of
statins (Cholesterol Treatment Trialists’ Collaboration [CTTC]). Using Navarese
the risk reduction per 1 mmol/L reduction in LDL-c was 0.64 for non-fatal
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myocardial infarction (MI), coronary revascularisation, ischaemic stroke and

any vascular death (95% CI 0.43 to 0.96 for all except vascular death which

was 0.40 to 1.04). Using CTTC, the risk reductions per 1 mmol/L reduction in

LDL-c were 0.74 (95% CI1 0.71 to 0.77) for non-fatal MI, 0.76 (95% CI 0.73 to

0.78) for coronary revascularisation,, 0.79 (95% CI 0.74 to 0.85) for ischaemic

stroke and 0.88 (95% CI 0.84 to 0.91) for vascular death.

¢ Does the accepted link between LDL-c reduction and reduction in CV events
based on statins hold true for PCSK?9 inhibitors?

¢ If so, which source of relative risk reductions should be used to link LDL-c to
cardiovascular events for alirocumab?

e Evolocumab (subject to ongoing NICE appraisal) and ezetimibe were included as
comparators in the final NICE scope.

¢ What are the most appropriate comparators for the appraisal of alirocumab
in the statin tolerant and statin intolerant populations?

e The Department of Health’s Patient Access Scheme (PAS) approval letter noted
that “there may be a potential transition of patients from secondary to primary care
after 2 to 3 years. This has potential implications for the || GczNzNG
patient access scheme. As ||l cannot be realised when drugs are
prescribed through FP10 prescriptions, the actual [l received by the NHS
may be less than the || I offered in the scheme.”

— What proportion of patients receiving alirocumab will, if any, transition into

primary care and after how many months/years?

e The company used a baseline low-density lipoprotein cholesterol (LDL-c)
=3.36 mmol/L on maximally tolerated statins for people with high risk
cardiovascular disease (CVD). The ERG stated that a low proportion of high risk
cardiovascular disease population would meet these criteria.
— Has the company used an appropriate baseline LDL-c level for people with high

risk CvD?

e The ERG noted that some of the company’s costs were inconsistent with previous

technology appraisals. The ERG believed that the company’s model:

— underestimated costs for stroke and the post-stroke health states
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— applied follow—up costs following a cardiovascular events (such as stroke) for
only up to 3 years

— did not apply costs for the second half of the first year following a
cardiovascular event
¢ Are all of the ERG’s changes to the costs appropriate?

e The company assumed a 100% treatment continuation and compliance with
alirocumab in its base-case. The ERG suggested that an 8% discontinuation rate
was observed in ODYSSEY and LONG-TERM.

— Is it appropriate to assume that the benefit of treatment with alirocumab
persists over a lifetime treatment duration?
— What is the appropriate discontinuation rate with alirocumab?

e The marketing authorisation includes people with mixed dyslipidaemia, however
this population has not been separately considered within the company’s
submission.

— Can a recommendation be made for this group?

1 Remit and decision problems

1.1 The remit from the Department of Health for this appraisal is: to appraise
the clinical and cost effectiveness of alirocumab within its marketing
authorisation for treating primary hypercholesterolaemia (heterozygous

familial and non-familial) and mixed dyslipidaemia.
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Final scope issued by NICE

Decision problem
addressed in the

submission

Comments from the

company

Comments from the
ERG

Population

People with primary
hypercholesterolaemia (heterozygous
familial and non-familial) and mixed
dyslipidaemia for whom lipid-
modifying therapies, in line with
current NICE guidance, would be
considered

As per final scope

The company stated that
population in the
submission was in line with
the scope

The ERG agreed with the
company’s comments

Intervention

Alirocumab alone or in combination
with a statin with or without ezetimibe,
or in combination with ezetimibe

Alirocumab in combination
with maximal tolerated
dose of statins, with or
without ezetimibe, or
alirocumab on a
background of no statins,
with or without ezetimibe

In line with the scope but
adjusted to reflect current
NHS usage of ezetimibe

The ERG agreed with the
company’s comments and
stated that the company’s
specification of the
intervention was
appropriate and clinically
relevant

Comparators

e Optimised statin therapy

e When LDL-c is not adequately
controlled with optimised statin
therapy:

o Ezetimibe in
combination with
optimised statin
therapy

When LDL-c is not
adequately controlled with
optimised (maximal
tolerated dose) statin
therapy:

e Optimised statin
therapy alone (i.e.
no additional

The company anticipate
that alirocumab will be
used in patients who are
not adequately controlled
on all maximally used
existing therapy

The ERG noted that the
company did not include
evolocumab as a
comparator because it is
not standard care in the
NHS The ERG agreed with
the company’s choice.

National Institute for Health and Care Excellence
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O

Evolocumab in
combination with
optimised statin
therapy (subject to
NICE guidance)

When LDL-c is not adequately
controlled with optimised statin
therapy in combination with
ezetimibe:

O

Evolocumab in
combination with
ezetimibe and a statin
(subject to NICE
guidance)

When statins are
contraindicated or not

tolerated:
o Ezetimibe
o Evolocumab (subject to

NICE guidance)

Evolocumab in
combination with
ezetimibe(subject to
NICE guidance)

comparator)

e Optimised statin
therapy plus
ezetimibe

When LDL-c is not
adequately controlled with
optimised statin therapy in
combination with
ezetimibe:

¢ Optimised statin
therapy plus
ezetimibe (i.e. no
additional
comparator)

When statins are
contraindicated or not
tolerated:

e No additional
therapy (on
background of
ezetimibe)

As a base case, the
company consider
alirocumab as an
adjunctive agent to current
maximal therapy (maximal
tolerated dose statins with
or without ezetimibe, or a
background of no statins
with or without ezetimibe)
The comparison is
therefore versus no active
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comparator

The company present
scenario comparisons
versus ezetimibe

The company did not
conduct formal economic
comparison versus
evolocumab as NICE have
not yet issued guidance
and it is not NHS standard
of care

Outcomes

The outcome measures to be
considered include:

e plasma lipid and lipoprotein
levels, including LDL

e cholesterol, non-HDL
cholesterol, apolipoprotein

e B and lipoprotein a

e requirement of procedures
including LDL

e apheresis and
revascularisation

e fatal and non-fatal
cardiovascular events

e mortality
e adverse effects of treatment
e health-related quality of life

As per final scope

n/a

The ERG stated that the
outcomes were in line with
the final NICE scope
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2 The technology and the treatment pathway

2.1 Hypercholesterolaemia is the presence of high concentrations of
cholesterol in the blood, typically including elevated low-density lipoprotein
cholesterol (LDL-c). Primary hypercholesterolaemia is associated with an
underlying genetic cause, which may be caused by a single genetic defect
(familial), or more commonly, by the interaction of several genes with
dietary and other factors such as smoking or physical inactivity (non-
familial). In heterozygous-familial hypercholesterolaemia, one of the pair
of LDL-c receptor genes is defective or mutated and impairs the LDL-c
receptor activity. Mixed dyslipidaemia is defined as elevations in LDL-c
and triglyceride concentrations that are often accompanied by low

concentrations of high-density lipoprotein cholesterol.

2.2 People with hypercholesterolaemia are at increased risk of cardiovascular
disease (CVD) because long-term elevations of cholesterol accelerate the
build-up of fatty deposits in the arteries (atherosclerosis). Primary non-
familial hypercholesterolaemia affects about 4% of the adult population,
totalling approximately 1.5 million people in England, of whom an
estimated 600,000 are diagnosed and 460,000 are receiving treatment.
Primary heterozygous-familial hypercholesterolaemia affects an estimated
1 in 500 people, totalling 106,000 in England (although only 15-17% are
diagnosed).

2.3 Managing primary hypercholesterolaemia involves dietary and lifestyle
changes (such as smoking cessation, weight loss and increased physical
activity) and treatment with a lipid-regulating drug, if appropriate (see
Figure 1). Starting drug treatment is generally based on an assessment of

the person's cardiovascular risk.

National Institute for Health and Care Excellence 7 of 58
Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016



CONFIDENTIAL
Figure 1. Treatment pathway

Familial Hypercholesterolemia Secondary prevention high CV risk

( Diagnosis of HeFH ) ( Diagnosis of high cardiovascular risk )

Initiation of high intensity dose statin

—C Monitoring of blood lipid parameters after 1 month )

v

( LDL-c goal NOT attained ) 47
\ 4
LDL-c goal attained - \ _ .
continue treatment J < g

v

. LDL-c goal NOT attained:
Monitor treatment Referral to lipid specialist clinic
annually (if not already under specialist care)

Anticipated
( LDL-c goal NOT attained ) — use of

Review adherence to Rx
Consider addition of
Ezetimibe 10mg

For statin intolerance:
Down titrate/switch statin
Consider Ezetimibe 10mg
plus lower dose statin

v

alirocumab

Source: figure 4, page 46 of company’s submission

2.4 Statins are usually the first-choice drugs. The NICE guideline on lipid
modification (CG181) recommends that when a decision is made to
prescribe a statin, a statin of high intensity and low acquisition cost should
be used. It recommends atorvastatin 20 mg for the primary prevention of
CVD in people who have a 10% or greater 10-year risk of developing
CVD, as estimated using the QRESEARCH Cardiovascular Risk
Algorithm (QRISK?2) assessment tool.

2.5 Alirocumab (Praluent, Sanofi/Regeneron) is a fully-human monoclonal
antibody that targets proprotein convertase subtilisin/kextin type 9
(PCSK9). It prevents degradation of LDL receptors in the liver, thereby

facilitating LDL clearance from circulation and lowering LDL-C levels in
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the blood. It is self-administered subcutaneously. Alirocumab has a
marketing authorisation in the UK (received September 2015) for ‘adults
with primary hypercholesterolaemia (heterozygous familial and non-
familial) or mixed dyslipidaemia, as an adjunct to diet:

e in combination with a statin or statin with other lipid modification
therapies (LMTS) in patients unable to reach LDL-c goals with the
maximal tolerated dose of statin (when used as recommended by
treatment guidelines) or,

e alone or in combination with other LMTs in patients who are statin

intolerant or for whom a statin is contraindicated.

2.6 NICE technology appraisal 132 recommends ezetimibe as an option for
treating primary (heterozygous familial or non-familial)
hypercholesterolaemia, as a monotherapy when statins are
contraindicated or not tolerated and in combination with statins when
initial statin therapy does not provide appropriate control of LDL-c. A
technology appraisal review of this guidance is underway to allow new
data to be taken into account. In the final appraisal determination (FAD),
ezetimibe is an option for treating primary (heterozygous familial or non-
familial) hypercholesterolaemia, as a monotherapy when statins are
contraindicated or not tolerated and in combination with statins when
initial statin therapy does not provide appropriate control of LDL-c. Final
guidance is due to be published in early 2016.

2.7 A technology appraisal of evolocumab, another PCSK9 is currently
underway. In the appraisal consultation document (ACD), evolocumab
alone or in combination alone with lipid-lowering therapies, is not
recommended within its marketing authorisation for treating primary
hypercholesterolaemia (heterozygous-familial and non-familial) or mixed

dyslipidaemia in adults. Final guidance is due to be published early 2016.
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Alirocumab

Ezetimibe

Atorvastatin (used in the
company’s submission as a
weighted comparator)

Rosuvastatin (used in the
company’s submission as a
weighted comparator)

Marketing
authorisation

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

The effect of
alirocumab on
cardiovascular
morbidity and mortality
has not yet been
determined

Ezetimibe, co-administered
with an HMG-CoA reductase
inhibitor (statin) is indicated as
adjunctive therapy to diet for
use in patients with primary
(heterozygous familial and non-
familial) hypercholesterolaemia
who are not appropriately
controlled with a statin alone

Ezetrol monotherapy is
indicated as adjunctive therapy
to diet for use in patients with
primary (heterozygous familial
and non-familial)
hypercholesterolaemia in
whom a statin is considered
inappropriate or is not tolerated

Atorvastatin is indicated as an
adjunct to diet for reduction of
elevated total cholesterol (total-
C), LDL-cholesterol (LDL-c),
apolipoprotein B, and
triglycerides in adults,
adolescents and children aged
10 years or older with primary
hypercholesterolaemia
including familial
hypercholesterolaemia
(heterozygous variant) or
combined (mixed)
hyperlipidaemia
(Corresponding to Types lla
and llIb of the Fredrickson
classification) when response
to diet and other
nonpharmacological measures
is inadequate

Atorvastatin is also indicated to
reduce total-C and LDL-c in
adults with homozygous
familial hypercholesterolaemia
as an adjunct to other lipid-
lowering treatments (e.g. LDL
apheresis) or if such
treatments are unavailable

Treatment of
hypercholesterolaemia

Adults, adolescents and
children aged 6 years or older
with primary
hypercholesterolaemia (type lla
including heterozygous familial
hypercholesterolaemia) or
mixed dyslipidaemia (type 1lb)
as an adjunct to diet when
response to diet and other non-
pharmacological treatments
(e.g. exercise, weight
reduction) is inadequate

Homozygous familial
hypercholesterolaemia as an
adjunct to diet and other lipid
lowering treatments (e.g. LDL
apheresis) or if such
treatments are not appropriate

Prevention of major
cardiovascular events in
patients who are estimated to
have a high risk for a first
cardiovascular event, as an
adjunct to correction of other
risk factors

National Institute for Health and Care Excellence

10 of 58

Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016




CONFIDENTIAL

Prevention of cardiovascular
events in adult patients
estimated to have a high risk
for a first cardiovascular event,
as an adjunct to correction of
other risk factors

Administration
method

a single-use, pre-filled
auto-injector penin
either one pen or two
pen packs

Dose frequency: 1
injection (75 mg or

150 mg) every 2 weeks

Oral

Dosing frequency: 1 tablet
(10 mg) daily

Oral

Dosing frequency: 1 tablet
(10 mg, 40 mg, or 80 g) daily

Oral

Dosing frequency: 1 tablet
(5 mg, 10 mg, 20 mg, or
40 mgq) daily

Cost
information

A confidential patient
access scheme (PAS)
was agreed with the
Department of Health

Without the PAS, a pen
of alirocumab 75 mg
and 150 mg costs £168

A 28-tab pack of ezetimibe 10
mg costs £26.31 (BNF,
accessed October 2015)

A 28-tab pack of atorvastatin
costs £1.18 for 10-mg tablets,
£1.59 for 40 mg tablets and
£2.71 for 80-mg tablets (BNF,
accessed October 2015). See
the BNF for prices of the other
statins

A 28-tab pack of rosuvastatin
costs £18.03 for 5 mg and 10
mg tablets; £26.02 for 20 mg
tablets and £29.69 for 40 mg
tablets. (BNF, accessed

October 2015). See the BNF
for prices of the other statins

See summary of product characteristics for details on adverse reactions and contraindications.

National Institute for Health and Care Excellence
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Comments from consultees

Comments from patient and profession groups were received from
HEART UK, the British Cardiovascular Society and the Royal College of

Pathologists. A clinical expert nominated by Sanofi submitted comments.

The patient expert stated that patients want their cholesterol levels to be
normal to reduce cardiac risk and increase life-expectancy. Patients were
concerned about the life-long financial consequences associated with

routine prescriptions.

The patient and professional organisations stated that
hypercholesterolaemia can be treated with lifestyle changes (such as
exercise and diet) and using medication (such as statins, ezetimibe and
emerging PCSKO inhibitors.) or by using LDL-apheresis. The clinical
expert stated that although there are guidelines for the management of
familial hypercholesterolaemia there is some controversy about the
appropriate LDL-c target and the use of cardiovascular risk to treat
primary hypercholesterolaemia. The patient and profession groups stated
that statins are the main treatment for hypercholesterolaemia and are
generally well tolerated. They stated that for some people for whom
statins are not tolerated, the alternative treatments such as bile acid
sequestrants and fibrates may not be efficacious and have side effects. A
professional organisation stated that ezetimibe was safe and efficacious.
Comments stated that LDL-apheresis are invasive, time consuming and

not available in some parts of the country.

The professional organisations stated that LDL-c levels are a risk factor
for cardiovascular events. The patient organisation noted that alirocumab
can reduce cholesterol concentrations by 60% on top of current standard
of care for people with familial hypercholesterolaemia. The clinical expert
also said that the LDL-c reduction is sustained during treatment.
Generally, the professional and clinical experts said that alirocumab has a

good safety profile. They stated that people with HeFH and people who
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have an increased cardiovascular risk might benefit most from

alirocumab.

The clinical expert and a professional organisation stated that alirocumab
would be used in secondary care or specialist clinics (such as lipid
clinics). The clinical expert stated that the care of patients could be
transferred to primary care, but that most would remain secondary care.
The clinical expert and a patient and professional group stated that
training for patients to use injections would be needed. The clinical expert
stated that injections might be more difficult to use than current tablet

therapies.

Clinical-effectiveness evidence

Overview of the clinical trials

4.1

The company carried out a systematic literature review that identified 32
studies of lipid modification therapies for treating hypercholesterolaemia in
adults at high cardiovascular risk. The company also undertook another
systematic literature review identifying 20 studies of lipid modification
therapies for treating hypercholesterolaemia in adults at moderate or high
cardiovascular risk. The company included thel0 trials of alirocumab
identified from the searches: ODYSSEY HIGH FH, FH | and Il, LONG
TERM, COMBO | and II, OPTIONS I and Il, MONO, ALTERNATIVE.

Clinical trials

4.2

The company provided results for 10 ODYSSEY trials for the primary
outcomes of percentage change in baseline LDL-c at 24 weeks, and
various secondary outcomes. At baseline 5,296 patients were randomised
across all the phase Il studies the company included. Approximately 26%
of study participants had heterozygous familial hypercholesterolaemia,
97% had high or very high cardiovascular risk, 64% had a history of CHD,
34% had a prior myocardial infarction, 8% had a prior ischaemic stroke,
and 31% had type 2 diabetes.
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See pages 99 to 104 of the company’s submission for more information

about the patient characteristics for each trial).

ODYSSEY HIGH FH was a randomised, double-blind study in 107 people
with heterozygous familial hypercholesterolaemia who were not
adequately controlled with a maximally tolerated, stable, daily dose of
statin. Patients were randomised in a 2:1 ratio to either alirocumab

150 mg or placebo. The difference in mean percent change from baseline
in LDL-c level at 12 weeks was -40.3% (p<0.0001) and at 24 weeks

was -39.1% (p<0.0001) with alirocumab compared with placebo. At week
24, 41% of patients with very high cardiovascular risk on alirocumab had
LDL-c levels below 1.81 mmol/L or for patients with high cardiovascular
risk below 2.59 mmol/L compared with 5.7% for placebo (p=0.016).

ODYSSEY FH | was a randomised, double-blind, study in 486 people with
heterozygous familial hypercholesterolaemia who were not adequately
controlled with a maximally tolerated, stable, daily dose of statin. Patients
were randomised in a 2:1 ratio to either alirocumab 75 mg (with up-
titration to alirocumab 150 mg at 12 weeks based on LDL-c levels) or
placebo. The difference in mean percent change from baseline in LDL-c
level at 12 weeks (before up-titration) was -42.9% (p<0.0001) and at 24
weeks (with possible up-titration) was -57.9% (p<0.0001) with alirocumab
compared with placebo. At week 24, 72.2% of patients with very high
cardiovascular risk on alirocumab had LDL-c levels below 1.81 mmol/L or
for patients with high cardiovascular risk below 2.59 mmol/L compared
with 2.4% for placebo (p<0.0001).

ODYSSEY FH Il was a randomised, double-blind study in 249 people with
heterozygous familial hypercholesterolaemia who were not adequately
controlled with a maximally tolerated, stable, daily dose of statin. Patients
were randomised in a 2:1 ratio to either alirocumab 75 mg (with up-
titration to alirocumab 150 mg at 12 weeks based on LDL-c levels) or
placebo. The difference in mean percent change from baseline in LDL-c
level at 12 weeks (before up-titration) was -48.4% (p<0.0001) and at 24
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weeks (with possible up-titration) was -51.4% (p<0.0001) with alirocumab
compared with placebo. At week 24, 81.4% of patients had LDL-c levels
below 1.81 mmol/L (for patients with very high cardiovascular risk) or
below 2.59 mmol/L (for patients with high cardiovascular risk) with

alirocumab compared with 11.3% for placebo (p<0.0001)

ODYSSEY COMBO | was a randomised, double-blind study in 316 people
with hypercholesterolaemia and established coronary heart disease or
coronary heart disease risk equivalents (see page 74 of the company’s
submission for definition) that were not adequately controlled with a
maximally tolerated daily dose of statin. Patients were randomised in a 2:1
ratio to either alirocumab 75 mg (with up-titration to alirocumab 150 mg at
12 weeks based on LDL-c levels) or placebo. The difference in mean
percent change from baseline in LDL-c level at 12 weeks (before up-
titration) was -47.4% (p<0.0001) and at 24 weeks was -45.9% (p<0.0001)
with alirocumab compared with placebo. At week 24, 75% of patients had
LDL-c levels below 1.81 mmol/L with alirocumab compared with 9% for
placebo (p<0.0001).

ODYSSEY COMBO Il was a randomised, double-blind, ezetimibe-
controlled, double-dummy study in 720 people with hypercholesterolaemia
and established coronary heart disease or coronary heart disease risk
equivalents who were not adequately controlled with a maximally tolerated
daily dose of statin. Patients were randomised in a 2:1 ratio to either
alirocumab (with up-titration to alirocumab 150 mg at 12 weeks based on
LDL-c levels) or ezetimibe 10 mg. The difference in mean percent change
from baseline in LDL-c level at 12 weeks (before up-titration) was —29.4%
(p<0.0001) and at 24 weeks was -29.8% (p<0.0001) with alirocumab
compared with ezetimibe. At week 24, 77% of patients had LDL-c levels
below 1.81 mmol/L with alirocumab compared with 46.6% for ezetimibe
(p<0.0001).

ODYSSEY LONG TERM was a randomised, double-blind study in 2341
people with non-familial hypercholesterolaemia or and established
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coronary heart disease/coronary heart disease risk equivalent or people
with heterozygous familial hypercholesterolaemia with or without coronary
heart disease/coronary heart disease risk equivalents who were not
adequately controlled with a maximally tolerated daily dose of statin.
Patients were randomised in a 2:1 ratio to either alirocumab 150 mg or
placebo. The difference in mean percent change from baseline in LDL-c
level at 12 weeks was —64.8% (p<0.0001) and at 24 weeks was -61.9%
(p<0.0001) with alirocumab compared with placebo. At week 24, 79.3% of
patients had LDL-c levels below 1.81 mmol/L with alirocumab compared
with 8% for placebo (p<0.0001).

ODYSSEY OPTIONS | was a randomised, double-blind study in 355
people with non-familial hypercholesterolaemia or heterozygous familial
hypercholesterolaemia and a history of coronary heart disease, risk of
cardiovascular disease or diabetes with target organ damage who were
not adequately controlled with atorvastatin 20 to 40 mg. Patients on a
atorvastatin 20 mg baseline regimen were randomised in a 1:1:1 ratio to
either alirocumab 75 mg (with up-titration to alirocumab 150 mg at 12
weeks based on LDL-c levels) with atorvastatin 20 mg, atorvastatin 40 mg
or atorvastatin 20 mg with ezetimibe 10 mg. Patients on a atorvastatin

40 mg baseline regimen were randomised in a 1:1:1:1 ratio to either
alirocumab 75 mg (with up-titration to alirocumab 150 mg at 12 weeks
based on LDL-c levels) with atorvastatin 40 mg, atorvastatin 80 mg,
atorvastatin 40 mg with ezetimibe 10 mg or rosuvastatin 40 mg. For
patients on atorvastatin 20 mg, the difference in mean percent change
from baseline in LDL-c level at 12 weeks (before up-titration) was -39.9%
(p<0.0001) and at 24 weeks (with possible up-titration) was -39.1%
(p<0.0001) with alirocumab with statin (atorvastatin 20 mg) compared with
statin (atorvastatin 40 mg) alone. The difference in mean percent change
from baseline in LDL-c level at 12 weeks (before up-titration) was -25.8%
(p<0.0001) and at 24 weeks (with possible up-titration) was -23.6%
(p<0.0001) with alirocumab with statin (atorvastatin 20 mg) compared with
ezetimibe with statin (atorvastatin 20 mg). For patients on atorvastatin
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40 mg at baseline, the difference in mean percent change from baseline in
LDL-c level at 12 weeks (before up-titration) was -36% (p<0.0001) and at
24 weeks (with possible up-titration) was -39.2% (p<0.0001) with
alirocumab with statin (atorvastatin 40 mg) compared with statin
(atorvastatin 80 mg) alone. The difference in mean percent change from
baseline in LDL-c leveldifference in mean percent change from baseline in
LDL-c level level at 12 weeks (before up-titration) was -27.2% (p<0.0001)
and at 24 weeks (with possible up-titration) was -32.6% (p<0.0001) with
alirocumab with statin (atorvastatin 40 mg) compared with statin alone
(rosuvastatin 40 mg). The difference in mean percent change from
baseline in LDL-c level at 12 weeks (before up-titration) was -20.8%
(p<0.0001) and at 24 weeks (with possible up-titration) was -31.4%
(p<0.0001) with alirocumab with statin (atorvastatin 40 mg) compared with
ezetimibe with statin (atorvastatin 40 mg). At all time points a higher
proportion of patients reached a pre-specified LDL-c target with

alirocumab compared with statin or ezetimibe.

ODYSSEY OPTIONS Il was a randomised, double-blind study in 305
people with non-familial hypercholesterolaemia or heterozygous familial
hypercholesterolaemia and a history of coronary heart disease, risk of
cardiovascular disease or diabetes with target organ damage who were
not adequately controlled with rosuvastatin 10 to 20 mg. Patients on a
rosuvastatin 10 mg baseline regimen were randomised in a 1:1:1 ratio to
either alirocumab 75 mg (with up-titration to alirocumab 150 mg at

12 weeks based on LDL-c levels) with rosuvastatin 10 mg, rosuvastatin
20 mg or rosuvastatin 10 mg with ezetimibe 10 mg. Patients on a
rosuvastatin 20 mg baseline regimen were randomised in a 1:1:1 ratio to
either alirocumab 75 mg (with up-titration to alirocumab 150 mg at 12
weeks based on LDL-c levels) with rosuvastatin 20 mg, rosuvastatin

40 mg or rosuvastatin 20 mg with ezetimibe 10 mg. For patients on
rosuvastatin 10 mg at baseline, the difference in mean percent change
from baseline in LDL-c level at 12 weeks (before up-titration) was -32.5%
(p<0.0001) and at 24 weeks (with possible up-titration) was -34.2%
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(p<0.0001) with alirocumab with statin (rosuvastatin 10 mg) compared
with statin (rosuvastatin 20 mg) alone. The difference in mean percent
change from baseline in LDL-c level at 12 weeks (before up-titration) was
32.2% (p<0.0001) and at 24 weeks (with possible up-titration) was 36.2%
(p<0.0001) with alirocumab with statin (rosuvastatin 10 mg) compared
with ezetimibe with statin (rosuvastatin 10 mg). For patients on
rosuvastatin 20 mg at baseline, the difference in mean percent change
from baseline in LDL-c level at 12 weeks (before up-titration) was -10.2%
(p=0.1747) and at 24 weeks (with possible up-titration) was -20.3%
(p=0.0453) with alirocumab with statin (rosuvastatin 20 mg) compared
with statin (rosuvastatin 40 mg) alone. The difference in mean percent
change from baseline in LDL-c level at 12 weeks (before up-titration) was
-13% (p=0.0861) and at 24 weeks (with possible up-titration) was —25.3%
(p=0.0136) with alirocumab with statin (rosuvastatin 20 mg) compared
with ezetimibe with statin (rosuvastatin 20 mg). At all time points a higher
proportion of patients reached a pre-specified LDL-c target with

alirocumab compared with statin or ezetimibe.

ODYSSEY ALTERNATIVE was a randomised, double-blind, ezetimibe
controlled, double-dummy study in 361 people with people with non-
familial hypercholesterolaemia or heterozygous familial
hypercholesterolaemia with a moderate, high or very high cardiovascular
risk and a history of intolerance to statin. Patients were randomised in a
2:2:1 ratio to either alirocumab 75 mg (with up-titration to alirocumab

150 mg at 12 weeks based on LDL-c levels), ezetimibe 10 mg or
atorvastatin 20 mg. The difference in mean percent change from baseline
in LDL-c level at 12 weeks was -31.5% (p<0.0001) and at 24 weeks was
-30.4% (p<0.0001) with alirocumab compared with ezetimibe.

ODYSSEY MONO was a randomised, ezetimibe-controlled, double-blind
study in 103 people with hypercholesterolaemia with a moderate
cardiovascular risk. Patients were randomised in a 1:1 ratio to either
alirocumab 75 mg (with up-titration to alirocumab 150 mg at 12 weeks
based on LDL-c levels) or ezetimibe 10 mg. The difference in mean
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percent change from baseline in LDL-c level at week 12 (before up-
titration) was -28.5% (p<0.0001) and at week 24 (with possible up-
titration) was -31.6% (p<0.0001) with alirocumab compared with

ezetimibe.
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Table 3 Difference in mean percent change in LDL-c from baseline at 24 weeks for each trial

Intervention/

Primary Outcome — difference in mean percent
changein LDL-C

Trial Comparator Population from baseline at Week 24
vs placebo vs ezetimibe
Patients with HeFH not
FH I - 9 ; 959
: Alirocumab vs Placebo adequately controlled with statin + C?7—23/0 3($:9'é)20 g)l 95%
N =486 other LMTs : '
Patients with HeFH not
FH I . , . - 9 : 959
_ Alirocumab vs Placebo adequately controlled with statin + c;?l—gg/o 1(5):9.4&? g)l 95%
N =243 other LMTs ' '
Patients with HeFH not
HIGH FH Alirocumab vs Placebo adequately controlled with statin + | =39.1% (p<0.0001; 95%
N = 107 other LMTs and with LDL-C 2160 | CI -51.1 to -27.1)
mg/dL (4.14 mmol/L)
Patients at high CV risk with
COMBO | Alirocumab vs Placebo hypercholesterolaemia not -45.9% (p<0.0001; 95%
N = 316 adequately controlled with statin + | Cl =52.5 to —39.3)
other LMTs
Patients at high CV risk with
COMBO I Alirocumab vs Ezetimibe hypercholesterolaemia not -29.8% (p<0.0001; 95% CI
N =720 adequately controlled with statin -34.4t0 -25.3)
therapy
Patients with HeFH or non-FH at
LONG TERM Alirocumab vs Placebo high CV risk not adequately -61.9% (p<0.0001; 95%
N = 2341 controlled with a statin + other Cl -64.3 to -59.4)
LMTs
ALTERNATIVE Alirocumab vs Ezetimibe, | Patients with primary -30.4% (p<0.0001; 95% CI
N =314 Atorvastatin hypercholesterolaemia and -30.6 to —24.2)
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moderate, high, or very high CV
risk in whom statins cannot be
tolerated

Patients at moderate CV risk with

MONO Alirocumab vs Ezetimibe LDL-C =100 mg/dL -31.6% (p<0.0001; 95% ClI
N =103 (2.59 mmol/L) and <190 mg/dL —40.2 t0 -23.0)
(4.91 mmol/L)
vs statin Up-titration vs ezetimibe
1. Atorvastatin 20 mg:
-39.1% (p<0.0001; 99%
Alirocumab + Patients at high CV risk with non- | ¢! =95.910 __22'2) 1. -23.6% (p<0.0001; 99%
OPTIONS | Atorvastat!n vs FH or HeFH not adequately 2. Atorvastatin 40 mg Cl -40.7 to —6.5)
N = 355 Atorvastatin+Ezetimibe; | controlled with atorvastatin (20 -49.2% (p<0.0001; 99% 2 -31 -4cy <6 0001: 99%
- Atorvastatin (up-titrated); | mg or 40 mg) + other LMT Cl -65.0 to -33.5); ol —47.4 50(915' 2) » D970
Rosuvastatin (switch) excluding ezetimibe Rosuvastatin switch: ' '
-32.6% (p<0.0001; 99%
Cl -48.4 t0 -16.9)
1. Rosuvastatin 10 mg:
' i i i - | =34.2% (p<0.0001;
Rosuvastatin+Alirocumab Egtlean ?;[I_T'ghtcg risk \tNIIth non 08 750/2 ép, —49.2 to 1. -36.1% (p<0.0001;
OPTIONS II Vs fr i ed _{;10 a eq”"t"ﬁy 0 |-19.3): ' 98.75% Cl: -51.5 to =20.7)
N = 305 Rosuvastatin+Ezetimibe; | SO 0780 WIth Fosuvas'aun ( 7 2. —25.3% (p=0.0136;

Rosuvastatin (up-titrated)

mg or 20 mg) + other LMT
excluding ezetimibe

2. Rosuvastatin 20 mg:

-20.3 % (p=0.0453;
98.75% CI -45.8 t0 5.1)

98.75% CI -50.9 to 0.3)

HeFH: heterozygous familial hypercholesterolaemia; LMT: Lipid modification therapy; CV: cardiovascular; Cl: confidence interval

Source: Response to A7 in company’s clarification letter
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ERG comments

4.13

414

The ERG stated that although it had identified missing search terms in the
company’s search strategy which may have affected the overall sensitivity
of the search strategies, it generally considered the searches as fit for
purpose. The ERG noted that several studies were subjectively selected
as relevant and may have potentially introduced bias.

The ERG noted that the LDL-c reduction with alirocumab compared with
control was rapid and persistent throughout follow-up. It stated that the

data provides strong evidence that alirocumab is clinically effective.

Meta-analyses

4.15

The company undertook pairwise meta-analyses of individual patient data
for the mean percent change from baseline in calculated LDL-c levels (on-
treatment) using a fixed-effects model. The company compared

alirocumab (with or without statin) with statin or ezetimibe (with or without

statin) (Table 4 and Table 5). The meta-analyses showed:

e The difference in mean percent change from baseline in LDL-c level at
12 weeks was approximately —49.3% with alirocumab 75 mg with statin
compared with placebo with statin.

e The difference in mean percent change from baseline in LDL-c level at
24 weeks ranged from -54.1% to —56.1% with alirocumab 75 mg (with
possible up-titration to 150 mg) with statin compared with placebo with
statin.

e The difference in mean percent change from baseline in LDL-c level at
24 weeks was —62.5% with alirocumab 150 mg with statin compared
with placebo with statin.

e The difference in mean percent change from baseline in LDL-c level at
12 weeks was approximately =27.2% to —-33.1% with alirocumab 75 mg
with or without statin compared with ezetimibe with or without statin.

e The difference in mean percent change from baseline in LDL-c level at

24 weeks was approximately —29.9% to —35.1% with alirocumab 75 mg
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(with possible up-titration to 150 mg) with or without statin compared

with ezetimibe with or without statin.

The company did not present information on the heterogeneity between

trials.

Further details of the company’s meta-analyses (for example, why certain

studies were pooled and synthesised) can be found on pages 154 to 157

of the company’s submission and section A10 of the company’s

clarification response.

Table 4 Results of company's meta-analyses of placebo-controlled studies

Follow-up period (studies included in pooled
analysis)

Mean % difference from baseline
(95% CI)

12 weeks follow-up

Alirocumab 75 mg with statin vs placebo with statin
(FH 1, FH II, COMBO 1)

-49.3% (95% CI -52.5 to —46.1)

Alirocumab 75 mg with statin vs placebo with statin
(FH 1, FH 1)

~49.3% (95% CI -53.1 to —45.5)

24 weeks follow-up

Alirocumab 75 mg (with possible up-titration to 150
mg) with statin vs placebo with statin (FH I, FH I,
COMBO 1)

—54.1% (95% CI -57.6 to —50.6)

Alirocumab 150 mg with statin vs placebo with statin
(LONG TERM + HIGH FH)

-62.5% (95% Cl -64.8 to —60.2)

Alirocumab 75 mg (with possible up-titration to 150
mg) with statin vs placebo with statin (FH I, FH II)

-56.1% (95% CI -60.3 to -51.9)

Source: adapted from table 36, page 156 of company’s submission and response to A10 in

company’s clarification letter
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Table 5 Results of company's meta-analyses of ezetimibe-controlled studies

Follow-up period (studies included in Mean % difference from baseline (95% ClI)

pooled analysis)

12 weeks follow-up

Alirocumab 75 mg vs ezetimibe 10 mg
(ALTERNATIVE)

-33.1% (95% CI -38.0 to —-28.2)

Alirocumab 75 mg with statin vs ezetimibe

10 mg with statin (COMBO Il, OPTIONS I, | —=27.2% (95% CI —30.6 to —23.7)

OPTIONS II)

24 weeks follow-up

Alirocumab 75 mg (with possible up-

titration to 150 mg) vs ezetimibe 10 mg -35.1% (95% CI -40.7 to —29.5)

(ALTERNATIVE)

Alirocumab 75 mg (with possible up-
titration to 150 mg) with statin vs
ezetimibe 10 mg with statin (COMBO I,
OPTIONS I, OPTIONS II)

—-29.9% (95% CI: -34.0 to -25.9)

Source: adapted from table 37, page 157 of company’s submission

4.16

4.17

The company provided information from 3 independent meta-analyses of
PCSKO inhibitors (Li et al; Navarese et al and Zhang et al) showing
significant reduction in LDL-c and other atherogenic lipid fractions and no
significant difference in adverse events. The Navarese meta-analysis of
24 randomised controlled trials showed a difference in mean percent
change from baseline in LDL-c level of -47.49% (95% CI -69.64 to
-25.35) and reduced all-cause mortality and cardiovascular mortality with

PCSK9 antibodies compared with control.

For further information on these meta-analyses and results, see pages
157 to 161 of the company’s submission.

The company did not provide an indirect or mixed treatment comparison.
It stated that direct head to head evidence from ODYSSEY was available
for relevant comparisons in the scope. The company identified 7 studies
of evolocumab (see table 30, page 162 of the company’s submission) but
stated that there were differences between ODYSSEY trials (for
alirocumab) and PROFICIO trials (for evolocumab) in the primary

endpoint, the patient cohort, and intervention dosing. The company also
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stated that there were at least 6 ongoing clinical studies of alirocumab.

For further details, see pages 162 to 169 of the company’s submission.

ERG comments

4.18

The ERG noted that evolocumab was not included as a relevant
comparator by the company because it was still under assessment by
NICE. It noted that there were no head to head trials of alirocumab
compared with evolocumab and a comparison would need to be made
using a network meta-analysis. The ERG also noted that Navarese
included trials on both alirocumab and evolocumab and in its opinion, the

effectiveness of evolcocumab and alirocumab was likely to be similar.

Adverse effects of treatment

4.19

4.20

The company provided safety information based on 5234 patients from
combined phase Il and phase Il studies. The company stated that the
rate of treatment emergent adverse events (TEAES), and serious TEAEs
was similar between alirocumab and control arms (see tables 47 to 49,
pages 171 and 172 of the company’s submission). A local injection site
reaction was the most common TEAE observed in patients treated with
alirocumab. It also stated that discontinuation due to general allergic
adverse events was infrequent but occurred in a higher percentage of the
people treated with alirocumab. The effect of discontinuation was explored

in scenario analyses (see section 5.40).

The rate of major adverse cardiovascular events (death from coronary
heart disease, non-fatal myocardial infarction, fatal or non-fatal ischaemic
stroke, or unstable angina requiring hospitalisation, major adverse cardiac
events) was HR 0.81 (95% CI 0.52 to 1.25) with alirocumab compared
with control. A post-hoc analysis from LONG TERM showed lower major
adverse cardiac events with alirocumab compared with placebo (HR 0.52;
95% CI 0.31 to 0.90; p=0.02).
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4.21 The company stated that there was no observed difference in the safety
profile observed between alirocumab 75 mg and 150 mg and in TEAES in

patients with very low LDL-c levels.

ERG comments

4.22 The ERG was concerned that the only long-term data was based on a
post-hoc analysis from LONG TERM, but noted that an ongoing trial (due
January 2018) would provide further longOterm data on final

cardiovascular outcomes in the future.

5 Cost-effectiveness evidence

5.1 The company did base-case cost-effectiveness analyses of alirocumab as
either an adjunct to statin therapy in 4 populations:

— people with heterozygous familial hypercholesterolaemia (HeFH) for
primary prevention

— people with heterozygous familial hypercholesterolaemia (HeFH) for
secondary prevention

— people with existing high risk cardiovascular disease, coronary
revascularisation or other arterial revascularisation procedures

— people with recurrent cardiovascular events or polyvascular disease.

The company also carried out analyses in people with HeFH for whom
statins cannot be tolerated, people with a high risk of cardiovascular
disease and people with recurrent cardiovascular events or polyvascular

disease.

The company compared alirocumab as an adjunct to ezetimibe for people
in whom statins cannot be tolerated. It also assumed that for people for
whom statin cannot be tolerated have higher baseline LDL-c levels

compared with patients who can take statins.
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Model structure

5.2 The company submitted a Markov model based on the modelling
approaches developed for the NICE guideline’s on lipid modification and
familial hypercholesterolaemia, and technology appraisals on ezetimibe
for the treatment of primary (heterozygous-familial and non-familial)
hypercholesterolaemia, ticagrelor for the treatment of acute coronary
syndromes and rivaroxaban for preventing adverse outcomes after acute
management of acute coronary syndrome (Figure 1). The cycle length
was 1 year and a half cycle correction was applied. An annual discount
rate of 3.5% was applied to costs and health effects. The model had a
lifetime time horizon and was conducted from a NHS and personal social

services perspective.

Figure 1 Company’s model structure

All sub-populations start at w

Initial (Stable) state except ACS 7 v \ Key:
(0-1 years) and ACS (1-2 years) ; © m -m
'/ Initial (Stable)

=
Revasc

Stable Ny Stable N
P-Revasc ~ " CHD P-ACS ' P-IS [ )
\_ A A cv &

/" Death ~
m\
\\ Non-CV =

Death

ACS=acute coronary syndrome; IS=ischaemic stroke; NF=non-fatal; P=post-; Revasc=elective
revascularisaton that did not occur as a result of an ACS event;. NF ACS is a composite of NF
myocardial infarction or NF unstable angina. with hospitalisation. NF IS excludes transient ischaemic
attack. CV deaths: death due to any CV event (inclusive of ischaemic and non-ischaemic CV events)

Source: figure 30, page 194 and table 55, page 196 of the company’s submission

5.3 The model simulates a cohort of the population which might experience
health events over a specified time horizon. The cohort’s characteristics
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are based on starting age, sex, prevalence of diabetes, LDL-c level and
cardiovascular risk. Costs and outcomes are compared between identical

cohorts of people on alirocumab and comparators.

5.4 The baseline characteristics (age, sex, percentage of patients with
diabetes and minimum LDL-c level) for each population were informed by
UK data from The Health Improvement Network (THIN), patient
characteristics from ODYSSEY trials and the UK National Familial
Hypercholesterolaemia audit. The baseline characteristics for each

population are presented in Table 6:

e For heterozygous familial hypercholesteraemia, the starting age was
50 years for primary prevention, and 60 years for secondary
prevention. The baseline LDL-c level was 2.59 mmol/L, 50% of the
cohort was male and 7% of the cohort had diabetes.

e For high risk cardiovascular disease, the starting age was 65 years and
60% of the cohort was male. The baseline LDL-c level was
3.36 mmol/L and 23% of the cohort had diabetes.

e For recurrent events / polyvascular disease, the starting age was
65 years and 60% of the cohort was male. The baseline LDL-c level
was 2.59 mmol/L and 30% of the cohort had diabetes.

Other baseline LDL-c levels were applied in the company’s scenarios

(see section 5.39).

National Institute for Health and Care Excellence 28 of 58
Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016



Table 6 Baseline characteristics in the company’s model

CONFIDENTIAL

Population HeFH (primary HeFH High-risk CvD Recurrent
prevention) (secondary events/
prevention) polyvascular
disease
Age (years) 50 (in line with 60 (assumed 65 (THIN data 65 THIN data
(justification) | ODYSSEY and older than shows an shows an
with National FH | primary average age of average age of
audit) prevention but ~70 years; ~70 years;

younger than
secondary
prevention as a
whole)

ODYSSEY had
an average age
of 60 years)

ODYSSEY had
an average age
of 60 years)

% males
(Justification)

50% (in line with ODYSSEY and
National FH audit — no gender

difference)

60% (based on
THIN data)

60% (based on
THIN data)

% with 7% (observed in THIN data, in line 23% (based on 30% (based on
diabetes with estimates of prevalence of prevalence prevalence
(justification) | diabetes in FH patients)? observed in observed in
THIN data) THIN data)
Baseline 2.59 mmol/L (represents patients 3.36 mmol/L 2.59 mmol/L
LDL-c level above currently recommended (represents (represents
(minimum) targets despite current therapy) patients far from | patients above
currently currently
recommended recommended
targets) targets despite

current therapy)

& Comments provided by the company in its executable model states that 0% of the
population had diabetes in the base-case HeFH (secondary prevention) analysis using data
from Morschladt 2003 — see section 5.16 for further information.

Source: adapted from table 58, page 204 of the company’s submission

5.5 The baseline probability of cardiovascular death in all post-acute coronary
syndrome and post ischaemic stroke health states was multiplied by 1.5 to
account for the higher risk of future events associated with recurrence of

cardiovascular events.

ERG comments

5.6 The ERG considered the model structure to be generally appropriate.
However, it noted that the company used a composite event state for
acute coronary syndrome (ACS) includes myocardial infarction (MIl) and
unstable angina (UA). The ERG commented that the company’s model
structure made it difficult to simulate different treatment effects on Ml and

UA events. The ERG also noted that the company’s model omitted the
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transient ischemic attack and stable angina health states and that it had
limited capacity to capture multiple cardiovascular event histories. The
ERG stated the company’s structural assumptions could underestimate
quality adjust life years (QALY) gains and downstream cost savings

associated with more effective treatments.

The ERG stated that the company omitted TEAEs from the model
resulting in a potential bias in favour of alirocumab. However, it noted that

this was unlikely to have significant impact on cost effectiveness.

Model details

Treatment

5.8

5.9

5.10

Alirocumab was given in line with its marketing authorisation in the model.
Alirocumab was modelled as an adjunctive therapy to existing maximally
tolerated current therapy in the company’s base case. For those patients
for whom statins cannot be tolerated, this can be either maximal tolerated
dose of statins or maximal tolerated dose of statins plus ezetimibe. The
company assumed that the relative reduction in LDL-c for alirocumab was

constant across all subgroups.

For the HeFH population, alirocumab with statins and ezetimibe was
compared with statins with ezetimibe in the company’s base-case
analysis. The company stated that ezetimibe was recommended by NICE
and that people with familial hypercholesterolaemia would already receive
ezetimibe in combination with maximally tolerated dose of statins. It
further stated that approximately 50% of HeFH patients in ODYSSEY

were receiving statins with ezetimibe as background therapy.

For the high cardiovascular risk population, alirocumab with statins was
compared with statins in the company’s base-case analysis. The company
modelled alirocumab without ezetimibe because information from IMS
sales data (see page 209 of the company’s submission) showed usage,
access and uptake of ezetimibe in the NHS was highly varied. For the

high cardiovascular risk population who are. For the high cardiovascular
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population for people for whom statins cannot be tolerated, the company

compared alirocumab plus ezetimibe with ezetimibe.

Clinical variables and parameters

5.11

5.12

5.13

The patient population was modelled according to the severity of
hypercholesterolaemia (their baseline LDL-c levels) before starting
treatment. The average baseline LDL-c levels by LDL-c cut-off for each
population are available in table 57, page 203 of the company’s
submission. The baseline cardiovascular risk (calculated using THIN data)
was adjusted by LDL-c level using a log-linear relationship between the
absolute LDL-c observed in statin studies and cardiovascular events using

the Cholesterol Treatment Trialists’ Collaboration (CTTC) meta-analysis.

LDL-c was used as a surrogate to link to cardiovascular events because
the ODYSSEY Outcomes trial (CVOT) is ongoing and does not report until
2018. The company considered alternative data sources to estimate the
class and treatment effects of PCSK9 inhibitors on cardiovascular
outcomes. The company used the Navarese meta-analysis in its base-
case because it preferred estimates from PCSK9 inhibitor studies rather
than estimates from statin studies (such as CTTC)) and that it reflected
the population who will receive alirocumab. The company did sensitivity
analyses using the CTTC meta-analysis, outcome data from

LONG-TERM, and pooled trials in sensitivity analyses (see section 5.40).

The company derived the risk reduction of cardiovascular events using
Navarese, a meta-analysis of 24 RCT’s (n=10,159). It estimated the risk
reduction per 1.0 mmol/L reduction in LDL-c for cardiovascular mortality
was Rate ratio (RR) 0.64 (95% CI 0.40 to 1.04) and for myocardial
infarction as RR 0.64 (95% CI 0.43 to 0.96) by assuming a log-linear
relationship between LDL-c level and cardiovascular event. The risk
reduction for coronary revascularisation and ischaemic stroke was
assumed to be the same as other non-fatal cardiovascular events (Table
7).

National Institute for Health and Care Excellence 31 of 58

Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016



CONFIDENTIAL

Table 7 Rate ratio (RR) of event per 1 mmol/L reduction in LDL-c based on

Navarese meta-analysis

Event type RR per 1 mmol/L reduction in LDL-c

Non-fatal myocardial infarction 0.64

Coronary revascularisation No results presented — assumed to be the
same as other non-fatal CV events

Ischaemic stroke No results presented in IS — assumed to be
the same as other non-fatal CV events

Vascular death 0.64

Source: table 61, page 211 of the company’s submission

5.14 In its response to ERG questions at clarification (see question B19 in the
response to clarification), the company provided corrected percentage
reduction, standard errors and sources for LDL-c reduction with
alirocumab compared placebo or statin from the pooled meta-analyses
(Table 8). These were mainly based on the results from the meta-
analyses (4.15) or ODYSSEY trials.

For further information about the company’s approach to link LDL-c to
cardiovascular events, see pages 209 to 212 of the company’s

submission.
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Percent (%) Reduction in LDL-C

As Monotherapy (SE) As Add-On To Source
Statin (SE)
Comparison vs FH Alirocumab (75 mg) 49.3% (1.9) 49.3% (1.9) | Pooled FH | and FH Il prior
Placebo to uptitration (week 12) —
values versus placebo
Alirocumab (150 mg) 59.6% (2.3) 59.6% (2.3) | Pooled High FH and HeFH
patients from LONG-TERM
— values versus placebo at
week 24
High CV Risk | Alirocumab (75 mg) 49.3% (1.6) 49.3% (1.6) | FH I and FH Il and
COMBO | pooled prior to
up titration (week 12) —
values versus placebo
Alirocumab (150 mg) 62.5% (1.2) 62.5% (1.2) | LONG-TERM - values
versus placebo at week 24
Comparison vs FH Alirocumab (75 mg) 51.2% (1.7) 51.0% (1.1) | Assumed same as high CV
Ezetimibe risk.
Alirocumab (150 mg) 59.6% (2.3) 59.6% (2.3) | Assumed same as vs
placebo
High CV Risk | Alirocumab (75 mg) 51.2% (1.7) 51.0% (1.1) | Values are percent

reduction from baseline
prior to up-titration (at week
12). For monotherapy,
value from ALTERNATIVE
was used. For combination
therapy, pooled from
COMBO II, OPTIONS | and
OPTIONS I
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Alirocumab (150 mg)

62.5% (1.2)

62.5% (1.2)

Assumed same as vs
placebo

Ezetimibe (10 mg)

18.0% (1.8)

23.9% (1.4)

Represents percent
reduction from baseline for
ezetimibe. For
monotherapy, value from
ALTERNATIVE; for
combination therapy,
pooled from COMBO I,
OPITIONS I and Il

Source: adapted from the company’s clarification response to question B19
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Transition probabilities

5.15

5.16

5.17

Transition probabilities were based on Kaplan-Meier analyses from an
observational retrospective cohort analysis using the THIN database of
people with established cardiovascular disease, diabetes, familial
hypercholesterolaemia (HeFH), or chronic kidney disease (CKD). This
was used to calculate 1-year cardiovascular risk probabilities. Patients
were classified into different cardiovascular risk categories according to
their cardiovascular history, and were followed up for the occurrence of
major adverse cardiovascular events including Ml, unstable angina,

coronary revascularisation, ischaemic stroke, and cardiovascular death.

For further information (such as the THIN data analysis), see page 212 to

216 of the company’ submission.

Transition probabilities for the primary prevention of cardiovascular events
were based on the Dutch lipid criteria for people with heterozygous
familial hypercholesterolaemia because the patient characteristics from
THIN were not representative of the FH population. For the secondary
prevention of cardiovascular events in heterozygous familial
hypocholesterolaemia population, some patient characteristics (such as
rate of diabetes and age) remained different from known prevalence.
Therefore, the company used data from Morschladt 2003 in its base-case
analysis for the secondary prevention of cardiovascular events for people
with heterozygous familial hypocholesterolaemia. See pages 213 to 215
of the company’s submission for details on the company’s rationale for

using the Ditch lipid crtieria.

Non-cardiovascular death probabilities increase in accordance with age
and sex using UK life tables. Probability of cardiovascular events increase
with age according to published data.
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Utility values

5.18

Age-adjusted utilities values for the primary prevention of HeFH model
were calculated using Health Survey for England (HSE) data for people
with no history of cardiovascular disease multiplied by the disutility
associated with cardiovascular events based on Ara et al. The following
utility values were used in the 1% year of the model: non-fatal myocardial
infarction 0.765; unstable angina 0.765; acute coronary syndrome 0.765;
ischaemic stroke 0.775 (Table 9).

Table 9 Cardiovascular event disutility multipliers used in the company’s

model for the primary prevention of HeFH population analysis

Mean (SE)

First year

Second year

Stable beyond
2 years

Non-fatal myocardial infarction

0.765 (0.019)

0.906 (0.020)

0.906 (0.020)

Unstable angina

0.765 (0.019)

0.960 (0.015)

0.960 (0.015)

Acute coronary syndrome

0.765 (0.019)

0.924 (0.018)

0.924 (0.018)

Revascularisation

N/A

N/A

1.000

Ischaemic stroke

0.775 (0.038)

0.822 (0.018)

0.822 (0.018)

Source: Table 65, page 222 of the company’s submission

5.19 Age-adjusted utility values for the secondary prevention of

hypercholesterolemia populations, such as a high risk cardiovascular

disease, recurrent events/polyvascular disease and secondary prevention

of HeFH were estimated using Health Survey for England (HSE) data for

people with no history of cardiovascular disease multiplied by disutility

values associated with a chronic cardiovascular health state

(cardiovascular event occurring more than 12 months ago) based on Ara

et al. The following utilities were used a baseline values for the secondary

prevention populations: HeFH (secondary prevention) 0.924, acute

coronary syndrome (0 to 12 months) 0.765, history of ischaemic stroke

5.20

National Institute for Health and Care Excellence

0.822; acute coronary syndrome (13 to 24 months) 0.924; chronic heart

disease 0.924; peripheral arterial disease 0.924 and polyvascular 0.854.

Disutilities for further cardiovascular events in the model (Table 9) were

applied to the secondary prevention population baseline utilities (Table
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10). Different utility values were explored in the company’s scenario

analysis (see section 5.40)

Table 10 Utility multipliers for secondary prevention baseline

Baseline utility multipliers

Multiplier (SE)

HeFH (secondary prevention)

0.924 (0.018)

Acute coronary syndrome (0—12 months)

0.765 (0.019)

History of ischaemic stroke

0.822 (0.018)

Acute Coronary Syndrome (13—-24 months)

0.924 (0.018)

Chronic heart disease

0.924 (0.018)

Peripheral arterial disease

0.924 (0.018)

HeFH (primary prevention)

N/ A (1.000)

Polyvascular

0.854 (0.024)

Source: table 66, page 223 of the company’s submission

Costs

5.21 Costs of treatment for hypercholesterolaemia and cardiovascular events

were based on the cost of hospitalisation, follow-up care and medication.

Drug acquisition costs from January 2015 for the intervention and

comparator costs were taken from the British National Formulary (BNF).

The cost of the background therapy was weighted by the proportion of the

cohort using the statin sources from market research data. The cost of

alirocumab was based on patient access scheme, in the form of a simple

discount.

Table 11 Drug acquisition costs in the company's model

Treatment Dose Annual cost (£)

Ezetimibe 10 mg 342.97

Atorvastatin (Lipitor) 10 mg 15.51
20 mg 18.90
40 mg 21.77
80 mg 34.94

Rosuvastatin (Crestor) 5mg 235.03
10 mg 235.03
20 mg 339.19
40 mg 386.51

Source: table 68, page 228 of the company’s submission

National Institute for Health and Care Excellence 37 of 58

Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016




5.22

5.23

5.24

CONFIDENTIAL

The cost of an acute coronary syndrome was based on a weighted
average of one-year event probabilities derived from THIN analyses. The
company stated that resource use (such as monitoring) will be identical
between arms because alirocumab will be used as an add-on to a

maximally tolerated current therapy.

Costs for the first 3 years after a cardiovascular event were included in the
company’s model (Table 12). In its response to clarification, the company
stated that that it was not certain if modelling ongoing lifetime costs for all
patients was appropriate. A company scenario applying lifetime costs for
all health states showed a limited impact on the ICERs (see table 20,

page 34 of company’s response to clarification).

Health state costs are based on the NICE guideline’s on lipid modification.
The costs were based on the BNF, the NHS Drug Tariff, NHS reference

costs, PSSRU unit costs, and the NICE guideline on stroke rehabilitation

in adults. The costs for each health state were: non-fatal myocardial
infarction £3337 (incremental 2" year cost £788, 3" year cost £788);
unstable angina £3313 (incremental 2" year cost £385, 3" year cost
£385); acute coronary syndrome £3329.00 (incremental 2" year cost
£653.67, 3" year cost £653.67); revascularisation £3802.32; ischaemic
stroke £4092 (incremental 2" year cost £155, 3" year cost £155);

cardiovascular death £1174; non-cardiovascular death £0.
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Health state Event cost (£) Incremental Incremental third
second year costs | year costs (£)
(£)
Non-fatal myocardial 3337 788 788
infarction
Unstable angina 3313 385 385
Acute coronary 3329 653.67 653.67
syndrome
Revascularisation 3802.32 - -
Ischaemic stroke 4092 155.00 155
Cardiovascular death 1174 - -
Non-cardiovascular 0.00 - -
death

Source: Table 69, page 228 of company’s submission
Costs of adverse events were not modelled because they were similar

5.25

between alirocumab and the control groups, including placebo.

ERG comments

5.26

The ERG believed that in terms of face validity, the company’s model

structure and transition probabilities were plausible. It stated that it did not

identify any programming errors in the model. The ERG noted that the

secondary prevention HeFH population (using Morschladt et al) had a

smaller cardiovascular risk compared with data from THIN. The ERG was

unable to verify the most appropriate risk without another external data

source.

5.27

Although the ERG accepted the company’s decision to focus on a

threshold of an LDL-c level of 3.36 mmol/L for people with high risk

cardiovascular disease, it noted that Jameson et al reported a mean LDL-

c of 2.13 mmol/L treated with atorvastatin in UK people with

cardiovascular disease in primary care. It also noted that a large

proportion of people in THIN were being treated with low intensity statins

National Institute for Health and Care Excellence

and may not have been on optimal statin treatment. The ERG stated that
the mean baseline LDL-c levels used by the company may not have been

applicable to people treated with maximally tolerated statins. Overall, the
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ERG considered the company’s mean LDL-c levels as uncertain, but was

unclear at the direction of the bias.

For baseline characteristics, the ERG noted that the average age of the
cohort in the THIN data was around 70 years old compared with 60 years
old in the ODYSSEY. It commented that the company considered that
alirocumab might be started in people younger than average. The ERG
considered this assumption as reasonable. It also believed that the
company’s use of THIN for cardiovascular event and transition
probabilities was appropriate because using QRISK2 risk estimates were

not valid for the high cardiovascular risk population.

The ERG had several comments about the company’s assumptions used

to scale the estimated effect of alirocumab to cardiovascular events:

e The ERG was satisfied with company’s approach to estimate the LDL-c
reduction with alirocumab compared with placebo. It noted that the
LDL-c reduction achieved by alirocumab does not different significantly
by background lipid therapy.

e The ERG noted that the company assumed there is a linear/log-linear
relationship is between LDL-c and cardiovascular events as
demonstrated by CTTC. The ERG noted that the estimated relative
reduction in cardiovascular events from Navarese were greater than
estimates from CTTC. The ERG also noted that the estimates from
Navarese were based on a small number of events reported in shorter
trials. In contrast the CTTC analysis was based on 26 trials. The ERG
explored this issue in its exploratory analyses (see section 5.45).

e The ERG noted that the company used all the trials used to estimate
the mean reduction with LDL-c from the Navarese, instead of only the
trials used to estimate the hazard ratios for cardiovascular events. In its
response to clarification, the company provided estimates of LDL-c
reduction using trials only informing the hazard ratios for myocardial
infarction and cardiovascular death(LDL-c reduction of 1 mmol/L

resulted in a hazard ratio of 0.58 for cardiovascular death and 0.68 for
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myocardial infarction). The ERG considered these values as more
relevant. The ERG explored this issue in an exploratory analysis (see
section 5.45).

The ERG noted that the company’s estimated hazard ratio for
myocardial infarction events was used for ischaemic stroke and
coronary revascularisation events. The ERG stated that this was a
controversial assumption because other studies (such as CTTC) show
that effect of LDL-c lowering on ischemic stroke may not be as big as it
is for acute coronary syndrome events. It noted that alternative hazard
ratios were explored in the company’s scenario analyses (see section
5.40).

The ERG stated that the company assumed 100% treatment continuation
and compliance over the time horizon. It noted that the high compliance
was in line with ODYSSEY (approximately 98%) and that the assumption

was consistentwith the NICE guideline on lipid modification and the

technology appraisal on ezetimibe.

The ERG stated that the company’s health statue utility values were
estimated and implemented appropriately. However it had had several
comments on the company’s costs used in the model, the ERG explored

some of these issues in exploratory analyses (see section 5.45):

¢ It noted that the company’s model only captured costs for the first 6

months following a cardiovascular event in the first year and therefore
did not capture follow-up for the second half of the first year.

It noted that follow-up costs for cardiovascular events incurred up to 3
years after the event. The ERG considered this assumption as
conservative and possibly unrealistic because patients following
cardiovascular events (such as stroke) may require ongoing social care
and medical attention. The ERG acknowledged that it was difficult to
calculate and incorporate these costs into the model, however it
believed that costs associated with post-stroke states may be

underestimated.
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e The ERG was unclear how the cost of revascularisation was estimated.

e The ERG noted that the company’s submission mentioned that
alirocumab will be continued in secondary care via a sponsored
homecare service. The ERG noted that the company provided very
little detail about the homecare service, but stated that administration
costs associated with this were unlikely to place a significant burden on
the NHS.

Company's base-case results and sensitivity analysis (with PAS)

5.32

5.33

5.34

The company provided incremental cost effectiveness ratios (ICERS) for
all comparisons, populations and sensitivity analysis with and without the
Patient Access Scheme (PAS) for alirocumab. The ICERSs provided in this
document include the PAS.

The company’s base-case results for HeFH are presented in Table 13.
The company’s base-case incremental cost-effectiveness ratios (ICERS)
for the HeFH primary prevention were £36,793 per quality-adjusted life
year (QALY) gained (incremental costs £52,256; incremental QALYs 1.42)
for alirocumab with a statin and ezetimibe compared with statin and
ezetimibe alone and £16,896 per quality-adjusted life year (QALY) gained
(incremental costs £39,306; incremental QALYs 2.33) for alirocumab with

a statin compared with ezetimibe with a statin.

For the HeFH secondary prevention population the ICERs were £16,896
per QALY gained (incremental costs £39,306; incremental QALYs 2.33)
for alirocumab with a statin and ezetimibe compared with statin and
ezetimibe and £20,352 per QALY gained (incremental costs £34,632;
incremental QALYs 1.70) for alirocumab with a statin compared with
ezetimibe with a statin. The company also provided results for the HeFH
secondary prevention population using baseline risk data from THIN
instead of Morschladt. See table 2a of the company’s PAS submission for

further information.
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Table 13 Company's base-case results for HeFH

Total Total Total Incremental Incremental ICER
costs | QALYs LYs costs QALYs
HeFH — primary prevention (baseline LDL-c 22.59 mmol/L)
Alirocumab +
statins + Bl B B 52256 1.42 36,793
ezetimibe
Statins +
ezetimibe I IR i i
HeFH —secondary prevention (baseline LDL-c 22.59 mmol/L)
Alirocumab +
statins + Bl B Bl | 39,306 2.33 16,896
ezetimibe
Statins +
ezetimibe Il B i i
HeFH primary prevention (baseline LDL-C 22.59 mmol/L) comparison with ezetimibe
Alirocumab + | py | pum Bl | 45962 0.95 48,193
statins
Ezetimibe +
ctatins H Il - - -
HeFH secondary prevention (baseline LDL-C 22.59 mmol/L) comparison with
ezetimibe
Alirocumab + | puy | pum Bl | 32632 1.70 20,352
statins
Ezetimibe +
ctafins H I - -

Source: table 2a of the company’s PAS submission

5.35

National Institute for Health and Care Excellence

The company’s base-case results for high risk cardiovascular disease are
presented in Table 14. The company’s base-case ICERS for the high risk
cardiovascular disease population were £19,751 per QALY gained
(incremental costs £34,684; incremental QALYs 1.76) for alirocumab with
a statin compared with statin alone and £24,175 per QALY gained
(incremental costs £31,195; incremental QALYs 1.29) for alirocumab with
a statin compared with ezetimibe with a statin. For the high risk
cardiovascular disease population for whom statins cannot be tolerated,
the ICERs were £17,256 per QALY gained (incremental costs £35,146;
incremental QALYs 2.04) for alirocumab with ezetimibe compared with
ezetimibe alone and £17,295 per QALY gained (incremental costs
£30,829; incremental QALYs 1.78) for alirocumab alone compared with

ezetimibe alone.
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Table 14 Company's base-case results for high risk cardiovascular disease

Total Total Total | Incremental Incremental ICER
costs | QALYs LYG costs QALYs
High-risk CVD (baseline LDL-c 23.36 mmol/L)
SAt'z';t‘i’rf;mab il B | Bl | 34684 1.76 19,751
Statins B B . e - -
High-risk CVD (baseline LDL-c 23.36 mmol/L) — statin intolerant
Alirocumab +
ezetimibe . Bl 35146 2.04 17,256
ezetimibe Bl B - e - -
Additional comparison: High-risk CVD (baseline LDL-c 23.36 mmol/L) — comparison
with ezetimibe
Alirocumab + | puy | g Bl |3.195 1.29 24,175
statins
Ezetimibe + - - -
statins i L i

Additional comparison: High-risk CVD (baseline LDL-c 23.36 mmol/L) — statin
intolerant comparison with ezetimibe

Alirocumab

30,829

1.78

17,295

Ezetimibe

Source: table 2a of the company’s PAS submission

5.36

The company’s base-case results for recurrent events/polyvascular

disease are presented in Table 15. The company’s base-case ICERs for

the recurrent events/polyvascular disease population were £19,447 per
QALY gained (incremental costs £31,953; incremental QALYs 1.64) for
alirocumab with a statin compared with statin alone and £23,078 per

QALY gained (incremental costs £28,781; incremental QALYs 1.25) for

alirocumab with a statin compared with ezetimibe with a statin. For the

recurrent events/polyvascular disease population for whom statins cannot
be tolerated, the ICERs were £13,669 per QALY gained (incremental

costs £32,798; incremental QALY's 2.40) for alirocumab with ezetimibe

compared with ezetimibe alone and £13,469 per QALY gained

(incremental costs £28,820; incremental QALYs 2.14) for alirocumab

alone compared with ezetimibe alone.

National Institute for Health and Care Excellence

44 of 58

Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016




CONFIDENTIAL

Table 15 Company's base-case results for recurrent events/polyvascular

disease
Total Total Total Incremental Incremental ICER
costs | QALYs LYG costs QALYs
Recurrent events/ Polyvascular Disease (baseline LDL-c 22.59 mmol/L)
?t'z';t‘i’rf;’mab il B | Bl | 31953 1.64 19,447
Statins Bl B | ] - - -
Recurrent events/ Polyvascular Disease (baseline LDL-c 22.59 mmol/L) — statin
intolerant
Alirocumab +
czetimibe . Bl 32,798 2.40 13,669
Ezetimibe - B | | ] - - -

Recurrent events/Polyvascular Disease (baseline LDL-c 22.59 mmol/L) — comparison
with ezetimibe

Alirocumab +

Statin Il Bl 28781 1.25 23,078
Ezetimibe +
statins - - - } - -

Recurrent events/Polyvascular Disease (baseline LDL-c 22.59 mmol/L) — statin

intolerant comparison with ezetimibe

Alirocumab

28,820 2.14 13,469

Ezetimibe

Source: table 2a of the company’s PAS submission

Sensitivity analyses

5.37 The company explored parameter uncertainty using probabilistic

sensitivity analyses (see pages 239 to 245 of the company’s submission).

The company stated that the uncertainty in the results reflects the wide

confidence intervals from preliminary PCSK9 inhibitor outcomes data.

For the HeFH primary prevention population, the probability of cost-
effectiveness was between 15% to 36% for a willingness to pay
between £20,000 to £30,000 per QALY gained for alirocumab with
statin and ezetimibe compared with statin with ezetimibe.

For the HeFH secondary prevention population, the probability of cost-
effectiveness was between 56% to 79% for a willingness to pay
between £20,000 to £30,000 per QALY gained for alirocumab with

statin and ezetimibe compared with statin and ezetimibe.
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e For the high risk cardiovascular disease population, the probability of
cost-effectiveness was between 46% to 78% for a willingness to pay

between £20,000 to £30,000 per QALY gained for alirocumab with

statin compared with statin alone.

e For the recurrent events / polyavascular disease population, the

probability of cost-effectiveness was between 49% to 80% for a
willingness to pay between £20,000 to £30,000 per QALY gained for

alirocumab with statin compared with statin alone.

Cost-effectiveness acceptability curves and scatter plots are available in

the company’s PAS submission (Figures 1 to 4).

Table 16 Company’s probability of cost-effectiveness

HeFH primary | HeFH High-risk CVD | Recurrent
prevention secondary (baseline events/
(baseline prevention LDL-c 23.36 polyvascular
LDL-c 22.59 (baseline mmol/L) — disease
mmol/L) — LDL-c 22.59 alirocumab + | (baseline
alirocumab + | mmol/L) - statins versus | LDL-c 22.59
statins + alirocumab + | statins mmol/L) —
ezetimibe statins + alirocumab +
versus statins | ezetimibe statins versus
+ ezetimibe versus statins statins
+ ezetimibe

Maximum Probability of cost-effectiveness

acceptable ICER

20,000/QALY 15% 56% 46% 49%

30,000/QALY 36% 79% 78% 80%

40,000/QALY 51% 88% 86% 87%

Source: adapted from page 30 of the company’s PAS submission

5.38 The company also explored parameter uncertainty using deterministic
sensitivity analysis according to upper and lower bound of the confidence
interval or by an arbitrary = 20% for selected inputs in the company’s
model. The ICERs for all populations were most sensitive to changes in
the relationship of LDL-c level to cardiovascular events and annual
cardiovascular risk.

For further information on the deterministic sensitivity analyses (such as
ICERS) see pages 22 to 25 of the PAS submission.
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Company scenarios

5.39 The company conducted subgroup analyses by LDL-c levels, the ICER for
each population decreased as the baseline LDL-c level increased from
2.59 mmol/L to 4.13 mmol/L for each population (Table 17).

Table 17 Company scenario by LDL-c level (cost per QALY)

Patient Baseline LDL-C Incremental Incremental ICER
population (mmol/L) costs (£) QALY
HeFH primary 2.59 (base-case) 52,256 1.42 36,793
prevention 3.36 52,005 1.64 31,750
4.13 51,804 1.79 28,923
HeFH 2.59 (base-case) 39,306 2.33 16,896
secondary 3.36 39,224 2.48 15,838
prevention 413 39,023 274 14,242
High Risk CvD | 2.59 34,701 1.37 25,287
3.36 (base-case) 34,684 1.76 19,751
4.13 34,493 2.15 16,043
Recurrent 2.59 (base-case) 31,953 1.64 19,447
events / 3.36 32,085 2.09 15,332
zioslé’;’g:c“'ar 413 32,013 254 12,606

Source: adapted from table 2e. page 20 of the company’s PAS submission

5.40 The company also undertook a range of scenario analyses:

¢ Increasing the discontinuation rate from 0% to 3% and 8% had a
modest increase on ICERs in all populations

e Changing the cost and benefit discount rates from 3.5% to 0 or 5%
substantially changes the ICERs in all populations

¢ Reducing the treatment duration from lifetime to 1 to 5 years
substantially increased the ICERs in all populations

e Using a different source to link LDL-c reduction to cardiovascular
relative risk instead of Navarese such as CTTC, LONG-TERM or
pooled phase Il trials all substantially increased the ICERs in all

populations
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e Using a different adjustment to baseline cardiovascular risk by using
cardiovascular risks to a CTTC cox-model had a modest impact on
ICERSs in all populations

¢ Using alternative utility values from ODYSSEY instead of Ara 2010
significantly reduced ICERs in all populations.

For further information on all the company’s scenarios, see tables 7 to 10

of the company’s PAS submission.

Company’s scenario analyses around the patient access scheme

5.41

5.42

The Department of Health’s Patient Access Scheme (PAS) approval letter
noted that “there may be a potential transition of patients from secondary
to primary care after 2 to 3 years. This has potential implications for the
proposed | patient access scheme. As || cannot
be realised when drugs are prescribed through FP10 prescriptions, the
actual [l received by the NHS may be less than the
B - thc scheme.” After receiving this letter, NICE
invited the company to submit additional analyses on the time and
proportion of people that would spend in secondary care before

transitioning to primary care.

In response to NICE’s request, the company stated that it believed that
the vast majority of hypercholesterolaemia cases will be prescribed and
manged in specialist settings in a hospital outpatient department. It also
committed to providing the PAS |l irrespective of care setting
across England and Wales. It stated that:

e the most appropriate use of alirocumab was for people with familial
hypercholesterolaemia and high risk cardiovascular disease who
cannot achieve optimal LDL-c levels on current maximally tolerated
routine lipid management therapies. The company stated that these
groups require specialist support beyond the routine lipid management
provided by primary care teams

¢ high risk patients in primary care should be referred to an expert lipid

specialist as recommended in the NICE guideline on familial
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hypercholesterolaemia. The company stated that this was expressed

by clinical expert submissions in the technology appraisal of
evolocumab. The company also provided a statement from a clinical
expert stating that fewer than 10% of people on alirocumab would be
followed-up in primary care after several years of specialist
management (see Appendix 3 of the company’s additional sensitivity
analysis for FP10)

e alirocumab is listed on the proposed high cost drugs exclusion list for

2016/17 and expected to be funded outside the national tariff. Hospitals
can recover alirocumab via the high cost drugs reimbursement system

e commissioners are seeking to limit the use of alirocumab in primary
care

e the majority of general practitioners surveyed in July 2015 stated they
were extremely unlikely to prescribe a self-injected sub-cutaneous
treatment for hypercholesterolaemia

e The company has arrangements for the supply of alirocumab in the
NHS via two routes, directly to hospital pharmacies and approved

homecare companies.

5.43 The company explored the impact of the different proportions of patients
transitioning from secondary to primary care over a period of 5 years
(Table 18). In summary, the ICERS increased as the proportion of patients
transitioning from secondary to primary care increases for alirocumab plus

current maximal therapy compared with current maximal therapy.

For further information on each analysis (such as incremental costs and
incremental QALYS) see Appendix 2 of the response to the request for

additional sensitivity analyses (FP10).
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Table 18 Company’s deterministic ICERs for scenarios around the patient

access scheme (cost per QALY)

Technology
(and comparators)

Base
case

Scenario
13

H oy
year 5
(start
year 2)

Scenario
2a

H oy
year 5
(start
year 2)

Scenario
3a

M by
year 5
(start
year 2)

Scenario
4a

M by
year 5
(start
year 2)

Scenario
5a

oy
year 5
(start
year 2)

HeFH primary prevent

ion (LDL-C 22.59 mmol/L)

Alirocumab + current
maximal therapy
(statins + ezetimibe)

Current maximal
therapy (statins +
ezetimibe)

1

|

HeFH secondary prevention (LDL-C 22.59 mmol/L)

Alirocumab + current
maximal therapy
(statins + ezetimibe)

Current maximal
therapy (statins +
ezetimibe)

High risk CVD (LDL-C

23.36 mmol/L)

Alirocumab + current
maximal therapy
(statins)

Current maximal
therapy (statins)

Recurrent events/ polyvascular disease (LDL-C 22.59 mmol/L)

Alirocumab + current
maximal therapy
(statins)

Current maximal
therapy (statins)

a proportion of patients transitioning from secondary to primary care increases linearly from

year 2 reaching a peak

atyear 5

Source: adapted from table 3 of the company’s response to the request for additional sensitivity

analyses (FP10)

5.44

The company explored parameter uncertainty using probabilistic

sensitivity analyses. It stated that the ICERs were similar to the

deterministic ICERS.

For more information, such as the probability of cost-effectiveness at
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different maximum acceptable ICER, see table 4 in the company’s

response to the request for additional sensitivity analyses (FP10).

ERG exploratory analyses

5.45

The ERG did several additional exploratory analyses for all comparators
and populations based on 7 changes made to the company’s model. It
presented ICERs for both Navarese and CTTC meta-analyses separately
to show the uncertainty in the relationship between LDL-c reduction and
cardiovascular events. In summary the ERG’s exploratory analyses:

e applied annual post cardiovascular event costs (such as care for

stroke) over the entire modelled time horizon (lifetime) instead of

3 years as in the company’s base-case

applied follow-up costs to the second half of first year of costs following
a cardiovascular event

applied an updated cost of £8,618 for stroke (inflated from a UK
population study), and an annual care cost for stroke of £1,769 (inflated
from Youman et al)

used only trials informing the hazard ratios in Navarese instead of all
trials. It applied a rate ratio of 0.67 per 1 mmol/L reduction for
myocardial infarction and 0.58 per 1 mmol/L reduction in CV death
applied a rate ratio of 0.79 per 1 mmol/L reduction in LDL-c for
ischaemic stroke based on results from CTTC, instead of assuming the
same rate ratio of 0.64 per 1 mmol/L reduction in LDL-c as in the
company’s model

applied an annual discontinuation rate of 8% instead of 0% so that it is
consistent with discontinuation observed in ODYSSEY and LONG-
TERM

Applying cardiovascular rates based on CTTC analysis for ezetimibe

comparison.

Detailed information on these changes and rationale are outlined on page
159 and 160 of the ERG'’s report.
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5.46 The ERG’s exploratory analyses showed modest changes to ICERs for all
comparisons in all populations using the Navarese to estimate the
relationship between LDL-c and cardiovascular events compared with the
company’s base-case results. The ERG’s exploratory analyses showed
substantially increased ICERs for all comparisons in all populations using
the CTTC to estimate the relationship between LDL-c and cardiovascular

events compared with the company’s base-case results. (Table 19)
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Table 19 ERG exploratory analyses: deterministic base-case and additional

comparison ICERs (cost per QALY)

Scenario Company’s Company’s | ERG base | ERG
base case scenario case with base
with rate analysis rate ratios | case with
ratios from with ratios from rate ratios
Navarese from CTTC | Navarese from

CTTC

HeFH primary prevention

Alirocumab + statins + ezetimibe vs 36,793 60,736 41,243 67,215

statins + ezetimibe

Statin intolerant - - - 67,077

Alirocumab +ezetimibe vs

ezetimibe

Comparison with ezetimibe 48,193 - 52,363 119,161

Alirocumab + statins vs ezetimibe +

statins

HeFH secondary prevention

Alirocumab + statins + ezetimibe vs 16,896 32,937 16,933 33,339

statins + ezetimibe

Statin intolerant - - - 33,185

Alirocumab +ezetimibe vs

ezetimibe

Comparison with ezetimibe 20,352 - 19,437 56,968

Alirocumab + statins vs ezetimibe +

statins

High risk CVD

Alirocumab + statins vs statins 19,751 41,431 19,432 42,131

Statin intolerant 17,256 - 17,130 34,600

Alirocumab +ezetimibe vs

ezetimibe

Comparison with ezetimibe 24,175 - 21,932 70,081

Alirocumab + statins vs ezetimibe +

statins

Statin intolerant comparison with 17,295 - 16,487 41,412

ezetimibe

Alirocumab vs ezetimibe

Recurrent events / polyvascular disease

Alirocumab + statins vs statins 19,447 44,154 19,021 44,759

Statin intolerant 13,669 - 15,791 33,519

Alirocumab + ezetimibe vs

ezetimibe

Comparison with ezetimibe 23,078 - 20,891 73,941

Alirocumab + statins vs ezetimibe +

statins

Statin intolerant comparison with 13,469 - 13,342 32,742

ezetimibe

alirocumab vs ezetimibe
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Source: adapted from tables 50 to 61 of the ERG’s report and tables 1 to 2a of the company’s PAS

submission.

5.47

The ERG did subgroup analyses by LDL-c levels showing that ICERSs for

each population decreased as the baseline LDL-c level increased from

2.59 mmol/L to 4.13 mmol/L for each population. The ERG’s subgroup

analysis using Navarese showed modest changes in the ICERs compared

with the company’s base-case analysis. The ERG’s subgroup analysis

using CTTC showed significant increase in the ICERs compared with the

company’s base-case analysis (Table 20).

Table 20 ERG exploratory analyses: deterministic base-case ICERs per LDL-c
level (cost per QALY)

Patient Baseline LDL-c | Company’s ERG’s base- ERG’s base-
population (mmol/L) base-case case with rate | case with rate
ICER ratios from ratios from
Navarese CTTC
HeFH primary 2.59 36,793 41,243 67,215
prevention 3.36 31,750 35,481 55,839
4.13 28,923 32,256 49,678
HeFH 2.59 16,896 16,933 33,339
secondtgry 3.36 15,838 15,938 30,603
prevention 413 14,242 14,433 26,557
High Risk CVD 2.59 25,287 24,538 58,239
3.36 19,751 19,432 42,131
4.13 16,043 15,975 31,795
Recurrent 2.59 19,447 19,021 44,759
events / 3.36 15,332 15,286 32,622
Polyvascular
disease 4.13 12,606 12,794 24,863

Source: adapted from tables 62 to 64 of the ERG’s report

5.48

probabilistic sensitivity analyses (Table 21 and Table 22).

The ERG explored parameter uncertainty in its exploratory analyses using

See pages 152 to 161 of the ERG’s report for probabilistic incremental

costs and incremental QALY's, probability of cost-effectiveness, cost-

effectiveness plans and acceptability curves.
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Table 21 ERG's exploratory analyses: probability of cost effectiveness (rate

ratios from Navarese)

HeFH primary
prevention
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins +
ezetimibe
versus statins
+ ezetimibe

HeFH
secondary
prevention
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins +
ezetimibe
versus statins
+ ezetimibe

High-risk CVD
(baseline
LDL-c 23.36
mmol/L) —
alirocumab +
statins versus
statins

Recurrent
events/
polyvascular
disease
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins versus
statins

Maximum Probability of cost-effectiveness

acceptable ICER

20,000/QALY 3.8% 57% 45% 46%
30,000/QALY 28.2% 84% 83% 80%
40,000/QALY 43.8% 90% 91% 90%

Source: adapted from table 56 in the ERG’s report

Table 22 ERG's exploratory analyses: probability of cost effectiveness (rate
ratios from CTTC)

HeFH primary
prevention
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins +
ezetimibe
versus statins
+ ezetimibe

HeFH
secondary
prevention
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins +
ezetimibe
versus statins
+ ezetimibe

High-risk CVD
(baseline
LDL-c 23.36
mmol/L) —
alirocumab +
statins versus
statins

Recurrent
events/
polyvascular
disease
(baseline
LDL-c 22.59
mmol/L) —
alirocumab +
statins versus
statins

Maximum Probability of cost-effectiveness

acceptable ICER

20,000/QALY 0% 18% 0% 0%
30,000/QALY 10% 39% 7% 6%
40,000/QALY 24% 58% 43% 36%

Source: adapted from table 57 in the ERG’s report

5.49

The ERG also explored parameter uncertainty in its exploratory analyses

using deterministic sensitivity analysis according to upper and lower

bound of the confidence interval or by an arbitrary + 20% for selected

inputs in the company’s model. The ICERs for all populations were most
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sensitive to changes in the baseline LDL-c, the relationship of LDL-c level
to cardiovascular events and annual cardiovascular risk. The changes to
the ICERs followed as similar pattern to the company’s deterministic
sensitivity analysis (see section 5.38)

For further information on the ERG’s deterministic sensitivity analyses
(such as ICERS) see pages 170 to 174 of the ERG'’s report.

Innovation

5.50 Justifications for considering alirocumab to be innovative:

e A clinical expert stated alirocumab is one of the first of a new class of
lipid-lowering agents working by inhibition of PCSK-9 and that it is the
first new class of lipid-lowering drugs licensed for 10 years

e The company stated that alirocumab was an innovation because it acts
on a target that is not targeted by existing lipid modifying therapies
(such as statins and cholesterol absorption inhibitors). It also stated
that alirocumab would be a step forward in the management of patients
who are not able to achieve therapeutic goals when treated with
existing lipid modification therapies at maximal tolerated dose.

e The company stated that alirocumab may be an alternative for patients
who are on LDL-apheresis and an option for people on an LDL-
apheresis waiting list; or who have declined apheresis. A patient/carer
organisation stated alirocumab is preferred over invasive and
debilitating procedures such as apheresis.

e A patient/carer organisation stated that alirocumab is an innovation
because it has the ability to further reduce cholesterol by 60% in

addition to current standard of care.
5.51 Justification for not considering alirocumab to be innovative:

¢ A clinical expert stated that alirocumab is an injection and therefore
more difficult to use than current tablet therapies.

National Institute for Health and Care Excellence 56 of 58
Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016



CONFIDENTIAL

6 Equality issues

6.1 The equalities issues raised during the scoping process relate to the
inequality of access to LDL-apheresis due to high set up costs and
appropriate expertise and that injection only treatment which might
exclude people who will not accept injection based therapies, including
many from ethnic minority groups. These issues could not be addressed
through a Technology Appraisal and therefore do not need to be

addressed by Committee.

6.2 No equality issues were raised in the submissions.

7 Authors

Jasdeep Hayre

Technical Lead

Joanne Holden
Technical Adviser

with input from the Lead Team (Stephen O’Brien, Paul Tappenden and Judith
Wardle).

National Institute for Health and Care Excellence 57 of 58
Premeeting briefing — Alirocumab for treating primary hypercholesterolaemia and mixed dyslipidaemia

Issue date: January 2016



CONFIDENTIAL

Appendix A: Clinical efficacy section of the draft European

public assessment report

The European public assessment report (EPAR) is available here.
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Appendix B

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Health Technology Appraisal

Alirocumab for treating primary hypercholesterolaemia and mixed
dyslipidaemia

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of alirocumab within its
marketing authorisation for treating primary hypercholesterolaemia
(heterozygous familial and non-familial) and mixed dyslipidaemia.

Background

Dyslipidaemia is a broad term describing a number of conditions, including
hypercholesterolaemia, hyperlipidaemia and mixed dyslipidaemia, in which
disturbances in fat metabolism lead to changes in the concentrations of lipids
in the blood.

Hypercholesterolaemia is the presence of high concentrations of cholesterol
in the blood, typically including elevated low-density lipoprotein (LDL)
cholesterol. Primary hypercholesterolaemia is associated with an underlying
genetic cause, which may be caused by a single genetic defect (familial), or
more commonly, by the interaction of several genes with dietary and other
factors such as smoking or physical inactivity (non-familial). In heterozygous-
familial hypercholesterolaemia, 1 of the pair of LDL cholesterol receptor genes
is defective or mutated and impairs the LDL cholesterol receptor activity.

Most people with hypercholesterolaemia have cholesterol concentrations that
are only mildly or moderately elevated, and show no clinical symptoms.
Severe hypercholesterolaemia, however, can cause xanthomas (lesions on
the skin containing cholesterol and fats) and arcus corneae (cholesterol
deposits in the eyes).

Mixed dyslipidaemia is defined as elevations in LDL cholesterol and
triglyceride levels that are often accompanied by low levels of high-density
lipoprotein (HDL) cholesterol.

It is estimated that 6 in 10 adults in England have cholesterol levels above

5 mmol/litre. Primary non-familial hypercholesterolaemia affects about 4% of
the adult population, totalling approximately 1.5 million people in England, of
whom an estimated 600,000 are diagnosed and 460,000 are receiving
treatment. Primary heterozygous-familial hypercholesterolaemia affects an
estimated 1 in 500 people, totalling 106,000 in England (although only 15—
17% are diagnosed).
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People with hypercholesterolaemia are at increased risk of cardiovascular
disease (CVD) because long-term elevations of cholesterol accelerate the
build-up of fatty deposits in the arteries (atherosclerosis). The narrowed
arteries can cause disease such as angina, myocardial infarction and stroke,
particularly in familial hypercholesterolaemia. CVD is a common cause of
death in England, accounting for approximately 148,000 deaths in 2012, and it
is a major cause of disability and reduced quality of life.

The current management of primary hypercholesterolaemia and mixed
dyslipidaemia involves dietary and lifestyle changes such as smoking
cessation, weight loss and increased physical activity. NICE clinical guideline
181 for lipid modification to prevent cardiovascular disease and NICE clinical
guideline 71 for familial hypercholesterolaemia recommend initial treatment
with statins. NICE technology appraisal 132 (currently being reviewed)
recommends ezetimibe as an option for treating primary
hypercholesterolaemia, as a monotherapy when statins are contraindicated or
not tolerated and in combination with statins when initial statin therapy does
not provide appropriate control of LDL-cholesterol.

The technology

Alirocumab (brand name unknown, although Sanofi and Regeneron are jointly
developing alirocumab, Sanofi UK is the EMA marketing authorisation
applicant) is a fully-human monoclonal antibody that targets proprotein
convertase subtilisin/kextin type 9 (PCSKD9). It prevents degradation of LDL
receptors in the liver, thereby facilitating LDL clearance from circulation and
lowering LDL-C levels in the blood. It is self-administered subcutaneously.

Alirocumab does not currently have a marketing authorisation in the UK for
primary hypercholesterolaemia and mixed dyslipidaemia. It has been studied
in clinical trials in adults with primary heterozygous familial
hypercholesterolaemia, non-familial hypercholesterolaemia or mixed
dyslipidaemia compared with placebo, statins with or without ezetimibe, and
ezetimibe alone.

Intervention(s) Alirocumab alone or in combination with a statin with or
without ezetimibe, or in combination with ezetimibe

Population(s) People with primary hypercholesterolaemia
(heterozygous familial and non-familial) and mixed
dyslipidaemia for whom lipid-modifying therapies, in line
with current NICE guidance, would be considered.
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Comparators e Optimised statin therapy

e When LDL-C is not adequately controlled with
optimised statin therapy:

o Ezetimibe in combination with optimised statin
therapy

o Evolocumab in combination with optimised
statin therapy (subject to NICE guidance)

e When LDL-C is not adequately controlled with
optimised statin therapy in combination with
ezetimibe:

o Evolocumab in combination with ezetimibe
and a statin (subject to NICE guidance)

e When statins are contraindicated or not tolerated:

o Ezetimibe
o Evolocumab (subject to NICE guidance)
o Evolocumab in combination with ezetimibe
(subject to NICE guidance)
Outcomes The outcome measures to be considered include:
e plasma lipid and lipoprotein levels, including LDL
cholesterol, non-HDL cholesterol, apolipoprotein
B and lipoprotein a
e requirement of procedures including LDL
apheresis and revascularisation
o fatal and non-fatal cardiovascular events
e mortality
e adverse effects of treatment
e health-related quality of life.
Economic The reference case stipulates that the cost effectiveness
analysis of treatments should be expressed in terms of

incremental cost per quality-adjusted life year.

The reference case stipulates that the time horizon for
estimating clinical and cost effectiveness should be
sufficiently long to reflect any differences in costs or
outcomes between the technologies being compared.

Costs will be considered from an NHS and Personal
Social Services perspective.
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Other
considerations

If the evidence allows, consideration will be given to the
following subgroups:

e Presence or risk of cardiovascular disease

e People with heterozygous familial
hypercholesterolaemia

e People with statin intolerance
e Severity of hypercholesterolaemia

Guidance will only be issued in accordance with the
marketing authorisation. Where the wording of the
therapeutic indication does not include specific
treatment combinations, guidance will be issued only in
the context of the evidence that has underpinned the
marketing authorisation granted by the regulator.

Related NICE
recommendations
and NICE
Pathways

Related Technology Appraisals:

Technology Appraisal No. 132, November 2007,
‘Ezetimibe for the treatment of primary (heterozygous-
familial and non-familial) hypercholesterolaemia’.
Earliest anticipated date of publication May 2016.

Proposed Technology Appraisal, ‘Evolocumab for
treating primary hypercholesterolaemia and mixed
dyslipidaemia’. Publication TBC.

Related Guidelines:

Clinical Guideline No. 181, July 2014, ‘Lipid
modification: cardiovascular risk assessment and the
modification of blood lipids for the primary and
secondary prevention of cardiovascular disease’.
Review Proposal Date tbc.

Clinical Guideline No. 71, August 2008, ‘Identification
and management of familial hypercholesterolaemia’.
Review Proposal Date September 2016.

Related Quality Standards

Quality Standard No. 41, August 2013, ‘Familial
hypercholesterolaemia’. Review Proposal Date August
2018.

http://www.nice.orqg.uk/quidance/QS41

Related NICE Pathways

NICE Pathway: Familial hypercholesterolaemia,
Pathway created: August 2013.

http://pathways.nice.org.uk/pathways/familial-

National Institute for Health and Care Excellence
Final scope for the appraisal of alirocumab for treating primary hypercholesterolaemia and

mixed dyslipidaemia

Issue Date: August 2015

Page 4 of 5



http://www.nice.org.uk/guidance/QS41
http://pathways.nice.org.uk/pathways/familial-hypercholesterolaemia

Appendix B

hypercholesterolaemia

NICE Pathway: Cardiovascular disease prevention,
Pathway created: July 2014.

http://pathways.nice.org.uk/pathways/cardiovascular-
disease-prevention

Related National National Service Frameworks: Coronary Heart Disease

Policy Department of Health (2013): NHS Outcomes
Framework 2014-2015

NHS England (November 2012) Inherited Heart Disease
Services - Familial hypercholesterolaemia: services for
these patients are commissioned by Clinical
Commissioning Groups. Source: Manual for prescribed
specialised services Page 32
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

Alirocumab for treating primary hypercholesterolemia and mixed
dyslipidaemia [ID779]

Matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)

Companies General

e Sanofi e Allied Health Professionals Federation

Patient/carer groups

Black Health Agency

Blood Pressure UK

British Cardiac Patients Association
Cardiovascular Care Partnership
Coronary Prevention Group
Equalities National Council
Genetic Alliance UK

HEART UK

Muslim Council of Britain
Network of Sikh Organisations
Pumping Marvellous Foundation
South Asian Health Foundation
Specialised Healthcare Alliance

Professional groups

e British Association for Nursing in
Cardiovascular Care

e British Cardiovascular Intervention

Society

British Cardiovascular Society

British Dietetic Association

British Geriatrics Society

British Heart Foundation

British Hypertension Society

British Inherited Metabolic Disease

Group

British Nuclear Cardiology Society

e British Society of Cardiovascular
Imaging

e Nurses Hypertension Association

¢ Board of Community Health Councils in
Wales

e British Cardiovascular Industry
Association

e British National Formulary

e Care Quality Commission

e Department of Health, Social Services
and Public Safety for Northern Ireland

e Healthcare Improvement Scotland

Medicines and Healthcare products

Regulatory Agency

National Association of Primary Care

National Pharmacy Association

NHS Alliance

NHS Commercial Medicines Unit

NHS Confederation

Scottish Medicines Consortium

Possible comparator companies

e Accord Healthcare (fluvastatin,
pravastatin, simvastatin)

e Actavis (atorvastatin, fluvastatin,

pravastatin, simvastatin)

Amneal (pravastatin, simvastatin)

Aptil (fluvastatin, simvastatin)

Arrow Generics (simvastatin)

AstraZeneca (rosuvastatin)

Aurobindo Pharma (pravastatin,

simvastatin)

Bristol-Myers Squibb (pravastatin)

e Caduceus (fluvastatin)

e Chelonia (simvastatin)
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Appendix C

Consultees Commentators (no right to submit or
appeal)

¢ Royal College of General Practitioners | ¢ Consilient (atorvastatin)

¢ Royal College of Nursing e Crescent (pravastatin, simvastatin)

¢ Royal College of Pathologists e Dexcel-Pharma (atorvastatin,

¢ Royal College of Physicians simvastatin)

Royal Pharmaceutical Society

¢ Royal Society of Medicine

e Society for Cardiological Science &
Technology

e Society for Endocrinology

Society for Vascular Technology

Society of Vascular Nurses

UK Clinical Pharmacy Association

UK Health Forum

Vascular Society of Great Britain &

Ireland

Others

e Department of Health

e NHS Birmingham South and Central
CCG

e NHS East Leicestershire and Rutland
CCG

e NHS England

e Welsh Government

Hexal (simvastatin)

Kent ( simvastatin)

Kiron (simvastatin)

Lupin (simvastatin)

Medley (simvastatin)

Medreich (pravastatin)

Merck, Sharp & Dohme (ezetimibe,
simvastatin, simvastatin with ezetimibe)
Metwest (simvastatin)

Mylan (fluvastatin, pravastatin,
simvastatin)

Novartis Pharmaceuticals (fluvastatin)
Pfizer (atorvastatin)

Pharmathen (fluvastatin)

Pliva (pravastatin)

Ranbaxy (pravastatin, simvastatin)
Ratiopharm (fluvastatin)

Rosemont Pharma (simvastatin)
Sandoz (fluvastatin, pravastatin,
simvastatin)

Teva UK (fluvastatin pravastatin,
simvastatin)

Tillomed (pravastatin, simvastatin)
Winthrop (fluvastatin, pravastatin,
simvastatin)

Wockhardt (atorvastatin)

Yiling (pravastatin)

Zanza (simvastatin)

Zentiva (atorvastatin, fluvastatin,
simvastatin)

Relevant research groups
Antithrombotic Trialists’ (ATT)
Collaboration

British Society for Cardiovascular
Research

Central Cardiac Audit Database
Cochrane Heart Group

Cochrane Hypertension Group
Cochrane Peripheral Vascular Diseases
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Appendix C

Consultees Commentators (no right to submit or
appeal)

Group

e Health Research Authority

e MRC Clinical Trials Unit

¢ National Centre for Cardiovascular
Preventions and Outcomes

¢ National Heart Research Fund

¢ National Institute for Health Research

e Wellcome Trust - Cardiovascular
Research Initiative

Evidence Review Group

e Aberdeen HTA Group

¢ National Institute for Health Research
Health Technology Assessment
Programme

Associated Guideline Groups
e National Clinical Guidelines Centre

Associated Public Health Groups
e Public Health England
e Public Health Wales

NICE is committed to promoting equality, eliminating unlawful discrimination
and fostering good relations between people who share a protected
characteristic and those who do share it. Please let us know if we have
missed any important organisations from the lists in the matrix, and which
organisations we should include that have a particular focus on relevant
equality issues.
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Appendix C

Definitions:
Consultees

Organisations that accept an invitation to participate in the appraisal; the company
that manufactures the technology; national professional organisations; national
patient organisations; the Department of Health and the Welsh Government and
relevant NHS organisations in England.

The company that manufactures the technology is invited to make an evidence
submission, respond to consultations, nominate clinical specialists and has the
right to appeal against the Final Appraisal Determination (FAD).

All non-company consultees are invited to submit a statement’, respond to
consultations, nominate clinical specialists or patient experts and have the right to
appeal against the Final Appraisal Determination (FAD).

Commentators

Organisations that engage in the appraisal process but that are not asked to
prepare an evidence submission or statement, are able to respond to consultations
and they receive the FAD for information only, without right of appeal. These
organisations are: manufacturers of comparator technologies;

Healthcare Improvement Scotland; the relevant National Collaborating Centre (a
group commissioned by the Institute to develop clinical guidelines); other related
research groups where appropriate (for example, the Medical Research Council
[MRC], National Cancer Research Institute); other groups (for example, the NHS
Confederation, NHS Alliance and NHS Commercial Medicines Unit, and the British
National Formulary.

All non-company commentators are invited to nominate clinical specialists or
patient experts.

Evidence Review Group (ERG)

An independent academic group commissioned by the National Institute for Health
Research (NIHR) Health Technology Assessment Programme (HTA Programme)
to assist the Appraisal Committee in reviewing the company evidence submission
to the Institute.

'Non-company consultees are invited to submit statements relevant to the
group they are representing.
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EQ-5D
ESC
EZE
FDA
FH
GDG
HCP
HDL-C
HeFH
HLT
HMG-CoA
HR
HRQoL
HS
HSE
HSUV
HUI
ICD
ICER
ICUR
IDL
[o]€]

IS

ITT
JBS
LDL-C
LDL-R
LLT
LMT
Lp(a)
LS
LVEF
LVSD
LYG
MA
mAb
MACE
MAR
MD
mg

EuroQol-5 dimensions

European Society of Cardiology
Ezetimibe

Food and Drug Administration
Familial Hypercholesterolaemia
Guideline Development Group
Healthcare Professional
High-density Liproprotein cholesterol

Heterozygous Familial Hypercholesterolaemia

Higher Level Term
3-hydroxy-3-methyl-glutaryl-CoA
Hazard Ratio

Health-Related Quality of Life
Health state

Health Survey for England

Health State Utility Values

Health Utility Index

International Classification of Diseases
Incremental cost-effectiveness ratio
Incremental cost-utility ratio
Intermediate-density liproprotien
Immunoglobulin

Ischaemic stroke

Intention to Treat

Joint British Societies

Low-density liproprotein Cholesterol
Low-density liproprotein Receptor
Lipid Lowering Therapies

Lipid Modifying Therapies
Liproprotein (a)

Least-Squares

Left Ventricular Ejection Fraction
Left ventricular systolic dysfunction
Life-years gained

Marketing Authorisation
Monoclonal Antibody

Major Adverse Cardiac Events
Missing-at-Random

Mean Difference

Milligrams

10



MI
mITT
mmol
MMRM
Mon
MRI
NA
NCEP-ATP
NEC
NF
NHS
NICE
NMAR
NR
NYHA
OR
PAD
PAS
PCI
PCSK9
PICOS
P-IS
PO
PMM
PRA
PRISMA
PSA
PSS
PT
PVD
Q2w
Q4w
QALY
QD
QoL
RCT
ROS
RR
SAE
SC

Myocardial Infarction

Modified Intention to Treat

Millimole

Mixed Effect Model with Repeated Measures
Monitoring

Magnetic Resonance Imaging

Not Applicable

National Cholesterol Education Program — Adult Treatment Panel
Not elsewhere classified

Non-Fatal

National Health Service

National Institute for Health and Care Excellence
Not-Missing-at-Random

Not Recorded

New York Heart Association

Odds Ratio

Peripheral Arterial Disease

Patient Access Scheme

Percutaneous Coronary Intervention

Proprotein Convertase Subtilisinlike Kexin Type 9
Population, Intervention, Comparison, Outcomes
Post-ischaemic stroke

Per Os (orally)

Pattern Mixture Model

Pravastatin

Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Probabilistic Sensitivity Analysis
Personal Social Services
Preferred Term

Peripheral Vascular Disease
Every Two Weeks

Every Four Weeks
Quality-adjusted life years
Every Day

Quiality of Life

Randomised Controlled Trial
Rosuvastatin

Rate ratio

Serious Adverse Event
Subcutaneous
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SCORE
SD

SE

SF

SG

SI
SIGN
SIM
SLR
SMC
SmPC
SMQ
STA
STEMI
TEAE
TG
TIA
Total-C
Treat
TSD
TTO
UA
UK
VAS
VAT
VLDL
WHO

Systematic Coronary Risk Estimation
Standard Deviation

Standard Errors

Short form

Standard Gamble

Statin intolerance

Scottish Intercollegiate Guidelines Network
Simvastatin

Systematic Literature Review
Scottish Medicines Consortium
Summary of Product Characteristics
Standardised MedDRA queries
Single technology appraisal
ST-Elevation Myocardial Infarction
Treatment Emergent Adverse Events
Triglyceride

Transient Ischemic Attack

Total cholesterol

Treatment

Technical Support Document

Time Trade Off

Unstable Angina

United Kingdom

Visual Analogue Scale

Value-added tax

Very low-density liproprotein

World Health Organisation
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1. Executive summary

Key points

e Alirocumab is an anti-PCSK9 monoclonal antibody (PSCK9 inhibitor) which
acts upon a novel target to achieve substantial reductions in low-density
lipoprotein-cholesterol (LDL-C) as an adjunct to existing therapy

e PCSK9inhibitors are a significant step forward in the management of high
cardiovascular risk patients who are unable to achieve cholesterol targets on
existing therapy

e LDL-Cis amajorrisk factor for cardiovascular events, including heart attacks,
stroke and other manifestations of disease

e Statins are the current mainstay of therapy for cholesterol management.
However there are some patients with high cardiovascular risk whose
cholesterol is uncontrolled with current therapy either due to insufficient
efficacy, inability to tolerate statins or contraindication to statins

e Patients at high cardiovascular risk include those with inherited high
cholesterol (familial hypercholesterolaemia) as well as those who have
previously suffered major adverse cardiovascular events

e There are limited alternative options for these patients whose cholesterol is
uncontrolled. PCSK9 inhibitors will provide a valuable option in the care
pathway as an adjunct to current maximal therapy

e Alirocumab has demonstrated substantial efficacy in LDL-C lowering in
patients at high cardiovascular risk, with safety comparable to control, in an
extensive trial programme including 36 UK NHS sites

e The anticipated use of alirocumab is in patients with high cardiovascular risk
uncontrolled on current maximal therapy

1.1 Clinical Background

1.1.1 The role of PCSK9 in cholesterol metabolism

Proprotein convertase subtilisin/ kexin type 9 (PCSK9) is a protein that binds to the
LDL receptor (LDL-R) on the surface of hepatocytes to promote LDL-R degradation
within the liver. LDL-Rs are responsible for clearance of LDL-C from the blood. The
action of PCSK9 therefore results in higher blood levels of LDL-C. Alirocumab
targets the PCSKO protein, inhibiting its action and increasing the number of LDL-Rs

available to clear LDL-C from the blood *.
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Genetic studies in humans provided the basis for identifying the role of PCSK9 in
lipid metabolism. Loss-of-function mutations are associated with naturally low LDL-C
levels and substantially reduced risk of coronary events (between 47% - 88% in the
ARIC study)** Conversely, patients with gain-of-function mutations in PCSK9 have
familial hypercholesterolaemia (FH) and increased risk of cardiovascular events.
These discoveries formed the initial rationale for the clinical development programme
for PCSKO inhibitors.

1.1.2 Cholesterol and Cardiovascular disease

Atherosclerosis is the formation and hardening of fatty plaques on the inner surface
of the arteries °. As plaques progress they are at risk of rupture, leading to thrombus
formation and vessel occlusion and thus ischaemic events such as myocardial

infarction and ischaemic stroke ®.

LDL-C is closely and strongly associated with atherosclerosis and major adverse

™9 and genetic studies * > have

cardiovascular (CV) event risk. Epidemiologic
demonstrated the link between elevated LDL-C, development of atherosclerosis, and
increased risk for major adverse CV events. Clinical studies have shown that
reducing LDL-C reduces the risk for major adverse CV events *>*'. The majority of
this evidence derives from the statin trials; meta-analyses including non-statin lipid-
lowering therapies and the recent IMPROVE-IT trial of ezetimibe have also

confirmed the link between LDL-C reduction and CV risk reduction ** 2% 22,

1.1.3 Unmet need with current LDL-C lowering therapy

Statins are the mainstay of LDL-C lowering therapy and have contributed to
significant reductions in cardiovascular morbidity and mortality in the UK. NICE
clinical guideline 181 recommends high-dose, high-intensity statins for all high risk
patients 23. Ezetimibe is also approved by ?*[TA132] for patients whose LDL-C is not
controlled adequately with statins or who are unable to tolerate statins or for whom

statins are contraindicated.
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Not all patients are able to achieve adequate LDL-C control on existing therapies,
either due to insufficient efficacy with current maximal dose of statin-based therapy

(with or without ezetimibe) or contraindication/inability to tolerate statins.

Beyond statins and ezetimibe, there are limited alternative effective therapeutic
options for patients to effectively lower LDL-C. In patients with severely elevated
cholesterol (typically those with familial hypercholesterolaemia), apheresis (a
dialysis-like process in which cholesterol is removed from the blood outside the
body) may be used, however this poses significant burden on the NHS and the
individual patient. Apheresis is limited to a very small number of UK centres and

patients.

Patients at high risk of future cardiovascular events and who have inadequately
controlled LDL-C with current therapy have a clear need for additional effective LDL-
C lowering therapy.

1.1.4 Patient Groups

We focus in this submission on patients at high cardiovascular risk due to familial
hypercholesterolaemia (inherited high cholesterol) and patients at high risk due to
previous cardiovascular events. In these patient populations, PCSK9 inhibitors will
provide a valuable new therapeutic option as an adjunct to current maximal tolerated

therapy.
1.1.4.1 Familial hypercholesterolaemia

FH is an inherited condition caused by mutations in the genes encoding for the LDL-
R, ApoB, or PCSK9 and resulting in elevated blood cholesterol. Most people with FH
have inherited a defective gene for FH from only one parent and are therefore
heterozygous. Rarely, a person will inherit a genetic defect from both parents and
will have homozygous FH (HoFH) 2°. Heterozygous familial hypercholesterolaemia
(HeFH) has an estimated prevalence of 1 in 500 whereas homozygous FH has an
incidence of approximately one case per one million % ?. In HeFH patients, lifelong
exposure to elevated LDL-C levels results in a high cumulative risk of developing

coronary heart disease. Even with treatment, the risk of early-onset coronary heart
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disease (CHD) and early mortality in patients with HeFH is still elevated above the

general population 2628

. In a Danish study the odds of developing CHD was ten
times higher than in the general population in treated patients, and thirteen times

higher in untreated patients *’.

It is particularly difficult for HeFH patients to reach recommended LDL-C treatment
goals. The UK National FH audit found that only 44% of adult patients achieved the
NICE guideline goal of 50% reduction in LDL-C from the untreated level. Overall,
treated LDL-C was reduced from a median of 6.1 mmol to 3.5 mmol/L, still well
above absolute target LDL-C levels of <1.8mmol/L recommended by European

guidelines %%,

1.1.4.2 Patients with existing cardiovascular disease (CVD)

Patients with a history of major cardiovascular events (e.g. myocardial infarction,
unstable angina, coronary revascularisation, ischaemic stroke, peripheral arterial
disease) are recognised as being at very high risk for further CV events 2>, Within
this patient population, patients who have had recurrent/ multiple prior CV events are
at even higher risk- the rate of further events or mortality is higher in patients who

| 31,32

have experienced multiple myocardial infarctions (MIs) versus only one M orin

patients with events in more than one vascular bed, i.e. polyvascular disease,

compared to those with only one type of prior cardiovascular event 3.

A European study of over 7000 patients showed that significant numbers of high-risk
and very high risk patients (60 — 80% respectively) were unable to adequately lower
their LDL-C levels with statins or other lipid-lowering agents *¢. Poorly controlled
cholesterol contributes to the burden of cardiovascular disease to the NHS. CVD as
a whole is estimated to cause ~28% of all deaths and to cost in the region of £7 — 8
billion annually, with the majority of costs generated through hospital admissions/

urgent care 37?3,

1.2 Indication of alirocumab

Alirocumab was approved by the European Medicines Agency on September 25"
2015. Another PCSK®9 inhibitor, evolocumab, was licensed in July 2015 and is
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currently being appraised by NICE. The indication for Praluent (alirocumab) is
detailed in Table 1.

Alirocumab is available in two different dosages (75 mg and 150 mg). In eight of the
trials submitted in the regulatory dossier, an up-titration strategy was followed with
initiation on 75 mg and up-titration to 150 mg at 12 weeks in order to meet
therapeutic targets. Two trials used 150 mg throughout. The two different dosing
options were developed to allow clinical flexibility in meeting individual patient
treatment goals.

Table 1: Alirocumab indication details

UK approved name and

brand name Alirocumab (brand name Praluent)

Marketing authorisation/CE

mark status Approved by EMA

Alirocumab is indicated in adults with primary hypercholesterolaemia
(heterozygous familial and non-familial) or mixed dyslipidaemia, as
an adjunct to diet:

e in combination with a statin or statin with other LMTs in patients
unable to reach LDL-C goals with the maximal tolerated dose of
statin (when used as recommended by treatment guidelines) or,

e alone or in combination with other LMTs in patients who are
statin intolerant or for whom a statin is contraindicated

The effect of this technology on CV morbidity and mortality has not

yet been determined

Indications and any
restriction(s) as described
in the SmPC

Alirocumab is available at two doses, 75 mg and 150 mg, as a
single-use, pre-filled auto-injector pen in either one pen or two pen
packs

Method of administration
and dosage

1.3 Clinical effectiveness of alirocumab

The evidence for the clinical effectiveness of alirocumab is supported by an
extensive clinical development programme (ODYSSEY). Ten double-blind,
multicentre randomised controlled trials, including over 5000 patients worldwide,
were included in the regulatory dossier. Thirty-six UK centres participated in these
trials. The significant investment in the evidence base for alirocumab continues with
an ongoing Outcomes trial (CVOT), estimated to report in January 2018, including
~18,000 patients and thirty UK centres.
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The ODYSSEY trial programme evaluated alirocumab as an add-on to maximal
tolerated dose statins with or without other lipid-modifying therapies (LMT) including
ezetimibe. The programme includes direct comparisons with ezetimibe on a statin
background, and with ezetimibe as monotherapy or as add-on to existing non-statin
LMT in patients with statin intolerance. Thus ODYSSEY provides direct data to

assess clinical effectiveness against relevant comparators in the Scope.

The ODYSSEY programme included patient populations relevant to the scope and to
the anticipated usage of alirocumab in the UK. 1377 (26%) of patients had HeFH,
including patients in three specific FH trials, and 97% of patients were defined as
being at high CV risk.

e The primary efficacy endpoint was percentage reduction in LDL-C at 24

weeks.

e Secondary endpoints included:
o Total cholesterol
o non-HDL-C (non-high-density-lipoprotein-C)
o HDL-C (high-density-lipoprotein-C)
o ApoB
o ApoA-1
o Triglycerides
o Lp(a) (lipoprotein(a))
o EQ-5D
o Safety

Primary endpoint results from the pivotal trials are show in Table 2. A rapid onset (4

weeks) and sustained treatment effect was observed (with follow-up data up to 78
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weeks). The treatment effect was consistent across a range of different patient

subgroups and demographics and background therapies.
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Table 2: ODYSSEY Clinical effectiveness data

Trial no. (acronym) Intervention/ Population High/Very Primary Outcome — Mean percentage change in LDL-C
Patient Numbers (N) Comparator High CV risk from baseline at Week 24
patients (%) vs Placebo vs Ezetimibe
EFC12492 (FH 1) Alirocumab vs Placebo Patients with HeFH not adequately controlled with 100 -57.9% (p<0.0001)
N = 486 statin + other LMTs
CL-1112 (FH I) Alirocumab vs Placebo Patients with HeFH not adequately controlled with 100 -51.5% (p<0.0001)
N =249 statin + other LMTs
EFC12732 (HIGH FH) Alirocumab vs Placebo Patients with HeFH not adequately controlled with 100 -39.1% (p<0.0001)
N =107 statin + other LMTs and with LDL-C 2160 mg/dL
(4.14 mmol/L)
EFC11568 (COMBO 1) Alirocumab vs Placebo Patients at high CV risk with 100 -45.9% (p<0.0001)
N =316 hypercholesterolaemia not adequately controlled
with statin + other LMTs
EFC11569 (COMBO II) Alirocumab vs Ezetimibe Patients at high CV risk with 100 -29.9% (p<0.0001)
N =720 hypercholesterolaemia not adequately controlled
with statin therapy
LTS11717 (LONG TERM) Alirocumab vs Placebo Patients with HeFH or non-FH at high CV risk not 100 -61.8% (p<0.0001)
N = 2341 adequately controlled with a statin + other LMTs
CL-1119 (ALTERNATIVE) Alirocumab vs Ezetimibe, Patients with primary hypercholesterolaemia and 824 -30.4% (p<0.0001)
N =314 Atorvastatin moderate, high, or very high CV risk who are
intolerant to statins.
EFC11716 (MONO) Alirocumab vs Ezetimibe Patients at moderate CV risk with LDL-C 2100 0 -31.6% (p<0.0001)
N =103 mg/dL
(2.59 mmol/L) and <190 ma/dL (4.91 mmol/L)
vs Statin Up-titration vs Ezetimibe
CL-1110 (OPTIONS I) Alirocumab + Atorvastatin Patients at high CV risk with non-FH or HeFH not 100 1. Atorva 20mg: 39.1% 1. 23.6% (p<0.0001)
N =355 Vs adequately controlled with atorvastatin (20 mg or (p<0.0001)
Atorvastatin+Ezetimibe; 40 mg) + other LMT excluding ezetimibe 2. Atorva 40mg: 49.2%
Atorvastatin (up-titrated); (p<0.0001) 2. 31.4% (p<0.0001)
Rosuvastatin (switch) 3. Rosuva Switch: 32.6%
(p<0.0001)
CL-1118 (OPTIONS II) Rosuvastatin+Alirocumab | Patients at high CV risk with non-FH or HeFH not 100 1. Rosuva 10mg: 34.3% 1. 36.2% (p<0.0001)
N =305 Vs adequately controlled with rosuvastatin (10 mg or (p<0.0001) 2. 25.3% (p=0.0136)
Rosuvastatin+Ezetimibe; 20 mg) + other LMT excluding ezetimibe 2. Rosuva 20mg: 20.4 %
Rosuvastatin (up-titrated) (p=0.0453)
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The CV outcomes benefit of alirocumab is being evaluated in CVOT. Although not
powered or designed to demonstrate outcomes, a post-hoc analysis of the
ODYSSEY LONG TERM safety study (data up to 78 weeks), showed a significantly
lower rate of major adverse cardiovascular events (MACE) in the alirocumab arm
(1.7% versus 3.3%, HR = 0.52 [CI:0.31 — 0.90])®. Consistent with this, an
independent peer-reviewed meta-analysis of PCSK9 inhibitor outcomes data
(alirocumab and evolocumab) to date reported significant reductions in Ml and all-
cause mortality, with a trend towards reduced CV mortality .

The safety database was based on 3451 years of patient exposure to alirocumab,
with 638 patients exposed for at least 78 weeks. Since submission of the regulatory
dossier, the number of patients exposed for at least 78 weeks has increased to 1717
patients (as of Dec 2014). Alirocumab demonstrated a similar safety profile to

control, with good tolerability and a limited number of serious adverse events.
1.4 Place in Therapy

Alirocumab will align to the existing ‘Cardiovascular Disease Prevention’ and the

‘Familial Hypercholesterolaemia’ NICE pathways % 4%,

It is anticipated that alirocumab will be initiated as an adjunctive therapy in patients
who have not reached treatment targets on maximally tolerated dosage of statins
with or without other LMTs. Based upon NICE approval of ezetimibe in /(TA132),
alirocumab will be used as an add-on to ezetimibe plus statins where relevant. This
reflects usage in ODYSSEY where ~50% of patients in the FH trials were already
receiving statins plus ezetimibe. Ezetimibe usage in the NHS is however limited and
highly varied and therefore alirocumab may also be used as an add-on therapy to

maximal tolerated dose statins (alone, not in combination with ezetimibe).

In patients who are statin intolerant or for whom statins are contraindicated,
alirocumab may be used as an add-on to ezetimibe alone or as monotherapy in

patients who have not reached treatment targets.
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1.5 Cost-effectiveness analysis

A Markov model was developed to evaluate the cost-effectiveness of alirocumab as
an adjunctive therapy to existing maximal tolerated LMT. The model includes major
CV events (MI, unstable angina (UA), ischaemic stroke (IS), revascularisation) and
CV and non-CV death. The model considers different patient populations separately
due to differences in disease history and CV risk, although the relative treatment
effect of alirocumab is consistent across different groups. The key patient
populations included in the model are:

e HeFH (both primary and secondary prevention)

e Patients at high CV risk due to existing CV disease (secondary prevention —
patients with MI, unstable angina, history of revascularisation or other

evidence of CHD, ischaemic stroke, peripheral arterial disease (PAD))

e A subgroup of the above patients with existing CV disease at even higher risk,

namely patients with recurrent CV events/ polyvascular disease

All of these patient groups were included in ODYSSEY (NB patients with recurrent
events were not evaluated as a separate predefined subgroup).

In the base case alirocumab is modelled as an adjunctive therapy to existing
maximally tolerated current therapy. For those patients able to tolerate statins, this
can be either maximal tolerated dose of statins or maximal tolerated dose of statins
plus ezetimibe. Based on UK current usage of ezetimibe, the latter is considered
more common for FH patients and the former more common for high CV risk

patients.

For patients who are completely intolerant to statins alirocumab is modelled as an
adjunctive therapy to ezetimibe alone (no statins). In these patients a higher starting

LDL-C level is also applied in the model.

The base case for HeFH and for the recurrent events/ polyvascular population
models patients with an LDL-C of at least 2.59 mmol/L (100mg/dL), a level that is
considered to require treatment in current guidelines . For the high risk CVD
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population we model an LDL-C of at least 3.36 mmol/L (130m g/dL), representing
patients who are clearly far from target levels on existing therapy. For this broader
population we consider that this higher cut-off, where LDL-C is clearly likely to be a
driving factor of disease, is a realistic clinical and economic threshold for alirocumab

initiation.

Real-world UK data were used to inform the baseline CV event risk of the patient
groups included. The LDL-C lowering effect of alirocumab and comparator arms is
taken directly from the ODYSSEY trials. The relationship between LDL-C lowering
and CV event reduction is taken from a published meta-analysis of the PCSK9
inhibitors *° and alternative sources were investigated in sensitivity analyses.
Baseline utilities came from ODYSSEY and from UK Health Survey for England
(HSE) data ****. Costs were taken from the NICE lipid modification guideline
2[CG181].

Cost-effectiveness results are shown in Table 3 below.
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Table 3: Incremental cost-effectiveness results

polyvascular
disease (LDL-C

(statins

Current maximal

Patient Technology (and Total costs Total life Total QALYs Incremental Incremental Incremental ICER versus
population comparators) years costs life years QALYs baseline
HeFH primary Alirocumab + current
prevention (LDL- | maximal therapy ] e [ [ 1.62 1.42 ]
C 22.59 mmol/L) | (statins + ezetimibe)

Current maximal

therapy (statins + — ] ]

ezetimibe)
HeFH secondary | Alirocumab + current
prevention (LDL- | maximal therapy ] e [ [ 3.04 2.33 ]
C 22.59 mmol/L) | (statins + ezetimibe)

Current maximal

therapy (statins + C ] ]

ezetimibe)
High risk CVD Alirocumab + current
(LDL-C23.36 | maximal therapy C - - C 2.38 1.76 -
mmol/L) (statins

Current maximal
Recurrent Alirocumab + current
events/ maximal therapy C - - C 2.42 1.64 -

22.59 mmol/L)

therapy (statins)
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Statement of decision problem

Table 4 describes how the decision problem is addressed in the submission.

Table 4: The decision problem

Final scope issued by NICE

Decision problem addressed in the company

submission

Rationale if different from

the final NICE scope

Population

People with primary hypercholesterolaemia
(heterozygous familial and non-familial)
and mixed dyslipidaemia for whom LMTSs,
in line with current NICE guidance, would
be considered

As per the final scope

N/A

Intervention

Alirocumab alone or in combination with a
statin with or without ezetimibe, or in
combination with ezetimibe

Alirocumab in combination with maximal tolerated
dose of statins, with or without ezetimibe, or
alirocumab on a background of no statins, with or
without ezetimibe.

In line with the scope but
adjusted to reflect current
NHS usage of ezetimibe

Comparator(s)

When LDL-C is not adequately controlled
with optimised statin therapy:

e Ezetimibe in combination with
optimised statin therapy

e Evolocumab in combination with
optimised statin therapy (subject to
NICE guidance)

When LDL-C is not adequately controlled

with optimised statin therapy in

combination with ezetimibe:

e Evolocumab in combination with
ezetimibe and a statin (subject to NICE
guidance)

When statins are contraindicated or not

tolerated:

e Ezetimibe

e Evolocumab (subject to NICE
guidance)

When LDL-C is not adequately controlled with
optimised (maximal tolerated dose) statin therapy:

¢ Optimised statin therapy alone (i.e. no additional
comparator)
e Optimised statin therapy plus ezetimibe

When LDL-C is not adequately controlled with
optimised statin therapy in combination with
ezetimibe:

e Optimised statin therapy plus ezetimibe (i.e. no
additional comparator)
When statins are contraindicated or not tolerated:

¢ No additional therapy (on background of
ezetimibe)

As a base case, we consider alirocumab as an
adjunctive agent to current maximal therapy
(maximal tolerated dose statins with or without
ezetimibe, or a background of no statins with or

We anticipate that
alirocumab will be used in
patients who are not
adequately controlled on all
maximally used existing
therapy. This is discussed in
further detail in the
submission

Sanofi evidence submission for alirocumab [ID779]

Page 25 of 294




Final scope issued by NICE

Decision problem addressed in the company

submission

Rationale if different from

the final NICE scope

e Evolocumab in combination with
ezetimibe

without ezetimibe). The comparison is therefore
versus no active comparator.

We present scenario comparisons versus ezetimibe

We have not conducted a formal economic
comparison versus evolocumab as NICE have not
yet issued guidance and it is not NHS standard of
care

Outcomes

e Plasma lipid and lipoprotein levels,
including LDL-C, non-HDL-C, Apo B
and lipoprotein a

e Requirement of procedures including
LDL-apheresis and revascularisation

e Fatal and non-fatal CV events

e Mortality
e Adverse effects of treatment
e HRQoL

As per the final scope

Economic analysis

Reference case

As per the final scope

N/A

Subgroups to be
considered

Presence or risk of CVD

People with HeFH

People with statin intolerance
Severity of hypercholesterolaemia

The economic analysis evaluates:

e Patients with HeFH (with and without existing
CVD)
Patients with existing CVD
A higher risk subgroup of patients with CVD,
namely patients with recurrent
events/polyvascular disease

e Statin intolerant patients are not considered as
one separate group but are modelled as subsets
of the above high risk groups, differing in terms
of the background therapy and in terms of their
baseline LDL-C levels.

e Analysis is also conducted by severity of
hypercholesterolaemia by variation of LDL-C
levels
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: . Decision problem addressed in the company Rationale if different from
Final scope issued by NICE o i
submission the final NICE scope
Special
considerations
including issues None None considered relevant N/A
related to equity or
equality

Apo, apolipoprotein; CV, cardiovascular; CVD, cardiovascular disease; HeFH, heterozygous familial hypercholesterolaemia; HDL-C, high-density lipoprotein cholesterol; HRQoL, Health-related quality of life; LDL,
low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; LMT, lipid-modifying therapy; N/A, not available; NHS, National Health Service; NICE, The National Institute for Health and Care Excellence
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2. The technology

2.1 Description of the technology
Brand Name: Praluent®
Approved Name: Alirocumab
Therapeutic Class: PCSK9 Inhibitor

Alirocumab is a fully human monoclonal antibody (mAb) (immunoglobulin [IgG]1
isotype) that binds with high affinity and specificity to circulating proprotein
convertase subtilisin/kexin type 9 (PCSK9).

Elevated serum LDL-C is a major risk factor for atherosclerosis and the development
of cardiovascular disease (see Section 3). The principal means by which LDL-C is
removed from the circulation is by LDL-receptors (LDL-R) on the surface of
hepatocytes (in the liver)*. Statins, the current mainstay of LDL-C-lowering therapy,
inhibit intracellular synthesis of cholesterol, leading to increased synthesis of LDL-Rs

and thus increased clearance of LDL-C.

Identification of the PCSK9 gene/ protein in 2003 led to the discovery of a new
pathway and mechanism by which to lower LDL-C 2. PCSK9 binds to the LDL-R on
the surface of hepatocytes to promote LDL-R internalisation and degradation. The
resultant decrease in LDL-Rs leads to higher blood levels of LDL-C. By inhibiting the
binding of PCSK9 to the LDL-R, alirocumab increases the number of receptors

available to clear LDL, thereby lowering LDL-C levels (Figure 1) *.

Sanofi evidence submission for alirocumab [ID779] Page 28 of 294



Figure 1: The role of PCSK9 in cholesterol metabolism
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LDL=low-density lipoprotein; LDL-R=low-density lipoprotein receptor;
PCSK9=proprotein convertase subtilisin/kexin type 9

The PCSK9 pathway was discovered through genetic studies in humans **. Gain-of-
function mutations in the PCSK9 gene are associated with diagnoses of familial
hypercholesterolaemia, increased LDL-C levels, and increased risk of CHD ***°,
Untreated LDL-C levels in patients with such gain-of-function mutations are in a
similar range to those in patients with the more traditional mutations (in the LDL-R

gene) that cause HeFH “°.

Conversely, individuals with PCSK9 loss-of-function mutations have lower levels of
LDL-C, and a significantly lower incidence of CHD (Ml, fatal CHD, or coronary
revasularisation) compared to matched controls . The impact on LDL-C and CHD is
dependent on the individual mutation — in the ARIC study, mutations that lowered
LDL-C by ~0.5 mmol/L were associated with a 47% reduction in the incidence of
CHD, while mutations that lowered LDL-C by ~1mmol/L were associated with an

88% reduction in the incidence of CHD 3.

In addition, the LDL-R binds TG-rich VLDL remnant lipoproteins and IDL. Therefore,
alirocumab treatment can produce reductions in these remnant lipoproteins, as
evidenced by its reductions in ApoB, non-HDL-C, and TGs. Alirocumab also results
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in a reduction in Lp(a), however, the exact mechanism by which alirocumab lowers

Lp(a) is not fully understood *’

2.2 Marketing authorisation/CE marking and health technology

assessment

Alirocumab was approved by the EMA on September 25" 2015.
The approved indication is:

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
statin (when used as recommended by treatment guidelines) or,

« alone or in combination with other lipid-lowering therapies in patients who

are statin intolerant or for whom a statin is contraindicated

The effect of this technology on cardiovascular morbidity and mortality has not yet
been determined.

There are no anticipated restrictions or contraindications that are likely to be included
in the Summary of Product Characteristics. No data are available in patients with
severe hepatic impairment and limited data are available in patients with severe
renal impairment. The only contraindication is hypersensitivity to the active
substance or to any of the excipients. Alirocumab, however, must not be co-

administered with other injectable medicinal products at the same injection site.
The draft SmPC and EPAR are provided in Appendix 1.

The Endocrinologic and Metabolic Drugs Advisory Committee (EMDAC) of the U.S.
Food and Drug Administration (FDA) recommended the approval of alirocumab
(Praluent®) injection for patients with hypercholesterolaemia on the 9" June 2015
and it was subsequently approved by the FDA on the 24™ July 2015 as adjunct to

diet and maximally tolerated statin therapy for the treatment of adults with
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heterozygous familial hypercholesterolaemia or clinical atherosclerotic

cardiovascular disease, who require additional lowering of LDL-Cholesterol (LDL-C)

48

A submission to the Scottish Medicines Consortium (SMC) is planned for December

2015.
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2.3 Administration and costs of the technology

2.3.1 Costs of Technology being appraised

Table 5: Costs of the technology being appraised

Cost Source

Pharmaceutical Solution for injection Draft SmPC
formulation I

The list price acquisition cost (submitted to

Department of Health) is:

e £168 per one-pen pack

Acquisi_tion cost e £336 per two-pen pack
(excluding VAT)* The price is the same for both the 75 mg and 150

mg doses

A patient access scheme is proposed for

alirocumab but has not yet been agreed.
Method of S
administration Sub-cutaneous (SC) injection Draft SmPC

75 mg and 150 mg as a single use, pre-filled
Doses auto-injector pen Draft SmPC
Dosing frequency Q2w Draft SmPC

Primary

Average length of a
course of treatment

It is anticipated that alirocumab will be used
continuously once initiated

hypercholesterolaemia
is a chronic condition
that requires continuous
management (c.f. NICE
Clinical Guideline CG71;

recommendation
1.3.1.1)
Average cost of a . i .
course of treatment Not applicable; see above for acquisition cost
Anticipated average
interval between Not applicable
courses of P
treatments
Anticipated number
of repeat courses of | Not applicable
treatments
The usual starting dose is 75 mg administered SC
Q2w
Patients requiring larger LDL-C reductions
(>60%) may be started on 150 mg administered
: SC Q2W
Dose adjustments Draft SmPC

The dose can be individualised based on patient
characteristics such as goal of therapy and
response. Lipid levels can be assessed as early
as 4 weeks after treatment initiation or titration,
when steady-state LDL-C is usually achieved,
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Cost

Source

and dosage adjusted accordingly.

No dose adjustment is needed for alirocumab for
elderly patients

No dose adjustment based on weight is needed
for alirocumab

No dose adjustment is needed for alirocumab for
patients with mild or moderate hepatic impairment
(note: no data are available for alirocumab in
patients with severe hepatic impairment)

No dose adjustment is needed for alirocumab for
patients with mild or moderate renal impairment
(note: limited data are available for alirocumab in
patients with severe renal impairment).

Note: The safety and efficacy of alirocumab has
not been established in paediatric patients

Anticipated care
setting

Secondary care

After secondary care initiation, subsequent
injections can be safely managed in the
community — in a patient’s home, local pharmacy
or in a general practice setting

It is anticipated, however, that alirocumab will be
initiated and continued in secondary care via a
sponsored homecare service

LDL-C, low-density lipoprotein cholesterol; NICE, The National Institute for Health and Care Excellence; Q2W, every 2 weeks;

SC, subcutaneous; SmPC, summary of product characteristics; VAT, value-added tax

2.3.2 Patient Access Scheme (PAS)

A simple patient access scheme has been submitted but not yet agreed. Therefore

modelling results are presented based on the list price.
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2.4 Changes in service provision and management

Alirocumab is anticipated to be initiated in secondary care. The type of patients who
will be eligible for alirocumab are high risk patients who are not able to achieve
treatment targets on current therapies; these patients are likely to be already be
managed in specialist lipid clinics, with regular monitoring of lipid levels. There are
no additional tests or investigations expected for initiation above and beyond what is

routine clinical practice in this patient population.

After initiation it is anticipated that alirocumab will be continued in secondary care via
a sponsored homecare service, with a follow up consultation in line with current

practice for follow-up of people started on statin treatment®® [CG181] to assess

impact on lipid levels and discuss dose modification. The dose of alirocumab can be
individualised based on patient characteristics such as goal of therapy and LDL-C
response and any potential dose modification will be undertaken via this follow-up
consultation. Monitoring would then be undertaken on an annual basis (in line with
the current recommendation to provide annual medication reviews for people taking
statins). There are unlikely to be any additional NHS infrastructure requirements

associated with the introduction of alirocumab.

Alirocumab should be stored in a refrigerator (2°C to 8°C) and time out of
refrigeration should not exceed a maximum of 24 hours. The patient may either self-
inject alirocumab, or a caregiver may administer, after initial guidance has been
provided by a healthcare professional on proper subcutaneous injection technique.
Support will be provided to patients and HCPs on establishing the correct injection
technique in patients started on alirocumab as part of the Praluent Patient Support

Programme.

Alirocumab is indicated to be used in combination with statin and/or with other LMT
in patients unable to reach LDL-C goals with maximally tolerated dose. Within the
ODYSSEY Phase lll clinical trial programme patients’ current LMT was permitted as
concomitant therapy. Permitted background therapy medications included statins
(rosuvastatin, atorvastatin, simvastatin); cholesterol absorption inhibitors (ezetimibe
— except in trials with ezetimibe as an active control); bile acid-binding sequestrants

(such as cholestyramine, colestipol, colesevelam); nicotinic acid; fenofibrate and
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omega-3 fatty acids (=1000 mg daily). Other than statins and ezetimibe none of the
other LMTs are approved by NICE #[CG181].

2.5 Innovation

Genetic studies in humans led to the discovery of PCSK9. PCSK9 gain-of-function
mutations are associated with FH and increased incidence of CVD****. Loss-of-
function mutations are associated with decreased LDL-C and a significantly lower
incidence of CHD (by 47% - 88% in the ARIC study)® '°. These data suggested a
strong association between PCSK9, LDL-C, and cardiac risk and formed the

rationale for the alirocumab development programme.

Alirocumab is a fully human monoclonal antibody that binds with high affinity and
specificity to circulating PCSK9. Alirocumab acts on a target that is not targeted by
existing lipid modifying therapies (e.g statins and cholesterol absorption inhibitors).
Alirocumab has been shown in clinical trials to have a substantial cholesterol-

lowering effect when used alone or on top of existing therapy (Section 4.2).

Alirocumab will therefore be a step forward in the management of patients who are
not able to achieve therapeutic goals when treated with existing LMT at maximal

tolerated dose. In particular:

e Patients with HeFH, whose genetic condition results in significantly raised
cholesterol levels over a lifetime. HeFH patients have an increased risk of
early mortality and CHD, experiencing CV events at a younger age compared
to the general population, and few achieve target LDL-C levels with existing

treatment

e Patients who remain at high, or very high CV risk with persistently and
significantly raised cholesterol levels despite current maximum indicated or
tolerated dose of LMT

e Those high or very high risk patients with persistently and significantly raised
cholesterol levels who have been clinically defined as being unable to tolerate

statins and who therefore have limited treatment options.
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LDL-apheresis is a type of ‘extracorporeal’ procedure to remove LDL-C from the
blood *°. LDL-apheresis is only provided in a small minority of severe FH patients
given the significant burden on the patient and the NHS and is only available in a
small number of centres nationally. Given alirocumab’s efficacy as an adjunct to
other lipid lowering therapies, it may be a possible treatment alternative for patients
who are on LDL-apheresis and an option for those who are on an apheresis waiting

list; or who have declined apheresis.
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3. Health condition and position of the technology in the

treatment pathway

3.1 Relationship between cholesterol and CV risk

Lipoproteins are complex aggregates of lipids and proteins that circulate in the
bloodstream. The predominant function of lipoproteins is to transport lipids, mainly
cholesterol and triglycerides (TGs), through the bloodstream. Lipoproteins are
categorised according to density as very-low-density lipoproteins (VLDL), low-density
lipoproteins, intermediate-density lipoproteins (IDL), and high-density lipoproteins.
Apolipoproteins (Apo A, B, C, D, and E) attached to lipoproteins assist in uptake and

metabolism. An LDL has one ApoB per particle ® *°.

LDL-C is closely and positively associated with atherosclerosis and major adverse

CV event risk:

e Atherosclerosis of the coronary arteries is an important causative factor

associated with myocardial infarction (MI) and angina pectoris

e Atherosclerosis of the arteries supplying the brain has been associated with
thrombo-embolic strokes

e In the peripheral circulation, atherosclerosis can result in peripheral arterial
disease (PAD).

Atherosclerosis refers to the formation and hardening of fatty plaques (atheroma) on
the inner surface of the arteries °. Once atherosclerotic disease is present, acute
major adverse cardiovascular events can occur. Plaque build-up causes narrowing
of the arteries (stenosis). Soft and stable plaques can progress to brittle and
unstable lesions prone to rupture. Plague rupture exposes thrombogenic
components of the plaque to the circulatory system, activating the clotting cascade
and promoting thrombus formation. Vessel occlusion from thrombus formation can

cause ischaemic events >®.

3,10, 11

Clinical >, genetic , and epidemiologic studies "° have demonstrated the

link between elevated LDL-C, development of atherosclerosis, and increased risk for

Sanofi evidence submission for alirocumab [ID779] Page 37 of 294



major adverse CV events, and also between lower LDL-C and reduced risk for major
adverse CV events. In addition to the extensive work in this area by the Cholesterol
Treatment Trialists' (CTT) Collaboration, other large meta-analyses have been
undertaken that demonstrate pharmacological lowering of LDL-C is associated with
reduction in CV events %2%?112 The main body of evidence for this comes from
statin trials, but some meta-analyses included non-statin therapies **?*, and the
recently published IMPROVE-IT trial of ezetimibe confirmed a link between LDL-C

lowering and cardiovascular benefit *°*,

Evidence that pharmacological lowering of LDL-C is associated with a reduction of
CV events is consistent with evidence from genetic studies. Mutations (such as
those described above in the PCSK9 gene) that result naturally in lower LDL-C are
associated with reduced cardiovascular risk. Genetically lower LDL-C is however
associated with a more substantial reduction in CV risk than pharmacologically
lowered LDL-C. When statins lower LDL-C by 15%, they lower coronary events by
15%, compared to the ~47% reduction observed when LDL-C is reduced to a similar
extent by a PCSK9 mutation, and when statins lower LDL by 30%, they lower
coronary events by 30%, compared to the nearly 90% event reduction observed
when LDL-C is lowered by 30% as a result of a PCSK9 mutation *°2. This is
illustrated in Figure 2, which shows the relationship between a 1 mmol/L reduction in
LDL-C and the corresponding decrease in CV event risk associated with
pharmacologically lower LDL-C, and genetically lower LDL-C. This difference may be
due to the fact that earlier LDL-C lowering is more effective in long-term prevention

of atherosclerotic plaques, and that genetic changes impact over a lifetime 2.
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Figure 2: Log-linear association between genetically and pharmacologically mediated
53
)

lower LDL-C and risk of coronary heart disease (Figure from Ference et al 2015
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Boxes represent proportional risk reduction (1-OR) of CHD for each exposure allele, genetic score, or
randomised trial plotted against the absolute magnitude of lower LDL-C associated with that allele or
genetic score; or the absolute difference in LDL-C between treatment groups for each trial. Vertical
lines represent 1 SE above and below point estimate of proportional risk reduction. SNPs, genetic
scores, and trials are plotted in order of increasing absolute magnitude of effect on lower LDL-C. The
lines(which are forced to pass through the origin) represent the increase in proportional risk reduction
of CHD per unit lower LDL-C. In the top line, the red boxes represent results of the 2x2 factorial
mendelian randomisation study and the blue boxes represent results derived from
CARDIoGRAMplusC4D consortia data. In the lower line, the red box represents the results of the
IMPROVE-IT trial and the blue boxes represent the results of prior statin trials.

CHD, coronary heart disease; IMPROVE-IT, IMProved Reduction of Outcomes: Vytorin Efficacy
International Trial; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio; SE, standard error;
SNP, single-nucleotide polymorphism

Other lipid parameters measured in ODYSSEY are associated with CV disease risk
>* Non-HDL-C comprises cholesterol carried by all potentially atherogenic
lipoproteins. Analyses from intervention studies have shown that non-HDL-C
changes and levels during treatment are strongly associated with risk for CHD and
this parameter is now recommended by NICE as a key target to measure >*>°%>"°8,

ApoB and Lp(a) are also associated with CV risk *°.

In conclusion, cholesterol levels are a key modifiable risk factor for CVD.
Cardiovascular conditions such as heart disease and stroke are associated with
serious acute symptoms, long-term disability, and substantial costs for patients and

healthcare systems ® %! Office of National Statistics (ONS) estimates indicate
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approximately 28% of all UK deaths are due to CVD *'. In 2010, 180,000 people
died from CVD - around 80,000 of these deaths were caused by coronary heart
disease and 49,000 were caused by strokes 2 [CG181]. CVD has significant cost
implications and was estimated to cost the NHS in England £6.8 billion, £4.3 billion
of which was in secondary care. CVD accounted for ~10% of inpatient episodes in
men and ~6% in women, with emergency admissions constituting 5.9% of the total

spend *'.
3.2 Patient populations at elevated CV risk linked to LDL-C

3.2.1 HeFH

FH is an inherited autosomal dominant condition resulting in elevated serum LDL-C
levels. It is caused by mutations in the genes encoding for the LDL-R, ApoB, or
PCSK9. HoFH (where both copies of the allele are defective) is a rare and very
severe condition, but HeFH is a relatively common genetic disorder with an
estimated prevalence of 1 in 500 °. FH leads to elevated LDL-C levels from a young
age. This results in the incidence of CV events in a younger patient population
(compared to typical CVD populations). In patients with HeFH, lifelong exposure to
elevated LDL-C levels results in a high cumulative risk of developing coronary heart
disease and associated complications, with a greater than 50% risk of coronary heart
disease in men by the age of 50 years and at least 30% in women by the age of 60
years if the disease is left untreated 2. Notwithstanding the introduction of statins,
HeFH patients still experience elevated cholesterol levels, and an increased risk of
early mortality and CHD 228 %3_|n the study by Benn et al, the odds of coronary
artery disease was ten times higher in HeFH patients compared to non-FH patients,

even after treatment, and thirteen times higher in untreated patients ’.

3.2.2 Patients with high risk CvD

Another key patient group are patients who are recognised as being at very high
cardiovascular risk due to the presence of existing CVD (e.g. previous MIl, UA,
coronary revascularisation, other forms of coronary heart disease, 1S and PAD) .
Patients with established CVD are recognised as being at high risk of further events.
An intensive approach to risk factor modification is recommended for all patients with
established CVD ®. The NICE lipid modification guideline CG181 recommends high
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dose (80 mg) atorvastatin for all patients with existing CVD (secondary prevention

patients).

Patients with recurrent (multiple) events or multiple types of event are an even higher
risk group within the CVD population. A study of over 380,000 UK patients showed
the risk of death was 1.5 times higher in patients with recurrent, versus first, Ml . In
the PEGASUS-TIMI trial the event rate was approximately double (CV death, Ml,
stroke) in patients who had experienced two Mls as opposed to one M| *. Patients
with multiple types of event i.e. polyvascular disease (vascular disease in more than
one vascular bed, for example a cardiac event and a cerebrovascular event or with
peripheral arterial disease) also have a higher event rate than patients with disease

in only one vascular bed, as shown in extensive data from the REACH registry 3%,

Patients in these high risk groups who have elevated cholesterol, despite existing

treatment, are at continued high risk of further events.

3.3 Achievements with current LDL-C lowering therapy

The introduction of statins changed the landscape of LDL-C management and has
contributed to substantial reductions in LDL-C and in cardiovascular risk *"%°.
Recently, the benefit of early, aggressive LDL-C lowering has been emphasised °2°°
as treatment of early-stage plaques may have a greater impact on long-term disease
trajectories. This is supported by evidence such as long-term follow-up of the
WOSCOPs trial (which was conducted in relatively young patients) showed a
continued divergence of the curves beyond trial follow-up °® and evidence from
genetic studies which show a much steeper relationship between LDL-C and CV risk

than that observed in intervention trials % °2.

3.4 Unmet need in LDL-C lowering with existing treatment

Statins and ezetimibe are currently the most common drugs used for achieving
target LDL-c reductions in patients with hypercholesterolaemia ®"** %8 However, not
all patients are able to achieve LDL-C goals on existing therapies for three key
reasons: insufficient efficacy with current maximal dose therapy, insufficient titration
or failure to adequately comply with therapy, and intolerance to one or more
treatments. As a monoclonal antibody it is anticipated alirocumab will be initiated in

specialised lipid clinics in secondary care. In this setting, the majority of patients will
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be those who are unable to achieve goals on maximal dose current therapy or those

who are truly statin intolerant.

Due to genetically high baseline levels of LDL-C, it is particularly difficult for HeFH
patients to reach recommended goals. The UK National FH audit found that only
44% of adult patients achieved the NICE guideline goal of 50% reduction in LDL-C
from the untreated level. Overall, treated LDL-C was reduced from a median of 6.1
mmol/L to 3.5 mmol/L (mean reduction 37%, median 33%, IQR 23% - 47%), which is
still well above absolute target LDL-C levels recommended by guidelines *. The
clinical consequences of not achieving targets are that even after treatment, the risk
of CHD and early mortality in patients with HeFH is still elevated above the general

population 202863,

In the European Study on Cardiovascular Risk Prevention and Management in Usual
Daily Practice (EURIKA) study of more than 7600 European patients, more than 60%
of high-risk patients were unable to adequately lower their LDL-C levels with statins
or other currently approved lipid-lowering agents, and among very high-risk patients,
the percentage increased to more than 80% *° . Even within trials, a meta-analysis of
several statin trials noted that more than 40% of patients did not reach treatment
goals on statins 2. Analysis of the UK THIN database shows significant proportions
of patients with LDL-C levels greater than recommended goals despite existing
therapy (Table 100).

Patients at high cardiovascular risk who are completely intolerant to statins are of
particular concern because they have very limited treatment options. Although
statins have proved relatively free of side effects in randomised clinical trials, in
clinical practice for a minority, intolerance to statins due to myotoxicity has been
raised as a concern °>’°. The clinical spectrum of statin-induced myotoxicity varies
from asymptomatic elevations of creatine kinase (CK) without muscle pain, to muscle
pain or weakness with raised CK levels, myositis with biopsy-proven muscle
inflammation, and, finally, rhabdomyolysis with muscle symptoms, high CK, and

potential for acute kidney injury°.

The real-world incidence of true statin intolerance due to non-severe side effects is

estimated to be only 5-10% "* "% the incidence of more severe side effects such as
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rhabdomyolysis, is much rarer. In the individual case, statin intolerance is defined as
adverse symptoms, signs, or laboratory abnormalities, and attributed by the patient
(or provider) to the statin. In most cases, these abnormalities are perceived by the
patient to interfere unacceptably with activities of daily living (such as sleep, work/
housework, or leisure-time activity), may lead to a decision to discontinue or reduce

statin therapy .

The 2014 NICE lipid modification guideline recommends that patients with
intolerance to high intensity statins should be treated with the maximum tolerated
dose in the same intensity group or switched to a lower intensity group.?® High
intensity statins are classified as those that result in an at least 40% reduction in
LDL-C, including atorvastatin 20 — 80 mg, rosuvastatin 10 — 40 mg, and simvastatin
80 mg.The guideline recommends that specialist advice be sought for patients who

are intolerant to 3 different statins >4,

Guidelines indicate that for those with complete intolerance to statins, alternative
agents including ezetimibe should be considered. However, they also recognise that
newer, non-statin, approaches to lower LDL-C, for example, PCSK9 inhibitors, are in

development .

3.5 Current Guidelines:

3.5.1 NICE Guidelines

CG71 Identification and management of familial hypercholesterolaemia (published
August 2008; review decision date November 2014 — not updated) ?°.

CG181 Lipid modification: cardiovascular risk assessment and the modification of
blood lipids for the primary and secondary prevention of cardiovascular disease
(published July 2014)  (c.f. Figure 3).
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Figure 3 Schematic of current NICE recommended treatment options to lower LDL-C

Diet and lifestyle Statin 1 Ezetimibe + statin in certain

patient groups

dose increase/
decrease/

Statin 3 switch Statin 2

3.5.2 NICE Technology Appraisals

TA132 Ezetimibe for the treatment of primary (heterozygous-familial and non-

familial) hypercholesterolaemia (published November 2007) ?* (c.f. Figure 3).

After first line treatment with statin therapy, ezetimibe monotherapy is
recommended as an option for the treatment of adults with primary
(heterozygous-familial or non-familial) hypercholesterolaemia who are
intolerant to statin therapy (see also NICE Familial Hypercholesterolaemia

Pathway, NICE Cardiovascular Disease Prevention Pathway)** !,

Ezetimibe, coadministered with initial statin therapy, is also recommended as
an option for the treatment of adults with primary (heterozygous-familial or
non-familial) hypercholesterolaemia who have been initiated on statin therapy
when serum total or 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 (see also NICE Familial

Hypercholesterolaemia Pathway)**.

3.5.3 Other Guidance

NICE Key Therapeutic Topics: Lipid Modifying Drugs "

Joint British Societies’ consensus recommendations for the prevention of

cardiovascular disease

64
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3.5.4 European Guidelines
ESC/EAS Guidelines for the management of dyslipidaemias (published 2011) *

3.5.5 Summary Recommendations of Guidelines on Treatment Goals

Current NICE guidelines 2 recommend measurement of total cholesterol, HDL

cholesterol and non-HDL-C at 3 months in all patients who have been started on
high-intensity statin treatment. CG181 recommends an aim of a 40% or greater
reduction in non-HDL-C. For HeFH patients NICE Clinical Guideline CG71

recommends a goal of a 50% or greater reduction in LDL-C from baseline. CG181
recommends percentage reductions to aim for but not absolute treatment goals,
stating that “the GDG did not therefore set a target for treatment as people taking
atorvastatin 80 mg are on the highest available dose” (high dose atorvastatin was

recommended for all high risk patients).

Guidance from the ESC/EAS and JBS recommend percentage reductions in LDL,
however, they have also considered absolute treatment values 2° . The recent
JBS3 guidelines recommend statins should be prescribed with a ‘lower is better’
approach for secondary prevention patients at high cardiovascular risk (e.g. to
achieve values of <1.8 mmol/L for LDL-C for patients with established CVD or post-
MI1) 4. In clinical practice, while guidelines on percentage reductions to aim for are
taken into account, absolute LDL-C levels are also considered, because if patients
have elevated LDL-C despite large percentage reductions, clinically they will still be
considered as being at risk due to elevated LDL-C.

A recent UK publication emphasised the benefit of taking into account absolute LDL-
C levels as well as cardiovascular risk in treatment decisions “®. This approach,
taking into account both absolute LDL-C and CV risk, is likely to be increasingly
important with the advent of new lipid-lowering therapies such as the PCSK9
monoclonal antibodies which can effect a substantial lowering in LDL-C on top of

currently used therapies.
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3.6 Anticipated place of therapy of alirocumab in UK practice

It is anticipated that alirocumab will align to the existing ‘Cardiovascular Disease

Prevention’ and the ‘Familial Hypercholesterolaemia’ NICE pathways*® **.

Figure 4 summarises current clinical practice in England and Wales and the
anticipated place of alirocumab within this pathway. This was developed based on
current clinical pathways, with input from a UK lipidologist.

Figure 4 Anticipated place of therapy of alirocumab in clinical practice in England and
Wales

Familial Hypercholesterolemia Secondary prevention high CV risk
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It is anticipated that alirocumab will be initiated as an adjunctive therapy in patients
who have reached their maximal tolerated dosage of statins and/ or with other LMTs

and are still far from treatment goals.

TA132 ?* recommends the use of ezetimibe in addition to statins in patients who are

not adequately controlled on a statin or are intolerant to statins. It is anticipated that
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alirocumab will be used as an add-on to this combination in patients who are unable
to reach treatment goals on existing management with statins plus ezetimibe. This
reflects usage in ODYSSEY where ~50% of patients in the FH trials were already

receiving statins plus ezetimibe.

However, ezetimibe usage is not universal, with wide variation in regional formulary
access and in uptake. IMS Sales data indicates a reduction in units of ezetimibe
prescribed in the UK from approximately 3.5M in 2011 to approximately 2.5M in 2014
"’ The Health and Social Care Information Centre prescribing comparator indicated
that for the quarter April to June 2014 there was a 5.9 fold variation in prescribing
rates at Clinical Commissioning Group (CCG) level, from 0.91% to 5.38% .
Because ezetimibe usage in the NHS is highly varied we consider that alirocumab
may also be used as an add-on therapy to maximal tolerated dose statins (alone, not

in combination with ezetimibe).

In addition, it is anticipated that patients with very high LDL-C levels would require an
LDL-C reduction in excess of what is achievable with ezetimibe. NHS choices
recommends an absolute LDL level of 2 mmol/L or less for those at high risk 8,
similar to the 1.81 mmol/L target in ESC guidelines . For high risk patients with a
high LDL-C level despite statin therapy — eg 22.5 mmol/L, addition of ezetimibe
treatment will not achieve these desired LDL-C levels (assuming approximate 20%
reductions in LDL-C from baseline with ezetimibe treatment, in line with what was
observed in ezetimibe clinical trials). This may explain limited NHS usage of
ezetimibe despite a NICE recommendation. Treatment for patients such as these
with alirocumab, would, however, allow recommended levels to be achieved in

combination with statins alone.

Patients who are completely unable to tolerate statins may be managed with
ezetimibe alone or with other LMTs without ezetimibe. They therefore have limited

treatment options to substantively lower LDL-C.

It is not anticipated that the use of this technology is likely to raise any equality

issues.
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4 Clinical effectiveness

4.1 ldentification and selection of relevant studies

4.1.1 Search Strategy

A systematic literature review (SLR) identified randomised-controlled trials (RCTs)
reporting efficacy and/or safety outcomes for pharmacotherapies for the treatment of

hypercholesterolaemia in adults (>18 years of age) at high CVD risk:

e who are unable to achieve desired LDL-C levels, on a statin, or a statin in

combination with non-statin LMT (i.e. niacin, fibrate, bile-acid sequestrant); or

e for whom statins are not appropriate or are not tolerated, and who are unable
to achieve LDL-C levels on non-statin LMT (i.e. niacin, fibrate, bile-acid

sequestrant).

The search was designed to identify RCTs published from 1980 to current, including
alirocumab, evolocumab, other PCSK9 inhibitors and ezetimibe. The search strategy
was initially implemented on January 14™ 2015 with an update run on May 15™ 2015.
The SLR was conducted consistent with the population, intervention, comparison,

outcomes (PICOS) framework, as defined in The Cochrane Collaboration Handbook
79

4.1.2 Data Sources
4.1.2.1 Medical Literature Databases

To identify trials from the peer-reviewed literature, the following databases were
searched: MEDLINE®; EMBASE®; CENTRAL®

Search strategies for MEDLINE® and EMBASE® were implemented using the OVID
portal. CENTRAL® was searched directly.

Publications presenting primary data were retained, and reference lists of

publications reporting secondary data were reviewed to identify additional studies.
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4.1.2.2 Conference Abstracts/Posters

Proceedings from the following five conferences (for 2013 and 2014) were searched:
American College of Cardiology; European Society of Cardiology; American Heart
Association; European Atherosclerosis society; National Lipid Association.

Details of the search strategies are provided in Appendix 2.1

4.1.3 Study Selection

Articles suitable for inclusion in the review were selected using strict predefined
criteria, based on the PICOS approach (Table 6) *°.

Two reviewers independently determined whether studies met the inclusion criteria.
Reasons for rejections and exclusions of studies were recorded. Discrepancies
between reviewers were resolved by consensus and a third reviewer would
adjudicate unresolved disputes; the judgment of the third reviewer was considered

final.

To gain insight into the external and internal validity of study design that may affect
interpretation of results, the quality of studies identified in the literature searches was
considered using the Cochrane Collaboration’s tool for assessing risk of bias

(Appendix 2.2) as recommended by NICE.”®

The study selection process was documented in a flow diagram, as recommended
by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Figure 5) .

Table 6: Inclusion criteria - PICOS framework

o Efficacy/safety evidence
Criteria - :
Population 1 Population 2

Adults (>18 years of age) at high CVD* Adults (>18 years of age) at high CVD* risk,
risk who are unable to achieve desired for whom statins are not appropriate or are

Population LDL-C levels, on a statin, or a statin in not tolerated and who are unable to achieve
combination with a non-statin LMT (i.e. LDL-C levels on non-statin LMT (i.e. niacin,
niacin, fibrate, bile acid sequestrant) fibrate, bile acid sequestrant)
Add-on therapy: e Ezetimibe
° Alirocumab PCSKO9 inhibitors

Interventions | ¢«  Evolocumab e Alirocumab
e  Other PCSK9 inhibitors e Evolocumab
e Ezetimibe e Other PCSKS9 inhibitors

Comparators | ¢  Any active agent e Any active agent
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Criteria

Efficacy/safety evidence

Population 1 Population 2

Placebo (with background therapy) e Placebo (with background therapy)

Outcomes

Efficacy outcomes

Definition of target LDL-C level

Number and proportion (%) of patients reaching target LDL-C
Mean change (SE) from baseline — absolute and % for the following:
- LDL-C

— HDL-C

— Non-HDL-C

— Lipoprotein(a)

—  Triglycerides

— ApoAl

— ApoB

Non-fatal CV events:

- M

— Unstable angina with hospitalisation

— Coronary revascularisation

— Ischaemic stroke

All-cause mortality
CV-related mortality

Safety outcomes — number and proportion

Death related to the intervention
Discontinuation due to an AE

Any SAE

TEAEs

— Myalgias (without CK elevation)
— CKelevation

—  Myositis

— Rhabdomyolysis

— Transaminase elevation (ALT or AST)
— New onset of diabetes

— Cancer incidence

— Neurocognitive disorder

— Haemorrhagic stroke

— Injection site reaction

Study design

Randomised active-controlled trials (defined as trials in which an active intervention is
included in the control arm of the trial, e.g. control arm is statin plus placebo)
Outcome measurements at 210 weeks

Time horizon

1980 to date of executing search strategy (Jan 14™ 2015 and updated May 15th,
2015)

AE=adverse event; ACS=Acute coronary syndrome; ALT=alanine aminotransferase; Apo =
apolipoprotein; AST=aspartate transaminase; CHD=Coronary heart disease; CK=creatinine kinase;
CVD= Cardiovascular disease; FH=Familial hypercholesterolaemia; HDL-C = High-density lipoprotein
cholesterol; LDL-C = Low density lipoprotein cholesterol; LMTs=Lipid-lowering therapies;
MI=Myocardial infarction; PICOS= population, intervention, comparison, outcomes, and study design;
SAE = serious adverse event; TEAEs=Treatment emergent adverse events

*Where high CVD risk is defined as patients with:

e FH

e Recent ACS (i.e. Ml or unstable angina with inpatient hospitalisation during past 0-12 months)
e CHD (i.e. patients with a history of ACS, coronary revascularisation or non-invasive diagnosis of

CHD)

o History of ischaemic stroke, PAD, diabetes; or
e As defined by study authors
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The combined literature search of the electronic databases identified 1006 articles
for potential inclusion in the review. Among those, 864 articles were excluded during
the first-level selection and an additional 118 were excluded during the second-level
study selection after 7 articles were added from a review of conference abstracts.

Thus, a total of 30 articles were included in the review (Figure 5).

Figure 5 Flow diagram of SLR study selection

Records identified from MEDLINE,
EMBASE, and COCHRAMNE
(n= 1008)

g64d Articles rejected at 1% level selection:
« 762 Inappropriate study design
= 19 Inappropriate interventions
* 7 Inappropriate outcome measure
* 38 Inappropriate population
* 11 Inappropriate disease
* 37 Duplicate study

¥

Articles retrieved for
potential inclusion (n=141)

Articles identified from conference
abstracts
in=7]

3

118 Articles excluded at 2™ level selection:
* 30Inappropriate study design
* 81 Inappropriate population
« 4 Inappropriate intervention
* 1 Inappropriate outcome measure
* 1 Unableto extractdata
* 1 Duplicate study

L 3

¥

Articles included in review
(n =30%)

*Includes two articles which each describes two studies, for a total of 32studies.

In summary, across the original and updated SLR:

e Ten of the included trials were conducted among patients with familial
hypercholesterolaemia (FH). Among these there were:
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» Five alirocumab studies (ODYSSEY HIGH FH, FH | and Il, LONG
TERM,*

= Three evolocumab studies (RUTHERFORD, RUTHERFORD-2, TESLA
Part B)

= Two ezetimibe studies
e Among the 22 studies in the non-FH populations:

» Five were alirocumab studies (ODYSSEY COMBO I and Il, OPTIONS |

and 11, &

= Three were evolocumab studies (YUKAWA, YUKAWA-II, LAPLACE-
TIMI-57 High Risk Subgroup)

= 14 were ezetimibe studies - of which two were compared to a statin up-

titration arm.
A list of included and excluded studies can be found in Appendix 2.3

None of the included studies were conducted in patients who were intolerant to
statins or for whom statins are not appropriate (defined as population 2 in the PICOS
framework). Several alirocumab and evolocumab studies were identified in this
population, but included patients with moderate CV risk as well as high CV risk
patients (ODYSSEY ALTERNATIVE, GAUSS, GAUSS-2) and hence were not

included in the review® 84,

All studies included in this review included only patients at high CV risk, which was
specified in the PICQOS, in line with the decision problem. As noted above however,
some PCSKO9 trials were conducted in patient populations that also included
individuals at moderate CVD risk, and thesewere excluded from the review. In order
to resolve this and to ensure all relevant PCSK9 inhibitor data was captured, a
separate review was undertaken of PCSK9 inhibitor trials, in which the population of

interest included individuals at moderate or high CVD risk.

To identify relevant randomised controlled trials (RCTs), a search strategy including

key words and terms for the interventions and population of interest was developed.
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The search strategy was implemented in MEDLINE®, EMBASE®, and Cochrane
CENTRAL, searching from database inception to May 2015. Abstracts from five
conference proceedings were also searched. All searches were limited to English-
publications, humans and RCTSs. Articles suitable for inclusion in the review were
selected using strict predefined inclusion/exclusion criteria, based on the population,
intervention, comparators, outcomes and study design (PICOS) (Table 7). Data
extraction was conducted by two independent reviewers. Study quality was also
assessed using Cochrane risk of bias tool (Appendix 2.2). Details of the search

strategies are provided in Appendix 2.4

Table 7 Modified SLR Update Inclusion criteria - PICOS framework

- Eligibility
Criteria i i
Population 1 Population 2

Adults (>18 years of age) at moderate or

é?ﬁilésh(éb%xer?sf Vovl;sge;er)ealjnn;g%etrgte high CVvD* risk, for whom statins are not

achieve desired LDL-C levels, on a appropriate or are not tolerated

statin, or a statin in combination with fjcnoargIpeletgeallzthoig:rlct)ez’_gr;gv\ggooiri on-

non-statin LMT (i.e. niacin fibrate, bile . . ST . -

acid sequestrant) statin LMT (i.e. niacin, fibrate, bile acid
sequestrant)

) Where high risk is defined as patients with:
Population

e FH

e Recent ACS (i.e. Ml or unstable angina with inpatient hospitalisation during
the past 0—12 months)

e CHD (i.e. patients with a history of ACS or non-invasive diagnosis of CHD)

o History of ischaemic stroke, PAD, diabetes or as defined by study authors

And moderate risk is defined as patients with:
e LDL-C =75 mg/dL

Interventions/ | ¢ Evolocumab
comparators | e Alirocumab

Efficacy

Proportion (%) of patients reaching target LDL-C
Mean % change in LDL-C from baseline

Mean % change in HDL-C from baseline

Mean % change in non-HDL-C from baseline
Mean % change in total cholesterol from baseline
Mean % change in lipoprotein(a) from baseline
Mean % change in triglycerides from baseline
Mean % change in Apo Al from baseline

Mean % change in Apo B from baseline
Non-fatal CV events:

- M

— Unstable angina with hospitalisation

— Coronary revascularisation

— Ischaemic stroke

o All-cause mortality

Outcomes
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Eligibilit
Criteria s /

Population 1 Population 2

e CV-related mortality

Safety

Death related to the intervention
Discontinuation due to an AE

Any SAE

TEAEs

— Myalgias (without CK elevation)
— CKelevation

— Myositis

— Rhabdomyolysis

— Transaminase elevation (ALT or AST)
— New onset of diabetes

— Cancer incidence

— Neurocognitive disorder

— Haemorrhagic stroke

— Injection site reaction

RCTs published between 1980 and date of executing search strategy, (May 15"

Study design 2015)

AE=adverse event; ACS=Acute coronary syndrome; ALT=alanine aminotransferase; Apo =
apolipoprotein; AST=aspartate transaminase; CHD=Coronary heart disease; CK=creatinine kinase;
CVD= Cardiovascular disease; FH=Familial hypercholesterolaemia; HDL-C = High-density lipoprotein
cholesterol; LDL-C = Low density lipoprotein cholesterol; LMTs=Lipid-lowering therapies;
MI=Myocardial infarction; PICOS= population, intervention, comparison, outcomes, and study design;
SAE = serious adverse event; TEAEs=Treatment emergent adverse events

*Where high CVD risk is defined as patients with:

e FH

e Recent ACS (i.e. Ml or unstable angina with inpatient hospitalisation during past 0-12 months)

e CHD (i.e. patients with a history of ACS, coronary revascularisation or non-invasive diagnosis of
CHD)

e History of ischaemic stroke, PAD, diabetes; or

e As defined by study authors

The literature search of the electronic databases identified 304 articles for potential
inclusion in the review. After de-duplication across databases, 173 articles remained,
and an additional 6 abstracts were added based on hand searching of conference
proceedings. Among those 179 publications, 141 were excluded during the first-level
selection and an additional 20 were excluded during the second-level study
selection. Thus, a total of 18 publications describing 20 studies were included in the

review (
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Figure 6).
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Figure 6 Flow diagram of Modified SLR study selection

Records identified through Additional records identified
database searching through conference hand-searching
(n= 304) (n=6)
v v

Records after duplicates removed

(n=179)
Records screened R Records excluded
(n=179) " (n=141)
* 108 inappropriate study design
e 18 inappropriate interventions
* 8inappropriate population
* 7 duplicate publications
Full-text articles assessed Full-text articles excluded
for eligibility (n=20)
(n=38) e 11 inappropriate study design
» * 2 inappropriate population
¢ 7 duplicate publications

Articles included extracted
(n=18%)

*Includes two articles which each respectively describe two studies, for a total of 20
studies.

Overall, eleven alirocumab trials (ODYSSEY HIGH FH, FH | and Il, LONG TERM,
COMBO | and I, OPTIONS I and Il, MONO and ALTERNATIVE, Teramoto et al.
2014) and nine evolocumab trials (YUKAWA II, RUTHERFORD-2, TESLA Part B,
DESCARTES, LAPLACE-TIMI-57, LAPLACE-2, GAUSS, GAUSS-2, OSLER) were
identified. Some systematic differences were observed across alirocumab and
evolocumab trials, respectively: with the exception of two 52-week studies, the
majority of evolocumab studies reported results at 12 weeks, while 10 of the 11

alirocumab trials (including all Phase Il alirocumab trials) reported results at 24
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weeks. The majority of alirocumab trials included a trial population of individuals at
high CVD risk on a maximum tolerated dose of statins, while evolocumab trials
tended to include moderate CVD risk patients and/or individuals with the potential for
statin up-titration. No studies included a direct comparison of alirocumab vs.

evolocumab.

A list of included and excluded studies can be found in Appendix 2.5.

4.2 List of relevant randomised controlled trials

The ODYSSEY programme includes comparisons against all relevant comparators
and in patient populations/ lines of therapy in the decision problem (Table 4). Table 8
lists the RCTs in the ODYSSEY programme. A list of RCTs identified in the SLR
which did not evaluate the use of alirocumab and therefore do not provide data
relevant to the decision problem is included in Appendix 2.3 and 2.5.
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Table 8 List of relevant RCTs

Primary study ref. and

Trial no. (acronym) Intervention Comparator Population Notes
Phase Il studies
. Patients with hypercholesterolaemia and LDL-C =2.59 mmol/L 82
DFI11565 Alirocumab Placebo treated with a stable dose of atorvastatin (10, 20, or 40 mg) McKenney et al.
i . Patients with HeFH on a stable daily statin dose (with or without . 81
CL-1003 Alirocumab Placebo ezetimibe) and with LDL-C levels 22.59 mmoliL Stein et al.
Alirocumab + Patients with hypercholesterolaemia and LDL-C = 2.59 mmol/L 85

DFI11566 Atorvastatin Placebo treated with a stable dose of atorvastatin (10 mg) Roth et al
CL-1018 Alirocumab Placebo Pat|ent§ with ADH: GOFm in 1 or both alleles of PCSK9 gene or

LOFm in 1 or more alleles of the ApoB gene

Patients with hypercholesterolaemia (non-FH) and LDL-C =2.59
DFI12361 Alirocumab Placebo mmol/L treated with a stable dose of atorvastatin (5 to 20 mg) for at

least 6 weeks
Phase Il studies
EFC12492 Alirocumab Placebo Patients with HeFH not adequately controlled with statin + other Kastelein et al %
(FH 1) LMTs
CL-1112 Alirocumab Placebo Patients with HeFH not adequately controlled with statin + other Kastelein et al %
(FH 1) LMTs
EFC12732 Alirocumab Placebo Patients With HeFH not adequately controlled with statin + other
(HIGH FH) LMTs and with LDL-C 24.14 mmol/L
EFC11568 (COMBO Alirocumab Placebo Patients at high C\( risk with hypercholesterolaemia not adequately Kereiakes et al &
1) controlled with statin + other LMTs
EFC11569 (COMBO | ,ocumab Ezetimibe Patients at high CV risk with hypercholesterolaemia not adequately Cannon et al. ®
I") controlled with statin therapy
LTS11717 i i - i i

Alirocumab Placebo Patients with HeFH or non-FH at high CV risk not adequately Robinson et al ®

(LONG TERM)

controlled with a statin + other LMTs
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Trial no. (acronym)

Intervention

Comparator

Population

Primary study ref. and
Notes

CL-1110 (OPTIONS
1)

Alirocumab +
atorvastatin

Atorvastatin+E
zetimibe;
Atorvastatin
(up-titrated);
Rosuvastatin
(switch)

Patients at high CV risk with non-FH or HeFH not adequately
controlled with atorvastatin (20 mg or 40 mg) * other LMT excluding
ezetimibe

Bays etal

CL-1118 (OPTIONS

Rosuvastatin+

Rosuvastatin+
Ezetimibe;

Patients at high CV risk with non-FH or HeFH not adequately
controlled with rosuvastatin (10 mg or 20 mg) + other LMT excluding

1)) alirocumab Rosuvastatin L
. ezetimibe
(up-titrated)
CL-1119 Alirocumab Ezetimibe, Patients with primary hypercholesterolaemia and moderate, high, or Moriarty et al ©
(ALTERNATIVE) Atorvastatin very high CV risk who are intolerant to statins y
. . . —= Z
EFC11716 (MONO) Alirocumab Ezetimibe Patients at moderate CV risk with LDL-C = 2.59 mmol/L and <4.91 Roth et al ™

mmol/L

Phase lll studies not submitted to support marketing authorisation

CL-1308 Alirocumab Placebo Patients with hypercholesterolaemia inadequately controlled and at Not submitted to support
(CHOICE I) moderate, high, or very high CVD risk marketing authorisation
EFC13786 (CHOICE . Patients with primary hypercholesterolaemia not treated with a statin | Not submitted to support
Alirocumab Placebo ; . ; ) oo
1)) and who are at moderate, high, or very high CVD risk marketing authorisation
) ) . i Not submitted to support
_ Japanese patients with heterozygous familial hypercholesterolaemia marketing authorisation
EFC13672 Alirocumab Placebo or non-familial hypercholesterolaemia who are not adequately

controlled with statin + other LMTs

for the European
Centralised procedure

Apo, apolipoprotein; CV, cardiovascular; CVD, cardiovascular disease; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; LDL-C, low-

density lipoprotein cholesterol; LMT, lipid-modifying therapy; PCSK9, proprotein convertase subtilisin/kexin type 9; RCT, randomised controlled trial
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The primary objective of the CHOICE | (CL-1308) and CHOICE Il (EFC13786) trials
was to demonstrate the efficacy and safety of different dosing regimens of
alirocumab. They have been excluded from further discussion as they involve
investigation of an alternative dosing regimen that was not submitted to support the

marketing authorisation and therefore will not be reflected in the SmPC.

Note: Details of Phase Il trials have been included in order to provide a
comprehensive review and due to their inclusion in pooled safety data presented in
Section 4.12. However, they are not described in any detail.
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4.3 Summary of methodology of the relevant randomised

controlled trials

Key Points

e The ODYSSEY programme is an extensive series of Phase lll clinical
trials including more than 5000 patients in the regulatory dossier and
23,500 patients overall and:

o Contains the largest double-blind study of a PCSK9 inhibitor (LONG-
TERM) with current analysis providing 2,330 patient-years of double-
blind patient exposure to alirocumab 150 mg Q2W

o Contains the largest HeFH programme for a PCSK9 inhibitor with 3
dedicated studies (FHI, FHII, HIGH FH) and >1300 patients with HeFH

across the programme

e The primary endpoint of most studies was the reduction of LDL-C at
Week 24 (the overall primary objective of LONG-TERM was the

evaluation of long-term safety and tolerability of alirocumab)

e The aim of the programme was to demonstrate the superiority of

alirocumab versus placebo or active control

e The programme was designed to address the needs of HeFH and
high/very high CV risk patients (with and without statin intolerance)
who are unable to achieve sufficient reductions in their LDL-C levels
with existing therapies

e Eight of the Phase Ill studies evaluated up-titration of alirocumab dose

e HRQoOL was assessed in 7 trials using EQ-5D

4.3.1 ODYSSEY Phase Il Clinical Trial Programme
4.3.1.1 Background and Rationale

The alirocumab Phase Il clinical programme (ODYSSEY) is a series of randomised,

double-blind, parallel-group, multicentre, multinational trials designed to demonstrate

Sanofi evidence submission for alirocumab [ID779] Page 61 of 294




the efficacy and safety of alirocumab in patients with heterozygous familial
hypercholesterolaemia (HeFH) and non-familial hypercholesterolaemia, including
patients with mixed dyslipidaemia (See Section 4.2, Table 8). The clinical programme
was rigorously designed in accordance with GCP and appropriate international
recommendations for standard of medical care in hypercholesterolaemia, as well as
with the CHMP Note for guidance on clinical investigation of medicinal products in
the treatment of lipid disorders (CPMP/EWP/3020/03). It is also in line with the
updated Guideline on clinical investigation of medicinal products in the treatment of
lipid disorders (EMA/CHMP/748108/2013).

4.3.1.2 Clinical Objectives

The primary endpoint of most studies was the reduction of LDL-C at Week 24,
regardless of their overall duration.The overall primary objective of LONG TERM was
the evaluation of long-term safety and tolerability of alirocumab, with reduction in

LDL-C at week 24 the primary efficacy endpoint.

The proportion of patients reaching certain predefined LDL-C targets was evaluated
as a secondary objective. The effect of alirocumab on LDL-C at other time-points
(e.g., Weeks 12 and 52) and on other lipid parameters, such as ApoB, non-HDL-C,
TC, Lp(a), HDL-C, TGs, and ApoAl, were also evaluated as secondary endpoints.

In all Phase Il studies except OPTIONS I, OPTIONS Il and ALTERNATIVE, quality
of life was assessed using the EQ-5D-3L %,

All Phase Il studies were double-blind, parallel-group, controlled, randomised
studies. A double-dummy design was used in studies evaluating alirocumab versus
an active comparator. Studies usually included a screening period, a double-blind
treatment period, and a follow-up period. Patients were asked to follow a stable diet
(National Cholesterol Education Programme — Adult Treatment Panel 11l [** NCEP-
ATP Ill] Therapeutic Lifestyle Changes [TLC] diet or equivalent diet) throughout the
entire duration of the studies.

Alirocumab was evaluated as monotherapy (or add-on to non-statin LMT) in
ALTERNATIVE and MONO. In the other studies alirocumab was evaluated as an

add-on to statins with or without other LMT. The aim of the programme was to
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demonstrate the superiority of alirocumab versus placebo and versus ezetimibe.
Placebo was the comparator in five studies (FH I, FH Il, HIGH FH, COMBO I, and
LONG TERM). The choice of placebo as control was considered appropriate in these
studies as patients were already receiving high-intensity, LMT, including a statin. It
provides a direct assessment of the add-on efficacy and safety of alirocumab.
Ezetimibe 10 mg once per day by mouth was the main active comparator in the other
five studies (COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE, and MONO).
Ezetimibe was selected because it is most often combined with statins, when LDL-C
targets are not reached on statin alone, and as an alternative to statins in statin
intolerant patients. In the OPTIONS studies, an additional comparison with statin

intensification was also included.

Eight of the Phase Il studies evaluated a dose of 75 mg of alirocumab every two
weeks with up-titration to 150 mg at Week 12, if the pre-defined LDL-C target was
not achieved at Week 8, for a total duration of either 6, 12, 18, or 24 months (Figure
7).
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Figure 7 Phase Il study design — with up-titration (FH I, FH Il, COMBO I, COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE, and
MONO)

Screening Follow Up
Period Treatment Period Period
< > < > < >
or in open
Alirocumab 75 mg SC Alirocumab Zf mg SC Q2w "Wwb"
Q2w Alirocumab 150 mg SC Q2W
R ’
T w12
4 - Up-titration at W12 depending on LDL-C values at W8,
?,fini':g" according to the level of CV risk

visit
Screening Placebo SC Q2W OR Ezetimibe 10 mg PO QD**

visit

Diet (NCEP-ATPIII TLC or equivalent diet) + statin at maximal tolerated doses + other LMT***
< >

CV=cardiovascular; FU=follow-up; LDL-C=low-density lipoprotein-cholesterol; LMT=lipid-modifying therapy; NCEP-ATP liI
TLC=National Cholesterol Education Program - Adult Treatment Panel Ill TherapeuticLifestyle Changes; PO=orally; QD=once
daily; Q2W=every 2 weeks; R=randomization; SC=subcutaneous; W=week

* No follow-up period for patients entering in open-label extension study.

** For OPTIONS I, OPTIONS II, and ALTERNATIVE studies, an additional comparison was performed using statins.

*** Dependingon studies.
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Figure 8 Phase Ill study design — without up-titration (HIGH FH and LONG TERM)

Screening Follow Up
Period Treatment Period Period
(8 wecks)
or enftry in open
Alirocumab 150 mg SCQ2W label extension
study*
| injection
training
visit
Screening

Placebo SC Q2W
wvisit

Diet (NCEP-ATPIII TLC or equivalent diet) + statin at maximal tolerated doses + other LMT

o~

v

FU=follow-up; LMT=lipid-modifying therapy; NCEP-ATPIlI=National Cholesterol Education Program - Adult Treatment Panel Il
Therapeutic Lifestyle Changes; Q2W=every 2 weeks; R=randomization; 5C=subcutaneous

* No follow-up period for patients entering in the open-labelextension in HIGH FH.
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In two of the Phase lll studies, alirocumab was initiated at the dose of 150 mg SC
Q2W and administered at this dose throughout the study treatment period. These
studies were HIGH FH, where it was considered that patients with LDL-C 2160
mg/dL (4.14 mmol/L) on their current, maximally-tolerated therapy required a higher
magnitude of efficacy to reach their LDL-C goal, and LONG TERM, where it was
considered relevant to provide the highest exposure to alirocumab to support safety

as well as efficacy information on 150 mg Q2W as initiation dose (Figure 8).

The clinical development programme for alirocumab was designed to address key
unmet medical needs in relation to the treatment of hypercholesterolaemia, mainly
focusing on patients requiring substantial reductions in their LDL—C levels and
unlikely to achieve those reductions with existing therapies. This includes patients
with familial hypercholesterolaemia, individuals at highest risk of atherosclerotic CVD
with an insufficient response to maximally tolerated doses of statins (in addition to

other LMT in several studies), and statin intolerant patients.
4.3.1.3 Patient Populations

The definitions used for these 3 populations within the ODYSSEY clinical

programme are:
HeFH

In Phase Il studies conducted in patients with HeFH, in order to accommodate
medical practices in different parts of the world, the definition of HeFH was based on
either genotyping, or two widely accepted definitions based on patient clinical
characteristics and phenotype for patients not genotyped: The Simon Broome criteria
or the World Health Organisation (WHO)/Dutch Lipid Network criteria for clinical
diagnosis of HeFH % %

High Risk CVD

For Phase Il studies conducted in patients at high risk of atherosclerotic CVD, CV
risk categories were defined in order to implement inclusion criteria and titration
criteria appropriate for a worldwide clinical program. Risk categorisation was based

on existing guidelines at the time of programme initiation 2% °3 °¢. European
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guidelines were used as a basis to delineate very high from high CV risk; of note, the
2012 update restricted the definition of very high risk patients with no history of CVD
to diabetes mellitus (DM) with target organ damage and severe chronic kidney
disease (CKD). Thus, inclusion criteria were adjusted in the subsequent protocols:

e Very high CV risk was defined in FH I, FH I, HIGH FH, COMBO |, COMBO I,
and LONG TERM, a history of CHD, ischaemic stroke, symptomatic
peripheral artery disease (PAD) with severity criteria, moderate CKD
(estimated glomerular filtration rate [eGFR]: 30 <eGFR <60 mL/min/1.73 m?
for 3 months or more) or DM with at least 2 additional risk factors other than
hypercholesterolaemia. The definition of prior CVD was more restricted than
that in guidelines, to focus on easily substantiated CV events. In studies
enrolling HeFH patients, those without history of CHD or CHD risk equivalent
were classified as “high CV risk”; those with such a history were classified as
“very high risk”. In COMBO I, COMBO I, and the non-FH stratum of LONG
TERM, the patients were classified as “high CV risk” in the protocols, but they

all meet the above definition, so were considered at “very high CV risk”

e OPTIONS | and OPTIONS Il included non-FH and HeFH patients at high and
very high CV risk with the following definitions:

= Very high risk: Patients (non-FH and HeFH) with history of CHD,
ischaemic stroke, transient ischaemic attack (TIA), symptomatic PAD,
other peripheral arterial diseases (carotid or renal, or abdominal aortic

aneurysm), DM with target organ damage

= High risk: Distinction was made between HeFH and non-FH patients.
As, HeFH patients without a history of CHD or CHD risk equivalent
were classified as “high CV risk”. Non-FH patients were required to
have either a calculated 10-year fatal CVD risk Systematic Coronary
Risk Estimation (SCORE) 25%, or a moderate CKD, or DM with no
target organ damage.
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Patients with Statin Intolerance

Statin intolerant patients included in ALTERNATIVE were at high or very high CV
risk (similar definition to OPTIONS studies) or at moderate CV risk, defined as a
calculated 10-year fatal CVD risk SCORE =1 and <5%. This lower risk population
was also included as currently available alternatives to statins may not provide
sufficient LDL-C lowering for these patients to reach their LDL-C target. Different
design features were used to ensure the enroliment of a population very likely to be

statin intolerant:

e The inability to tolerate at least 2 statins: one statin at the lowest daily starting
dose (defined as rosuvastatin 5 mg, atorvastatin 10 mg, simvastatin 10 mg,
lovastatin 20 mg, pravastatin 40 mg, fluvastatin 40 mg, or pitavastatin 2 mg),
AND another statin at any dose, due to skeletal muscle-related symptoms,
other than those due to strain or trauma, such as pain, aches, weakness, or
cramping, that began or increased during statin therapy and stopped when
statin therapy was discontinued. Patients not receiving a daily regimen of a
statin (e.g., 1 to 3 times weekly) were also considered as not able to tolerate a
daily dose if they could not tolerate a cumulative weekly statin dose of 7 times
the lowest approved tablet size and the criteria outlined above were also met

e Patients experiencing muscle-related symptoms on the atorvastatin placebo

during the run-in period were excluded

e An atorvastatin re-challenge arm was included in the study design to validate
that the patient population selected for inclusion was indeed indicative of

having statin intolerance

As mentioned, alirocumab was initiated at the dose of 75 mg SC Q2W in 8 studies, with a possible up-
with a possible up-titration to 150 mg Q2W at Week 12 depending on LDL-C values at Week 8, based on
at Week 8, based on the CV risk of the patient at baseline.

Table 9 summarises for these 8 studies the LDL-C threshold considered at baseline
for inclusion, depending on the level of CV risk of each patient population, and the

threshold applied in the blinded automated process for up-titration.
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Table 9 LDL-C threshold for baseline inclusion and for up-titration in Phase Il studies

- Baseline LDL-C threshold in LDL-C threshold
udies
CV risk inclusion criteria for up-titration
Prior CVD >1.81 mmol/L
FHI/FH I =21.81 mmol/L
No prior CVD =22.59 mmol/L
Prior CVD =21.81 mmol/L
COMBO I/COMBO I =21.81 mmol/L
No prior CVD =22.59 mmol/L
Very high 21.81 mmol/L 21.81 mmol/L
OPTIONS I/OPTIONS I
High =22.59 mmol/L 22.59 mmol/L
Very high 21.81 mmol/L =21.81 mmol/L
ALTERNATIVE High and
moderate 22.59 mmol/L 22.59 mmol/L
MONO Moderate =22.59 mmol/L =21.81 mmol/L

CV, cardiovascular; CVD, cardiovascular disease; FH, familial hypercholesterolaemia; LDL-C, low-density
lipoprotein cholesterol

Alirocumab was initiated at the dose of 150 mg SC Q2W in HIGH FH and in LONG
TERM. For these 2 Phase Il studies using 150 mg Q2W as the initiation dose,
patients were included if, with the required background therapy, their LDL-C level

was above the following thresholds:

e LDL-C 270 mg/dL (1.81 mmol/L) for LONG TERM: This study had safety as
primary objective, with specific assessments for patients reaching LDL-C
values below 25 mg/dL (0.65 mmol/L)

e LDL-C 2160 mg/dL (4.14 mmol/L) for HIGH-FH that enrolled patients who

required a larger reduction in LDL-C
4.3.1.4 Comparative Summary of Trials

There are three trials specifically in patients Heterozygous Familial
Hypercholesterolaemia (FH I, FH 1l and HIGH FH), which have all evaluated
alirocumab as an add-on to maximally tolerated dose statin therapy, with or without

other lipid-modifying therapy (LMT).

COMBO | and COMBO Il evaluated alirocumab in high CV risk patients (excluding
FH). COMBO | evaluated alirocumab as an add-on to maximal tolerated dose statin
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therapy, with or without other lipid-lowering therapy, while COMBO Il was a head-to-
head comparison of alirocumab versus ezetimibe on top of maximally tolerated dose

of statin.

The LONG TERM trial evaluated alirocumab in high CV risk patients (also including
FH) as an add-on to maximally tolerated dose statin therapy, with or without other

lipid-lowering therapy

There are two trials evaluating alirocumab in comparison to modulation of existing
statin therapy in high CV risk patients (including FH). OPTIONS | compared
alirocumab used as an add-on to atorvastatin with atorvastatin up-titration, switch to
rosuvastatin, or addition of ezetimibe. OPTIONS Il compared alirocumab used as an

add-on to rosuvastatin with rosuvastatin up-titration and with addition of ezetimibe.

There is one study in statin intolerant patients. ALTERNATIVE compared alirocumab
with ezetimibe, and with a calibrator arm of atorvastatin, in patients at moderate,
high, and very high CV risk (including FH).

A further study (MONO) evaluated alirocumab monotherapy versus ezetimibe
monotherapy in patients with moderate CV risk and no history of CV disease.

A comparative summary of the ODYSSEY trials can be found in Table 10 and Table
11.
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Table 10 Comparative summary of ODYSSEY trial methodology (FHI, FHII, HIGH FH, COMBO | and COMBO II)

Trial number EFC12492 CL-1112 EFC12732 EFC11568 EFC11569
(acronym) FH I FH Il HIGH FH COMBO | COMBO Il
Setting Secondary care Secondary care Secondary care Secondary care Secondary care
Randomised, double-
Randomised, double- blind, placebo-controlled,
blind, placebo-controlled, | Randomised, double- parallel-group,
parallel-group, blind, placebo-controlled, multicentre study
multicentre, multinational parallel-group, conducted in the USA to Randomised. double-
study to assess the multicentre, multinational assess the efficacy and blind arallei— rou
efficacy and safety of study to assess the safety of alirocumab in P group.
. . ; ! . . : : double-dummy,
alirocumab in patients efficacy and safety of Randomised, double- high CV risk patients e
. . . : ; ; ezetimibe-controlled,
with HeFH who were not alirocumab in patients blind, placebo-controlled, | with multicentre. multinational
adequately controlled with | with HeFH not adequately | parallel-group multicentre | hypercholesterolaemia '
. . . A study to assess the
their current LMT (i.e. controlled on their LMT and multinational study to | not adequately controlled :

: . i . . d efficacy and safety of
stable maximally tolerated | (i.e. stable, maximally assess the efficacy and on their LMT (i.e. stable alirocumab in patients
daily statin therapy with or | tolerated daily statin safety of alirocumab in maximally tolerated daily with a histor gf CVD
without other LMT). Not therapy with or without patients with HeFH and statin therapy with or and LDL-C y
adequately controlled was | other LMT). Not LDL-C 24.14 without other LMT). Not >1 81 mmol/L. or

. . defined as an LDL-C adequately controlled was | mmol/Ldespite their LMT | adequately controlled o o
Trial design patients with moderate

21.81 mmol/L at the
screening visit (Week —3)
in patients with a history
of documented CVD, or
LDL-C 2100 mg/dL (=2.59
mmol/L) at the screening
visit (Week —-3) in patients
without a history of
documented CVD.

Randomisation was
stratified according to
prior history of Ml or
ischaemic stroke, statin
treatment and geographic
region.

defined, at the screening
visit (Week —2), as an
LDL-C 21.81 mmol/L in
patients with a history of
documented CVD or LDL-
C 2100 mg/dL

(2.59 mmol/L) in patients
without a history of
documented CVD.

Randomisation was
stratified according to
prior history of Ml or
ischaemic stroke and
statin treatment.

(i.e. stable maximally
tolerated daily statin
therapy with or without
other LMT).
Randomisation was
stratified according to
prior history of Ml or
ischaemic stroke and
statin treatment.

was defined as an LDL-
C 21.81 mmol/L at the
screening visit (Week —
2) in patients with a
history of documented
CVD or, LDL-C 2

2.59 mmol/L at the
screening visit (Week —
2) in patients without a
history of documented
CVD.

Randomisation was
stratified according to
prior history of Ml or
ischaemic stroke and
statin treatment.

CKD or diabetes with

additional risk factors

and LDL-C 2

2.59 mmol/L with their
current statin therapy.

Randomisation was
stratified according to
prior history of Ml or
ischaemic stroke, statin
treatment and
geographic region.
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Trial number EFC12492 CL-1112 EFC12732 EFC11568 EFC11569
(acronym) FH I FH Il HIGH FH COMBO | COMBO I
Patients with Patients with
hypercholesterolaemia hypercholesterolaemia
Patients 218 years of age | Patients 218 years of age | Patients 218 years of age | and established CHD or | and established CHD or
with HeFH* who are not with HeFH* who are not with HeFH* who are not CHD risk equivalents CHD risk equivalents
adequately controlled** adequately controlled** adequately controlled** (see below) who are not | (see below) who are not
Eligibility with a maximally with a maximally with a maximally adequately controlled** adequately controlled**
criteria for tolerated, stable, daily tolerated, stable, daily tolerated, stable, daily with a maximally with a maximally

participants

dose of statin” for at least
4 weeks prior to the
screening visit, with or
without other LMTSs.

dose of statin” for at least
4 weeks prior to the
screening visit, with or
without other LMTSs.

dose of statin” for at least
4 weeks prior to the
screening visit, with or
without other LMTSs.

tolerated daily dose of
statin™ with or without
other LMTs, both at
stable dose for at least
4 weeks prior to the
screening visit.

tolerated daily dose of
statin” with or without
other LMTs, both at
stable dose for at least
4 weeks prior to the
screening visit.

Locations
where the data
were collected

89 study locations in

14 countries: Austria,
Canada, Czech Republic,
Denmark, France, Israel,
Netherlands, Norway,
Russia, South Africa,
Spain, Sweden, UK and
USA.

26 study locations in four
countries: Czech
Republic, Netherlands,
Norway and UK.

33 study locations in five
countries: Canada,
Netherlands, Russia,
South Africa and USA.

80 study locations all
within the USA.

126 study locations in
ten countries: Canada,
Denmark, France,
Hungary, Israel, Russia,
South Africa, South
Korea, USA and
Ukraine.

Trial drugs (the
interventions
for each group
with sufficient
details to allow
replication,
including how
and when they
were
administered)
Intervention(s)
(n= ) and
comparator(s)

Patients were randomised
to one of the two arms,
alirocumab or placebo
(323:163), during the
double-blind treatment
period (78 weeks):

1. Alirocumab

e 75 mg alirocumab SC
Q2W starting at Week
0 (randomisation) up
to Week 12

e 75mgor 150 mg
alirocumab SC Q2W

Patients were randomised
to one of the two arms,
alirocumab or placebo
(167:82), during the
double-blind treatment
period (78 weeks):

1. Alirocumab

e 75 mg alirocumab SC
Q2W starting at Week
0 (randomisation) up
to Week 12

e 75mgor 150 mg
alirocumab SC Q2W

Patients were
randomised to one of the
two arms, alirocumab or
placebo (72:35), during
the double-blind
treatment period

(78 weeks):

1. Alirocumab

e 150 mg alirocumab
SC Q2W starting at
Week 0
(randomisation) up to
Week 76

Patients were
randomised to one of the
two arms, alirocumab or
placebo (209:107),
during the double-blind
treatment period

(52 weeks):

1. Alirocumab

e 75 mg alirocumab
SC Q2W starting at
Week 0
(randomisation) up
to Week 12

Patients were
randomised to one of the
two arms, alirocumab or
ezetimibe (479:241),
during the double-blind
treatment period

(104 weeks):

1. Alirocumab

e 75 mg alirocumab
SC Q2W starting at
Week 0
(randomisation) up
to Week 12
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Trial number EFC12492 CL-1112 EFC12732 EFC11568 EFC11569
(acronym) FH I FH Il HIGH FH COMBO | COMBO I
(n= ) (based on their (based on their 2. Placebo e 75mgor 150 mg e 75mgor 150 mg
Week 8 LDL-C level), Week 8 LDL-C level), |, Placebo for alirocumab SC Q2W alirocumab SC Q2W

starting at Week 12,
and continuing up to
Week 76

2. Placebo

Placebo for
alirocumab SC Q2W
starting at Week 0
(randomisation), and
continuing up to Week
76

Dose up-titration to
alirocumab 150 mg Q2W

starting at Week 12,
and continuing up to
Week 76

2. Placebo

Placebo for
alirocumab SC Q2W
starting at Week 0
(randomisation), and
continuing up to Week
76

Dose up-titration to
alirocumab 150 mg Q2W

occurred if the Week 8
LDL-C was 270 mg/dL
(2.81 mmol/L). In the
alirocumab group, among
the 311 patients who
received at least one

occurred if the Week 8
LDL-C was 270 mg/dL
(2.81 mmol/L). In the

alirocumab group, among

the 158 patients who
received at least one

injection after Week 12,
135 patients (43.4%)
received automatic dose
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in a
blinded manner.

injection after Week 12,
61 patients (38.6%)
received automatic dose
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in a
blinded manner.

alirocumab SC Q2w
starting at Week 0
(randomisation), and
continuing up to
Week 76

(based on their
Week 8 LDL-C
level), starting at
Week 12, and
continuing up to
Week 50

2. Placebo

e Placebo for
alirocumab SC Q2W
starting at Week O
(randomisation), and
continuing up to
Week 50

(based on their
Week 8 LDL-C
level), starting at
Week 12, and
continuing up to
Week 102

2. Ezetimibe

e Placebo for
alirocumab SC Q2W
starting at Week O
(randomisation), and
continuing up to the
last injection

Dose up-titration to
alirocumab 150 mg Q2w
occurred if the Week 8
LDL-C was 270 mg/dL

(Week 102), i.e. 2
weeks before the
end of the double-
blind treatment
period

10 mg ezetimibe

(1.81 mmol/L). In the
alirocumab group,
among the 191 patients
who received at least
one injection after Week
12, 32 patients (16.8%)
received automatic
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in
a blinded manner.

capsules once daily
at approximately the
same time of the
day, with or without
food from Week 0 to
Week 104

Dose up-titration to
alirocumab 150 mg Q2W
occurred if the Week 8
LDL-C was 270 mg/dL
(1.81 mmol/L). In the
alirocumab group,
among the 446 patients
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Trial number

(acronym)

EFC12492
FH I

CL-1112
FH Il

EFC12732
HIGH FH

EFC11568
COMBO |

EFC11569
COMBO Il

who received at least
one injection after Week
12, 82 patients (18.4%)
received automatic
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in
a blinded manner.

Permitted and

Patients’ current LMT was permitted as concomitant therapy with the exception of fibrates (other than fenofibrate) or a statin that is not
simvastatin, atorvastatin or rosuvastatin. Red yeast rice products were also not permitted.

The following classes of drugs were identified as non-investigational medicinal products because the medication was either a background
therapy or a potential rescue medication:

disallowed
concomitant e Statins (rosuvastatin, atorvastatin, simvastatin)
medication e Cholesterol absorption inhibitors (ezetimibe)

¢ Bile acid-binding sequestrants (e.g. cholestyramine, colestipol, colesevelam)

¢ Nicotinic acid

e Fenofibrate

e Omega-3 fatty acids (21000 mg daily)
Primary
outcomes
('”C'Pd'”g The primary efficacy endpoint was the percent change in calculated LDL-C rom baseline to Week 24 in the ITT population.
scoring . . .
methods and LDL-C was calculated according to the Friedewald formula. Measured LDL-C was assessed as a secondary endpoint.
timings of
assessments)
Secondary/ Secondary efficacy Secondary efficacy Secondary efficacy Secondary efficacy Secondary efficacy
tertiary endpoints included the endpoints included the endpoints included the endpoints included the endpoints included the
outcomes percentage change from percentage change from percentage change from | percentage change from | percentage change from
(including baseline in calculated baseline in calculated baseline in calculated baseline in calculated baseline in calculated
scoring LDL-C at Weeks 12, 52 LDL-C at Weeks 12, 52 LDL-C at Weeks 12, 52 LDL-C at Weeks 12 and | LDL-C at Weeks 12 and
methods and and 78, as well as the and 78, as well as the and 78, as well as the 52, as well as the 52, as well as the
timings of change in Apo B, non- change in Apo B, non- change in Apo B, non- change in Apo B, non- change in Apo B, non-
assessments) HDL-C, Total-C, Lp(a), HDL-C, Total-C, Lp(a), HDL-C, Total-C, Lp(a), HDL-C, Total-C, Lp (a), HDL-C, Total-C, Lp(a),
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Trial number EFC12492 CL-1112 EFC12732 EFC11568 EFC11569
(acronym) FH I FH Il HIGH FH COMBO | COMBO I
HDL-C, triglycerides and HDL-C, triglycerides and HDL-C, triglycerides and | HDL-C, triglycerides and | HDL-C, triglycerides and
Apo Al at Weeks 12, 24, | Apo Al at Weeks 12, 24, | Apo Al at Weeks 12, 24, | Apo Al at Weeks 12 and | Apo Al at Weeks 12 and
52 and 78, and the 52 and 78, and the 52 and 78, and the 24, and the proportions 24, and the proportions
proportions of patients proportions of patients proportions of patients of patients achieving an of patients achieving an
achieving an LDL-C level | achieving an LDL-C level | achieving an LDL-C level | LDL-C level of LDL-C level of
of <100 mg/dL and of <100 mg/dL and of <100 mg/dL and <100 mg/dL and <100 mg/dL and
<70 mg/dL at Weeks 12, <70 mg/dL at Weeks 12, <70 mg/dL at Weeks 12, <70 mg/dL at Weeks 12, | <70 mg/dL at Weeks 12,
24,52 and 78.™M 24,52 and 78.\ 24,52 and 78.™M 24 and 52.M 24,52 and 104.™M
The EQ-5D questionnaire | The EQ-5D questionnaire | The EQ-5D questionnaire | The EQ-5D The EQ-5D
was assessed at baseline | was assessed at baseline | was assessed at baseline | questionnaire was guestionnaire was
and at Weeks 12, 24, 36, | and at Weeks 12, 24, 36 and at Weeks 12, 24, 36, | assessed at baseline, at | assessed at baseline, at
52 and 78. and 52. 52 and 78. Week 12, Week 24, Week 12, Week 24,
Week 36, and Week 52. | Week 36 and Week 52.
Preplanned See Section 5.9
subgroups

*Diagnosis of HeFH must be made either by genotyping or by clinical criteria. For those patients not genotyped, the clinical diagnosis may be based on either
the Simon Broome criteria for definite FH or the WHO/Dutch Lipid Network criteria with a score >8 points.
**Not adequately controlled was defined as an LDL-C 270 mg/dL (=1.81 mmol/L) at screening (Week -3) in patients with a history of documented CV disease
or LDL-C 2100 mg/dL (22.59 mmol/L) at screening (Week -3) in patients without a history of documented CV disease.
ADefinition of maximally-tolerated dose (any of the following are acceptable):

e Rosuvastatin 20 mg or 40 mg daily

e Atorvastatin 40 mg or 80 mg daily

e Simvastatin 80 mg daily (if already on this dose for >1 year)
Patients not able to be on any of the above statin doses should be treated with the dose of daily atorvastatin, rosuvastatin, or simvastatin that is considered
appropriate for the patient as per the investigator's judgment or concerns. Some examples of acceptable reasons for a patient taking a lower statin dose
include, but are not limited to: adverse effects on higher doses, advanced age, low BMI, regional practices, local prescribing information, concomitant
medications, and comorbid conditions, such as impaired glucose tolerance/impaired fasting glucose
A full list of secondary outcomes can be found in Appendix 3
Note:
The definition of a documented history of CHD includes one or more of the following: Acute MI, Silent MI, Unstable angina, Coronary revascularisation
procedure (eg, percutaneous coronary intervention [PCI] or coronary artery bypass graft surgery [CABG]), Clinically significant CHD diagnosed by invasive or
non-invasive testing (such as coronary angiography, stress test using treadmill, stress echocardiography or nuclear imaging)
The definition of CHD risk equivalents includes one or more of the following 4 criteria:
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1. Documented PAD (one of the following criteria [a, b, or c] must be satisfied):
a) Current intermittent claudication (muscle discomfort in the lower limb produced by exercise that is both reproducible and relieved by rest within 10 minutes)
of presumed atherosclerotic origin together with ankle-brachial index equal to or less than 0.90 in either leg at rest OR
b) History of intermittent claudication (muscle discomfort in the lower limb produced by exercise that is both reproducible and relieved by rest within 10
minutes) together with endovascular procedure or surgical intervention in one or both legs because of atherosclerotic disease OR
¢) History of critical limb ischemia together with thrombolysis, endovascular procedure or surgical intervention in one or both legs because of atherosclerotic

disease

2. Documented ischaemic stroke with a focal ischaemic neurological deficit that persisted more than 24 hours, considered as being of atherothrombotic origin.
Computed tomography (CT) or MRI must have been performed to rule out haemorrhage and nonischaemic neurological disease.
3. Documented chronic kidney disease (CKD) as defined by 30 <eGFR <60 mL/min/1.73 m2 for 3 months or more, including the screening visit
4. Known history of DM AND 2 or more additional risk factors (as listed below):
a) History of hypertension (established on antihypertensive medication)
b) Documented history of ankle-brachial index <0.90

¢) Documented history of microalbuminuria or macroalbuminuria OR dipstick urinalysis at screening visit (Week-2) with >2+ protein.

d) Documented history of preproliferative or proliferative retinopathy or laser treatment for retinopathy) known family history of premature CHD (CHD in father

or before 55 years of age; CHD in mother or sister before 65 years of age)

Table 11 Comparative summary of ODYSSEY trial methodology (LONG TERM, OPTIONS |, OPTIONS II, ALTERNATIVE, MONO)

Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS I ALTERNATIVE MONO

Setting Secondary care Secondary care Secondary care Secondary care Secondary care
Randomised, double- Randomised, double- Randomised, double- Randomised, double- Randomised, double-
blind, placebo- blind, active-comparator, blind, active-comparator, blind, parallel-group, blind, parallel-group,
controlled, multicentre, parallel-group, parallel-group, double-dummy, ezetimibe-controlled,
multinational study to multinational study in multinational study in ezetimibe-controlled, multicentre, multinational
assess the long-term patients at high CV risk patients at high CV risk multinational, study to assess the

Trial design safety and tolerability of | with non-FH or HeFH with non-FH or HeFH multicentre study in efficacy and safety of

alirocumab in high CV
risk patients with
hypercholesterolaemia
who were not
adequately controlled
with a statin at a

whose LDL-C levels were
not adequately controlled
with atorvastatin (20 mg or
40 mg QD) with or without
other LMTs, excluding
ezetimibe.

whose LDL-C levels were
not adequately controlled
with rosuvastatin (10 mg
or 20 mg QD) with or
without other LMTSs,
excluding ezetimibe.

statin intolerant patients
with primary
hypercholesterolaemia
and moderate, high or
very high CV risk. The
double-blind period has

alirocumab in patients
with LDL-C between
2.59 mmol/L and

4.91 mmol/L, with a
moderate CV risk,
defined as a 10-year risk

Sanofi evidence submission for alirocumab [ID779]

Page 76 of 294




Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS I ALTERNATIVE MONO
maximally tolerated daily been completed, and the | of fatal CVD of 21% and
dose with or without Within each atorvastatin Within each rosuvastatin study is continuing with <5% using SCORE.
other LMTs. baseline regimen, baseline regimen, an ongoing open-label
randomisation was randomisation was extension period. Randomisation was
Randomisation was stratified according to a stratified according to a stratified according to
stratified according to prior history of Ml or prior history of Ml or Randomisation was DM status.
diagnosed HeFH, prior | ischaemic stroke. ischaemic stroke. stratified according to a
history of Ml or prior history of Ml or
ischaemic stroke, statin ischaemic stroke.
treatment and
geographic region.
Patients with HeFH* with | Patients with screening Patients with screening
or without established LDL-C 21.81 mmol/L who | LDL-C =1.81 mmol/L who
CHD or CHD risk were not adequately were not adequately
equivalents who are not | controlled** with a 20 mg controlled** with a 10 mg
adequately controlled** or 40 mg stable daily dose | or 20 mg stable daily dose
with a maximally of atorvastatin for at least | of rosuvastatin for at least
tolerated daily dose of 4 weeks prior to the 4 weeks prior to the
statin” for at least screening visit with or screening visit with or
4 weeks prior to the without other LMTs without other LMTs ] ) ] . )
screening visit with or (excluding ezetimibe). (excluding ezetimibe). Patients with primary Patients with _
Eligibility without other LMTs Patients with HeFH* or Patients with HeFH* or hypercrolesterolaeml_a hypercholesterolaemia
criteria for non-FH had to have a non-FH had to have a (HeFH* or non-FH) with | at moderate CV risk

participants

OR

Patients with
hypercholesterolaemia
and established CHD or
CHD risk equivalents
who are not adequately
controlled** with a
maximally tolerated daily
dose of statin” for at
least 4 weeks prior to

history of CHD, non-CHD
CVD or DM with target
organ damage.

OR

Patients with screening
LDL-C 22.59 mmol/L who
were not adequately
controlled** with a 20 mg
or 40 mg stable daily dose

history of CHD, non-CHD
CVD or DM with target
organ damage.

OR

Patients with screening
LDL-C 22.59 mmol/L who
were not adequately
controlled** with a 10 mg
or 20 mg stable daily dose

a moderate, high or very
high CV risk and a
history of SI***

defined by a 10-year risk
of fatal CVD of 21% and
<5% using SCORE.
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Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS I ALTERNATIVE MONO
the screening visit with of atorvastatin for at least | of rosuvastatin for at least
or without other LMTs 4 weeks prior to the 4 weeks prior to the
screening visit with or screening visit with or
without other LMTs without other LMTs
(excluding ezetimibe). (excluding ezetimibe).
Patients with HeFH* or Patients also had to have
non-FH had to have a HeFH* or non-FH without
history of CHD or non- CHD, or non-CHD CVD
CHD CVD but with a but with a calculated 10-
calculated 10-year fatal year fatal CVD risk
CVD risk SCORE 25%, or | SCORE 5%, or with
with moderate CKD or DM | moderate CKD or DM with
with target organ damage. | target organ damage.
320 study locations in
27 countries: Argentina,
Be|gium, Bu]garia, 67 StUdy locations in
Canada, Chile, eight countries: Austria,
Colombia, Czech o S Canada, France, Israel,
L , Republic, Denmark, 85 study Ioc_:atl.ons n- 79 study !ocatlons_ in eight | ytaly, Norway, UK and Eight study locations in
ocations nine countries: Australia, countries: Australia,

where the data
were collected

Finland, France,
Germany, Hungary,
Israel, Italy, Mexico,
Netherlands, Norway,
Poland, Portugal,
Romania, Russia, South
Africa, Spain, Sweden,
Ukraine, UK and USA.

Canada, France,
Germany, Italy, Mexico,
Spain, UK and USA.

Canada, Germany, Italy,
Mexico, Spain, UK and
USA.

USA.

Open-label extension:
65 study locations in
seven countries: Austria,
Canada, France, Israel,
Italy, UK and USA.

four countries: Belgium,
Finland, Netherlands
and USA.

Trial drugs (the
interventions
for each group
with sufficient
details to allow
replication,
including how
and when they

Patients were
randomised to one of the
two arms, alirocumab or
placebo (1553:788),
during the double-blind
treatment period

(78 weeks):

Patients were randomised

to one of the two

atorvastatin baseline

regimens:

1. Atorvastatin 20 mg
baseline regimen

e Alirocumab Q2W +

Patients were randomised

to one of the two

rosuvastatin baseline

regimens:

1. Rosuvastatin 10 mg
baseline regimen

e Alirocumab Q2W +

A total of 314 patients

were randomised to

three treatment groups

in the double-blind

treatment period:

1. Alirocumab 75 mg
Q2W + placebo
atorvastatin/

Patients were
randomised to one of the
two arms, alirocumab or
ezetimibe (52:51), during
the double-blind
treatment period (24
weeks):

1. Alirocumab +
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Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS Il ALTERNATIVE MONO
were 1. Alirocumab atorvastatin 20 mg rosuvastatin 10 mg ezetimibe PO QD placebo for

administered) e 150 mg alirocumab daily (57 patients) daily (49 patients) (126 patients) ezetimibe PO

Intervention(s)

SC Q2W starting at

75 mg alirocumab

75 mg alirocumab

2. Ezetimibe 10 mg PO

75 mg alirocumab

(n= ) and Week 0 SC Q2W starting SC Q2W starting QD + placebo SC Q2W starting at
comparator(s) (randomisation) up at Week 0 at Week 0 alirocumab SC Q2W Week 0
(n= ) to Week 76 (randomisation) (randomisation) (125 patients) (randomisation) up
2 Placebo up to Week 12 up to Week 12; 3. Atorvastatin 20 mg to Week 12
e Placebo for — 75mgor 150 mg — 75mgor 150 mg PO QD + placebo 75 mg or 150 mg

alirocumab SC Q2W
starting at Week 0

alirocumab SC
Q2W (based on

alirocumab SC
Q2W (based on

alirocumab SC Q2W
(63 patients)

alirocumab SC Q2W
(based on their

(randomisation), and their Week 8 _LDL- their Week 8 !_DL- ' Week 8 LD_L-C
inui C level), starting C level), starting | A total of 281 patients level), starting at
continuing up to .
Week 76 at Week 12 and atWeek 12, and | were treated with Week 12, and
continuing up to continuing up to alirocumab during the continuing up to
Week 24 Week 24 open-label extension Week 24
e Atorvastatin 40 mg e Rosuvastatin 20 mg treatment period: 2. Ezetimibe 10 mg PO

117 patients who had
received alirocumab
during the double-blind
period, 59 patients who
had received
atorvastatin during the
double-blind period and
105 patients who had
received ezetimibe
during the double-blind

daily (57 patients)
e Atorvastatin 20 mg + .
ezetimibe 10 mg daily
(55 patients)
2. Atorvastatin 40 mg
baseline regimen

e Alirocumab Q2W +
atorvastatin 40 mg
daily (47 patients)

daily (48 patients)

Rosuvastatin 10 mg +

ezetimibe 10 mg daily

(48 patients)

2. Rosuvastatin 20 mg
baseline regimen

Alirocumab Q2W +
rosuvastatin 20 mg
daily (54 patients)

+ placebo for
alirocumab Q2W

Dose up-titration to
alirocumab 150 mg Q2W
occurred if the Week 8
LDL-C was =70 mg/dL
(1.81 mmol/L).

14 patients received
automatic up-titration at

— 75 mg alirocumab -

SC Q2W starting
at Week 0
(randomisation)
up to Week 12;
75 mg or 150 mg
alirocumab SC
Q2W (based on
their Week 8 LDL-
C level), starting

75 mg alirocumab
SC Q2W starting
at Week 0
(randomisation)
up to Week 12;
75 mg or 150 mg
alirocumab SC
Q2W (based on
their Week 8 LDL-
C level), starting

period.

Among the 109 patients
who received at least 1
alirocumab injection
after week 12, 54
patients

(49.5%) received
automatic dose up-

Week 12 from

alirocumab 75 mg Q2w

to 150 mg Q2W in a
blinded manner.
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Trial number

(acronym)

LTS11717
LONG TERM

CL-1110
OPTIONS |

CL-1118
OPTIONS I

CL-1119
ALTERNATIVE

EFC11716
MONO

at Week 12, and
continuing up to
Week 24
e Atorvastatin 80 mg
daily (47 patients)
e Rosuvastatin 40 mg
daily (45 patients)
e Atorvastatin 40 mg +
ezetimibe 10 mg daily
(47 patients)

Dose up-titration to
alirocumab 150 mg Q2w
occurred if the Week 8
LDL-C was =70 mg/dL
(1.81 mmol/L). Overall,
13 patients (14%) in the
alirocumab add-on
treatment group who
received at least one
injection after Week 12
received automatic dose
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in a
blinded manner. Of these,
four were in the
atorvastatin 20 mg
baseline regimen group.

at Week 12, and
continuing up to
Week 24
e Rosuvastatin 40 mg
daily (53 patients)
e Rosuvastatin 20 mg +
ezetimibe 10 mg daily
(53 patients)

Dose up-titration to
alirocumab 150 mg Q2w
occurred if the Week 8
LDL-C was 270 mg/dL
(2.81 mmol/L). Overall,
17 patients (18.5%) in the
alirocumab add-on
treatment group who
received at least one
injection after Week 12,
received automatic dose
up-titration at Week 12
from alirocumab 75 mg
Q2W to 150 mg Q2W in a
blinded manner. Of these,
seven were in the
Rosuvastatin 10 mg
baseline regimen group
and ten in the rosuvastatin
20 mg group.

titration to 150 mg Q2W.

Permitted and
disallowed
concomitant
medication

Patients’ current LMT
was permitted as

concomitant therapy with
the exception of fibrates

(other than fenofibrate)
or a statin that is not

Prohibited concomitant
medications from the
initial screening visit until
the end-of-study visit
included the following:

Prohibited concomitant
medications from the
initial screening visit until
the end-of-study visit
included the following:

Prohibited concomitant
medications from the

initial screening visit until

the follow-up visit (as
applicable) included the

The following were
forbidden from the
screening period until
the follow-up period:

e Statins, ezetimibe,
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Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS Il ALTERNATIVE MONO
simvastatin, atorvastatin | e  Statins (other than the | ¢  Statins (other than the | following: bile acid
or rosuvastatin. Red atorvastatin and rosuvastatin provided | ¢ Statins sequestrants,
yeast rice products were rosuvastatin provided as blinded study e Fibrates other than Omega-3 fatty acids
also not permitted. as blinded study medication) fenofibrate (=1000 mg daily).
medication) e Ezetimibe (otherthan |4 Ezetimibern Fibrates (except
The following classes of | ® Ezetimibe (other than that provided as o Red yeast rice fenofibrate if the
drugs were identified as that provided as blinded study products patient met the pre-
non-investigational blinded study medication) S||oeC|(f|e_d|tr|gI)_/ger|de
medicinal products medication) o Fibrates, other than - . alert (triglyceride
because tr?e medication | ® Fibrates, other than fenofibrate E]rggilct);ciegngof?gr?]r?g:m >5.65 mmol/L))
was either a background fenofibrate e Red yeast rice start of the open-label Red yeast rice
therapy or a potential * Red yeastrice products extension treatment products
rescue medication: products period until the follow-up
e Statins LMTs that were allowed visit included the
(rosuvastatin, LMTs that were allowed as background therapy following:
atorvastatin, as background therapy included: e Statins
simvastatin) included:  Bile acid-binding e Fibrates other than
e Cholesterol e Bile acid-binding sequestrants (such as fenofibrate
absorption inhibitors sequestrants (such as cholestyramine, e Red yeast rice
(ezetimibe) cholestyramine, colestipol, products
e Bile acid-binding colestipol, colesevelam)
sequestrants (such colesevelam) * Nicotinic acid LMTs that were allowed
as chc_)lestyramine, ¢ Nicotinic acid e Fenofibrate as background therapy
colestipol, e Fenofibrate e Omega-3 fatty acids included:
colesevelam) e Omega-3 fatty acids (21000 mg daily) «  Bile acid-binding
* Nicotinic acid (21000 mg daily) sequestrants (such
e Fenofibrate )
. as cholestyramine,
e Omega-3 fatty acids colestipol
(21000 mg daily) colesevelé\m)
¢ Nicotinic acid
e Fenofibrate
e Omega-3 fatty acids
(21000 mg daily)
Primary The primary objective The primary efficacy endpoint was the percent change in calculated LDL-C rom baseline to Week 24 in the

Sanofi evidence submission for alirocumab [ID779]

Page 81 of 294




Trial number LTS11717 CL-1110 CL-1118 CL-1119 EFC11716
(acronym) LONG TERM OPTIONS | OPTIONS I ALTERNATIVE MONO

outcomes was to evaluate the ITT population.
(including long-term safety and LDL-C was calculated according to the Friedewald formula. Measured LDL-C was assessed as a secondary
scoring tolerability of alirocumab | endpoint.
methods and in high CV risk patients
timings of with
assessments) hypercholesterolaemia

who were not

adequately controlled

with their LMT.

The primary efficacy

endpoint was the

percent change in

calculated LDL-C from

baseline to Week 24 in

the ITT population.

Secondary efficacy

endpoints included the . .

percentage change from | Secondary efficacy Secondary efficacy Secondary efficacy Secondary efficacy

baseline in calculated endpoints included the endpoints included the endpoints |nc|[|uded tfhe endpoints mc:]uded tpe

LDL-C at Weeks 12,52 | percentage change from percentage change from Eercﬁi':]ta?f c Ianlg(: crjom Eerc?irr]]ta(_i:;: c Ianlg? (;om
Secondary/ and 78, as well as the baseline in calculated baseline in calculated L?)SIEC gt W(;aeﬁg ize as Lgsl_e-c gt chaeﬁg ?ze as
tertiary Y change in Apo B, non- LDL-C at Weeks 12, as LDL-C at Weeks 12, as well as the change i,n well as the change i,n

HDL-C, Total-C, well as the change in well as the change in
outcomes lipoprotein(a), HDL-C, Apo B, non-HDL-C, Total- | Apo B, non-HDL-C, Total- Apo B, non-HDL-C, Apo B, non-HDL-C,
(including triglycerides and Apo AL | C. Lp(a), HDL-C, C. Lp(a), HDL-C, Total-C, Lp(a), HDL-C, | Total-C, Lp(a), HDL-C,
scoring at Weeks 12, 24, 52 and | triglycerides and Apo Al triglycerides and Apo Al triglycerides, and triglycerides and Apo Al
methods and 78, and the proportions at Weeks 12 and 24, and | at Weeks 12 and 24, and Apo Al at Weeks 12 at Weeks 1_2 and 24, and
timings of of patients achieving an | the proportions of patients | the proportions of patients and 24, and the the proportions of
assessments) proportions of patients patients achieving an

LDL-C level of
<2.59mmol/L and
<1.81mmol/L at Weeks
12, 24,52 and 78"

The EQ-5D

achieving an LDL-C level
of <2.59mmol/L and
<1.81mmol/L at Weeks 12
and 24.

achieving an LDL-C level
of <2.59mmol/L and
<1.81mmol/L at Weeks 12
and 24.

achieving an LDL-C

level of <2.59mmol/L
and <1.81mmol/L at

Weeks 12 and 24.

LDL-C level of
<2.59mmol/L and
<1.81mmol/L at Weeks
12 and 24.
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questionnaire was
assessed at baseline
and at Weeks 12, 24,
36, 52, 64 and 78

Preplanned

subgroups See Section 4.8

*Diagnosis of HeFH must be made either by genotyping or by clinical criteria. For those patients not genotyped, the clinical diagnosis may be based on either
the Simon Broome criteria for definite FH or the WHO/Dutch Lipid Network criteria with a score >8 points.
**Not adequately controlled was defined as an LDL-C =70 mg/dL (=1.81 mmol/L) at screening (Week -3) in patients with a history of documented CV disease
or LDL-C 2100 mg/dL (=2.59 mmol/L) at screening (Week -3) in patients without a history of documented CV disease.
*** Definition of statin intolerance: the inability to tolerate at least 2 statins: 1 statin at the lowest daily starting dose (defined as rosuvastatin 5 mg, atorvastatin
10 mg, simvastatin 10 mg, lovastatin 20 mg, pravastatin 40 mg, fluvastatin 40 mg, or pitavastatin 2 mg), AND another statin at any dose, due to skeletal
muscle-related symptoms, other than those due to strain or trauma, such as pain, aches, weakness, or cramping, that began or increased during statin
therapy and stopped when statin therapy was discontinued.
Definition of maximally-tolerated dose (any of the following are acceptable):

e Rosuvastatin 20 mg or 40 mg daily

e Atorvastatin 40 mg or 80 mg daily

e Simvastatin 80 mg daily (if already on this dose for >1 year)
Patients not able to be on any of the above statin doses should be treated with the dose of daily atorvastatin, rosuvastatin, or simvastatin that is considered
appropriate for the patient as per the investigator's judgment or concerns. Some examples of acceptable reasons for a patient taking a lower statin dose
include, but are not limited to: adverse effects on higher doses, advanced age, low BMI, regional practices, local prescribing information, concomitant
medications, and comorbid conditions, such as impaired glucose tolerance/impaired fasting glucose
A full list of secondary outcomes can be found in Appendix 3
AMAPatients who were discontinued from study drug during the double-blind treatment period due to skeletal muscle-related AEs were to be assessed. These
patients could resume their pre-washout ezetimibe after the unscheduled visit took place.
Note:
The definition of a documented history of CHD includes one or more of the following: Acute MI, Silent MI, Unstable angina, Coronary revascularisation
procedure (eg, percutaneous coronary intervention [PCI] or coronary artery bypass graft surgery [CABG]), Clinically significant CHD diagnosed by invasive or
non-invasive testing (such as coronary angiography, stress test using treadmill, stress echocardiography or nuclear imaging)
The definition of CHD risk equivalents includes one or more of the following 4 criteria:
1. Documented PAD (one of the following criteria [a, b, or c] must be satisfied):
a) Current intermittent claudication (muscle discomfort in the lower limb produced by exercise that is both reproducible and relieved by rest within 10 minutes)
of presumed atherosclerotic origin together with ankle-brachial index equal to or less than 0.90 in either leg at rest OR
b) History of intermittent claudication (muscle discomfort in the lower limb produced by exercise that is both reproducible and relieved by rest within 10
minutes) together with endovascular procedure or surgical intervention in one or both legs because of atherosclerotic disease OR

Sanofi evidence submission for alirocumab [ID779] Page 83 of 294




¢) History of critical limb ischemia together with thrombolysis, endovascular procedure or surgical intervention in one or both legs because of atherosclerotic
disease

2. Documented ischaemic stroke with a focal ischaemic neurological deficit that persisted more than 24 hours, considered as being of atherothrombotic origin.
Computed tomography (CT) or MRI must have been performed to rule out haemorrhage and nonischaemic neurological disease.

3. Documented chronic kidney disease (CKD) as defined by 30 <eGFR <60 mL/min/1.73 m2 for 3 months or more, including the screening visit

4. Known history of DM AND 2 or more additional risk factors (as listed below):

a) History of hypertension (established on antihypertensive medication)

b) Documented history of ankle-brachial index <0.90

¢) Documented history of microalbuminuria or macroalbuminuria OR dipstick urinalysis at screening visit (Week-2) with >2+ protein.

d) Documented history of preproliferative or proliferative retinopathy or laser treatment for retinopathye) known family history of premature CHD (CHD in
father or before 55 years of age; CHD in mother or sister before 65 years of age)
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4.4 Statistical analysis and definition of study groups in the
relevant randomised controlled trials

Primary analyses of efficacy endpoints were conducted using an ITT approach
including all lipid data collected within the pre-specified window, regardless of
whether the patient was continuing therapy or not. In addition, analyses were also
conducted using an on-treatment approach (based on the mITT population defined
above), including lipid data collected during the treatment period.

The ITT population was defined as all randomised patients who had an evaluable
primary efficacy endpoint. The primary efficacy endpoint was evaluable when the

following conditions were met:
e Availability of baseline calculated LDL-C value;

e Availability of at least 1 calculated LDL-C value on or off-treatment within one

of the analysis windows up to Week 24

Patients in the ITT population were analysed according to the treatment group

allocated by randomisation (i.e., as-randomised treatment group).

The mITT population was defined as all randomised patients who took at least 1
dose or part of a dose of the double-blind injection and had an evaluable primary
efficacy endpoint during the efficacy treatment period (defined as per in the ITT

analysis).

The efficacy treatment period was defined as the time period from the first double-
blind IMP injection up to the day of last injection +21 days. Patients in the mITT
population were analysed according to the treatment group allocated by
randomisation (ie, as-randomised treatment group). The analyses using the on-

treatment estimand (on-treatment analyses) were performed on the mITT population.

A mixed effect model with repeated measures (MMRM) was used for primary
efficacy analysis. Missing data were accounted for by the MMRM model which relied
on the “missing-at-random” (MAR) assumption. In all Phase Il studies sensitivity
analyses, primarily a tipping-point approach and new pattern mixture model (PMM)

approach using mixed imputation in the randomised population, were conducted to
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assess the robustness of primary efficacy analysis with regards to handling of

missing data . Details of the sensitivity analyses can be found in Appendix 4.

In all Phase Il studies, the MMRM included the fixed categorical effects of treatment
group, randomisation strata, time point, treatment-by-time point interaction, and
strata-by-time point interaction, as well as the continuous fixed covariates of baseline

LDL-C value and baseline value-by-time point interaction.

This model was run using SAS MIXED Procedure with an unstructured correlation
matrix to model the within-patient errors. Parameters were estimated using restricted
maximum likelihood method with the Newton-Raphson algorithm. Denominator
degrees of freedom were estimated using Satterthwaite’s approximation. This model
provided baseline adjusted least-squares (LS) means estimates at Week 24 for both
treatment groups with their corresponding standard errors (SEs) and 95%

confidence intervals (CIs).

To compare the alirocumab group to the control group, an appropriate contrast
statement was used to test the differences of these estimates, at the 2-sided 0.05
level in all studies, except in OPTIONS | study (2-sided 0.01 alpha level) and in the
OPTIONS Il study (2-sided 0.0125 alpha level). For OPTIONS | and OPTIONS I
studies, the statistical testing of the primary efficacy endpoint was adjusted for
multiplicity of pairwise comparisons (5 pairwise comparisons in OPTIONS I, 4
pairwise comparisons in OPTIONS I1) using a Bonferroni approach.®

4.4.1 Sample Size Considerations

For all the Phase Il studies except the LONG-TERM study (whose primary objective
was to evaluate the long-term safety and tolerability of alirocumab), the sample size
was determined to ensure sufficient power (90% to 95%) for the primary efficacy
endpoint. Calculation of the sample size was based on the results observed in Phase
Il studies. In most studies, the sample size was increased in order to meet regulatory

requirements regarding the size of the safety database (Table 12).

A summary of the statistical analyses conducted in the clinical trials can be found in

Table 13. Note: in all trials a statistically significant decrease from baseline in LDL-C
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was observed in the alirocumab group compared to controls at Week 24 (Section
4.7, Table 19 to Table 30).
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Table 12 Sample size and power considerations for primary efficacy endpoint in Phase Il studies

Sample size
Expected Sample size necessary for the increased to Planned total
Study ) Expected SD Power ) ) ) .
difference primary efficacy endpoint assess safety of sample size
alirocumab?
FH I 30% 25% 95% 45 (30 alirocumab, 15 placebo) Yes 471
FH 1 30% 25% 95% 45 (30 alirocumab, 15 placebo) Yes 250
HIGH FH 30% 25% 95% 45 (30 alirocumab, 15 placebo) Yes 105
COMBO | 30% 25% 95% 45 (30 alirocumab, 15 placebo) Yes 306
COMBO I 20% 25% 95% 96 (64 alirocumab, 32 ezetimibe) Yes 660
LONG TERM N/A® N/A? N/A? N/A? Yes 2100
OPTIONS I° 20% 25% 95% 350 (50 per group) No 350
OPTIONS II° 20% 25% 95% 300 (50 per group) No 300
ALTERNATIVE 20% 25% 95% 84 (42 alirocumab, 42 ezetimibe) Yes 250
MONO® 20% 25% 95% 100 (50 alirocumab, 50 ezetimibe) No 100

FH, familial hypercholesterolaemia; ITT, intention-to-treat; N/A, not available; SD, standard deviation

®Not applicable: sample size of study LONG TERM was driven by the size of the required safety database for the dossier.

®In OPTIONS | and OPTIONS i studies, sample size calculations included adjustment of alpha level due to multiple pairwise comparisons (alpha=0.01 in OPTIONS | and alpha=0.0125 in OPTIONS
)}

°In the MONO study, an expected 5% exclusion rate from the modified ITT population was taken into account, and final sample size was rounded to 100 (50 per treatment arm
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Table 13 Summary of statistical analyses in the RCTs

Trial number

Hypothesis objective

Statistical analysis

Sample size, power calculation

Data management,

(acronym) patient withdrawals
To demonstrate the superior A total sample size of 45 patients (30 on Analysis using a
reduction of calculated LDL-C by LS MD of percent alirocumab and 15 on placebo) has 95% power to | mixed-effect model
alirocumab as add-on therapy to change from in LDL-C | detect a difference in mean percent change in with repeated

EFC12492 stable maximally tolerated daily from baseline to Week | LDL-C of 30% with a 0.05 two-sided significance measures that
FH I statin therapy with or without other | 24 with a 0.05 two- level and assuming a common SD of 25% and all | accounted for
LMTs in comparison with placebo sided significance these 45 patients having an evaluable primary missing data relying
after 24 weeks of treatment in level. endpoint. 485 patients were randomised and on “missing-at-
patients with HeFH. received study treatment. random” assumption.
As above.
IC::hlll 112 As above. As above. ] . ] As above.
249 patients were randomised, and 248 patients
received study treatment.
As above.
E|II:GCH1 2F7I-:|3 2 As above. As above. ) _ ) As above.
107 patients were randomised and received study
treatment.
To demonstrate the superior
reduction of calculated LDL-C by
alirocumab as add-on therapy to As above.
stable maximally tolerated daily
Egiﬂlég? statin therapy with or without other | As above. ) _ ) As above.
LMTs in comparison with placebo 316 patients were randomised, and 314 patients
after 24 weeks of treatment in high received study treatment.
CV risk patients with
hypercholesterolaemia.
To demonstrate the superior : : .
reduction of calculated LDL-C by A total sample size of 96 patients (64 |n0
EFC11569 alirocumab as add-on therapy to alirocumab qnd 32in gzet|m|be) has 95% power
COMBO I As above. to detect a difference in mean percent change in As above

stable maximally tolerated daily
statin therapy in combination with
ezetimibe 10 mg daily after

LDL-C of 20% with a 0.05 two-sided significance
level and assuming a common SD of 25% and all

Sanofi evidence submission for alirocumab [ID779]

Page 89 of 294




Trial number

Hypothesis objective

Statistical analysis

Sample size, power calculation

Data management,

acronym patient withdrawals
( ) tient withd |
24 weeks of treatment in patients 96 patients having an evaluable primary endpoint.
with hypercholesterolaemia at high
CV risk. 720 patients were randomised and received study
treatment.
For safety assessment a sample size of
2100 patients (randomised 2:1 to alirocumab)
allows the collection of long-term safety data in a
broad database (at least 1000 patients exposed to
alirocumab for a minimum of 12 months, of which
To evaluate the long-term safety AS. above f_or the approximately 900 patients exposed to alirocumab
. - . primary efficacy
and tolerability of alirocumab in endpoint (percentage for 78 weeks).
LTS11717 high CV risk patients with point (p 9
. change in calculated As above
LONG TERM hypercholesterolaemia not : . .
adequately controlled with their LDL-C from 'basellne M'oreoyer, a sample size of 1400 patients treated
LMT to Week 24 in the ITT | with alirocumab allows detection of AEs at a rate
' population). of 20.002 with 95% confidence in the alirocumab
group.
2341 patients were randomised, and
2338 received study treatment.
To evaluate the reduction of LDL.C The statistical testing A sample size of 50 patients per group would
by alirocumab as add.on thera of the five primary have 90% power to detect a difference in means
tgatorvastatin S arison Wplt):W pairwise comparisons | Of atleast 20% in any one pairwise comparison
evetimibe as add.on tﬁera o for the primary efficacy | (i-€. alirocumab mean=50% and control
atorvastatin, in com arisor? )\:vith endpoint was mean=30%), assuming that the common SD was
L1110 Soubling the ator asptat'n ose. of evaluated at a two- 25% using an independent group t test. The alpha
SPTIONS | 0 gonlwgarison wi;/h . thlerapy , sided significance level | level for each of the five pairwise comparisons As above

switch from atorvastatin to
rosuvastatin, after 24 weeks of
treatment in patients with
hypercholesterolaemia at high CV
risk.

of 0.01 per comparison
with adjustment for
multiplicity, thereby
maintaining an overall
study alpha level of
0.05.

was adjusted to a two-sided alpha level of 0.01,
thereby maintaining an overall study alpha level of
0.05.

355 patients were randomised, and 354 received
study treatment
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Trial number

Hypothesis objective

Statistical analysis

Sample size, power calculation

Data management,

(acronym) patient withdrawals
To evaluate the efficacy and safety | o g crical testing | A Sample size of 47 patients per arm would have
of alirocumab as add-on therapy 1o | cyp 0 61 brimary 90% power to detect a difference in means of at
submaximal doses of rosuvastatin pairwise comparisons | /east 20% in any one pairwise comparison (i.e.
in comparison with two other for the primary efficacy | alirocumab mean=50% and control mean=30%),
regimens: (1) ezetimibe as add-on endpoint was assuming that the common SD was 25% using an

CL-1118 ?gi[ligﬁttgti?t;r:?zg]zloi%?iis %ff evaluated at a two- independent group t test. The alpha level for each As b

OPTIONS II » @ 9 sided significance level | Of the four pairwise comparisons was adjusted to S above
the rosuvastatin dose. The study |ty 155 her a two-sided alpha level of 0.0125, thereby
was conducted in patients at high | . o hcon “adjusting | Maintaining an overall study alpha level of 0.05.

CV risk who had failed to reach for muItipIici,ty thereby

their LDL-C treatment goal and L ' _ _ _

required additional maintaining an overall | 305 patients were randomised and all received

. alpha level of 0.05. study treatment.

pharmacological management. y
A total sample size of 84 patients (42 patients in
the alirocumab treatment group and 42 patients in
the ezetimibe treatment group) was calculated to
have 95% power to detect a difference in mean
percent change from baseline to Week 24 in LDL-

To demonstrate superior reduction | LS MD of percent C of 20% with a two-sided significance level and

cL-1119 of LDL-C by alirocumab in | change in LDL-C from | @ssuming a SD of 25%.

ALTERNATIVE | Comparison Wlth eze_tlmlb_e in statin be_lsellne to Week_ 24 As above
intolerant patients with primary with  0.05 two-sided | Of the 361 patients who completed the screening
hypercholesterolaemia. significance level. period, 314 patients (87.0%) completed the

single-blind placebo run-in period, while 47
patients (13.0%) had run-in failures and were not
randomised to a treatment group. Of the 314
patients who were randomised, 313 received
study treatment.
To demonstrate the superior A total sample size of 90 patients (45 in each arm)
EEC11716 ;eli?gggr?]rggfacsa:ﬁglr?ctfﬁel;;)L_iCn by hgs 96% power to dgte_ct a 20% MD between
MONO Py As above. alirocumab and ezetimibe in percent change from | As above

comparison with ezetimibe 10 mg
daily after 24 weeks of treatment in
patients with

baseline at a 0.05 two-sided significance level and
assuming a common SD of 25%.
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Trial number

(acronym)

Hypothesis objective

Statistical analysis

Sample size, power calculation

Data management,

patient withdrawals

hypercholesterolaemia at
moderate CV risk.

103 patients were randomised and received study
treatment.

AE, adverse event; CV, cardiovascular; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; ITT, intention-to-treat; LDL-C, low-density lipoprotein cholesterol;

LMT, lipid-modifying therapy; LS, least-squares; MD, mean difference; RCT, randomised controlled trial; SD, standard deviation.
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4.5 Participant flow in the relevant randomised controlled

trials

Key points

e The ODYSSEY programme included 36 NHS centres excluding CVOT, with 30

UK centres patrticipating in the ongoing CVOT outcomes trial

¢ Intotal, in Phase lll trials, 5,296 patients were randomised; 3188 to alirocumab

and 2108 to controls
o 26% (1377) had HeFH

97.0% (5138) were at high/very high CV risk, with 78.5% at very high CV

o

risk.
o 64.1% (3392) patients had a history of any CHD
o 34.3% (1816) patients had prior Ml
o 7.9% (416) had prior ischaemic stroke
o 30.8% (1629) had Type 2 diabetes

e A majority of patients treated were on maximal tolerated dose statins (79.7%),
and significant numbers treated with statins plus ezetimibe (particularly in the
FH trials) (Table 16)
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The data from the Phase Il studies were collected in 30 countries worldwide. This
included North America (2017 patients) and 20 countries in Europe (1741 patients
from Western EU, 824 patients from Eastern EU and 714 patients from the rest of
the world). In the UK there were 36 NHS centres involved in 6 of the trials (FHI, FHII,
LONG TERM, OPTIONS |, OPTIONS Il and ALTERNATIVE).

A total of 5296 patients were randomised in the 10 Phase Il studies (3188
randomised to alirocumab group, 1175 randomised to placebo group, 620
randomised to ezetimibe group, and 313 randomised to statin). Of these 5296
patients, 9 patients were randomised but not treated; 5222 patients (98.6%) were
included in the ITT population and 5180 patients (97.8%) were included in the mITT
population (population for on-treatment analyses).

A summary of reasons for not completing study treatment periods across Phase Ili
studies can be found in Table 14. CONSORT flow diagrams can be found in

Appendix 5.
An overview of the ODYSSEY trial populations is shown in Table 15 and Table 16.

Tables of baseline characteristics for each trial can be found in Appendix 5. As
intended, the patients included in ODYSSEY were at high CV risk and had elevated
LDL-C despite treatment. Overall, 26% (1377) had HeFH. 97.0% (5138) were at
high/very high CV risk, with 78.5% at very high CV risk, including 64.1% with a
history of any CHD. 34.3% had prior Ml and 7.9% had a history of ischaemic stroke.
The majority of patients treated were on maximal tolerated dose statins (79.7%). The
majority of patients in trials where statins were a background therapy were receiving
high dose high intensity statins. A lower proportion (44%) was observed in LONG-
TERM, with previous muscle symptoms or creatine kinase elevations during receipt
of a high-dose statin accounting for 17% of study patients and regional practices or
local labelling accounting for 28%. Approximately 50% of patients in the FH trials
received statins plus ezetimibe as background therapy, as did approximately 14% of
patients in LONG-TERM.
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An analysis of UK patients was performed to inform the cost-effectiveness model. In
comparison, ODYSSEY patients were on the whole younger, with a mean age of
around 60 — 63 in non-FH populations, compared with an average age of 72 for
patients with CHD observed in THIN (Appendix 11). The proportion of males was

similar (~60% in both for non-FH populations). Mean LDL-C levels were similar.
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Table 14 Patient Disposition: Reasons for not completing study treatment period (Randomised population) - Phase lll studies

Randomised

Did not complete

Discontinued due to:

Study treatment study treatment Poor protocol Other
and treated AE
period® compliance reasons

FH | - EFC12492

Placebo 163 18 (11.0%) 8 (4.9%) 4 (2.5%) 6 (3.7%)

Alirocumab 75 mg Q2W up to 150 mg Q2W 322 36 (11.1%) 12 (3.7%) 8 (2.5%) 16 (5.0%)
FH Il -CL1112

Placebo 81 3 (3.7%) 1 (1.2%) 1 (1.2%) 1 (1.2%)

Alirocumab 75 mg Q2W up to 150 mg Q2W 167 11 (6.6%) 5 (3.0%) 2 (1.2%) 4 (2.4%)
HIGH FH - EFC12732

Placebo 35 6 (17.1%) 1 (2.9%) 1 (2.9%) 4 (11.4%)

Alirocumab 75 mg Q2W up to 150 mg Q2w 72 15 (20.8%) 3 (4.12%) 4 (5.6%) 8 (11.1%)
COMBO | - EFC11568

Placebo 107 32 (29.9%) 8 (7.5%) 9 (8.4%) 15 (14.0%)

Alirocumab 75 mg Q2W up to 150 mg Q2W 207 51 (24.4%) 13 (6.2%) 10 (4.8%) 28 (13.4%)
COMBO Il - EFC11569

Placebo 241 35 (14.5%) 13 (5.4%) 7 (2.9%) 15 (6.2%)

Alirocumab 75 mg Q2W up to 150 mg Q2W 479 73 (15.2%) 36 (7.5%) 13 (2.7%) 24 (5.0%)
LONG TERM - LTS11717

Placebo 788 146 (18.5%) 44 (5.6%) 34 (4.3%) 67 (8.5%)

Alirocumab 150 mg Q2W 1550 (99.8%) 311 (20.0%) 98 (6.3%) 54 (3.5%) 159 (10.2%)

OPTIONS | - CL1110:
Patients on atorvastatin 20 mg before randomisation
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Randomised

Did not complete

Discontinued due to:

Study treatment study treatment Poor protocol Other
and treated . AE ;
period compliance reasons

Atorvastatin 40 mg 57 13 (22.8%) 4 (7.0%) 2 (3.5%) 7 (12.3%)

Ezetimibe 10 mg + atorvastatin 20 mg 55 15 (27.3%) 3 (5.5%) 4 (7.3%) 8 (14.5%)

Alirocumab 75 mg Q2W up to 150 mg Q2W + atorvastatin 20 mg 57 11 (19.3%) 5 (8.8%) 0 6 (10.5%)
Patients on atorvastatin 40 mg before randomisation

Atorvastatin 80 mg 47 8 (17.0%) 3 (6.4%) 5 (10.6%)

Rosuvastatin 40 mg 45 6 (13.3%) 1(2.2%) 0 5(11.1%)

Ezetimibe 10 mg + atorvastatin 40 mg 46 6 (12.8%) 1(2.1%) 5 (10.6%)

Alirocumab 75 mg Q2W up to 150 mg Q2W + atorvastatin 40 mg a7 9 (19.1%) 2 (4.3%) 1(2.1%) 6 (12.8%)
OPTIONS Il - CL1118:
Patients on rosuvastatin 10 mg before randomisation

Rosuvastatin 20 mg 48 5 (10.4%) 2 (4.2%) 1 (2.1%) 2 (4.2%)

Ezetimibe 10 mg + rosuvastatin 10 mg 48 14 (29.2%) 6 (12.5%) 2 (4.2%) 6 (12.5%)

Alirocumab 75 mg Q2W up to 150 mg Q2W + rosuvastatin 10 mg 49 11 (22.4%) 3 (6.1%) 2 (4.1%) 6 (12.2%)
Patients on rosuvastatin 20 mg before randomisation

Rosuvastatin 40 mg 53 8 (15.1%) 3 (5.7%) 5 (9.4%)

Ezetimibe 10 mg + rosuvastatin 20 mg 53 9 (17.0%) 2 (3.8%) 7 (13.2%)

Alirocumab 75 mg Q2W up to 150 mg Q2W + rosuvastatin 20 mg 54 13 (24.1%) 2 (3.7%) 2 (3.7%) 9 (16.7%)
ALTERNATIVE - CL1119

Atorvastatin 20 mg 63 21 (33.3%) 16 (25.4%) 2 (3.2%) 3 (4.8%)

Ezetimibe 10 mg 124 42 (33.6%) 31 (24.8%) 11 (8.8%)

Alirocumab 75 mg Q2W up to 150 mg Q2w 126 30 (23.8%) 23 (18.3%) 7 (5.6%)
MONO - EFC11716

Ezetimibe 10 mg 51 7 (13.7%) 4 (7.8%) 1 (2.0%) 2 (3.9%)
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Randomised

Did not complete

Discontinued due to:

Study treatment study treatment Poor protocol Other
and treated o AE ;
period compliance reasons
Alirocumab 75 mg Q2W up to 150 mg Q2w 52 8 (15.4%) 5 (9.6%) 0 3 (5.8%)
AE, adverse event; e-CRF, electronic case report form; FH, familial hypercholesterolaemia; Q2W, every 2 weeks; A As per e-CRF
Table 15 Overview of ODYSSEY programme trial populations at baseline by CV risk and background therapy
Mean . . Treatment .
Age (mean Males calculated High CV risk \(ery h'gh cy !—hgh/very with high- Trea’gment Pro'portlon' of
Study . risk patients high CV risk - : with patients with
[SD]) (%) LDL-C, patients (%) %) patients (%) intensity ezetimibe (%) FH (%)
mmol/L statin (%)
or 12492 51.9 (12.7) 56.4 3.746 48.8 51.2 100 815 57.0 100
IC::|:1“112 53.2 (12.8) 52.6 3.480 61.4 38.6 100 86.3 66.3 100
EFC12732
HIGH EH 50.6 (13.3) 53.3 5.123 43.0 57.0 100 72.9 24.3 100
EFC11568
COMBO | 63.0 (9.3) 65.8 2.646 0 100 100 57.6 8.2 0
EFC11569
COMBO Il 61.6 (9.3) 73.6 2.778 0 100 100 66.7 N/A 0
LTS11717
LONG TERM 60.5 (10.4) 62.2 3.171 8.5 91.5 100 44.1 14.3 17.7
CL1110
OPTIONS | 62.9 (10.2) 65.1 2.723 39.7 60.3 100 N/A N/A 9.0
CL1118
OPTIONS II 60.9 (10.4) 61.3 2.882 37.0 63.0 100 N/A N/A 13.4
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Mean . . Treatment .
Age (mean Males calculated High CV risk \(ery h'g.h c !—hgh/ver_y with high- Treat.ment Pro_portlon. of
Study . risk patients high CV risk . : with patients with
[SD]) (%) LDL-C, patients (%) (%) patients (%) intensity ezetimibe (%) FH (%)
mmol/L statin (%)
,CA:IE'}'lE}?gNATIVE 63.4 (9.5) 54.8 4.954 28.3 54.1 82.4 N/A N/A 15.0
e 60.2 (5.0) 53.4 3.619 0* 0* 0 N/A N/A 0

CV, cardiovascular; FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; N/A, not available; SD, standard deviation

*All patients had moderate CV risk
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Table 16 Summary of key baseline demographics in the ODYSSEY Phase Ill programme

FHI FHII HIGH-FH LONG COMBO-I | COMBO-Il | OPTIONS | | OPTIONS Il | ALTERNA MONO
TERM TIVE

N 496 249 107 2341 316 720 355 305 314 103

Age 52(13) 53(13) 51(13) 61(10) 63(9) 62(9) 63(10) 61(10) 63(10) 60(5)

(years)mea

ns (SD)

Age Group

[(n(%)]

<45 142(29%) 59(24%) 31(29%) 157 (7%) 13 (4%) 24 (3%) 18 (5%) 15 (5%) 9 (3) 0

24510 <65 | 263(54%) | 139(56%) 62(58%) | 1317(56%) | 172 (54%) | 410 (57%) | 174 (49%) | 173 (57%) | 161 (51%) | 84 (82%)

265 to <75 72(15%) 43(17%) 13(12%) | 678 (29%) | 99 (31%) | 229 (32%) | 125(35%) | 93(31%) | 100 (32%) | 19 (18%)

275 9(2%) 8(3%) 1 (1%) 189 (8%) 32 (10%) 57 (8%) 38 (11%) 24 (8%) 44 (14%) 0

Male [n(%)] | 274(56%) | 131(53%) 57(53%) | 1457 (62%) | 208 (66%) | 530 (74%) | 231 (65%) | 187 (61%) | 172 (55%) | 55 (53%)

Weight (kg) 85 (17) 85 (16) 83 (16) 87 (18) 95 (21) 89 (18) 90 (22) 89 (20) 84 (19) 86 (18)

mean (SD)

BMI 29 (5) 28 (5) 29 (5) 30 (6) 32 (7) 30 (5) 31 (6) 31 (7) 29 (6) 29 (6)

(kg/m2)

Mean (SD)

Race [n(%)]

White 444(91%) | 244(98%) 94(88%) | 2171(93%) | 258 (82%) | 610 (85%) | 306 (86%) | 256 (84%) | 295 (94%) | 93 (90%)

Black or 5 (1%) 2 (1%) 2 (2%) 77 (3%) 51 (16% 28 (4%) 38 (11%) 27 (9%) 12 (4%) 10 (10%)

African

American
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FHI

FHII

HIGH-FH

LONG
TERM

COMBO-I

COMBO-II

OPTIONS |

OPTIONS I

ALTERNA
TIVE

MONO

Asian

American
Indian or
Alaska
native

Native
Hawaiian or
other
Pacific
Islander

Other

6 (1%)

2 (0.4%)

1 (0.2%)

28 (6%)

3 (1%)

6 (6%)

5 (5%)

18 (1%)

46 (2%)

29 (1%)

3 (1%)

3 (1%)

1 (0.3%)

53 (7%)

2 (0.3%)

27 (4%)

6 (2%)

3 (0.8%)

1 (0.3%)

1 (0.3%)

11 (4%)

10 (3%)

1 (0.3%)

4 (1%)

1 (0.3%)

2 (0.6%)

Any
cardiovascu
lar history
Irisk

factors

249(51%)

96(39%)

61(57%)

2121(91%)

312 (99%)

718(100%)

355(100%)

305 (100%)

314 (100%)

102 (99%)

Coronary
heart
disease®

Acute
myocardial
infarction

Silent
myocardial

225 (46%)

114 (24%)

10 (2%)

88(35%)

41(17%)

3 (1%)

53 (50%)

24(22%)

1 (1%)

1607 (69%)

872 (37%)

69 (3%)

247 (78%)

130 (41%)

14 (4%)

649 (90%)

416 (58%)

15 (2%)

200 (56%)

92 (26%)

16 (5)

177 (58%)

84 (28%)

11 (4%)

146 (47%)

43 (14%)

11 (4%)
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FHI

FHII

HIGH-FH

LONG
TERM

COMBO-I

COMBO-II

OPTIONS |

OPTIONS I

ALTERNA
TIVE

MONO

infarction

Unstable
angina
Coronary
revascularis
ation
procedures

Other
clinically
significant
CHD"

61 (13%)

158 (33%)

135 (28%)

23 (9%)

70(28%)

44(18%)

13(12%)

25(23%)

30(28%)

291 (12%)

1081(46%)

678 (29%)

54 (17%)

193 (61%)

52 (17%)

152 (21%)

495 (69%)

266 (37%)

32 (9%)

136 (38%)

143 (40%)

40 (13%)

130 (43%)

139 (46%)

27 (9%)

102 (33%)

89 (28%)

Coronary
heart
disease risk
equivalents

Ischaemic
stroke

Peripheral
arterial
disease

Moderate
chronic
kidney
disease

Known
history of

79 (16%)

16 (3%)

13 (3%)

29 (6%)

19 (8%)

6 (2%)

6 (2%)

3 (1%)

18(17%)

4 (4%)

1 (1%)

5 (5%)

962 (41%)

232 (10%)

122 (5%)

326 (14%)

136 (43%)

27 (9%)

11 (4%)

61 (19%)

223 (31%)

60 (8)

35 (5%)

84 (12%)

100 (28%)

26 (7%)

11 (3%)

n.a.

79 (26%)

16 (5%)

12 (4%)

n.a.

73 (23%)

29 (9%)

6 (2%)
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FHI

FHII

HIGH-FH

LONG
TERM

COMBO-I

COMBO-II

OPTIONS |

OPTIONS I

ALTERNA
TIVE

MONO

DM(T 1 or
2) or more
additional

risk factors

Abdominal
aortic
aneurysm

Carotid
artery
occlusion >
50%
without
symptoms

Carotid
endarterect
omy of

carotid
artery stent
procedure

Renal
artery
stenosis

Renal
artery stent
procedure

29 (6%)

n.a.

n.a.

n.a.

n.a.

n.a.

7 (3%)

n.a.

n.a.

n.a.

n.a.

n.a.

9 (8%)

n.a.

n.a.

n.a.

n.a.

n.a.

482 (21%)

n.a.

n.a.

n.a.

n.a.

n.a.

67 (21%)

n.a.

n.a.

n.a.

n.a.

n.a.

90 (13%)

n.a.

n.a.

n.a.

n.a.

n.a.

n.a.

8 (2%)

1 (0.3%)

n.a.

10 (3%)

2 (1%)

8 (3%)

22 (7%)

11 (4%)

1 (0.3%)

1 (0.3%)
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FHI FHII HIGH-FH LONG COMBO-I COMBO-II | OPTIONS | | OPTIONS Il | ALTERNA MONO
TERM TIVE

Type 1 or 2 n.a. n.a. n.a. n.a. n.a. n.a. 43 (12.1) 32 (11%) 11 (4%) 0
DM with
target
organ
damage
Very high 249 (51%) 96(39%) 61(57%) | 2141(92%) | 316(100%) | 720(100%) | 214 (60%) | 192 (63%) | 170 (54%) 0
CV risk
"_"ih cv 237 (49%) | 153(61%) 46(43%) 200 (9%) 0 0 141 (40%) | 11 (37%) 89 (28%) 0
ris
Moderate
CV risk 0 0 0 0 0 0 0 0 43 (14%) 103(100%)
Hypertensio | 210(43%) 81(33%) 61(57%) | 1762(75%) | 280 (89%) | 580 (81%) | 278 (78%) | 221 (73%) | 197 (63%) | 32 (31%)
n
Type 1 0 1(0.4%) 0 23(1%) 0 2(0.3%) 1(0.3%) 2(0.7%) 0 0
Diabetes
Type 2 56(12%) 10 (4%) 15(14%) 809 (35%) 136 (43%) | 221 (31%) | 177 (50%) | 126 (41%) 75 (24%) 4 (4%)
Diabetes
Family 218 (45%) 122(49%) 61(57%) 762 (33%) 109 (35%) 153 (21%) 85 (24%) 88 (30%) 114 (36%) 4 (4%)
history of
premature
CHD
Current 69(14%) 49(20%) 21(20%) 484 (21%) | 60 (19%) | 155 (22%) | 66 (19%) 56 (18%) 21 (7%) 11 (11%)
Smoker
HeFH 486(100%) | 249(100%) | 107 (100%) | 415 (18%) 0 0 32 (9%) 41 (13%) 47 (15%) 0
non-FH 0 0 0 1926(82%) | 316(100%) | 720(100%) | 323 (91%) | 264 (87%) | 267 (85%) | 103(100%)
Taking 405(83%) | 219(88%) 85(79%) | 1096(47%) | 198 (63%) | 494 (69%) | 355(100%) | 305(100%) 17 (5%) 0
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FHI

FHII

HIGH-FH

LONG
TERM

COMBO-I

COMBO-II

OPTIONS |

OPTIONS I

ALTERNA
TIVE

MONO

statins

Free
PCSK9
level
(ng/mL)

315(128)

n.a.

n.a.

305 (122)

n.a.

283 (99)

n.a.

n.a.

n.a.

186 (56)

Total
PCSK9
level
(ng/mL)

853(293)

n.a.

n.a.

679 (298)

n.a.

620(187)

n.a

n.a.

n.a.

498 (154)

Calculated
LDL-C
(mg/dL)Me
an (SD)

145(50)

134 (41)

198 (53)

122 (42)

102 (32)

107 (36)

105 (34)

111 (39)

191 (69)

140 (26)

Calculated
LDL-C
(mmol/L)
Mean (SD)

3.7 (1.3)

3.5 (1.1)

5.1 (1.4)

3.2 (1.1)

2.6 (0.8)

2.8 (0.9)

2.7 (0.9)

2.9 (1.0)

5.0 (1.8)

3.6 (0.7)
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4.6 Quality assessment of the relevant randomised controlled

trials

The quality of included RCTs was examined following The Cochrane Collaboration’s

tool for assessing risk of bias "° %°

All studies were deemed to have a low risk of bias or unclear risk of bias. A summary
can be found in Table 17 and full details in Appendix 6. Studies were double-blind
with objective endpoints, and the analysis was conducted as both ITT and on-
treatment with a good degree of alignment. One quality issue was observed in High
FH, where two sites had protocol violations (did not meet GCP requirements); these

sites were shut down.
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Table 17 Quality assessment of the randomised controlled trials

Other potential

) ) Performance | Detection Attrition ; .
Selection bias ; i i Reporting bias threats to
bias bias bias o
validity
Author
Blinding of o Incomplete . .
(RefID), year ) o Blinding of Selective Imbalance in
Random sequence Allocation participants outcome ;
i outcome outcome baseline
generation concealment and data : o
assessment reporting characteristics
personnel addressed
Ginsberg . . : . . . .
HIGH FH Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Unclear risk
Kastelein
ODYSSEY Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
FHI
Kastelein
ODYSSEY Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
FH I
Robinson
(L)g;(S;SEY Judgement Low risk Low risk Low risk Low risk Low risk Low risk Low risk
TERM
Keriakes . . . . . . .
COMBO | Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Cannon . . . . . . .
COMBO II Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Bays . . . . . . .
OPTIONS | Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Bays . . . : . . .
OPTIONS II Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
Roth
ODYSSEY Judgement Low risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
MONO
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Other potential

) ) Performance Detection Attrition ; )
Selection bias ; i i Reporting bias threats to
bias bias bias o
validity
Author
Blinding of o Incomplete . .
(RefID), year i . Blinding of Selective Imbalance in
Random sequence Allocation participants outcome )
) outcome outcome baseline
generation concealment and data i o
assessment reporting characteristics
personnel addressed
Moriarty
ODYSSEY . . . . . . .
ALTERNATI Judgement Unclear risk Unclear risk Low risk Unclear risk Low risk Low risk Low risk
VE
Total low 2 1 10 1 10 10 9
risk
Total 8 9 0 9 0 0 1
unclear risk
Total high 0 0 0 0 0 0 0
risk
TOTAL 10 10 10 10 10 10 10

FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; IS, ischaemic stroke; MI, myocardial infarction; RCT, randomised controlled trial
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4.7 Clinical effectiveness results of the relevant randomised

controlled trials

Key Points

e Alirocumab demonstrates a substantial and consistent reduction in
LDL-C levels across the ODYSSEY programme

o From 39% and 62% compared to placebo (Week 24 values)

e The effect was maintained over the duration of the trials (cut-off at 52
weeks for most trials, up to 78 weeks for LONG-TERM)

e Alirocumab also exerts a consistent and expected impact on other key
lipid parameters (lowering non-HDL-C, ApoB, ApoA-1, Lp(a) and
increasing HDL-C

e Calculated LDL-C measurement was used for the primary efficacy
parameters. Directly measured LDL-C showed very comparable results

e In almost all cases a significantly higher proportion of patients reach
pre-defined treatment goals with alirocumab than vs active or no-active

comparator

e A post-hoc analysis of the LONG TERM study provides preliminary

indication of a reduction in cardiovascular events with alirocumab

A summary of the ODYSSEY trial programme efficacy data is presented below. The
trial programme covers a wide range of clinical end points which are in line with UK
monitoring in clinical practice (total cholesterol, non-HDL-C, triglycerides, combined
lipid profile ® As detailed below, the effect of alirocumab on LDL-C levels is
substantial, consistent and maintained throught the duration of the trials in each
case. The impact of alirocumab on other lipid parameters was also consistent and
directionally in line with what would be expected to be associated with a decrease in
CV risk. The proportion of patients achieving pre-defined ODYSSEY LDL-C goals is
clearly influenced by the starting baseline LDL-C of patients which varies across the
ODYSSEY trials (Section 4.5).
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Calculated LDL-C measurement according to the Friedewald method was used for
the primary efficacy parameters for LDL-C and at all-time points where LDL-C was
determined. The programme also included measured LDL-C using the beta
guantification method at certain key time points. This was assessed at Week 12,
Week 24, and Week 52 in the LONG TERM study. In addition, measured LDL-C at
baseline and Week 24 was also implemented during the course of 7 other studies
(FH I, FH II, COMBO |, COMBO II, OPTIONS I, OPTIONS Il, and ALTERNATIVE) to
further assess the possible differences between the two measurement modalities
and confirm the robustness of the results regardless of the method used to obtain
LDL-C level. The comparability of the calculated and directly measured LDL-C
efficacy of alirocumab was confirmed in the LONG TERM study where a similar
magnitude of reduction in LDL-C at Week 24 was observed. Similar results were
seen at Week 12 and Week 52 and regardless of the analysis performed (ITT or on-

treatment analysis) as illustrated in Figure 9.

Figure 9 Summary of percent change from baseline in calculated LDL-C and
measured LDL-C - Study LONG TERM

% ahange from baseling

LS means |SE)
Endpairit Analysis Time FPlacebs  Alirocurmiab LS means difference (95% Cl) Powalus
150 0PN
Calcuated LOL-C ITT Wieek 12 15010 63307 e <0.0007° K
Wieek 24 0A(1O)  -61.000.7) | =] =0.0001* P
Wieek 52 4.4{1.2) -56.8(0.8) ow] <0.0001
Cortreatment Week 12 140100 -B42(0.71 |+ =0.0007* K
Week 24 07100 -B2ED7 = 0 0001E K
Wesk 52 46110 593008 | <0000
Measired LDL-C ITT Week 12 28011 BOGMDE  |e] <01 00
Vmek 24 35113 -57.8(08) = =0.0001* K
Wieek 52 £5{12) -544(09) jm 0,000
Ceetreatment Week 12 28001 -81.2008) =0.0001
Wesk 24 3411 5896008 b «0.0001
Week 52 ES{1.1) 5740080 b <0.0001

=

&4 i) Bl 0
Difference vs. Flacshao

P: Primary efficacy endpoint

K: Key secondary efficacy endpoint

For primary and key secondary efficacy endpoints, the p-value is followed by a ' if statistically
significant according to the fixed hierarchical approach used to ensure a strong control of the overall
type-1 error rate at the 0.05 level.
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4.7.1 FHI - EFC12492

In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed in the alirocumab 75/150 mg group as
compared with an increase in the placebo group (LS mean difference versus placebo
of -57.9%, p<0.0001).

Statistical significance was also reached at Week 12 on 75 mg, before possible up-
titration to 150 mg (LS mean difference versus placebo of -49.2%; p<0.0001 - ITT
analysis). The on-treatment analysis of the LDL-C percent change from baseline to

Week 24 and to Week 12 showed very consistent results with the ITT analysis.

Effects of alirocumab on all key secondary endpoints including Apo B, non-HDL-C,
Total-C, Lp(a), HDL-C, fasting TGs, and Apo A-1 were statistically significant at both
Week 24 and Week 12 (Table 19).

At all time points, the majority of patients in the alirocumab group reached all pre-
specified LDL-C targets, with a highly significant difference versus placebo (eg, at
Week 24, for alirocumab 72.2% of patients at very high CV risk with calculated LDL-
C <70 mg/dL [<1.81 mmol/L] or at high CV risk with calculated LDL-C <100 mg/dL
[<2.59 mmol/L] versus 2.4% for placebo [p<0.0001])).

The mean LDL-C concentrations dropped rapidly in the first 4 weeks with alirocumab. This reduction
alirocumab. This reduction achieved by 4 weeks was maintained at all time points throughout
throughout the study up to Week 52 with very consistent results over time regardless of the
of the analysis (ITT or on-treatment analysis) (

Figure 10).
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Figure 10 Calculated LDL-C LS mean (+/- SE) percent change from baseline: FHI and
FHII - Time profile — ITT analysis
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4.7.2 FHIl - CL1112

In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed in the alirocumab 75/150 mg group as

compared to an increase in the placebo group (LS mean difference versus placebo
of -51.4%, p<0.0001).
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Statistical significance was also reached at Week 12 on 75 mg, before possible up-
titration to 150 mg (LS mean difference versus placebo of -48.4%; p<0.0001 - ITT
analysis). The on-treatment analysis of the LDL-C percent change from baseline to
Week 24 and to Week 12 showed very consistent results with the ITT analysis.
Effects of alirocumab on all key secondary endpoints were statistically significant at
Week 12 and Week 24, except Apo A-1 at Week 12 (

Table 20).

At all time points, the majority of patients in the alirocumab group reached all pre-
specified LDL-C targets, with highly significant difference versus placebo (eg, at
Week 24 for alirocumab, 81.4% of patients at very high CV risk with calculated LDL-
C <70 mg/dL [<1.81 mmol/L] or at high CV risk with calculated LDL-C <100 mg/dL
[<2.59 mmol/L] versus 11.3% for placebo [p<0.0001].

Following a rapid drop in LDL-C concentrations in the first 4 weeks induced by
alirocumab, this reduction achieved by 4 weeks was well maintained at all time
points throughout the study up to Week 52 with very consistent results over time

regardless of the analysis (ITT or on-treatment analysis) (

Figure 10).

4.7.3 HIGH FH - EFC12732

In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed in the alirocumab group compared to the

placebo group (LS mean difference versus placebo of -39.1%, p<0.0001).
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Statistical significance was also reached at Week 12 on 150 mg (LS mean difference
versus placebo of -40.3%; p<0.0001 - ITT analysis). The on-treatment analysis of the
LDL-C percent change from baseline to Week 24 and to Week 12 showed very

consistent results.

Effects of alirocumab on key secondary endpoints including Apo B, non-HDL-C,
Total-C at Week 24 and Week 12, and Lp(a) at Week 24 were statistically significant.
Numerical reduction in fasting TGs as well as numerical increase in HDL-C and Apo

A-1 were also seen (Table 21).

At all time points, the majority of patients in the alirocumab group reached all pre-
specified LDL-C targets, with highly significant difference versus placebo (e.g., at
Week 24, for alirocumab 41.0% of patients at very high CV risk with calculated LDL-
C <70 mg/dL [<1.81 mmol/L] or at high CV risk with calculated LDL-C <100 mg/dL
[<2.59 mmol/L] versus 5.7% for placebo [p=0.0016]).

The mean reduction in calculated LDL-C observed with alirocumab 150 mg was
achieved from Week 4 and maintained at all time points throughout the study up to
Week 52 with consistency in the effect over time regardless of the analysis (ITT or

on-treatment analysis) (Figure 11).

Figure 11 LDL-C LS mean (+/- SE) percent change from baseline: Time profile - ITT
analysis — ITT population
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4.7.4 COMBO | - EFC11568

In the ITT analysis, at Week 24, the LS mean percent reduction from baseline in
calculated LDL-C was significantly greater in the alirocumab 75/150 mg group
compared to the placebo group (LS mean difference versus placebo of -45.9%,
p<0.0001).

Statistical significance was also reached at Week 12, on the dose of 75 mg, before
possible up-titration to 150 mg (LS mean difference versus placebo of -47.4%;
p<0.0001). The on-treatment analysis of the LDL-C percent change form baseline to

Week 24 and Week 12 showed very consistent results with the ITT analysis.

Effects of alirocumab on key secondary endpoints including Apo B, non-HDL-C,
Total-C at Week 24 and Week 12, and Lp(a) and HDL-C at Week 24 were
statistically significant. Numerical reduction in fasting TGs was also observed as well

as a numerical increase in Apo A-1 (Table 22).
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At all time points, the majority of patients in the alirocumab group reached all pre-
specified LDL-C targets, with highly significant difference versus placebo (eg, at
Week 24 for alirocumab, 75.0% of patients with calculated LDL-C <70 mg/dL [<1.81
mmol/L] versus 9.0% for placebo [p<0.0001]). In the alirocumab group, LDL-C
reduction from baseline was observed from Week 4 to Week 52. In the ITT analysis,
a significant reduction was also seen for alirocumab as compared with placebo,
however a slight diminution over time in LDL-C reduction was observed in
alirocumab group (LS mean versus baseline at Week 52 of -42.5% versus -48.2% at
Week 24).

Within the on-treatment analysis the same magnitude of effect was seen at Week 52
as compared with Week 24 (LS mean versus baseline at Week 52 of -47.5% versus
-48.2% at Week 24), thus confirming the consistency of the effect in patients who

maintain treatment with alirocumab (Figure 12).

Figure 12 LDL-C LS mean (+/- SE) percent change from baseline: Time profile - ITT
analysis — ITT population
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In the ITT analysis, at Week 24, the LS mean percent reduction from baseline in
calculated LDL-C was significantly greater in the alirocumab group 75/150 mg
compared to the ezetimibe group (LS mean difference versus ezetimibe of -29.8%,
p<0.0001).

Statistical significance was also reached at Week 12, on the dose of 75 mg, before
possible up-titration to 150 mg (LS mean difference versus ezetimibe of -29.4%;
p<0.0001). The on-treatment analysis of the LDL-C percent change from baseline to

Week 24 and Week 12 showed very consistent results with the ITT analysis.

Effects of alirocumab on key secondary endpoints including Apo B, non-HDL-C,
Total-C at Week 24 and Week 12, and Lp(a) and HDL-C at Week 24 were
statistically significant. Numerical reduction in fasting TGs as well as numerical

increase in Apo A-1 were also seen (
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Table 23).

At all time points, a significantly higher proportion of patients in the alirocumab group
versus the ezetimibe group reached all pre-specified LDL-C targets, (eg, at Week 24
for alirocumab, 77.0% of patients with calculated LDL-C <70 mg/dL [<1.81 mmol/L]
versus 45.6% for ezetimibe [p<0.0001]). The large percent decrease in calculated
LDL-C observed with alirocumab was achieved from Week 4 and maintained at all
time points throughout the study up to Week 52 (Figure 13).

Figure 13 LDL-C LS mean (+/- SE) percent change from baseline: Time profile
- ITT analysis — ITT population
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4.7.6 LONG TERM - LTS11717
4.7.6.1 Efficacy Data

In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed with alirocumab 150 mg compared to an
increase in the placebo group (LS mean difference versus placebo of -61.9%,
p<0.0001).

Statistical significance was also reached at Week 12 on 150 mg (LS mean difference
versus placebo of -64.8%; p<0.0001 — ITT population). The on-treatment analysis of
the LDL-C percent change from baseline to Week 24 and Week 12 showed very

consistent results with the ITT analysis.

Effects of alirocumab on all key secondary endpoints including Apo B, non-HDL-C,

Total-C, Lp(a), HDL-C, fasting TGs, and Apo A-1 at Week 12 and Week 24 were

statistically significant. (Table 24)

At all time points, the majority of patients in the alirocumab group reached all pre-specified LDL-C
specified LDL-C targets, with highly significant difference versus placebo (eg, at Week 24
Week 24 for alirocumab, 79.3% of patients with calculated LDL-C <70 mg/dL [<1.81 mmol/L]
mmol/L] versus 8.0% for placebo [p<0.0001]). The large percent decrease in calculated LDL-

calculated LDL-C observed with alirocumab 150 mg was achieved from Week 4 and
maintained at all time points throughout the study up to Week 52. (

Figure 14)
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Figure 14 LDL-C LS mean (+/- SE) percent change from baseline: Time profile - ITT
analysis — ITT population
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4.7.6.2 LONG TERM Post-Hoc MACE Analysis

As the largest and longest of the Phase Il studies, a post-hoc analysis of the LONG
TERM study was undertaken assessing major adverse cardiac events (MACE),

comprising CHD death, non-fatal Ml, fatal or non-fatal ischaemic stroke, and
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unstable angina requiring hospitalisation, which is generally considered the most
appropriate and rigorous to assess cardiovascular outcomes and is the endpoint for
the CVOT. 2020 patients with high and very high CV risk were treated for at least 12
months [817 patients were treated for up to 18 months (78 weeks)], with an overall

patient-years exposure of 2892 (1918 in the Alirocumab group).

The rate of MACE was 48% lower with alirocumab than with placebo (27 (1.7%) vs.
26 (3.3%); hazard ratio, 0.52; 95% confidence interval, 0.31 to 0.90; nominal P =
0.02) (Table 18 and Figure 15).

Table 18 Summary of LONG TERM cardiovascular TEAEs according to adjudication
(MACE endpoint) — Safety population

Alirocumab 150 Q2W

Category of adjudication n(%) | Placebo (N=788
gory j (%) ( ) (N=1550)

Any patients with treatment
emergent cardiovascular

) 26 (3.3%) 27 (1.7%)
events confirmed by

adjudication (MACE event)

CHD death (including

) 7 (0.9%) 4 (0.3%)
undetermined cause)

Non-fatal Ml 18 (2.3%) 14 (0.9%)

Fatal and non-fatal ischaemic
stroke (including stroke not 2 (0.3%) 9 (0.56

otherwise specified)

Unstable angina requiring
o 1(0.1%) 0
hospitalisation

Figure 15 Summary of LONG TERM cardiovascular TEAEs according to adjudication
(MACE endpoint) — Safety population
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When all adjudicated cardiovascular events were included (i.e., with the addition of
congestive heart failure requiring hospitalisation and ischemia-driven coronary
revascularisation), the difference between groups was not significant (72 (4.6%) vs.
40 (5.1%); nominal P = 0.68).

This is a post-hoc analysis where there are a relatively small number of
cardiovascular events. Nevertheless, the analysis provides initial evidence of a
reduction in MACE with alirocumab, in line with the rationale for PCSK9 inhibitor
development. Analyses of MACE in the Global pool of Phase Il trials are discussed
further in Section 4.12

4.7.7 OPTIONS | - CL1110

In the ITT analysis, a statistically significant difference in the LS mean percent change from baseline in
change from baseline in calculated LDL-C at Week 24 was observed for all pre-specified
specified comparisons between alirocumab 75/150 mg versus ezetimibe or versus statin

statin intensification, and whatever the atorvastatin regimen (20 mg or 40 mg) (Figure 16
and
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Figure 17).

Treatment effects were consistent across all subgroups examined. In the pooled
alirocumab groups, 13 (14.0%) patients (4 in the atorvastatin 20 mg regimen and 9 in
the atorvastatin 40 mg regimen) received an automatic up-titration at Week 12 from
alirocumab 75 mg Q2W to 150 mg Q2W in a blinded manner.

Statistical significance was also reached at Week 12 for all pre-specified
comparisons on the dose of 75 mg, before possible up-titration to 150 mg. The on-
treatment analysis of the LDL-C percent change from baseline to Week 24 and
Week 12 showed very consistent results with the ITT analysis.

Alirocumab also demonstrated a consistent treatment effect across a number of key
secondary endpoints, including Apo B, non-HDL-C, Total-C. Because of the
numerous pairwise comparisons and the variability observed in this study across
groups, a statistically significant difference was not reached for some comparisons.
However, clinically meaningful changes were systematically seen with alirocumab.
(Table 25 and

Table 26).

At all time points, a higher proportion of patients in the alirocumab group reached all
pre-specified LDL-C target, with a consistent significant difference versus

atorvastatin intensification or ezetimibe.

Figure 16 Calculated LDL-C LS Mean (+/-SE) Percent Change from Baseline: Time
Profile — ITT Analysis — Atorvastatin 20 mg Baseline Regimen-ITT
Population
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— Alirocumab 75/150 mg + atorvastatin 20 mg

Figure 17 Calculated LDL-C LS Mean (+/-SE) Percent Change from Baseline: Time
Profile — ITT Analysis — Atorvastatin 40 mg Baseline Regimen-ITT
Population
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4.7.8 OPTIONS Il - CL1118

In the rosuvastatin 10 mg regimen (baseline stratum), alirocumab 75/150 mg
demonstrated a statistically significant greater LS mean percent reduction in
calculated LDL-C from baseline to Week 24 as compared with ezetimibe and
rosuvastatin intensification to 20 mg (p<0.0001; ITT analysis).

In the rosuvastatin 20 mg regimen (baseline stratum), the LS mean percent
reduction from baseline in LDL-C at week 24 was numerically greater with
alirocumab 75/150 mg as compared with ezetimibe and rosuvastatin intensification
to 40 mg, however in this stratum where larger variability was noted statistical

significance was not reached at the 2-sided significance level of 0.0125.

Similar results to Week 24 were seen at Week 12 for both dose regimens. The on treatment analysis
performed for both dose regimens showed consistent results as compared with the ITT

analysis at both Week 24 and Week 12 (Figure 18 and
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Figure 19).

Statistical significance was reached for many of the key secondary endpoints in the
rosuvastatin 10 mg regimen (baseline stratum). In the rosuvastatin 20 mg regimen
(baseline stratum) since statistical significance for the primary endpoint was not
reached, p-values for the key secondary endpoints are presented for descriptive
purposes. However, in both regimens, positive changes produced by alirocumab on
the different key endpoints were overall numerically greater than those seen with

ezetimibe or rosuvastatin intensification. (

Table 27 and Table 28).

At all time points a greater proportion of patients in the alirocumab group reached all
pre-specified LDL-C targets versus ezetimibe or rosuvastatin intensification to 20 mg

or 40 mg, although statistical significance was not systematically reached.
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Figure 18 Calculated LDL-C Mean (+SE) Percent Change from Baseline: Time Profile-
Rosuvastatin 10 mg Baseline Regimen - ITT Population
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Week
BL 4 8 12 16 24

LDL-C LS mean (+SE) percent change
from baseline (%)

—— Rosuvastatin 20 mg
— Ezetimibe + atorvastatin 10 mg
— Alirocumab 75/150 mg + rosuvastatin 10 mg

Figure 19 Calculated LDL-C Mean (+SE) Percent Change from Baseline: Time Profile-
Rosuvastatin 20 mg Baseline Regimen - ITT Population
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4.7.9 ALTERNATIVE - CL1119

In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed in the alirocumab 75/150 mg group
compared to the ezetimibe group (LS mean difference versus ezetimibe of -30.4%,
p<0.0001).

In the alirocumab group, 54 (49.5%) patients received an automatic up-titration from
alirocumab 75 mg Q2W to 150 mg Q2W in a blinded manner, resulting in an
additional mean reduction of -3.6% between Week 12 and Week 24 (Table 58).

Statistical significance was also reached at Week 12, on the dose of 75 mg, before
possible up-titration to 150 mg (LS mean difference versus ezetimibe of -31.5%).
The on-treatment analysis of the LDL-C percent change from baseline to Week 24
and Week 12 showed very consistent results with the ITT analysis.

Alirocumab induced a greater statistically significant mean percent reduction for Apo
B, non-HDL-C, Total-C at Week 24 and Week 12 and Lp(a) at Week 24 versus
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ezetimibe. For the other key secondary endpoints, although no statistical significance
was reached, there was a consistently a greater improvement with alirocumab as

compared with ezetimibe, with the exception of TGs. (

Table 29)

The large percent decrease in calculated LDL-C observed with alirocumab was
achieved from Week 4 and maintained at all time points throughout the study set up
to Week 24 (Figure 20).

Figure 20 Calculated LDL-C LS Mean (xSE) Percent Change from Baseline (ITT
Analysis): Time Profile - ITT Population
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In the ITT analysis, at Week 24, a significant LS mean percent reduction from
baseline in calculated LDL-C was observed in the alirocumab 75/150 mg group as
compared to the ezetimibe group (LS mean difference versus ezetimibe of -31.6%,
p<0.0001).
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Statistical significance was also reached at Week 12, on the dose of 75 mg, before
possible up-titration to 150 mg (LS mean difference versus ezetimibe of -28.5%,
p<0.0001). The on-treatment analysis of the LDL-C percent change form baseline to
Week 24 and Week 12 showed very consistent results with the ITT analysis.

Alirocumab induced a greater statistically significant mean percent reduction for Apo
B, non-HDL-C, Total-C at Week 24 and Week 12 versus ezetimibe. For the other key
secondary endpoints, although no statistical significance was reached, there was a
consistently greater improvement with alirocumab as compared with ezetimibe (

Table 30).

The large percent decrease in calculated LDL-C observed with alirocumab was
achieved from Week 4 and maintained at all time points throughout the study up to
Week 24 (Figure 21).

Figure 21 Calculated LDL-C LS Mean (xSE) Percent Change from Baseline (ITT
Analysis): Time Profile - ITT Population
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Table 19 Efficacy endpoints (mean percent change from baseline) in the ITT analysis - FH |

Mean percentage change from baseline (%)

Proportion of
patients reaching

gzﬁm:,inste) n | LbL-c reatme LDL-C Non- Fasting Fn s
y (calc) ggLDL- (meas) Total-C HDL-C Apo B Lp(a) TG HDL-C | Apo Al | ;g1 <259
i) mmol/L | mmol/L
Week 12
Placebo 163 | 5.7 5.7 NR 4.1 5.3 3.1 -39 17 2.1 0.1 0.0% | 15.4%
,(’\7I|5r(r)nc;)mab 322 | -435 | -43.9 NR 283 | -384 | -345 | -21.2 8.0 6.4 2.9 49.1% | 76.7%
p-value <0.0001* | <0.0001* | NR | <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.0003* | 0.0031* | 0.0187* | <0.0001 | <0.0001
Week 24
Placebo 163 | 9.1 8.8 12.6 7.3 9.6 4.7 75 6.3 0.8 0.3 08% | 11.6%
ﬁé?iggr;‘nzt; 322 | -488 | -493 | -50.1 | -31.4 | -428 | -41.1 | -252 9.6 8.8 5.0 50.8% | 83.7%
p-value <0.0001* | <0.0001* | <0.0001 <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0002* | <0.0001* <0.0001
Week 52
Placebo 148 | 90 9.1 NR NR NR NR NR NR NR NR 0.0% | 13.0%
’(A;'sziggr:‘nzb) 289 | —47.1 | -48.1 NR NR NR NR NR NR NR NR 56.2% | 77.0%
p-value <0.0001* | <0.0001 NR NR NR NR NR NR NR NR <0.0001 <0.0001

Apo, apolipoprotein; FH, familial hypercholesterolaemia; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density
lipoprotein cholesterol; Lp(a); Lipoprotein(a); NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
®On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=321 patients for alirocumab).

* Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 20 Efficacy endpoints (mean percent change from baseline) in the ITT analysis - FH Il

Mean percentage change from baseline (%)

Proportion of
patients reaching

Treatment On LDL target
(daily n |LpLc |Ueame |\ p ¢ Non- Fastin
dose) (calc) ntaLDL— (meas) Total-C HDL-C Apo B Lp(a) TG 9 | HDL-C Apo Al <1.81 <259
C mmol/L | mmol/L
(calc)
Week 12
Placebo 81 4.6 4.6 NR 3.4 4.1 0.9 5.6 0.6 1.7 ~1.9 14% | 18.9%
,(’\7I|5r(r)nc;)mab 166 | -43.8 | -44.2 NR —26.6 379 | -354 | -247 8.1 6.0 0.4 54.0% | 79.5%
p-value <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.0240* | 0.0147* | 0.1475 | <0.0001 | <0.0001
Week 24
Placebo 81 2.8 2.7 0.7 2.1 3.1 35 ~10.0 0.5 0.8 —1.6 12% | 18.7%
Alirocumab | J ool g7 | 494 —49.2 -30.6 426 | -428 | -303 | -10.4 6.0 2.8 68.2% | 85.4%
(75/150 mg)
p-value <0.0001* | <0.0001* <0.0001 <0.0001* <0.0001* <0.0001* | <0.0001* 0.0012* 0.0009* 0.0062* <0.0001* <0.0001
Week 52
Placebo 80 8.4 8.4 NR NR NR NR NR NR NR NR 0.0% | 15.3%
Alirocumab
— — 0, 0,
(75/150 mg) | 156 | 503 51.7 NR NR NR NR NR NR NR NR 68.1% | 88.0%
p-value <0.0001* <0.0001 NR NR NR NR NR NR NR NR <0.0001 <0.0001

Apo, apolipoprotein; FH, familial hypercholesterolaemia; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density
lipoprotein cholesterol; Lp(a); Lipoprotein(a); NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
®0On-treatment analysis — analysis restricted to the time period during which patients actually received treatment.
*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 21 Efficacy endpoints (mean percent change from baseline) in the ITT analysis — HIGH FH

Mean percentage change from baseline (%) Proportion of
Treatment on patients reaching
(daily . LDL-C treatment Non- Fasting LDL target
dose) (calc) LDL-C? Total-C HDL-C Apo B Lp(a) TG HDL-C Apo Al | 19 <259
(calc) mmol/L | mmol/L
Week 12
Placebo 35 —6.6 —6.6 5.2 —-6.9 -9.0 -15 4.4 8.0 11 0.0% 0.0%
Alirocuma 0 0
b (150 mg) 71 —-46.9 —-46.9 -33.0 -41.4 -39.2 —-23.2 94 7.9 4.6 31.0% 63.4%
p-value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* 0.0005 0.4195 0.9727 0.1845 0.0001 <0.0001
Week 24
Placebo 35 —6.6 —6.6 -4.8 —6.2 -8.7 -8.7 -1.9 3.9 2.0 2.9% 11.4%
Alirocuma
— — —_ — —_ — — 0, 0,
b (150 mg) 71 45.7 45.5 33.2 41.9 39 23.5 10.5 7.5 5.6 32.4% 57.0%
p-value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* 0.0164* 0.1386 0.2745 0.1715 0.0082 <0.0001
Week 52
Placebo 29 -3.0 -2.9 NR NR NR NR NR NR NR 5.7% 5.8%
Alirocuma | g7 | g5 4 —42 NR NR NR NR NR NR NR 31.0% | 53.7%
b (150 mg)
p-value <0.0001* <0.0001 NR NR NR NR NR NR NR 0.0052 0.0012

Apo, apolipoprotein; FH, familial hypercholesterolaemia; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density
lipoprotein cholesterol; Lipoprotein(a); NR, not recorded; Total-C, total cholesterol; TG, Triglycerides

%0On-treatment analysis — analysis restricted to the time period during which patients actually received treatment.

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 22 Efficacy endpoints (mean percent change from baseline) in the ITT analysis - COMBO |

Mean percentage change from baseline (%)

Proportion of
patients reaching

On
freatment =\ || ¢ | treatme || ) N Fasti A s
(daily dose) - j - ) on- asting i po
(calc) ?:ELDL (meas) 1S HDL-C Ao L TG A2 Al <1.81 <2.59
mmol/L mmol/L
(calc)
Week 12
Placebo 106 | 1.1 1.7 NR 0.9 2.6 3.4 0.0 3.0 2.4 1.8 | 113% | 53.2%
,(’\7I|5r(r)nc;)mab 205 | -463 | -47.6 NR 254 | -37.4 | -348 | -19.7 | -11.3 6.7 3.8 76.0% | 90.6%
p-value <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001 | <0.0001 | <0.0001 | <0.0001 | 0.0006 | <0.0001 | <0.0001
Week 24
Placebo 106 | -2.3 0.8 0.2 2.9 ~1.6 0.9 5.9 5.4 3.8 25 9.0% 64.1%
Alirocumab | ;oo a5 | 507 | —461 | 279 | -391 | -36.7 | -205 6.0 35 3.3 75.0% | 93.8%
(75/150 mg)
p-value <0.0001* | <0.0001* <0.0001 <0.0001* | <0.0001* | <0.0001* | <0.0001* 0.8699 0.0001* 0.0002 <0.0001* <0.0001
Week 52
Placebo 75 0.5 2.6 NR NR NR NR NR NR NR NR 105% | 59.1%
Alirocumab
0, 0,
75150 mg) | 198 | 425 | 475 NR NR NR NR NR NR NR NR 75.0% | 89.5%
p-value <0.0001* <0.0001 NR NR NR NR NR NR NR NR <0.0001 <0.0001

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);

NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
®On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=105 for placebo and n=204 for alirocumab).

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 23 Efficacy endpoints (mean percent change from baseline) in the ITT analysis — COMBO Il

Mean percentage change from baseline (%) Proportion of
Treatment on patients reaching
(daily . LDL-C | treatme | LDL-C Non- Fasting LDL target
C? (calc) mmol/L | mmol/L
Week 12
Ezetimibe 240 -21.8 —22.7 NR -15.1 -20.6 -17.2 1.1 -15.3 2.8 -2.9 46.2% 79.6%
ﬁgi’nc;)mab 467 | -51.2 —52.4 NR —29.4 _42.6 —39.7 221 | -135 8.7 15 77.2% | 90.9%
p-value <0.0001* <0.0001* NR <0.0001* <0.0001* <0.0001* <0.0001 0.3912 <0.0001 <0.0001 <0.0001 <0.0001
Week 24
Ezetimibe 240 -20.7 -21.8 -18.9 -14.6 -19.2 -18.3 -6.1 -12.8 0.5 -1.3 45.6% 76.4%
Alirocumab
— — — — — — — —_ 0, 0,
(75/150 mg) 467 50.6 52.4 47.7 29.3 42.1 40.7 27.8 13.0 8.6 5.0 77.0% 91.0%
p-value <0.0001* <0.0001* <0.0001 <0.0001* <0.0001* <0.0001* <0.0001* 0.9117 <0.0001* <0.0001 <0.0001 <0.0001
Week 52
Ezetimibe 208 -18.3 -19.7 NR NR NR NR NR NR NR NR 41.5% 74.3%
Alirocumab | 40 |49 5 51.8 NR NR NR NR NR NR NR NR 75.4% | 88.3%
(75/150 mg)
p-value <0.0001* | <0.0001 NR NR NR NR NR NR NR NR <0.0001 | <0.0001

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);
NR, not recorded; Total-C, total cholesterol; TG, Triglycerides.

%On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=235 for ezetimibe and n=464 for alirocumab).

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 24 Efficacy endpoints (mean percent change from baseline) in the ITT analysis — LONG TERM

Mean percentage change from baseline (%)

Proportion of

T o patients reaching

reatment LDL

(daily n LpL-c |treatme | ¢ Non- Fasting ki

dose) Tl (n:taLDL- s Total-C | |\n) = ApoB | Lp(a) TG HDL-C | Apo Al | g9 <2 59

o mmol/L | mmol/L

Week 12

Placebo 780 15 1.4 NR 0.2 0.9 0.5 3.1 1.2 0.2 0.6 7.2% | 34.8%

Alirocumab | 1pa0 | _g33 | _gq.2 NR —38.8 —53.7 555 | -282 | -16.7 5.8 4.6 82.1% | 92.1%

(150 mg)

p-value <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001 | <0.0001
Week 24

Placebo 780 0.8 0.7 35 0.3 0.7 1.2 3.7 1.8 0.6 1.2 8.0% | 35.5%

Alirocumab | ;554 | gy 628 | 578 | -37.8 _51.6 528 | -293 | -156 4.0 4.0 79.3% | 90.3%

(150 mg)

p-value <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001
Week 52

Placebo 676 4.4 46 NR NR NR NR NR NR NR NR 45% | 34.0%

Alirocumab | 1445 | g8 | _g99 NR NR NR NR NR NR NR NR 75.0% | 87.4%

(150 mg)

p—value <0.0001 <0.0001 NR NR NR NR NR NR NR NR <0.0001 <0.0001

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);
NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
%On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=777 for placebo and n=1523 for alirocumab).
*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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Table 25 Efficacy endpoints (mean percent change from baseline) in the ITT analysis; Atorvastatin 20 mg regimen - OPTIONS |

Treatment
(daily dose)

Mean percentage change from baseline (%)

LDL-C

(calc)

On
treatme
nt LDL-

C? (calc)

LDL-C

(meas)

Total-C

Non-

Apo B
HDL-C

Lp(a)

Fasting
TG

HDL-C

Apo Al

Proportion of
patients reaching
LDL target

<1.81

mmol/L

<2.59

mmol/L

Week 12

Atorvastatin
40 mg

53

NR

-11.7

25.4% 69.6%

Ezetimibe +
atorvastatin
20 mg

53

-22.6

-27.1

NR

-13.2

-17.2 -13.1

0.5

1.7

52.8% 85.3%

Alirocumab
75mg +
atorvastatin
20 mg

55

—48.4

-53.7

NR

-29.0

-40.6 -38.4

-24.0

-12.4

4.1

5.4

78.7% 91.4%

p-value
alirocumab +

atorvastatin vs

Atorvastatin
alone

<0.0001*

<0.0001*

NR

<0.0001*

<0.0001* | <0.0001*

0.0300

0.1946

0.0042

0.0036

<0.0001 0.0035

p-value
alirocumab +

atorvastatin vs

ezetimibe +
atorvastatin

<0.0001*

<0.0001*

NR

<0.0001*

<0.0001* | <0.0001*

0.0010

0.0286

0.0220

0.0705

0.0024 0.1734

Atorvastatin
40 mg

53

8.1

-20.2

1.9

1.2

16.0% 67.0%

Ezetimibe +
atorvastatin
20 mg

53

-20.5

-23.7

-10.3

-11.2

-15.1 -10.1

-10.6

1.0

50.3% 84.2%
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Treatment
(daily dose)

Mean percentage change from baseline (%)

LDL-C

(calc)

On
treatme
nt LDL-

C? (calc)

LDL-C

(meas)

Total-C

Non-
HDL-C

Apo B

Lp(a)

Fasting
TG

HDL-C

Apo Al

Proportion of
patients reaching

LDL target

<1.81

mmol/L

<2.59

mmol/L

Alirocumab
75/150 mg +
atorvastatin
20 mg

55

—44.1

-48.6

—44.7

-27.1

-36.7

-33.7

-23.6

-12.0

4.8

7.6

79.2%

89.9%

p-value
alirocumab +
atorvastatin vs
Atorvastatin
alone

<0.0001*

<0.0001*

<0.0001

<0.0001*

<0.0001*

<0.0001*

0.5520

0.3054

0.3152

0.0034

<0.0001

<0.003

p-value
alirocumab +
atorvastatin vs
ezetimibe +
atorvastatin

<0.0001*

<0.0001*

<0.0001

<0.0001*

<0.0001*

<0.0001*

0.0294

0.1116

0.0973

0.0029

0.0018

0.2543

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);
NR, not recorded; Total-C, total cholesterol; TG, Triglycerides.
%On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=52 for atorvastatin, n=52 for ezetimibe and n=52 for

alirocumab).

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.01 level (Bonferroni adjustment for
multiple pairwise comparisons).
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Table 26 Efficacy endpoints (mean percent change from baseline) in the ITT analysis; Atorvastatin 40 mg regimen - OPTIONS |

Mean percentage change from baseline (%)

Proportion of
patients reaching

On
LDL target
. treatme
Treatment (daily n | LDL-C LDL-C Non- Fasting
dose) nt LDL- Total-C Apo B Lp(a) HDL-C | Apo Al <1.81 <2.59
(calc) a (meas) HDL-C TG
C mmol/L | mmol/L
(calc)
Week 12
Atorvastatin 80 mg 47 -14.5 -14.6 NR -9.9 -13.0 -95 -1.6 -4.6 3.0 1.6 10.2% 69.8%
Rosuvastatin 40mg | 45 | -23.3 | -23.3 NR 135 | -19.8 | -14.1 11.5 3.7 4.6 5.6 422% | 70.7%
Ezetimibe +
— — — — — — 0, 0,
atorvastatin 40mg | 4 20.7 30.7 NR 19.2 27.5 20.3 7.9 16.8 4.6 1.6 54.2% | 89.6%
Alirocumab 75 mg
+ atorvastatin 46 | -50.5 | -50.9 NR 290 | -423 | =362 | —279 | -121 8.5 9.4 77.2% | 88.2%
40 mg
p-value alirocumab <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001* | <0.0001 | 0.1831 | 0.1458 | 0.0012 | <0.0001 | 0.0031
VS atorvastatin
p-value alirocumab <0.0001* | <0.0001* | NR | <0.0001* | <0.0001* | <0.0001* | <0.0001 | 0.1429 | 0.3087 | 0.1189 | <0.0001 | 0.0055
VS rosuvastatin
p-value alirocumab <0.0001* | <0.0001* NR 0.0015 | <0.0001* | <0.0001* | <0.0001 | 0.4011 | 0.3083 | 0.0012 | 0.0004 | 0.2782
Vs ezetimibe
Week 24
Atorvastatin 80 mg | 47 | -4.8 5.0 2.8 4.8 6.5 35 9.7 73 47 2.2 24.6% | 61.4%
Rosuvastatin 40mg | 45 | -21.4 | -229 | -143 | -11.7 | -17.4 | -109 4.9 05 5.7 47 45.6% | 71.1%
Ezetimibe + 46 | —226 | —245 | -161 | -152 | —21.0 | -143 0.2 ~13.9 2.0 18 | 52.0% | 80.7%
atorvastatin 40 mg
Alirocumab 46 | -540 | -57.8 | -480 | -336 | -476 | -41.9 | -30.8 | -19.1 7.7 5.8 745% | 90.1%
75/150 mg +

Sanofi evidence submission for alirocumab [ID779]

Page 141 of 294




Mean percentage change from baseline (%) Proportion of

On patients reaching
LDL target
' treatme
Treatment (daily n LDL-C LDL-C Non- Fasting
dose) nt LDL- Total-C Apo B Lp(a) HDL-C | Apo Al | <1.81 <2.59
(calc) a (meas) HDL-C TG
C mmol/L | mmol/L
(calc)

atorvastatin 40 mg

p-value alirocumab

. <0.0001* | <0.0001* | <0.0001 | <0.0001* | <0.0001* | <0.0001* | 0.0004* 0.0403 0.4456 0.1986 <0.0001 | <0.0001
Vs atorvastatin

p-value alirocumab

. <0.0001* | <0.0001* | <0.0001 | <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.0011 0.6086 0.6745 0.0002 0.0025
VS rosuvastatin

p-value alirocumab

L <0.0001* | <0.0001* | <0.0001 <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.3652 0.1426 0.0066 0.0002 0.0074
Vs ezetimibe

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; NR, not
recorded; Total-C, total cholesterol; TG, Triglycerides.

%On-treatment analysis — analysis restricted to the time period during which patients actually received treatment.

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.01 level (Bonferroni adjustment for
multiple pairwise comparisons).
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Table 27 Efficacy endpoints (mean percent change from baseline) in the ITT analysis; Rosuvastatin 10 mg regimen - OPTIONS Il

Mean percentage change from baseline (%) Proportion of
on patients reaching
Treatment (daily n LDL.C treatme LDL.C N . oL A LDL target
dose) - _ - _ on- asting - po
(calc) gtaLDL (meas) VeLEIHe HDL-C apol HEE) tTG C Al <1.81 <2.59
(calc) mmol/L | mmol/L
Week 12
Rosuvastatin 20 mg | 48 -17.1 -17.2 NR -8.9 -11.7 -8.1 -0.7 8.1 0.7 4.0 37.5% 77.7%
Ezetimibe +
— — — — — — — 0 0
rosuvastatin 10 mg 47 17.4 20.3 NR 11.8 16.3 12.1 3.9 8.2 0.2 2.6 46.5% 76.4%
Alirocumab 75 mg
+rosuvastatin 48 -49.6 -52.6 NR -29.0 -41.2 -36.1 -20.7 -14.0 5.9 4.3 77.4% 91.4%

10 mg

p-value alirocumab

. <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001* | <0.0001 0.0001 0.0840 | 0.9076 | <0.0001 0.1012
VS rosuvastatin

p-value alirocumab

L <0.0001* | <0.0001* NR <0.0001* | <0.0001* | <0.0001* 0.0008 0.3223 0.0647 | 0.4652 | <0.0001 0.0158
Vs ezetimibe

Week 24
Rosuvastatin 20 mg | 48 -16.3 -18.3 -6.4 -8.3 -11.3 -7.3 -4.0 -1.8 1.7 54 31.3% 79.4%
Ezetimibe + 47 | -14.4 -20.3 ~12.5 8.7 ~13.4 97 —43 -8.3 4.0 5.0 43.1% | 71.3%
rosuvastatin 10 mg
Alirocumab
75/150 mg + 48 | -50.6 53,5 —44.3 ~28.9 —42.7 ~36.5 279 | -11.2 9.1 6.7 77.8% | 91.4%

rosuvastatin 10 mg

p-value alirocumab

. <0.0001* | <0.0001* | <0.0001 | <0.0001* | <0.0001* | <0.0001* | <0.0001* 0.1454 0.0311 | 0.6271 | <0.0001 0.1809
VS rosuvastatin

p-value alirocumab

L <0.0001* | <0.0001* <0.0001 <0.0001* | <0.0001* | <0.0001* | <0.0001* 0.6639 0.1491 | 0.5484 <0.0001 0.0047
Vs ezetimibe

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);
NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
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*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.0125 level (Bonferroni adjustment for
multiple pairwise comparisons).

Table 28 Efficacy endpoints (mean percent change from baseline) in the ITT analysis; Rosuvastatin 20 mg regimen - OPTIONS II

Mean percentage change from baseline (%) Proportion of

on patients reaching
Treatment (daily n LDL.C treatm LDL.C \ ot A LDL target
dose) - - ) on- asting i po

(cale) [P0 | (meas) |TO®C |hpLc [APOB |LP@ 1 HDL-C | 7" |<181 |<259
(calc) mmol/L | mmol/L
Week 12
Rosuvastatin40mg | 52 | —22.1 | —22.9 NR -138 | -18.0 | -13.7 3.5 2.7 0.6 0.9 39.7% | 73.0%
Ezetimibe + 50 | -19.3 | -21.8 NR ~13.9 | -18.7 | -143 | 7.9 ~124 | 31 18 | 51.3% | 72.8%
rosuvastatin 20 mg
Alirocumab 75 mg + . .
rosuvastatin 20mg | 53 | 323 | 351 NR ~19.4 | -29.8 | —29.0 | -160 | -10.1 | 80 9.1 44.9% | 75.3%
p-value alirocumab 0.1747 | 0.0980 NR 0.1563 | 0.0266 | 0.0013 | 0.0012 | 0.1908 | 0.0378 | 0.0015 | 0.3155 | 0.7223
VS rosuvastatin
p-value alirocumab 0.0861 | 0.0718 NR 0.1629 | 0.0342 | 0.0022 | <0.0001 | 0.6854 | 0.1614 | 0.0041 | 0.5399 | 0.9888
vs ezetimibe
Week 24
Rosuvastatin40mg | 52 | -15.9 | -17.0 -3.7 -85 | -11.2 | -938 5.2 9.9 15 2.9 29.9% | 69.1%
Ezetimibe +
— — — — — — | — — — 0, 0,

rosuvastatin 20mg | 2° 11.0 16.5 45 12.4 129 | -11.2 5.8 11.1 1.8 0.9 | 436% | 64.8%
Alirocumab
75/150 mg + 53 | -36.3 | -415 | -32.2 206 | -31.4 | —283 | —22.7 | -87 7.2 6.7 60.1% | 74.6%
rosuvastatin 20 mg
p-value alirocumab 0.0453 | 00131 | 00114 | 00193 | 0.0063 | 0.0024 | 0.0123 | 0.8088 | 0.0866 | 0.1651 | 0.0006 | 0.3736
VS rosuvastatin
p-value alirocumab 00136 | 00115 | 00169 | 0.1134 | 0.0133 | 0.0057 | 0.0131 | 0.7135 | 0.0072 | 0.0063 | 0.0657 | 0.3185
Vs ezetimibe
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Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);

NR, not recorded; Total-C, total cholesterol; TG, Triglycerides
%On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=50 for rosuvastatin, n=50 for ezetimibe and n=51 for

alirocumab).

Table 29 Efficacy endpoints (mean percent change from baseline) in the ITT analysis — ALTERNATIVE

Mean percentage change from baseline (%) Proportion of
Treatment on patients reaching
(daily N |LbL-C |treatme |LDL-C [, . . |Non- rooB | L Fasing | oL | Apo LDL target
dose) (calc) | ntLDL- | (meas) | °& HDL-C po p@ ! qee ol Al <1.81 <2.59
C? (calc) laes mmol/L | mmol/L
Week 12
Ezetimibe |122 | -156 | -18.0 NR ~11.6 ~15.8 ~11.6 45 9.4 7.6 3.9 0.0% 13.3%
g'sr?nc;)mab 126 | -47.0 | -51.2 NR 327 415 361 | -21.7 -8.0 9.0 5.5 34.9% | 63.3%
p-value <0.0001* <0.0001* NR <0.0001* <0.0001* <0.0001* <0.0001 0.6855 0.4148 0.2685 <0.0001 <0.0001
Week 24
Ezetimibe |122 | -14.6 | -17.1 ~11.0 ~10.9 ~14.6 ~11.2 73 -36 6.8 2.9 0.8% 10.0%
Alirocumab
— — . — . _ ! 0, 0,
751150 mg) | 126 | —45.0 52.2 43.9 31.8 40.2 36.3 25.9 9.3 7.7 4.8 32.5% | 61.0%
p-value <0.0001* | <0.0001* | <0.0001 | <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.1426 | 0.6997 | 0.2768 | <0.0001* | <0.0001

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a);

NR, not recorded; Total-C, total cholesterol; TG, triglycerides.
®On-treatment analysis — analysis restricted to the time period during which patients actually received treatment (n=118 for ezetimibe and n=123 for alirocumab).

*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level
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Table 30 Efficacy endpoints (mean percent change from baseline) in the ITT analysis — MONO

Mean percentage change from baseline (%)

Proportion of patients

Treatment (daily On reaching LDL target
n LDL-C treatme Non- Fastin Apo
dose) (calc) ntLpL- | o€ lpyp.c |APOB | Lp@) | 1g ¥ | HDLC AE <181 <2.59
C? (calc) mmol/L mmol/L
Week 12
Ezetimibe 51 -19.6 -20.4 -12.0 -16.7 -11.7 -14.2 -2.3 1.6 -2.2 0.0% 30.7%
Alirocumab (75 mg) | 52 -48.1 -53.2 -30.3 -42.5 -37.3 -17.2 -12.2 9.0 2.3 57.7% 88.3%
p-value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* | 0.5659 0.0400 0.0106 0.0320 <0.0001 <0.0001
Week 24
zetimibe —15. -17. -10. —15. —11. -12. —-10. ) 0. A% 2%
Ezetimib 51 15.6 17.2 10.9 15.1 11.0 12.3 10.8 1.6 0.6 2.4% 32.2%
Alirocumab
— — — . — —_ 0, 0,
75/150 mg) 52 —47.2 54.1 29.6 40.6 36.7 16.7 11.9 6.0 4.7 59.4% 88.1%
p-value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* | 0.4013 0.8433 0.1116 0.0196 <0.0001* <0.0001*

Apo, apolipoprotein; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat; LDL, low-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; Total-C, total

cholesterol

®On-treatment analysis — analysis restricted to the time period during which patients actually received treatment.
*Statistically significant according to the fixed hierarchical approach used to ensure a strong control of the overall type-I error rate at the 0.05 level.
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4.7.11 EQ-5D — Health Related Quality of Life

In all Phase Il studies except OPTIONS I, OPTIONS Il and ALTERNATIVE, quality
of life (QoL) was assessed using EQ-5D-3L, a standardised and generic instrument
for measuring the health status and Health Related Quality of Life for clinical and

economic assessment. 1%

The EQ-5D questionnaire was completed by the patient on site and data reported
onto the e-CRF by site staff. The 5 dimensional 3-level system was converted into a
single index utility score, which was described by visit with the mean and the SD for

each treatment group.

Hypercholesterolaemia is an asymptomatic condition, therefore, no improvement in
the patient’s perceived health status or QOL were anticipated with treatment. This
was substantiated by the EQ-5D data captured which demonstrated little to no
change in mean EQ-5D utility scores between baseline and following visit analysis

time points in any of the trials.

Note: the only difference was in COMBO | where the LS mean difference at Weeks
12 (-0.062) and 52 (-0.060) were significant at the 5% level. The mean difference at
Week 24 was, however, non-significant, the p-values were not adjusted for
multiplicity and the LS differences were well below a clinically relevant threshold of

0.1 in utility scores.

Baseline EQ-5D was calculated via pooled analysis of the FH I, FH 1l, HIGH FH,
COMBO |, COMBO II, and LONG TERM clinical trials. Results were calculated for
different patient sub-populations linked to the economic model (ACS 0-1 year; ACS
1-2 years; CHD; ischaemic stroke; PAD, HeFH [all]) and stratified by patients
classified within the respective patient subpopulation only versus patients classified
within the respective patient subpopulation that had a history of other CV events
(Table 31).
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Table 31 Baseline utilities as estimated by EQ-5D by patient subpopulation* pooled
analysis FH I, FH I, HIGH FH, COMBO |, COMBO II, and LONG TERM

Overall No other CV At least one other

Patient event/condition CV event/condition

Subpopulation . Mean age | Mean EQ-5D | | Mean EQ5D | | Mean EQ-5D
(SD) (SD) (SD) (SD)

ACS 0-1 year 198 | 56.2(10.2) | 0.844 (0.197) | 142 | 0.848 (0.201) | 56 | 0.832 (0.189)
ACS 1-2years | 192 | 58.7(9.1) | 0.858(0.187) | 120 | 0.874 (0.185) | 72 | 0.832(0.190)
CHD 2731 | 61.4(9.7) | 0.851(0.194) | 813 | 0.860 (0.191) | 1918 | 0.847 (0.195)
IS 344 63.8(9.5) | 0.797 (0.228) | 164 | 0.804 (0.212) | 180 | 0.791 (0.242)
PAD 188 | 62.8(9.1) | 0.771(0.233) | 98 | 0.775(0.253) | 90 | 0.767 (0.211)
HeFH (all)** 1254 | 52.7 (12.3) | 0.905 (0.149) | 682 | 0.930 (0.130) | 572 | 0.875 (0.164)

ACS, acute coronary syndrome; CHD, coronary heart disease; CV, cardiovascular; EQ-5D, EuroQol-five
dimensions; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia;

IS, ischaemic stroke; PAD, peripheral arterial disease; SD, standard deviation
*Includes all randomised patients regardless of treatment assignment; data includes prevalent patient groups,
i.e. non-mutually exclusive
**Refers to both primary and secondary prevention
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4.8 Subgroup analysis

Key Points

e Subgroup analyses of the primary efficacy endpoint showed consistent
reduction of calculated LDL-C from baseline across a range of demographic

and baseline characteristics

e In the economic evaluation, a range of patient subgroups will be presented in

line with the Scope, covering:
= HeFH patients

= High/very high CV risk patients (with and without statin

intolerance)
= Patients with recurrent CV events/ polyvascular disease
= Subgroups by baseline LDL-C level

e These groups differ only in terms of baseline risk, the relative treatment effect

of alirocumab was consistent

4.8.1 Pre-Specified Subgroup analyses

To assess the homogeneity of the treatment effect across various subgroups,
treatment-by-subgroup factor, time point-by-subgroup factor and treatment-by time
point-by subgroup factor interaction terms and a subgroup factor term were added in
the primary MMRM model. LS mean difference versus control group at Week 24 was
provided, as well as the corresponding 95% CI, within each subgroup. The
significance level of the treatment-by subgroup factor interaction term at Week 24
was also provided for each factor for descriptive purpose. Forest plots were
provided. In order to handle imbalances between randomisation stratification factors
levels, population weights were used as for the primary analysis model. Subgroups
of interest are study-dependent, due to specificities related to design and patient
population, as shown in Table 32. Subgroup analyses were conducted when at least
10 patients were included in each treatment arm within each subgroup, except for

race and ethnicity.
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Table 32 Pre-specified Subgroup analyses in Phase Il studies

Subgroup Categories Studies
BMI <30, 230 kg/m” All
Gender Female, Male All
North America, Eastern Europe, | FH I, COMBO II, LONG TERM,
Western Europe, Rest of world | ALTERNATIVE
Region North America, Europe, Rest of HIGH FH
world
North America, Western Europe | MONO
<65 years, 265 to <75 years, COMBO I, COMBO I, LONG
A =75 years TERM, ALTERNATIVE
ge
FH I, FH Il, OPTIONS I,
<65, 265 years OPTIONS II, MONO
Race White, Black or African All
American, other
Ethnicity Hispanic or Latino, not Hispanic All

or Latino

Statin treatment

High dose, low/moderate dose®

All except OPTIONS I,
OPTIONS II, ALTERNATIVE,
MONO

Dose of atorvastatin at
randomisation

10 mg, 20 mg, 40 mg, 80 mg

FH I, FH 1I, COMBO I,
COMBO II, LONG TERM

Dose of rosuvastatin at
randomisation

5 mg, 10 mg, 20 mg, 40 mg

FH I, FH 1l, COMBO I,
COMBO I, LONG TERM

Dose of simvastatin at
randomisation

10 mg, 20 mg, 40 mg, 80 mg

FH I, FH 1I, COMBO I,
COMBO II, LONG TERM

LMT other than statins at

FH 1, FH II, HIGH FH,

. Yes, no COMBO I, LONG TERM,
randomisation OPTIONS I, OPTIONS II
Prior history of Ml or IS Yes, no All except MONO

FH I, FH Il, COMBO I,
DM Yes. no COMBO Il, LONG TERM,

! OPTIONS I, OPTIONS Il,

ALTERNATIVE

FH I, COMBO |, COMBO I,
Moderate CKD Yes, no LONG TERM, OPTIONS I,

OPTIONS Il, ALTERNATIVE
HeFH Yes, no LONG TERM

Baseline LDL-C

<100, 2100 to <130, 2130 to
<160, 2160 mg/dL (i.e. <2.59,
22.59 to <3.37, 23.37 to <4.14,
24.14 mmol/L)<

All except MONO and HIGH FH

<190, 2190 mg/dL (i.e. <4.91,

24.91 mmol/L) HIGH FH
130, 2130 to <160, 2160 mg/dL
(i.e. <3.37, 23.37 to <4.14, MONO
24.14 mmol/L)
. <40, 240 mg/dL (i.e. <1.04,
Baseline HDL-C >1.04 mmollL) All
Baseline fasting triglycerides | <150, 2150 mg/dL (i.e. <1.7, All
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Subgroup Categories Studies

=21.7 mmol/L)

<30, 230 to <50, 250 mg/dL

(ie. <0.3,20.3 10 <0.5,20.5 g/L) | Al except HIGH FH

Baseline Lp(a) <30, =230 mg/dL (i.e. <0.3,

>0.3 g/L) HIGH FH
Baseline total PCSK9 level <median, 2median FH |, COMBO II, LONG TERM,
MONO
Baseline free PCSK9 level <median, Zmedian :\:/I%L’ISOMBO Il. LONG TERM,

BMI, body-mass index; CKD, chronic kidney disease; DM, diabetes mellitus; FH, familial hypercholesterolaemia;
HDL-C, high-density lipoprotein cholesterol; HeFH, heterozygous familial hypercholesterolaemia; LDL-C, low-
density lipoprotein cholesterol; LMT, lipid-modifying therapy; Lipoprotein(a); MI, myocardial infarction; PCSK9,
proprotein convertase subtilisin/kexin type 9;

®High dose: atorvastatin 40-80 mg daily or rosuvastatin 20—40 mg daily. Low/moderate dose: simvastatin
whatever the daily dose, atorvastatin below 40 mg daily or rosuvastatin below 20 mg daily.

Subgroup analyses of the primary efficacy endpoint showed consistent reduction of
calculated LDL-C from baseline with alirocumab versus placebo across a range of
demographic and baseline characteristics including age, ethnicity, BMI, region, prior
history of Ml or ischaemic stroke, diabetes, baseline total and free PCSK9 levels,
baseline calculated LDL-C, HDL-C, fasting TGs, Lp (a), intensity of background
statin, and statins with versus without other additional LMTs at randomisation. The
Forests plots for FHI can be seen in Figure 22, Figure 23, Figure 24 and Figure 25, the
remaining plots can be found in Appendix 7.

Note: Least-squares (LS) mean and confidence intervals are taken from the MMRM
(mixed-effect model with repeated measures) analysis. N corresponds to the number
of patients with a baseline value and post-baseline value in at least one of the

analysis windows used in the model.
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Figure 22 Percent change from baseline in calculated LDL-C at Week 24: FH |
Subgroup analyses according to demographic characteristics - Forest plot
-ITT analysis
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Figure 23 Percent change from baseline in calculated LDL-C at Week 24: FH |
Subgroup analyses according to other baseline characteristics - Forest

plot - ITT analysis
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Figure 24 Percent change from baseline in calculated LDL-C at Week 24: FH |
Subgroup analyses according to lipids at baseline - Forest plot - ITT
analysis
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Figure 25 Percent change from baseline in calculated LDL-C at Week 24: FHI
Subgroup analyses according to statins and other LMT’s - Forest plot - ITT

analysis
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4.8.2 Patient subgroups to be presented

In order to investigate the cost-effectiveness of alirocumab in-line with the NICE
scope and remit, a range of subgroups/populations will be considered.The effect of
treatment on LDL-C reduction is consistent across all subgroups. However, different
patient subgroups vary by baseline CV risk, and therefore in terms of economic

benefit.
4.8.2.1 HeFH

The genetic condition that patients with HeFH have results in significantly raised
cholesterol levels over a lifetime. Patients with HeFH are at higher risk of
cardiovascular morbidity and mortality at a younger age, even despite current
treatment 22 %° As suggested in the Scope, HeFH, both primary and secondary
prevention, will therefore be explored as specific patient populations.

4.8.2.2 High/very high risk CVD

This groups aligns to the subgroup “Presence or risk of CV disease” proposed in the
NICE scope. For the purposes of this appraisal, patients are recognised as being at
very high cardiovascular risk due to the presence of existing CVD (i.e. history of ACS
[MI or unstable angina requiring hospitalisation], coronary revascularisation and
other arterial revascularisation procedures, or other CHD, ischaemic stroke, PAD).
With the exception of HeFH, alirocumab will only be considered for use in patients in
a secondary prevention setting (i.e. those with established CV disease).

Secondary prevention subgroups with different levels of CV risk to be investigated

are:

e High risk CVD patients - comprising patients with a history of CHD events

and/or ischaemic stroke and/or PAD

e A subgroup of high risk CVD patients, namely patients with recurrent
events/polyvascular disease whoare considered as being at even higher risk

than the overall high risk CVD population.
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See Section 3 for further discussion of the clinical characteristics of these groups,

and 5.2.1 for further discussion of alignment in the economic model.

Within ODYSSEY, the majority of patients in non-FH trials had existing
cardiovascular disease (Table 16). Patients could also be classified as “high-risk” and
included in non-FH trials if they had not had prior CV events (i.e. primary prevention)
but had risk factors such as DM or CKD. We have not included non-FH primary
prevention patients in the economic analysis due to feedback that such patients
would be unlikely to be considered for alirocumab treatment in the UK.

With regards to recurrent events/ polyvascular disease, this was not a pre-specified
analysis. However, information on patients’ cardiovascular disease history was
collected in the case report form. A post-hoc analysis was conducted to identify
patients with recurrent coronary events (21 coronary event listing in CRF) or
polyvascular disease (history of coronary event and history of ischaemic stroke or
PAD). Between 7% - 27% of patients fitted this classification across the trials, and
the treatment effect was consistent with that seen in the trial population as a whole
Table 33.

Table 33: Post-hoc analysis of patients with polyvascular disease or recurrent coronary events in
ODYSSEY

Proportion of patients with Percentage change in LDL-C at
polyvascular/ recurrent events week 24 — LS Mean (SE)

Study pool Control arm Alirocumab arm Control arm Alirocumab
arm

Placebo-controlled
studies with up-

titration (FH I, FH
I, COMBO I) 26 (7.4%) 48 (6.9%)

Placebo-controlled
studies with 150
mg (LONG-TERM,
High FH) 218 (26.7%) 392 (24.5%)

Ezetimibe
controlled studies
(COMBO I,
OPTIONS |,
OPTIONS II,
ALTERNATIVE) 58 (10.4%) 105 (13.2%)
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4.8.2.3 Statin Intolerance

We consider statin intolerant patients within the above high risk groups — these
patients are not different in their underlying CV disease , rather they differ in terms of
their existing treatment options and, therefore, their severity of
hypercholesterolaemia. So we consider patients patients with high risk CVD who are
completely statin intolerant, and patients with recurrent events/ polyvascular disease

and statin intolerance, in the economic evaluation.

In our economic model base case, we assume that the high risk statin intolerant
patients that we model will be treated with ezetimibe monotherapy and we therefore
model alirocumab as an adjunct to ezetimibe monotherapy. The other key difference
between patients with statin intolerance and those without is the average LDL-C
level — because these patients are not receiving statins, their mean LDL-C is higher,
even for similar “starting” LDL-C thresholds (see 5.2.8).

4.8.2.4 LDL-C level

In line with the NICE scope, subgroup analyses will therefore also be undertaken by
severity of hypercholesterolaemia by assessment of different baseline LDL-C levels.
The economic model assumes a consistent treatment effect in terms of percent

change in LDL-C, in line with clinical results. However, both the baseline risk and the

absolute change in LDL-C vary by baseline LDL-C
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4.9 Meta-analysis

Key Points

e Pre-specified pooled analyses were undertaken within the ODYSSEY

programme and reinforce a consistency of treatment effect

e Several meta-analyses of PCSK9 inhibitors have been undertaken by

external groups

Pre-specified pooled analyses were undertaken within the trials of the ODYSSEY
programme. These pooled analyses were based on studies for which characteristics
are similar or very close in terms of population, alirocumab regimen, comparator,
background therapy, and treatment duration (

Table 34).

Table 34 Pooled analysis strategy for efficacy

Efficacy pool Studies included Objectives of the pool
Pool of EH studies FH I, FH Il Sur_nmary of efficacy vs placebo in HeFH
patients
Pool of studies in patients ALTERNATIVE?, | Summary of efficacy vs ezetimibe in patients
not receiving statins MONO not receiving statins
Comparison of three strategies:
b . .
Pool of OPTIONS studies OPTIONS I, . AIwopu_mab as add-on therapy to statin
OPTIONS lI e Ezetimibe as add-on therapy to statin
e  Statin up-titration

FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia;
®Excluding the atorvastatin arm.
bExcluding the rosuvastatin switch arm.

In addition, pooled efficacy analyses were defined in order to provide a summary of
efficacy of the two following dose regimens (Table 35):

e Alirocumab 75 mg Q2W as initiation dose with potential up-titration to 150 mg
Q2w

e Alirocumab 150 mg Q2W as initiation dose
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Table 35 Pooled analysis strategy for efficacy of effect of individual doses and up-
titration

Studies included Objectives of the pool

Summary of the efficacy of alirocumab 75 mg
Q2W as initiation dose with potential up-titration
to 150 mg Q2W, in combination with statins, vs
placebo

FH I, FH I, COMBO |

Summary of the efficacy of 150 mg Q2W as
LONG TERM, HIGH FH initiation dose in combination with statins, vs
placebo

Summary of the efficacy of 75 mg Q2W as
ALTERNATIVE, MONO? initiation dose with potential up-titration to
150 mg Q2W, without statins, vs ezetimibe

Summary of the efficacy of 75 mg Q2W as
initiation dose with potential up-titration to
150 mg Q2W, in combination with statins, vs
ezetimibe

COMBO II, OPTIONS I°, OPTIONS II°

FH, familial hypercholesterolaemia; Q2W, every 2 weeks;
®This pool is equivalent to the Pool of monotherapy studies defined above
®Including only the alirocumab and ezetimibe arms

For each pooled analysis, a meta-analysis of individual patient data was performed
and results presented for primary efficacy endpoint (percent change in calculated

LDL-C from baseline to Week 24) and key secondary efficacy endpoints.

For the primary efficacy endpoint and secondary continuous endpoints anticipated to
have a normal distribution (i.e., lipids other than TGs and Lp[a]), a fixed effect meta-
analysis based on the pooled individual patient data was performed using a MMRM
approach. The model included the fixed categorical effects of study, treatment group,
randomisation strata (as per IVRS/IWRS), time point, study-by-time point interaction,
treatment-by-time point interaction, and strata-by-time point interaction, as well as,
the continuous fixed covariates of baseline LDL-C value and baseline value-by-time
point interaction. This model provided adjusted LS means estimates at Weeks 12,
24, and 52 for all treatment groups with their corresponding SEs and 95% ClIs. To
compare the alirocumab group to the control groups, an appropriate contrast
statement was used to test the differences of these estimates, at the 2-sided 0.05

level. Further details can be found in Appendix 8.
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For the continuous secondary efficacy variables anticipated to have a non-normal

distribution (ie, TGs and Lp[a]), a fixed effect meta-analysis of individual patient data

was performed, using a multiple imputation followed by robust regression approach.

Combined means estimates for both treatment groups, as well as the differences of

these estimates, with their corresponding SEs, 95% Cls, and p-value were provided.

Further details can be found in Appendix 8.

In line with the individual trial results these pooled results reinforce a consistency of treatment effect.
treatment effect. Mean percentage change in LDL-C from baseline is presented in Table 36

and

Table 37.

Table 36 Mean % change from baseline in LDL-C in pooled analyses of Phase llI
placebo-controlled studies — On treatment analyses

Dose

Alirocumab +
background statin

Mean change from
baseline (SE)

Placebo + background
statin

Mean change from
baseline (SE)

Difference

Mean change from
baseline (SE)

Week 12

75 mg (pooling FH | +
FH Il + COMBO 1)

~45.1% (0.9)

+4.3% (1.3)

—49.3% (1.6)

Week 24

75/150 mg (up-titration
studies, pooling FH | +
FH Il + COMBO I)

—49.7% (1.0)

+4.4% (1.5)

—54.1% (1.8)

150 mg (pooling LONG
TERM + HIGH FH)

~62.1% (0.7)

+0.4% (1.0)

—62.5% (1.2)

Week 12

75 mg (pooling FH | +
FH 1)

—44.0% (1.1)

+5.3% (S.6)

—49.3% (1.9)

Week 24

75/150 mg (up-titration
studies, pooling FH | +
FH 11)

~49.3% (1.2)

+6.8% (1.7)

~56.1% (2.1)

FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; SE, standard error

Sanofi evidence submission for alirocumab [ID779]

Page 161 of 294




Table 37 Mean % change from baseline in LDL-C in pooled analyses of Phase llI
ezetimibe-controlled studies — On treatment analyses

ALTERNATIVE (monotherapy) | F°°ling of ng"TEigl\z'S"”OPT'ONS [
Rl EEtE el G Mean change from baseline (SE)
Dose Alirocumab Ezetimibe Allrocumab * Ezetlm!be *
statin statin
Week 12
75 mg -51.2% (1.7) -18.0% (1.8) -51.0% (1.1) —23.9% (1.4)
Week 24
75/150 mg (up- _ 0 _ 0 B 0 3 0
titration studies) 52.2% (2.0) 17.1% (2.0) 51.6% (1.3) 21.6% (1.6)

LDL-C, low-density lipoprotein cholesterol; SE, standard error;

4.9.1 Published Meta-Analyses

Three meta-analyses of PCSK9 inhibitors have recently been published by

independent groups®® 102 103

the meta-analyses were all undertaken to assess the
safety and efficacy of PCSK9 inhibitors. Although they all reported similar efficacy
and safety endpoints (i.e. lipid fractions and adverse events) the Navarese meta-
analysis investigated all-cause and cardiovascular mortality as pre-specified primary
end points along with myocardial infarction and unstable angina rates as secondary
endpoints. Across all analyses, significant reductions in LDL-C and other atherogenic

lipid fractions were shown along with no significant difference in adverse events.

49.1.1Lietal

The meta-analysis by Li et al. investigated the efficacy (in terms of lipid-lowering)

and safety of PCSK9 inhibitors. RCTs of at least 8 weeks duration were included.
The meta-analysis followed the PRISMA guidelines (MOOSE group) *** Searches
were run until 19th March 2015 (Cochrane Library, PUBMED and EMBASE

databases).

Data extraction and quality assessment was performed by two investigators

individually, with discrepancies resolved by discussion and a third person. The
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quality of RCTs was qualified independently using the 5-point Jadad score *°°. 20
RCTs met the eligibility criteria and were included in the quantitative synthesis, which
included 9,880 patients.

The Cochrane Q test was used to measure the heterogeneity across included trials
and x“tests, and I? statistics used to assess the magnitude of heterogeneity % *°7. If
there was no unexplained statistical heterogeneity a fixed-effect model was used and
a random-effect model was used if heterogeneity existed (1°250%). Funnel plots and
Egger’s regression test were used to assess for publication bias '°® . No publication

bias was identified.

PCSK®9 inhibitors were shown to significantly decrease the levels of low-density
lipoprotein cholesterol, total cholesterol, triglycerides, apolipoprotein-B and
lipoprotein(a) and increase the levels of high-density lipoprotein cholesterol and
apolipoprotein-Al. There was no significant difference in the incidence of treatment
emergent adverse events, serious treatment-emergent adverse and the

discontinuation of treatment between the two groups.

The results of this meta-analysis indicated that PCSK9 inhibitors were effective at
lowering LDL-C and modifying other lipid parameters in patients with

hypercholesterolaemia while having a satisfactory safety and tolerability profile

4.9.1.2 Navarese et al. *°

Navarese et al. undertook a Systematic Review and Meta-analysis including Phase
Il or Phase Ill RCTs evaluating the efficacy and safety of PCSK9 antibodies in adults
with hypercholesterolaemia. The meta-analysis was conducted according to
Cochrane guidelines and findings reported according to the PRISMA statement "° &
(Table 38). Results were presented pooling data for alirocumab and evolocumab.

Primary clinical endpoints included

Table 38 Summary of Navarese et al. meta-analysis

Data consideration Details Notes

Data analysis populations o ITT

e All-cause mortality

Primary clinical endpoints e CV mortality
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Data consideration Details Notes
o Ml
. . e UA

Secondary clinical endpoints e Serum creatine level
e SAEs
e LDL-C

Efficacy e HDL-C

(biochemical)endpoints e Total-C
e Lp(a)

Summary statistics

ORs for dichotomous data
MD of percent change from
baseline for continuous
variables

95% CI included. If SDs were
not reported they were
calculated from Cls or SEs of
the mean

Heterogeneity

Cochran Q test
I” statistic

If no or low-to-moderate
inconsistency (<50%) was
found, pooled ORs were
calculated by using a fixed-
effects model; otherwise, a
random-effects model was
used

Cl, confidence interval; CV, cardiovascular; HDL-C, high-density lipoprotein cholesterol; ITT, intention-to-treat;
LDL-C, low-density lipoprotein cholesterol; Lipoprotein(a); MD, mean difference; Ml, myocardial infarction; SAE,
serious adverse event; SD, standard deviation; SE, standard error; Total-C, total cholesterol; UA, unstable angina

Searches were run until 4th April 2015 in MEDLINE, the Cochrane Central Register
of Controlled Trials, Google Scholar, and Embase; TCTMD (www.tctmd.com),
EuroPCR (www.europcr.com), ClinicalTrials.gov, Clinical Trial Results
(www.clinicaltrialresults.org), the PCSK9 Education and Research Forum
(www.pcsk9forum.org), and the American College of Cardiology Web site
(www.cardiosource.com); and major congress proceedings. No restrictions on

language, follow-up, or study size were applied.

24 studies were included in the quantitative analysis, which included 10,159 patients.
Data were independently extracted by two investigators who were not involved in
any of the selected studies. Any discrepancies were resolved through discussion
with a third investigator. Any potential risk of bias of the RCTs was assessed by
independent appraisal by two unblinded investigators using methods described in
the Cochrane Collaboration guidelines’®. No publication bias was suggested by

funnel plots or Egger regression test'%.

Odds ratios (ORs) for dichotomous data and mean difference (MD) of percent

change from baseline for continuous variables, with 95% Cls, were used as
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summary statistics. Heterogeneity was assessed by using the Cochran Q test and
the I% statistic *°®*%”. If no or low to moderate inconsistency (<50%) was found,
pooled ORs were calculated by using a fixed-effects model ’°; otherwise, a random-
effects model was used. To account for the potential differences in follow-up
between studies, a pre-specified analysis was performed with adjusted models by

person-years to obtain pooled log rate ratios and Cls.

Compared with control, treatment with PCSK9 antibodies led to marked reductions in
low-density lipoprotein cholesterol levels and other atherogenic lipid fractions. All
cause mortality was significantly reduced, with a similar odds ratio(not statistically
significant) in cardiovascular mortality. The rate of myocardial infarction was
significantly reduced. Increases in the serum creatine kinase level were reduced. In
addition, serious adverse events did not increase with administration of PCSK9
antibodies (Table 39).

Table 39 Summary of key findings from Navarese meta-analysis

Endpoint Patient numbers Result

OR: 0.45 [95% CI, 0.23 to 0.86]; P=0.015;

All-cause mortality | 24 RCTs; 10,159 patients heterogeneity P=0.63; 2=0%

OR: 0.50 [95% CI, 0.23 to 1.10]; P=0.084;

GV mortality 24 RCTs; 10,159 patients heterogeneity P=0.78; 1°=0%

MI 10 RCTs; 5195 patients ﬁefécr’gggeﬁfgf Ay 50 5931 P=0.030;
Serum CK level 24 RCTs; 10,159 patients ﬁefér%;gn[gi?;mpgld.géﬁztgogé%]; Pr0.026
I
LDL-C 24 RCTs: 10,150 patients | MD: ~47:49% [95% CI, ~69.64% to ~25.35%];

P<0.001

Cl, confidence interval; CK, creatinine kinase; CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol;
MD, mean difference; MI, myocardial infarction; OR, odds ratio; RCT, randomised controlled trial

In conclusion the meta-analysis found that PCSK9 antibodies seem to be safe and

effective for adults with dyslipidaemia, producing profound reductions in LDL
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cholesterol with an apparently similar level of safety and an important preliminary
signal of survival benefit compared with no anti-PCSK9 treatment. The study
reported several limitations, primarily that the results were derived from study-level
data rather than patient-level data and that the number of CV events was small.

4.9.1.3 Zhang et al. 1

Zhang et al. undertook a meta-analysis of 25 RCTs to assess the safety and efficacy
of anti-PCSK9 antibodies. The meta-analysis was conducted in line with
recommendations from the PRISMA statement .

Searches were run up till 6 October 2014 in PubMed, EMBASE, and the Cochrane
CENTRAL database. Major conference proceedings were also searched until 20
November 2014. Eligibility assessment was carried out by two investigators. A total
of 25 studies with 12,200 patients were included in the quantitative analysis. The
Cochrane Collaboration tool was then used to assess the risk of bias of included

trials.

For all efficacy outcomes, the mean differences following anti-PCSK9 treatment
versus placebo or ezetimibe were pooled across studies using the DerSimonian-
Laird random-effects models. The I? statistic and the x*-based Q tests were applied
to assess heterogeneity'®"'%. Begg’s test and Egger’s test were performed to
assess publication bias '°. It is important to note, however, that results were
reported separately for alirocumab and for evolocumab and therefore did not give a

pooled effect across PCSK9 inhibitors as a whole.

The meta-analysis found that rates of common adverse events showed largely no
significant difference between anti-PCSK9 antibodies and placebo (or ezetimibe).
Alirocumab was, however, associated with reduced rates of death (relative risk (RR):
0.43, 95 % confidence interval (Cl): 0.19 to 0.96, P = 0.04). Alirocumab was also
associated with an increased rate of injection-site reactions (RR: 1.48, 95 % CI: 1.05
to 2.09, P = 0.02).
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As with the other meta-analyses, it was found that both alirocumab and evolocumab
substantially reduced the LDL-C level (by over 50%), increased the HDL-C level, and

resulted in favourable changes in other lipids.

4.10 Indirect and mixed treatment comparisons

As direct head to head evidence from the ODYSSEY programme is available to
support relevant comparisons within the Scope no indirect or mixed treatment

comparisons have been made.

Evolocumab is a PCSK9 inhibitor that was approved by the EMA in July 2015. To date, no NICE guidance
date, no NICE guidance has been issued on the use of evolocumab and no studies include a direct
include a direct comparison of alirocumab versus. evolocumab. As such a qualitative clinical comparison
clinical comparison of the ODYSSEY and PROFICIO programmes only has been made. Although

made. Although alignment of trials between programmes is difficultthe tables below represent an attempt

represent an attempt to summarise trials with similar patient populations (Table 40,

Table 41,

Table 42,

Table 43, Table 44, Table 45 and

Table 46).

Table 40 Study type summary

Study type Evolocumab Alirocumab

COMBO | (n=316)
COMBO Il (n=720)
OPTIONS | (n=355)
OPTIONS Il (n=305)
CHOICE | (n=535)

Combination therapy | LAPLACE-2 (n=1896) ‘®°

Total n=2231
Monotherapy MENDEL-2 (n=614) **° MONO (n=103)

FH | (n=486)

FH Il (n=249)
HeFH RUTHERFORD (n=329) ** HIGH FH (n=107)

LONG TERM (n=415 HeFH)
CHOICE I and Il (n= 76 HeFH)
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Total n=1333

Statin intolerant

GAUSS-2 (n=307) *

ALTERNATIVE (n=314)

CHOICE | (n=803; 108 confirmed
SI)

CHOICE Il (n=233; 210 confirmed
SI)

Total n=632

Outcome studies

FOURIER (n=27,500)

CVOT (n=18,000)

Safety studies

DESCARTES (n=901) **
OSLER (n=4465) '

LONG TERM (n=2341)
Open-label extension (n=987)

FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia; Sl, statin intolerance

Table 41 PCSK9 inhibitors as monotherapy — MONO and MENDEL-2

Baseline Characteristics

ODYSSEY

PROFICIO

MONO (N=103)

MENDEL-2 (N=614)

Study Design

Multicentre, randomised,
double-blind,

double-dummy, placebo-
controlled study

Multicentre, randomised, double-
blind, placebo-controlled study

Duration

24-Week

12-Week

Comparator

Placebo

Placebo

Patient Type

Hypercholesteroleamia
moderate CV risk*

Hypercholesteroleamia low to
moderate CV risk**

Mean Age (years)

60.2

53.2

Dosing Alirocumab 75 mg every 2 140 mg every 2 weeks as a 1mL
weeks by SC injection, titrated subcutaneous injection or 420
up to 150 mg every 2 weeks mg once a month as 3 x 1 mL
at week 12 if LDL-C >70 mg/dL | Subcutaneous injections
at week 8

Male, n (%) 55 (53.4) 191 (31.1)

LDL-C (mg/dL (mmol/L)),
Mean

138-141 (3.6)

140-144 (3.6)

Background Statin Therapy None None

Other background LMT None None

Patients with FH (%) 0 Data Unavailable
10-year risk of 3 -

fatal CVD (Score)

(%)

Cv NCEP risk - High: 3

Risk categories (% of Moderately High: 3-8
subjects)***

Moderate: 26-47
Low: 49-67

Primary Endpoint

Percentage change in mean
LDL-C from baseline to week
24,

Percentage change in mean
LDL-C from baseline to week 12
(and also mean of weeks 10 and
12).
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*SCORE risk 21% and <5%; **Framingham risk £10%; ***Risk category definitions: high, diagnosed CHD or risk equivalent;
moderately high, 2 or more risk factors and Framingham risk score 10%-20%; moderate, 2 or more risk factors and
Framingham risk score <10%; lower, O or 1 risk factor

CV = cardiovascular; CVD = cardiovascular disease; FH = familial hypercholesterolaemia; LMT = lipid-modifying therapy;
NCEP = National Cholesterol Education Program

Table 42 PCSK9 mAb added onto background of statin therapy * other LMT —
COMBO | & Il and PROFICIO LAPLACE-2

Baseline
Characteristics

ODYSSEY

PROFICIO

COMBO | (n=316)

COMBO Il (n=720)

LAPLACE-2 (n=1896)

Study Design

Multicentre, randomised,
double-blind, placebo-
controlled study

Multicentre,
randomised, double-
blind, placebo &

Multicentre, randomised,
double-blind, placebo &
Ezetimibe controlled

Ezetimibe controlled study
study
Duration 52 Weeks 104 Weeks 12 Weeks
Comparator Placebo Ezetimibe Placebo and Ezetimibe

Patient Type

Hypercholesterolaemia
and established coronary
heart disease or
coronary heart disease

Hypercholesterolaemia
and established
coronary heart disease
or coronary heart

Hypercholesterolaemia
Mixed dyslipidaemia

risk equivalents disease risk
equivalents
Mean Age (years) 63.0 61.6 59.8

Dosing

Alirocumab 75 mg every
2 weeks by SC

injection, titrated up to
150 mg every 2 weeks

at week 12 if LDL-C >70
mg/dL at week 8

Alirocumab 75 mg
every 2 weeks by SC
injection,

titrated up to 150 mg
every 2 weeks at week
12 if LDL-C >70 mg/dL
at week 8

Evolocumab 140 mg
every 2 weeks or 420
mg every month as add-
on therapy to
atorvastatin or

rosuvastatin or
simvastatin (24
treatment groups).

Male, n (%)

208 (65.8)

530 (73.6)

1028 (54.2)

LDL-C (mg/dL
(mmol/L)), Mean

102.2

106.9

109.1

Background Statin
Therapy (%)

Maximally tolerated
High-intensity**:

Maximally tolerated
High-intensity**:

Intensivet: 29%
Non-intensive§: 41%

57.6% 66.7% None: 30%
Other background 38-50'" None Data Unavailable
LMT (%)
CHD History (%) 78-79 90.1 17-24
Type 2 Diabetes (%) 39-45 30-32 13-20

Primary Endpoint

Percentage change in

Percentage change in

Percentage change in
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mean LDL-C from
baseline to week 24.

mean LDL-C from
baseline to week 24.

mean LDL-C from
baseline to week 12
(and also mean of
weeks 10 and 12).

CHD = Coronary heart disease; LMT = lipid-modifying therapy

FAtorvastatin (80 mg) and rosuvastatin (40 mg); 8Atorvastatin (10 mg) and rosuvastatin (5 mg); **Patients should receive either
rosuvastatin 20—40 mg, atorvastatin 40-80 mg daily, or simvastatin 80 mg daily unless not tolerated and/or appropriate other
dose given according to the judgement of the investigator;

11LLT: bile acid sequestrant, ezetimibe, niacin, fenofibrate, omega 3 >1000 mg/d, stable nutraceuticals

Table 43 PCSK9 mAb add-on therapy to different statins and different doses of
statins + other LMT — OPTIONS | & Il andPROFICIO LAPLACE-2

Baseline
Characteristics

ODYSSEY

PROFICIO

OPTIONS | (n=355)

OPTIONS Il (n=305)

LAPLACE-2 (n=1896)

Study Design Multicentre, randomised, Multicentre, Multicentre, randomised,
double-blind, active randomised, double- double-blind, placebo &
comparator study blind, active Ezetimibe controlled
comparator study study
Duration 24 Weeks 24 Weeks 12 Weeks

Patient Type

Hypercholesterolaemia
(non-FH or HeFH)

High CV risk*

Uncontrolled on
atorvastatin

Hypercholesterolaemia
(non-FH or HeFH)

High CV risk*

Uncontrolled on
rosuvastatin

Hypercholesterolaemia
Mixed dyslipidaemia

Mean Age (years)

62.9

60.9

59.8

Dosing

Alirocumab 75 mg every
2 weeks by SC

injection, titrated up to
150 mg every 2 weeks
at week 12 if LDL-C >70
mg/dL at week 8

Alirocumab 75 mg
every 2 weeks by SC
injection,

titrated up to 150 mg
every 2 weeks at week
12 if LDL-C >70 mg/dL
at week 8

Evolocumab 140 mg
every 2 weeks or 420
mg every month as add-
on therapy to
atorvastatin or

rosuvastatin or
simvastatin (24
treatment groups).

Male, n (%)

231 (65.1)

187 (61.3)

1028 (54.2)

LDL-C (mg/dL
(mmol/L)), Mean

105.1

111.3

109.1

Background Statin
Therapy (%)

Atorvastatin
(20 mg or 40 mgQ)

Rosuvastatin
(20 mg or 20 mg)

Intensivet: 29%
Non-intensive§: 41%
None: 30%

Other background + other LLT + other LLT Data Unavailable
LMT (%) (excluding ezetimibe) (excluding ezetimibe)

CHD history (%) 59 63 17-24
Type 2 Diabetes (%) 50 42 13-20

Primary Endpoint

Percentage change in
mean LDL-C from
baseline to week 24.

Percentage change in
mean LDL-C from
baseline to week 24.

Percentage change in
mean LDL-C from
baseline to week 12
(and also mean of
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weeks 10 and 12).

*Either: a) Patients with HeFH or non-FH and with documented history of CVD or diabetes mellitus with target organ damage;
or b) Patients without CVD who have HeFH, or have non-FH with a calculated 10-year fatal CVD

risk SCORE 25%, or have a moderate chronic kidney disease, or have diabetes mellitus but no target organ damage,

FAtorvastatin (80 mg) and rosuvastatin (40 mg); §Atorvastatin (10 mg) and rosuvastatin (5 mg);

CHD = coronary heart disease; CV = cardiovascular; FH = familial hypercholesterolaemia; HeFH = heterozygous familial

hypercholesterolaemia; LMT = lipid-modifying therapy

Table 44 PCSK9 mAb add-on therapy in patients with HeFH on background LMT —
FH I, FH Il and HIGH FH andRUTHERFORD-2

) ODYSSEY PROFICIO
Eﬁ;ﬁg;‘zri stics FHI FH Il High RUTHERFORD -2
(I’]=486) (I’]=249) FH (n:107) (n:329)
Study Design Multicentre, Multicentre, Multicentre, Multicentre,
randomised, randomised, randomised, randomised, double-
double-blind, double-blind, double-blind, blind, placebo-
placebo- placebo- placebo- controlled study
controlled study controlled controlled
study study
Duration 78 Weeks 78 Weeks 78 Weeks 12-Week
Comparator Placebo Placebo Placebo Placebo
Patient Type HeFH HeFH HeFH HeFH
Mean Age (years) 51.9 53.2 50.6 51.2
Dosing Alirocumab 75 Alirocumab 75 | Alirocumab Evolocumab 140 mg
mg every 2 mg every 2 150 mg every | every 2 weeks by SC
weeks by SC weeks by SC 2 weeks by SC | injection
injection, titrated | injection, injection
up to 150 mg titrated up to OR
every 2 weeks 150 mg every
at week 12 if 2 weeks
LDL-C >70 at week 12 if E\\/lgrlocmugqniﬁ 320529
mg/dL at week 8 | LDL-C >70 in'ec)t/ion y
mg/dL at week J
8
Male, n (%) 274 (56.3) 131(52.6) 57 (53.3) 190 (57.8)
LDL-C (mg/dL 144.6 134.4 197.8 156.0
(mmol/L)), Mean
Background High 81.57 86.3" 72.9* 87¢
Intensity Statin
Therapy (%)
Other background Ezetimibe: 57.0 Ezetimibe: Ezetimibe: Ezetimibe: 62
LMT (%) 66.3 24.3
CHD history (not 225 (46.3) 88 (35.3) 53 (49.5) 103 (31.3)
including stroke or
peripheral artery
disease), n (%)
Primary Endpoint Percentage Percentage Percentage Percentage change in
change in mean change in change in mean LDL-C from
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24.

LDL-C from
baseline to week

mean LDL-C mean LDL-C baseline to week 12
from baseline | from baseline (and also mean of
to week 24. to week 24. weeks 10 and 12).

CHD = Coronary heart disease;; LMT = lipid-modifying therapy

TAtorvastatin 40-80 mg or rosuvastatin 20-40 mg daily; FAtorvastatin 40-80 mg, rosuvastatin 20—40 mg, or simvastatin 80 mg
daily; §80 mg simvastatin daily, 240 mg atorvastatin daily, 220 mg rosuvastatin daily, or any dose of statin together

with ezetimibe

Table 45 PCSK9 mAb in statin intolerant patients on background of other LMT —
ALTERNATIVE andGAUSS-2

Baseline Characteristics

ODYSSEY

PROFICIO

ALTERNATIVE (N=314)

GAUSS-2 (N=307)

Study Design

Multicentre, randomised,

Multicentre, randomised, double-

double-blind, blind, placebo & Ezetimibe -
double-dummy, active-controlled controlled study
study
Duration 24 Weeks 12 Weeks
Comparator Ezetimibe 10 mg daily Ezetimibe 10 mg daily

Or Atorvastatin 20 mg daily
(included as a re-challenge
arm; comparisons in efficacy
were not made

Patient Type

Hypercholesterolaemia
Moderate to very high CV risk
Statin intolerance*

Hypercholesterolaemia
Low to high CV risk
Statin intolerancet

Mean Age (years)

63.4

62

Dosing Alirocumab 75 mg every 2 Evolocumab 140 mg every 2
weeks by SC injection, weeks by SC injection
titrated up to 150 mg every 2 OR
weeks at week 12 if Evolocumab 420 mg every
LDL-C >70 mg/dL at week 8 month by SC injection

Male, (%) 54.8 54.1

LDL-C (mg/dL), Mean 191.3 193

Background Statin Therapy None Any: 17-20%

(2-week statin washout prior to
treatment)
Other background LMT Other than statin/ezetimibe: LLT other than statins:
37-54% 11-19%
Patients with FH (%) 11.2-20.0 Data Unavailable
CHD History (%) 43-51 50-63%

Primary Endpoint

Primary endpoint, percentage
change in LDL-C from baseline
to week 24

Percentage change in mean
LDL-C from baseline to week 12
(and also mean of weeks 10 and
12).
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*Unable to tolerate at least two different statins, including one at the lowest dose, due to muscle-related symptoms; tPrevious
intolerance to 22 statins, defined as inability to tolerate any dose or increase the dose above the smallest tablet strength
because of intolerable muscle-related side effects; $Based on % subject in NCEP high risk category

CHD = coronary heart disease; CV = cardiovascular; FH = familial hypercholesterolaemia; LLT = lipid-lowering therapy;

Table 46 PCSK9 mAb added onto background of statin therapy + other LMT — Safety
Studies: LONG TERM and DESCARTES and OSLER

Baseline ODYSSEY PROFICIO
Characteristics LONG TERM (n=2341) | DESCARTES (n=901) OSLER (n=4465)
Study Design Double-blind, Double-blind, Open Label Extension
randomised, placebo randomised, placebo
controlled controlled
Duration (months) 18 12 11
Patient Type Hypercholesterolaemia LDL-C 275 mg/dL Hypercholesterolaemia
High CV risk* Low to high CV risk Low to high CV risk
HeFHt Partial statin intolerant
population

Mean Age (years) 60.5 56.2 57.9

Dosing

Alirocumab 150 mg
every 2 weeks by SC

Evolocumab 420 mg
every month by SC

Evolocumab 140 mg
every 2 weeks by SC

injection injection injection
or
Evolocumab 420 mg
every month by SC
injection
Male, n (%) 1457 (62.2) 430 (47.7%) 2255 (50.5)
LDL-C (mg/dL 122-123 95-120 120-121t+
(mmol/L)), Mean
Background Statin Anyt: 100% 1. Diet alone Any: 70-71%

Therapy (%)

High-intensity
statin8:44%

Other background
LMT (%)

Any: 28%
Ezetimibe: 14.3%

2. Low-intensity: 10
mg atorvastatin
3. High-intensity: 80
mg atorvastatin

4. Maximal: 80 mg
atorvastatin

+ 10 mg ezetimibe**

High-intensitytt: 27—
28%

Ezetimibe: 13 — 15%

CHD history (%) 68-70 0-48 20-21
Type 2 Diabetes (%) 34-35 1-25 13-15
Patients with FH (%) 18 Data Unavailable 10

*Patients with hypercholesterolaemia together with established CHD or CHD risk equivalents; tPatients with HeFH with or
without established CHD or CHD risk equivalents; 1Either rosuvastatin 20-40 mg, atorvastatin 40-80 mg daily, or simvastatin 80
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mg daily unless not tolerated and/or appropriate other dose given according to the judgement of the investigator; §High
intensity statin: atorvastatin 40-80 mg, rosuvastatin 20-40 mg, or simvastatin 80 mg daily; **Patients were started on various
forms of background LLT depending on CV risk (ATPIIl NCEP) for a run-in period of 4-12 weeks prior to treatment period;

ttRange of median values, as opposed to mean values;
ItIntensity of statin therapy was defined according to the 2013 ACC/AHA cholesterol treatment guidelines

CHD = coronary heart disease; CV = cardiovascular; HeFH = heterozygous familial hypercholesterolaemia; FH = familial
hypercholesterolaemia; LMT = lipid-modifying therapy

In summary, the ODYSSEY and PROFICIO trial programmes have broadly looked to
investigated broadly similar patient populations. Differences, however, are present.
The principal differences are:

e Primary Endpoint — In general primary endpoint analyses occur at Week 24
for alirocumab vs. Week 12 or 10/12 for evolocumab

e Patient cohort - more studies have been conducted in high CV risk patients in
ODYSSEY (Table 8 Section 4.6) than in PROFICIO, with several PROFICIO
studies including low risk patients (MENDEL-2, GAUSS-2, LAPLACE-2 and
DESCARTES)

e The majority of ODYSSEY trials allow for dose titration based on pre-defined
treatment goals which is not factored into the PROFICIO phase Il programme

e The principal ODYSSEY trials focus on 2 weekly dosing as opposed to the
PROFICIO trial programme which focusses on 4 weekly dosing

4.11 Non-randomised and non-controlled evidence

N/A
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4.12

Adverse reactions

Key Points

The Phase Il/ and Phase Ill studies submitted as part of the EMA filing
included 3340 patients randomised to alirocumab, and provided more
than 5000 patient years double blind exposure and 3451 years of

alirocumab exposure
No difference in the safety profile was observed between the two doses

There were no drug-drug interactions observed in the programme which

may have safety implication

Signals were only identified for local injection site reactions and general

allergic reactions

» Incidence rates were low and the events were typically mild and

transient

No specific safety signals were identified relating to patients with two

consecutive LDL-C levels <25mg/dL (0.65 mmol/L)

A global pool of Phase Ill studies indicated a trend towards decrease of

CV events in the alirocumab arm

= The large safety study LONG TERM indicated a decrease in MACE
events with an HR of 0.52 (95% CI: 0.31 to 0.90)
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The safety profile of alirocumab has been assessed in different populations of
patients with hypercholesterolaemia, i.e., HeFH patients, non-FH patients, including
patients with mixed dyslipidaemia. The majority of the patients studied were treated
with a maximally tolerated dose of statins with or without other LMT. In addition,
alirocumab was also studied in patients who are not on statin therapy, including
patients with statin intolerance, either as monotherapy or as add-on to their existing,

non-statin LMT.

In summary, a total of 5234 patients with hypercholesterolaemia were included in the
safety pool (submitted to the EMA), among whom 3340 patients were treated with

alirocumab at a dose of 75 or 150 mg administered SC once every 2 weeks.

Treatment duration was up to 18 months (including 2856 patients exposed to
alirocumab for at least 24 weeks, 2408 patients exposed for at least 52 weeks, and
639 patients exposed for at least 76 weeks), leading to an overall exposure of 3451
patient-years in the alirocumab group. Following regulatory filing, the number of
patients treated for at least 76 weeks has increased up to 1717 as of December
2014. This large safety database, with long-term exposure in the target patient

population, allows a comprehensive assessment of the alirocumab safety profile.

All patients in the placebo-controlled pool [Phase IIl (LTS11717, FH I, FH II, HIGH
FH, COMBO I), Phase Il (DFI11565, DFI11566, CL-1003, DFI12361)] and the
majority of patients in the ezetimibe-controlled pool [Phase IIl (COMBO II, MONO,
OPTIONS I, OPTIONS Il, ALTERNATIVE)] were at high or very high CV risk, with
the majority of patients in both pools having a history of CHD (60 to 70% of patients).

In addition, approximately 30% of patients reported a history of diabetes mellitus.

The Phase 1I/11l programme included a significant number of elderly patients: 1799
patients were 265 years of age and 375 patients were 275 years of age. Almost all
patients in the placebo-controlled pool and 75-80% patients in the ezetimibe-

controlled pool took the IMP on top of maximally tolerated concomitant statin usage.

The approach to the safety analysis considered 3 tiers of TEAESs. Tier 1 consisted of
TEAESs for which hypotheses and a comprehensive analytical approach were
prospectively defined. Hypotheses were based on literature review, suggestions by

regulatory authorities, or ADRs identified in product labeling of other products that
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treat hypersholesterolaemia. These included local injection site reactions, allergic

events, neurologic events including neurocognitive events, skeletal muscle-related

AEs, diabetes mellitus, ALT increase, and ophthalmologic events. Tier 2 represented

common TEAEs (not pre-specified). “Common” adverse events were defined as

those for which there were at least 9 patients with an event overall in the placebo-

controlled pool and at least 6 patients with an event in the ezetimibe-controlled pool.

Tier 3 represented infrequent TEAEs which are assessed clinically.

A summary of the pooled adverse event data can be seen in Table 47, Table 48, Table

49. Pooled common TEAES reported at 21% incidence can be found in Appendix 9.

Table 47 Overview of adverse event profile: TEAEs (Safety population) - Pool of
placebo-controlled studies and Pool of ezetimibe-controlled studies

Placebo-controlled pool

Ezetimibe-controlled pool

n (%)*

Placebo
(n=1276)

Alirocumab
(n=2476)

Ezetimibe
(n=618)

Alirocumab
(n=864)

Patients with any TEAE

975 (76.4%)

1876 (75.8%)

421 (68.1%)

607 (70.3%)

Patients with any treatment-
emergent SAE

182 (14.3%)

340 (13.7%)

69 (11.2%)

113 (13.1%)

Patients with any TEAE leading

to death 11 (0.9%) 13 (0.5%) 7 (1.1%) 2 (0.2%)
Patients with any TEAE leading
to permanent treatment 65 (5.1%) 131 (5.3%) 60 (9.7%) 76 (8.8%)

discontinuation

Placebo-controlled studies: phase Il (LTS11717, FH I, FH II, HIGH FH, COMBO 1), phase Il (DFI11565,
DFI11566, CL-1003, DFI12361). Ezetimibe-controlled studies: phase 11l (COMBO I, MONO, OPTIONS I,

OPTIONS I, ALTERNATIVE).

AE, adverse event; FH, familial hypercholesterolaemia; SAE, serious adverse event; TEAE, treatment-emergent

adverse event

*Number and percentage of patients with at least one TEAE.

Table 48 Number (%) of patients with Local injection site reaction TEAE(S) (Safety
population) - Global pool

Control (n=1894)

Alirocumab (n=3340)

Any local injection site reaction TEAE

n (%)*

78 (4.1%)

205 (6.1%)

95% mid-p Cl

3.3% t0 5.1%

5.4% to 7.0%
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Number of patients with an event per 49 6.0

100 patient-years?® ' '

95% ClI 3.3t05.2 5.2t06.9

HR vs control (95% CI)° 1.50 (1.15 to 1.95)

Placebo-controlled studies: phase Il (LTS11717, FH I, FH II, HIGH FH, COMBO 1), phase Il (DFI11565,
DFI11566, CL-1003, DFI12361). Ezetimibe-controlled studies: phase 11l (COMBO I, MONO, OPTIONS I,
OPTIONS II, ALTERNATIVE). MedDRA 17.0: the selection of PTs is based on pre-specified category on AE
e-CRF form or HLT “injection site reaction”, depending on the study.

AE, adverse event; Cl, confidence interval; e-CRF, electronic case report form; FH, familial
hypercholesterolaemia; HLT, high-level term; HR, hazard ratio; PT, preferred term; TEAE, treatment-emergent
adverse event

*Number and percentage of patients with at least one event.

Calculated as the number of patients with an event divided by total patient-years. For patients with an event, the
number of patient-years is calculated up to the date of the first event; for patients without an event, it corresponds
to the length of the TEAE period.

PCalculated using a Cox model stratified on the study.

Table 49 Number (%) of patients with TEAE(s) of special interest by PT (Safety
population) - Pool of placebo-controlled studies and Pool of ezetimibe

controlled studies adverse events reported in 21% of patients

Placebo-controlled pool Ezetimibe-controlled pool
TEAE n (%) Placebo Alirocumab Ezetimibe Alirocumab
(n=1276) (n=2476) (n=618) (n=864)
General allergic TEAE 99 (7.8%) 213 (8.6%) 33 (5.3%) 59 (6.8%)
1.10 (0.87 to 1.31 (0.85to
0,

HR vs control (95% CI) 1.40) 2.02)
Hypersensitivity (SMQ) 99 (7.8%) 213 (8.6%) 33 (5.3%) 59 (6.8%)

Rash 17 (1.3%) 30 (1.2%) 6 (1.0%) 12 (1.4%)

Pruritus 5 (0.4%) 28 (1.1%) 3 (0.5%) 7 (0.8%)
Any neurological TEAE 45 (3.5%) 86 (3.5%) 15 (2.4%) 29 (3.4%)

0.98 (0.68 to 1.43(0.76 to
0,

HR vs control (95% CI) 1.41) 2.69)
Guillain-Barre syndrome 39 (3.1%) 78 (3.2%) 14 (2.3%) 24 (2.8%)
(SMQ)

Paraesthesia 9 (0.7%) 25 (1.0%) 2 (0.3%) 6 (0.7%)
Peripheral neuropathy 42 (3.3%) 70 (2.8%) 13 (2.1%) 20 (2.3%)
(SMQ)

Paraesthesia 9 (0.7%) 25 (1.0%) 2 (0.3%) 6 (0.7%)
Any neurocognitive
it imians 9 (0.7%) 21 (0.8%) 6 (1.0%) 8 (0.9%)

1.18 (0.54 to 0.94 (0.32to

HR vs control (95% CI) 2.58) 2.74)

Any diabetic complications 40 (3.1%) 83 (3.4%) 17 (2.8%) 17 (2.0%)
1.05(0.72 to 0.60 (0.31to
0,

HR vs control (95% ClI) 1.53) 1.19)
DM or diabetic o 0 0 0
complications (CMQ) 40 (3.1%) 83 (3.4%) 17 (2.8%) 17 (2.0%)

DM 14 (1.1%) 32 (1.3%) 10 (1.6%) 7 (0.8%)
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Type 2 DM 12 (0.9%) 31 (1.3%) 2 (0.3%) 5 (0.6%)
Any related to hepatic
disorders 23 (1.8%) 61 (2.5%) 14 (2.3%) 16 (1.9%)
1.36 (0,84 to 0.69 (0.34 to
0,
HR vs control (95% ClI) 2.20) 1.43)
Hepatic disorders 23 (1.8%) 61 (2.5%) 14 (2.3%) 16 (1.9%)
ALT increased 9 (0.7%) 28 (1.1%) 5 (0.8%) 5 (0.6%)
Any ophthalmological 18 (1.4%) 44 (1.8%) 3 (0.5%) 7 (0.8%)
1.24 (0.72 to 1.36 (0.35to
0,
HR vs control (95% CI) 2.15) 5.31)
Retinal disorders (SMQ) 13 (1.0%) 35 (1.4%) 3 (0.5%) 6 (0.7%)

AE, adverse event; ALT, alanine aminotransferase; Cl, confidence interval; DM, diabetes mellitus; HR, hazard
ratio; PT, preferred term; SMQ, standardised MedDRA queries; TEAE, treatment-emergent adverse event

The percentages of patients who experienced at least 1 TEAE, at least 1 treatment-
emergent SAE and any TEAESs leading to permanent treatment discontinuation were
similar between the alirocumab and control groups. The most common adverse
reactions leading to treatment discontinuation in patients treated with alirocumab
were local injection site reactions (0.2% patients in the alirocumab group versus

0.3% in control groups).

The analysis revealed no differences between alirocumab and controls, and as such
no ADRs were identified, in regard to the following: neurologic events,
neurocognitive events, musculoskeletal-related events, diabetes mellitus, hepatic
disorders, ophthalmological events, and haemolytic anaemia. The data suggest that
alirocumab is therefore not associated with hepatic effects or muscle-related AEs,

common safety concerns associated with statins.

The incidence of the skeletal muscle-related TEAEs was similar between treatment
groups, however, in ALTERNATIVE, there were fewer patients with skeletal muscle-
related TEAESs in the alirocumab group than the atorvastatin (HR 0.61 [0.38 to 0.99])
or ezetimibe (HR 0.70 [0.47 to 1.06]) groups.

Differences between alirocumab and controls were noted for local injection reactions
and general allergic events. The occurrence of local injection site reactions was
higher in the alirocumab group compared to the pooled control group. The incidence

rate of local injection site reactions was low and the events were typically mild and

Sanofi evidence submission for alirocumab [ID779] Page 179 of 294




transient. Injection site reactions were more common in patients with treatment-

emergent ADA. Injection site reactions are identified as ADRs.

General allergic events were more frequently reported in patients treated with
alirocumab compared to the pooled control group. The primary event responsible for
this difference was pruritus, and as such pruritus is considered an ADR. The
incidence rate of pruritus was low and the events were typically mild and transient. In
addition, rare and sometimes serious allergic reactions (eg, hypersensitivity, eczema

nummular, urticaria, and hypersensitivity vasculitis) were reported.

Signals were therefore only identified for local injection site reactions and general
allergic reactions, ADRs that would be expected for a therapeutic monoclonal

antibody.

No difference in the safety profile was observed between the 2 doses (75 mg and
150 mg administered every 2 weeks) used in the Phase IIl program. There were no
drug-drug interactions observed in the programme which may have safety

implication.

The consequences of LDL-C levels <25 mg/dL were also evaluated in an analysis of
the pooled data. None of the potential risks considered to be associated with low
LDL-C levels were confirmed. The analysis of overall TEAES in patients with 2
consecutive LDL-C values <25 mg/dL (<0.65 mmol/L) or <15 mg/dL (<0.39 mmol/L)
did not reveal any specific safety signal. Neurologic and neurocognitive events were
reported overall at a low and comparable incidence rate in patients in the alirocumab
and the placebo or ezetimibe control groups with no safety signal identified. There
were no clinically meaningful changes with regard to cortisol, gonadal hormones or
fat soluble vitamins associated with administration of alirocumab and no cases of

haemolytic anaemia were reported.

In patients who were treated with alirocumab in the global pool of Phase Il studies, a
treatment emergent anti-alirocumab antibody (ADA) positive response was
measured in 4.8% of patients (compared with 0.6% in the control groups). In most
patients treated with alirocumab, the ADA response was considered to be transient
and in all but 21 (0.7%) patients, ADA titers were low (£240). The presence of a
treatment-emergent ADA positive response was not associated with any safety
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concern apart from an increased incidence of injection site reactions (PT) (incidence
rate in 100 patient-years of 9.9 in patients with treatment-emergent ADA positive

response versus 5.4 in patients with ADA negative response).

In a pooled analysis of Phase Il studies, all-cause mortality was 0.6% (20 of 3182)
of patients in the alirocumab group and 0.9% (17 of 1792) of patients in the control
group. The primary cause of death (as per adjudication) in the majority of these

patients was CV events (Table 50). There were no deaths in Phase | or Il studies.

Table 50 Summary of deaths adjudication results (Safety population) - Global pool
of Phase Ill studies

Primary cause of death as per :
o Control (n=1792) Alirocumab (n=3182)
adjudication, n (%)
Death on study 17 (0.9%) 20 (0.6%)
CHD death 9 (0.5%) 12 (0.4%)
Any CV 11 (0.6%) 15 (0.5%)
Acute Ml 0 4 (0.1%)
CV haemorrhage 1 (<0.1%) 2 (<0.1%)
CV procedure 1 (<0.1%) 1 (<0.1%)
gﬁscrtkfailure or cardiogenic 1 (<0.1%) 1 (<0.1%)
Stroke — haemorrhagic 0 1 (<0.1%)
Sudden cardiac death 8 (0.4%) 6 (0.2%)
Any non-CV 6 (0.3%) 4 (0.1%)
Accidental 1 (<0.1%) 1 (<0.1%)
Pancreatic 1 (<0.1%) 1 (<0.1%)
Pulmonary 2 (0.1%) 2 (<0.1%)
Suicide 1 (<0.1%) 0
Other non-CV 1 (<0.1%) 0
Non-CV: infection 1 (<0.1%) 0
Non-CV: malignant 2 (0.1%) 2 (<0.1%)
New malignancy 1 (<0.1%) 1 (<0.1%)
Worsening prior malignancy 1 (<0.1%) 1 (<0.1%)
Not adjudicated 0 1 (<0.1%)

CHD, coronary heart disease; CV, cardiovascular; MIl, myocardial infarction

In Phase Il studies, suspected CV events and all deaths that occurred from time of
randomisation until the follow-up visit were adjudicated. Analyses of the adjudicated
events were performed on the global pool, placebo-controlled pool, and ezetimibe-

controlled pool. The data from the adjudication are presented below with primary
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focus on MACE events (CHD death, nonfatal Ml, fatal or nonfatal ischaemic stroke,
and unstable angina requiring hospitalisation) (Table 51, Table 52, Figure 26, Figure 27
and Figure 28). The MACE composite endpoint is generally considered the most
appropriate and rigorous one to assess cardiovascular outcome and it is the primary
endpoint of the CVOT.

Table 51 Positively adjudicated cardiovascular TEAEs: MACE EVENT - Summary
table according to adjudication (Safety population) - Global pool of Phase

Il studies

Category of adjudication n (%)* Control (n=1792) Alirocumab (n=3182)
Any patients with a treatment-emergent MACE
n (%)* 33 (1.8%) 52 (1.6%)

95% mid-p ClI 1.3% to 2.5% 1.2% 10 2.1%
Number of patients with an event 18 15
per 100 patient-years?® ' '

95% ClI 12t025 1.1t01.9

HR vs control (95% CI)° 0.81 (0.52 to 1.25)
CHD death (including undetermined 9 (0.5%) 8 (0.3%)
cause)
NF Ml 23 (1.3%) 30 (0.9%)
Fatal and NF IS (including stroke not o o
otherwise specified) 3(0:2%) 12 (0.4%)
Unstable angina requiring o o
hospitalisation 1 (<0.1%) 2 (<0.1%)

Placebo-controlled studies: phase Il (LTS11717, FH I, FH II, HIGH FH, COMBO I). Ezetimibe-controlled studies:
phase Il (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE).

CHD, coronary heart disease; Cl, confidence interval; CV, cardiovascular; FH, familial hypercholesterolaemia;
HR, hazard ratio; IS, ischaemic stroke; MACE, major adverse cardiac event; Ml, myocardial infarction; NF, non-
fatal; TEAE, treatment-emergent adverse event; UA, unstable angina

*Number and percentage of patients with at least one event.

Calculated as the number of patients with an event divided by total patient-years. For patients with an event, the
number of patient-years is calculated up to the date of the first event; for patients without an event, it corresponds
to the length of the TEAE period.

PCalculated using a Cox model stratified on the study.
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Figure 26 Positively adjudicated cardiovascular TEAEs: MACE EVENT - Kaplan-Meier
Curve - Global pool of Phase lll studies
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Table 52 Positively adjudicated cardiovascular TEAEs: MACE EVENT - Summary
table according to adjudication (Safety population) - Pool of Phase Il
placebo-controlled studies and Pool of ezetimibe-controlled studies

Placebo-controlled pool Ezetimibe-controlled pool
Category of Placebo Alirocumab Ezetimibe Alirocumab
adjudication n (%)* (n=1174) (n=2318) (n=618) (n=864)

Any patients with treatment-emergent MACE

n (%)* 27 (2.3%) 35 (1.5%) 6 (1.0%) 17 (2.0%)
95% mid-p CI 1.6% to 3.3% 1.1%1t02.1% 0.4% to 2.0% 1.2%t0 3.1%
Number of patients
with an event per 1.9 1.3 1.3 2.3
100 patient-years®
95% ClI 1.3t02.8 09to 1.7 0.5t02.8 1.4t03.7
HR vs control
(95% CI)° 0.65 (0.40 to 1.08) 1.51 (0.59 to 3.85)
CHD death (including o o o o
undetermined cause) 7 (0.6%) 6 (0.3%) 2 (0.3%) 2 (0.2%)
NF Ml 19 (1.6%) 17 (0.7%) 4 (0.6%) 13 (1.5%)
Fatal and NF IS
(including stroke not 2 (0.2%) 11 (0.5%) 1 (0.2%) 1 (0.1%)
otherwise specified)
UA requiring 1 (<0.1%) 1 (<0.1%) 0 1(0.1%)

hospitalisation

Placebo-controlled studies: phase Il (LTS11717, FH |, FH II, HIGH FH, COMBO I). Ezetimibe-controlled studies:
phase Il (COMBO II, MONO, OPTIONS I, OPTIONS Il, ALTERNATIVE).
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CHD, coronary heart disease; Cl, confidence interval; CV, cardiovascular; FH, familial hypercholesterolaemia;
HR, hazard ratio; IS, ischaemic stroke; MACE, major adverse cardiac event; Ml, myocardial infarction; NF, non-
fatal; TEAE, treatment-emergent adverse event; UA, unstable angina

*Number and percentage of patients with at least one event.

Calculated as the number of patients with an event divided by total patient-years. For patients with an event, the
number of patient-years is calculated up to the date of the first event; for patients without an event, it corresponds
to the length of the TEAE period.

®Calculated using a Cox model stratified on the study.

Figure 27 Positively adjudicated cardiovascular TEAEs: MACE EVENT - Kaplan-
Meier Curve - Pool of Phase lll placebo-controlled studies
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Figure 28 Positively adjudicated cardiovascular TEAEs: MACE EVENT - Kaplan-
Meier Curve - Pool of Phase Il ezetimibe-controlled studies

As noted (Section 4.7), in the largest placebo-controlled study, LONG TERM
(LTS11717), a post-hoc analysis of MACE was undertaken. This analyses
wasperformed on the safety population and included only those CV events that
occurred in the TEAE period. The rate of MACE was 48% lower with alirocumab than
with placebo (27 (1.7%) vs. 26 (3.3%); hazard ratio, 0.52; 95% confidence interval,
0.31 to 0.90; nominal P = 0.02). (Section 4.7, Table 18, Figure 15).

Note: across the other smaller placebo-controlled studies, a low number of MACE

events was observed, leading to variable estimates of HR seen above.

Overall, in the placebo-controlled pool of Phase Il studies, a clear trend towards
decrease of MACE events in the alirocumab arm when compared to placebo was
observed, with an HR of 0.65 (95% CI: 0.40 to 1.08. Greater variability in estimating
the HR was observed in the pool of ezetimibe-controlled studies likely due to the fact
that this pool is much smaller and consequently there are relatively few events (HR =
1.51; 95% CI. 0.59 to 3.85). When pooled together in the global pool of Phase Il

studies, the trend towards decrease of CV events in the alirocumab arm observed in

Sanofi evidence submission for alirocumab [ID779] Page 185 of 294



the placebo-controlled pool is still evident, with an HR of 0.81 (95% CI : 0.52 to
1.25).

It should be noted that in addition to events included in the MACE endpoint,
revascularisations and CHF hospitalisations are not included in the MACE endpoint.
Clinical standards for revascularisation vary across the globe and it is likely that
many of these cases reflect the greater attention to previous disease in the context
of a clinical study. Overall, in the global pool, when CHF hospitalisation and
revascularisation were also considered alongside MACE endpoints, confirmed CV
events were reported in 110 (3.5%) patients in the alirocumab group and 53 (3.0%)
patients in the control group. The incidence rate (per 100 patient years) was 3.2 and
2.8 in the alirocumab and control groups, respectively, with an HR of 1.08 (95% CI.
0.78 to 1.50).

The effect on cardiovascular morbidity and mortality is being fully evaluated in the
ongoing CVOT study where the primary endpoint is adjudicated MACE events.

4.13 Interpretation of clinical effectiveness and safety evidence

4.13.1 Summary of clinical benefits and harms

Across the ODYSSEY programme of 10 Phase Il trials (Table 8) in more than 5000
patients alirocumab demonstrated substantial (39—-62% versus placebo on top of
existing therapy) and consistent reductions in LDL-C in the target patient
populations. A rapid onset of efficacy and persistence of treatment effect was
observed up to 78 weeks and about 80% of patients were followed for at least 1
year. The treatment effect was highly consistent across a range of different patient
subgroups and demographics and on top of ongoing LMTs (including maximal
tolerated dose of statins with or without other LMTSs), with no heterogeneity

observed.

Alirocumab also had a positive impact across a spectrum of lipid parameters that
would be expected to be associated with a reduction in CV risk. Non-HDL-C, which

is the main target parameter referred to in CG181, was reduced by -37 to -52%
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across trials. Mean reductions of -32 to -53% were demonstrated in ApoB, and Lp(a),
a similar but distinct atherogenic lipoprotein from LDL-C, and which statin therapy
does not affect, had mean reductions in the range -17 to —-30%. Alirocumab also
was associated with favorable changes in fasting triglycerides, HDL-C, and Apo A-1.

The combined Phase Il/lll safety database had a pool of 5234 patients of whom
3340 patients were treated with alirocumab, with an overall exposure of 3451
patient-years in the alirocumab group. Overall, the rate of TEAESs and serious TEAEs
was similar between the alirocumab and control arms. Local injection site reactions
were more commonly observed in alirocumab-treated patients, 6% in the alirocumab
groups and 4% in the pooled control groups. However only one was reported as
severe, and none was reported as a serious adverse event and injection site
reactions only rarely led to discontinuation of treatment. Discontinuations due to
general allergic adverse events were also infrequent, but occurred in a higher
percentage of alirocumab-treated patients compared to control (a total of 0.6% and
0.2% of patients in the alirocumab and placebo groups, respectively). There was no
difference in ADRs between alirocumab and controls regarding neurologic events,
neurocognitive events, musculoskeletal-related events, ophthalmological events, and
haemolytic anaemia (pre-specified as adverse events of special interest and
therefore monitored very closely), or in rates of diabetes mellitus or hepatic
disorders.

The analysis of overall TEAEs in patients with very low LDL-C values (two
consecutive LDL-C values <0.65 mmol/L or <0.39 mmol/L) did not reveal any
specific safety signal. No difference in the safety profile was observed between the
two alirocumab doses (75 mg and 150 mg administered every 2 weeks). There were
no drug-drug interactions observed in the programme which may have safety

implications.

In a pre-specified pooled analysis of the Phase Il studies, major adverse
cardiovascular events (death from coronary heart disease, nonfatal myocardial
infarction, fatal or nonfatal ischaemic stroke, or unstable angina requiring
hospitalisation, MACE) were reported in 52 of 3182 patients (1.5 per 100 patient-
years) in the alirocumab group and 33 of 1792 patients (1.8 per 100 patient-years) in
the control group (placebo or active control); HR=0.81 (95% CI, 0.52 to 1.25). In a
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post hoc analysis of the largest and longest trial (LONG TERM), the rate of MACE
was lower with alirocumab than with placebo (1.7% vs. 3.3%; hazard ratio, 0.52;
95% confidence interval, 0.31 to 0.90; nominal P = 0.02). A cardiovascular outcomes
trial, CVOT, is ongoing and due to report in 2018.

4.13.2 Internal validity

The ODYSSEY trials were randomised, double-blind, international, and multi-centre.
There was adequate randomisation, including first concealment, comparable groups
including attrition and no significant differential loss to follow-up, with clear definition
of interventions and relevant primary and broad secondary outcomes measured.
Analyses were conducted both as ITT and on-treatment and there was a good
degree of consistency between these. The studies are expected therefore to have a
high degree of internal validity. The primary endpoint, LDL-C reduction, is an
objective endpoint, unlikely to be subject to assessor bias. One potential limitation
was that LDL-C was calculated according to the Friedewald formula. However,
measured LDL-C (a secondary endpoint) was also collected and showed a high
degree of consistency with calculated LDL-C. LDL-C is the biochemical parameter
most closely and most extensively linked to CV risk and is therefore the strongest
surrogate marker to have as the primary endpoint in trials; other biochemical
parameters evaluated as secondary endpoints showed changes consistent with LDL-
C.

4.13.3 External validity

The use of statins over the past two decades to reduce LDL-C has successfully
decreased the risk of CV events, reinforcing the role of lowering LDL-C as a major
means for diminishing cardiovascular morbidity and mortality. For patients who are
unable to achieve sufficient LDL lowering despite the best treatment with maximal
tolerated current therapies, there is a clear unmet need for additional lipid-lowering
therapies. ODYSSEY evaluated alirocumab in this setting — in high risk populations
such as patients with HeFH and high risk CVD, as an adjunct to maximal dose

current therapy.

Trials evaluating alirocumab as an adjunct to statins used maximal tolerated dose of

statin therapy. One consideration or limitation is that in LONG TERM, only 44% of
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study patients were receiving high-dose statins. Previous muscle symptoms or
creatine kinase elevations during receipt of a high-dose statin accounted for 17% of
study patients and regional practices or local labelling accounted for 28% of study
patients that did not receive high-dose statins. Approximately 50% of patients in the
FH trials were also on statins plus ezetimibe, as were approximately 14% of patients
in the LONG-TERM study and 8% in COMBO |. COMBO II,OPTIONS I and Il, and
ALTERNATIVE also include a direct head-to-head comparisons with ezetimibe. UK
guidelines recommend high dose, high intensity statins for all high risk patients
(patients with existing CVD, and patients with FH, as well as other categories) and
NICE guidance also recommends ezetimibe for patients unable to reach targets on
current therapy or who are intolerant to statins. The position in therapy evaluated in
ODYSSEY is therefore consistent with current UK treatment and guidelines and the

anticipated usage of alirocumab in the UK.

The type of patients included in ODYSSEY are reflective of the patients in whom it is
anticipated alirocumab will be used in the UK. 36 UK NHS centres participated in the
ODYSSEY programme and a number of sites are involved in the CV outcomes trial.
Demographic characteristics were broadly consistent with those of UK patients. As is
generally the case, trial patients tend to be somewhat younger, with fewer
comorbidities than the general population. Nevertheless ODYSSEY included a high
percentage of patients at high CV risk (97.1%), with 78.5% at very high CV risk .
1377 (26%) of patients in ODYSSEY had confirmed FH. Around 25% of patients in
LONG-TERM and high FH, with smaller proportions in other trials, had recurrent
coronary events and/or polyvascular disease in their previous CV history. One
potential limitation is that the latest NICE guideline quotes non-HDL-C targets
whereas ODYSSEY measured LDL-C. However, ODYSSEY also reports non-HDL-
C, and reductions observed in this parameter were consistent with those observed in
LDL-C. Moreover, it is anticipated that alirocumab will mainly be prescribed in
specialised, secondary care lipid centres and the types of patients being treated here

will also be assessed for LDL-C.

In summary, ODYSSEY is an extensive trial programme which included patients with
HeFH and patients at high cardiovascular risk who have elevated LDL-C on current

maximal existing therapy. In these patients alirocumab has shown a substantial
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reduction in LDL-C, a well-established risk factor for cardiovascular events. A full

outcomes trial is ongoing.

4.14  Ongoing studies

Table 53 Ongoing Clinical Studies

Trial no. i ; Expected
Intervention | Comparator Population )
(acronym) completion
CL-1216 . Patients with HeFH undergoing
(ESCAPE) Alirocumab Placebo lipid apheresis therapy Feb 2016
EFC13786 Patients with primary
(CHOICE 1) _ hypercholgsterolaemla not treated
Alirocumab Placebo with a statin and who are at May 2016
open-label moderate, high or very high CVD
extension . » g yhig
risk
e ot
g)r()tir;]-;?gﬁl Alirocumab N/A studies (EFC12492, CL-1112, Jun 2016
EFC12732 and LTS11717)
CL-1018 open- Patients having completed the
label Alirocumab N/A double-blind period of the study Sep 2016
extension (CL-1018)
CL-1032 open- Patients with HeFH (enrolled in the
label _ Alirocumab N/A parent s_tudy CL-1003) receiving Sep 2016
extension concomitant treatment with statins
CL-1003 + other LMTs
Patients with LDL-C =270 mg/dL
EFC11570 (=1.81 mmol/L) who have recently
(CVOT - . (within the last 12 months)
ODYSSEY Alirocumab Placebo experienced an acute coronary Jan 2018
OUTCOMES) event and who are not adequately
controlled with statin + other LMTs

The majority of studies in the ODYSSEY programme assess the impact of
alirocumab on LDL-C and other liprotein levels. The objective of the CVOT study,
however, is to evaluate the ability of alirocumab to reduce CV events in patients who

recently experienced an ACS event ***

. Itis estimated that approximately 18,000
patients will be enrolled with a minimum follow-up of approximately 24 months and a
total duration of approximately 5 years. The proposed primary efficacy endpoint is
the effect of alirocumab, compared to placebo on top of background therapy, on the
occurrence of the following composite endpoint: coronary heart disease (CHD)
death, non-fatal myocardial infarction, non-fatal and fatal ischaemic stroke, and
unstable angina requiring hospitalisation (adjudicated major adverse cardiovascular

events — MACE). This trial is ongoing an expected to report in 2018.
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In addition the following are also underway:
e ODYSSEY APPRISE - LPS14245 (Europe and Canada)
= Programme in patients at high risk for cardiovascular events

= A multi-country, single-arm, open-label study to document the safety,
tolerability and effect of alirocumab on atherogenic lipoproteins in High
CV Risk Patients with severe hypercholesterolaemia not adequately

controlled with conventional medication
e Compassionate Use Programme (United States)

= Alirocumab for the treatment of patients with severe
hypercholesterolaemia not controlled with maximally tolerated doses of
stable lipid-lowering therapies administered according to the standard
of care (CUP14366)

= The primary objective of this study is to provide access to alirocumab
prior to its commercial availability in patients with severe
hypercholesterolaemia not controlled with maximal tolerated dose of
lipid-lowering therapy administered according to standard of care and
in adjunct to diet.

= The secondary objective is to document alirocumab safety and efficacy

e “Named Patient Programmes” (UK, Ireland, Netherlands, Australia and
Canada)

= Note in the UK this takes the form of an “Unlicensed Supply of

Alirocumab Programme”.
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5 Cost effectiveness

51 Published cost-effectiveness studies

A systematic literature review was undertaken to retrieve relevant cost-effectiveness
studies. It was designed to identify economic evaluations of alirocumab or ezetimibe,
used alone or in combination with statins or other lipid- lowering therapies, among
individuals with hypercholesterolaemia at high-risk of cardiovascular events —
including those with familial hypercholesterolaemia. Economic evaluations reporting
measures of cost-effectiveness, cost-utility, costs, or resource utilisation were

considered eligible for inclusion.

Searches were run in Medline, Medline in process, EMBASE, NHS Economic
evaluation database (NHS EED) and EconLit. In addition, conference proceedings
from the International Society For Pharmacoeconomics and Outcomes Research
(ISPOR), AHA, ADA, EASD) were handsearched.

A total of eight economic evaluations were included. None of these included

alirocumab or any other PCSK9 inhibitor.

Full details of the searches, methodology and included studies are provided in
Appendix 8. The results of this literature review provided insight and guidance on
model development and structure. However as no studies evaluated alirocumab,
they are not considered directly relevant to the decision problem and therefore the

results are provided in the Appendix.
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5.2

De novo analysis

Key points:

A Markov model was developed to assess the incremental cost-

effectiveness of alirocumab
Patient populations included in the model are:

o HeFH (both primary and secondary prevention)

o Patients at high CV risk due to existing CV disease (history of M,

unstable angina, revascularisation or other evidence of CHD,

ischaemic stroke, peripheral arterial disease)

o A subgroup of patients with existing CV disease at even higher
risk, namely patients with recurrent CV events/ polyvascular
disease

The model allows evaluation by different “starting” LDL-C thresholds. In

the base case for HeFH and recurrent events/ polyvascular we model

patients with an LDL-C of at least 2.59 mmol/L (on existing therapy); for

patients with high risk CVD we model an LDL-C of at least 3.36 mmol/L

Alirocumab was modelled as an adjunct to existing maximal therapy —

maximal dose statins, with or without ezetimibe, and on top of ezetimibe

in high risk statin intolerant patients. Base case comparisons are:

o Alirocumab + maximal tolerated dose statins + ezetimibe versus

maximal tolerated dose statins + ezetimibe (HeFH patients)

o Alirocumab + maximal tolerated dose statins versus maximal
tolerated dose statins (patients with high risk CVD and patients

with recurrent CV events/ polyvascular disease)

o Alirocumab + ezetimibe versus ezetimibe monotherapy (in the
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above high risk patient groups, in patients who are completely

intolerant to statins)

e Baseline risk of cardiovascular events and transition probabilities were
derived from real-world data from the UK THIN database. One of the key
challenges was accurately quantifying the baseline risk for HeFH
patients in the post-statin era

e Dataon LDL-C lowering efficacy came from the ODYSSEY pivotal trial
programme. The relationship between LDL-C lowering and CV risk
reduction came a meta-analysis of PCSK9 inhibitor outcomes data
(Navarese et al). Utility data came from ODYSSEY as well as from

published sources

e The incremental cost-effectiveness of alirocumab varies depending on
the CV risk of the population. The uncertainty has been explored using

deterministic and probabilistic analyses.

5.2.1 Patient population

The de novo model was developed to assess the incremental cost-effectiveness of
alirocumab in adults with primary hypercholesterolaemia. The cost-effectiveness
analysis considers a number of different patient populations/ subgroups, in line with
the Scope and reflecting the ODYSSEY trial populations. The treatment effect of
alirocumab observed in ODYSSEY was consistent across different patient
subgroups. However, the patient groups considered in the model differ in terms of
demographics and disease characteristics and in particular the baseline risk of

cardiovascular events, which is a key driver of cost-effectiveness.
5.2.1.1 Patient groups considered
The populations that are modelled are:

e Patients with HeFH (both primary and secondary prevention)
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e Patients with existing high risk CVD (i.e. history of ACS [MI or unstable angina
requiring hospitalisation], coronary revascularisation and other arterial
revascularisation procedures or other CHD, ischaemic stroke, PAD). This
group is considered as at very high risk of further CV events in clinical

guidelines (see Section 3 for further discussion).

e Patients with recurrent CV events - we also consider a subgroup of the above
CVD patients with recurrent incidence of CV events or evidence of disease in
multiple vascular beds (i.e. polyvascular disease). This is a group which is
clinically considered to be at even higher risk than the group of patients with
existing CV disease as a whole. This subgroup includes patients with
polyvascular disease, who have been shown to be at higher risk compared to
patients with disease in only one vascular bed * ** .e. patients who have had
an ACS event and a stroke event or existence of PAD. This group also
includes patients with multiple coronary events, who are also at higher risk
compared to patients with only one previous coronary event 3! *2. Currently, in
the model baseline risk data are only available for patients with polyvascular
manifestations of disease.

All of these patient groups were included in ODYSSEY (see also Section 4.8).
ODYSSEY also included primary prevention patients with risk equivalents such as
diabetes or CKD; we have not included such patients in the economic analysis due
to feedback that such patients would be unlikely to be considered for alirocumab

treatment in the UK.
5.2.1.2 Statin intolerance

We model alirocumab as an adjunct to statin-based therapy, and we also model
alirocumab in patients who are completely intolerant to statins. We consider statin
intolerant patients within the above high risk groups — these patients are not different
in their underlying CV disease , rather they differ in terms of their existing treatment
options and, therefore, their severity of hypercholesterolaemia. So we consider
patients with HeFH who are completely statin intolerant, patients with high risk CVD
and statin intolerance, and patients with recurrent events/ polyvascular disease and

statin intolerance.
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As a base case, we assume that the high risk statin intolerant patients that we model
will be treated with ezetimibe monotherapy and we therefore model alirocumab as an
adjunct to ezetimibe. The other key difference between patients with statin
intolerance and those without is the average LDL-C level — because these patients
are not receiving statins, their mean LDL-C is higher, even for similar “starting” LDL-
C thresholds (see 5.2.8).

5.2.1.3-LDL-C levels modelled

Patient populations are modelled according to the severity of hypercholesterolaemia

— i.e. according to their baseline LDL-C level before starting alirocumab.

In the base case for HeFH and for patients with recurrent events/ polyvascular
disease, we consider patients whose LDL-C is at least 2.59 mmol/L on existing
therapy (a level recognised in guidelines and ODYSSEY as indicating elevated LDL-
C that should be reduced).

In the group of patients with high risk CVD, we consider in the base case patients
whose LDL-C is at least 3.36 mmol/L (i.e. far from recommended targets). This
reflects the fact that, clinically and economically, in this large population it is
reasonable to focus on patients with a higher LDL-C where their disease and further
event risk is strongly driven by LDL-C. This is illustrated in the figure below which
shows that in these patients the risk of coronary events is 3 times greater than for

patients with LDL-C levels of 1.81 mmol/L **°,
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Figure 29: Higher event risk in patients with baseline LDL-C 23.36 mmol/L
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Adapted from O'Keefe et al. JACC 2004; 43: 2142-6

These are “starting thresholds” — an average LDL-C for the cohort is applied in the

model based on the starting threshold (see 5.2.8).

We show in sensitivity analyses in Section 5.9 the impact of different “starting” LDL-

C levels.

It is important to note that we refer to absolute LDL-C targets, because from an
economic modelling perspective it is necessary to specify a mean starting LDL-C
level. By structuring the model in this way we are considering patients who have high
LDL-C either because they have not achieved the percentage reductions
recommended by NICE, or because their LDL-C level is such that it would still be
considered clinically as high despite having achieved a substantial percentage

reduction with existing therapy.
5.2.1.4 Position in therapy

In line with current guidelines the high risk groups described above should be
appropriately managed with LMT 2>%, The indication for alirocumab is for patients
who are unable to reach LDL-C goals on the maximum tolerated dose of a statin, or
in patients who are statin intolerant or for whom a statin is contraindicated. In line

with the licence and with clinical guidelines, we model alirocumab as an adjunctive

Sanofi evidence submission for alirocumab [ID779] Page 197 of 294



therapy in patients who are not at target LDL-C levels on existing maximal therapy
(see 5.2.8).

5.2.2 Model structure

Key features of the de novo analysis are summarised in Table 54.

Table 54: Features of the de novo analysis

Factor Chosen values Justification

Time horizon Lifetime Reference case

Were health effects measured in

QALYs; if not, what was used? QALYS Reference case
Discount of 3.5% for utilities and 3.5% for both utilities and

Reference case
costs costs
Perspective (NHS/PSS) NHS/PSS Reference case

NHS, National Health Service; PSS, personal social services; QALY, quality-adjusted life-year

A Markov model structure with one-year cycles was developed (Figure 30). A review

of NICE HTA submissions and Guidelines 2*7:2523

, associated with modelling CV
conditions, along with the output of the economic evaluation systematic literature
review (Appendix 10) indicated that this was an appropriate model structure to

adequately address the decision problem.

The model structure allows utilities and costs for multiple events to be modelled with
sufficient flexibility to allow variation in these parameters from time since an event, in

order to adequately reflect clinical practice.

The model development incorporated feedback from individual experts and health
economic and HTA Advisory Boards. The Advisory Boards provided
recommendations on the model structure, inclusion and sources of inputs, and major

assumptions from clinical and health economic perspectives.
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Figure 30: Structure of the cost-effectiveness model
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Events in the model are treated as instantaneous and patients remain in states for

the entire model cycle.

Patients enter the model in one of the initial states. There are three initial states in
the model (0-1 years; 1-2 years and stable) in order to model patients entering the
model following a recent ACS event, or with established CV disease (stable). It is
well-recognised that the risk of a further event is substantially elevated in the first
year 8119 following an ACS event — this risk is dynamic and declines over time and
so the three initial states were developed in order to appropriately reflect this. This is
also reflected in the post-NF ACS health states later in the model. In the model CV
events are chosen as a “gateway” to post-event health states. They occur
instantaneously at the beginning of the cycle. ACS patients starting in the initial 0 -1
or 1 -2 years states can either experience events and transition to post-event health
states, or can transition through to the “initial” stable state. Patients starting in the
initial stable state (or transitioning to this from the 0 — 1 or 1 -2 years post-ACS

states) can experience events and transition to post-event health states, or can stay
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in the initial stable state. In terms of events, patients can experience a NF ACS event
(defined as an MI or an episode of unstable angina requiring hospitalisation), or a NF
ischaemic stroke event, or an elective revascularisation (ie a revascularisation

undertaken that is not undertaken as part of treatment for an event).

Post-event health states include a 0-1 year post-CV event state, a 1-2 year post-CV
event state, and a >2 years post-event state (equivalent to a stable post-CV event
state). The risk of a further event is substantially elevated in the first year post-ACS.
The decision to split out the 1 -2 year post-CV event state from the >2 years state
was based on evidence from the CV risk analysis conducted to inform the model,
which showed that while the event rate 1 -2 years post-ACS was lower than in the
first year, it was still higher than that observed for stable CHD (>2 years post-ACS
event). Therefore, it was considered appropriate to model this as a separate state in
order to more accurately reflect the risks over time. In any of the post-NF ACS or
post-NF stroke event states, patients can transition to have another event of the
same type or to have a different type of event (i.e. they can have an ACS following a
stroke or a stroke following an ACS), or they can remain in the “stable” post-event
states. Patients can transition from any state to death, either due to CV death or non-
CV death.

The model assumes that transitions between health states occur between two cycles
and patients are constant for that fixed time in a particular health state. However, in
order to avoid over/under estimation of results, due to the fact that in reality patients
will move continuously between different health states and just not at discrete time

point, a half-cycle correction has been applied.

Transitions from post-NF ACS events to NF IS events are allowed, and vice versa.

In theory, transitions from the NF-1S to NF-ACS health states could be problematic
due to the fact that post-stroke health states are usually associated with lower
utilities, leading to the paradoxical situation of an ACS event which occurs after a
stroke event resulting in an increase in a patients quality of life. However, the
blocking of such transitions was investigated and had little impact on the ICER
calculations. As such, in order to ensure all events are accrued correctly and thereby

all events are captured, no transitions are blocked in the model.
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The instantaneous events in the cost-effectiveness model are defined in Table 55

Table 55: Event Definitions

Event Definition

NF ACS Composite of NF MI or NF UA with hospitalisation

An elective revascularisation that did not occur as a result of an ACS
Revascularisation event; revascularisations are considered elective if they did not occur
within 30 days of the ACS event

NF IS NF IS; excludes TIA

CV death Death due to any CV event (inclusive of ischaemic and non-ischaemic
CV events)

Non-CV death Death due to any non-CV cause

ACS, acute coronary syndrome; CV, cardiovascular; IS, ischaemic stroke; MI, myocardial infarction;
NF, non-fatal; TIA, transient ischaemic attack; UA, unstable angina

The NF-ACS health states are a composite of Ml and UA with hospitalisation. It was
considered appropriate to do this as these are often grouped together in definitions
of clinical trial populations or endpoints, and treatment approaches are often similar.
Weighted averages are used to derive the risks, costs and utilities for this health

state.

Elective revascularisation was identified and included as a discrete health state
based on feedback from clinical experts as it has a different pattern of risk, and of
costs and utilities, to urgent revascularisation occurring as part of an episode of care
for an ACS event. The model does not allow transition from NF-ACS and NF-IS
events to elective revascularisation as the impact of these health states effectively
dominate revascularisation in terms of their cost and quality of life effects. However,
a proportion of patients in the stable post-ACS health state would experience
elective revascularisations. To account for this cost, the model will include the cost of
the elective revascularisation event in the stable post-ACS and post IS health state

without moving the patients to the post-revascularisation health state.

The model simulates identical entry cohorts for comparator and alirocumab patients
over a specified time horizon (lifetime horizon as base case), and compares the
costs and outcomes between two groups. The cohort is defined based on a number

of criteria, including starting age, proportion of males, prevalence of diabetes,
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baseline LDL-C and CV risk category. The background therapy is identical between

the arms (see discussion below in 5.2.6).

The model can simulate either a single cohort, or a mixed cohort. For example, the
high CVD risk population is comprised of a mixed cohort of patients with a recent
ACS event (0 — 1 years ago, 1 — 2 years ago), a history of previous ACS events (> 2
years ago) or other manifestations of CHD, a history of ischaemic stroke, or a history
of PAD. The mixed cohort takes into account different risks and different baseline
utilities for the different patient types included in the high CVD risk population.

5.2.3 Specification of baseline CV risk

Annual CV event probabilities are assigned to health states based on the
characteristics of patients in that health state. For example, a CHD cohort will start
the model in the initial (stable) health state with a baseline CV risk corresponding to
the CHD subpopulation and to its age and LDL-C level. Based on this CV risk, a
proportion of patients will experience an ACS and will move to the P-NF ACS (0-1
year) health state. Their CV risk will be updated with the CV risk of patients with an
ACS (0-1 year) to reflect the higher CV risk in the first year after an ACS event.

A proportion of patients will experience an ischaemic stroke and move to the P-NF IS
health state. Their CV risk will be updated with the CV risk of patients with a history
of ischaemic stroke. The model takes into account the initial starting cohort in
determining the probability of subsequent CV events in the model. For example, if
the user models an ischaemic stroke cohort and some of those patients go on to
have an ACS event, the probabilities of subsequent CV events post-ACS are derived
from a prevalent sub-population that has experienced both an ACS event and an
ischaemic stroke event. This is shown in more detail in Table 56.

To inform CV event probabilities we used real-world UK data from The Health
Improvement Network *%°. Risk estimators such as QRISK2 are not validated for and
are not suitable for high-risk groups such as those with existing CVD or with HeFH
3 Therefore, we used real-world data specific to the patient populations included in
the model, derived from THIN, a general practice electronic record healthcare

database. THIN data has been used previously in CV research *** and has the
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advantages of being real-world UK data, and also of being a single coherent
database, rather than using registries that focus on single event types. This is

discussed further in 5.3.2.
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Table 56: Mapping Prevalent Sub-Populations Based on Health States and Initial Sub-Populations

Living health states
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event) event) year) years)
year) years)
HeFH HeFH Patients with elective | ACS (0- | ACS (1- A;Srs(ﬂ
(primary N/A N/A (primary revascularisation who | 1 2 y ' IS IS IS
d d X i.e. old
prevention) prevention) had no prior ACS years) years) M)
HeFH HeFH CHD due to elective ACS ACS Ae(f':lsrs(>2
(secondary N/A N/A (secondary o (0-1 (-2 y ’ IS IS IS
. . revascularisation i.e. old
prevention) prevention) years) years) MI)
. . . ACS (>2
ACS 0-1 ACS 0-1 ACS (1-2 | ACS Patients with elective | ACS | ACS | 0" | |sand | ISand | IS and
ears ears ears) (>2 years, revascularisation who | (0-1 (1-2 i.e. old old Ml old Ml old Ml
y y y i.e. old MI) had prior ACS years) years) MI)
. . : ACS (>2
ACS Patients with elective | ACS ACS
ACS 1-2 N/A ACS 1-2 years | (>2 years, revascularisation who | (0-1 (1-2 years, IS and IS and IS and
years ] : i.e. old old MI old MI old MI
i.e. old MI) had prior ACS years) years) MI)
2]
E ISand | IS and
o . . any any
LCJD Ischaemic N/A N/A IS CHD due t_o eI_ectlve ACS ACS IS and IS IS IS
c | Stroke revascularisation old Ml
£ (0-1 (-2
g years) years)
E CHD due to elective ACS ACS ;?eiatsrs(>2
£ | Other CHD N/A N/A Other CHD o (0-1 (1-2 . ’ IS IS IS
° revascularisation ears) ears) i.e. old
2 Y! Y! M)
()]
§ Perip_heral N/A N/A PAD Patients w!th glective ACS ACS ACS (>2 IS IS IS
Arterial revascularisation who | (0-1 (1-2 years,
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Living health states

N N P-NF P-NF

Initial (0-1 Initial (1-2 » P-NF IS | P-NF IS
Initial Stable post- ACS ACS Stable Stable
year post- years post- o (0-1 (1-2
(stable) revascularisation (0-1 (1-2 CHD P-IS
event) event) year) years)
year) years)
Disease had no prior ACS years) years) i.e. old
MI)

ACS, acute coronary syndrome; CHD, coronary heart disease; HeFH, heterozygous familial hypercholesterolaemia; IS, ischaemic stroke; MI, myocardial infarction; N/A, not
available; PAD, peripheral arterial disease; P-IS, post-ischaemic stroke; P-NF, post-non-fatal
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5.2.3.1 CVrisk adjustment

In addition to specifying the CV risk category, the age, percentage of males,
prevalence of diabetes, and baseline LDL-C are factors used to define the starting
cohort. These are key factors known to have an impact on CV risk.

For age, an age adjustment of 3% each year is used as the base case for non-fatal
CV events and 5% for CV death .

For gender the only difference is in non-CV death rates. Although gender is known to
have an influence on CV risk, the split (percentage of males) by CV risk category is
taken from UK THIN data and this is assumed to be representative of the UK
population of a whole, therefore the results from the cohort should be generalizable
without any adjustment of CV risk by gender (unless the decision problem were to be

considered separately by gender, which we do not consider to be appropriate).

CV event rates were generated for patients with and without diabetes, however we
apply the prevalence of diabetes by CV risk category from the UK THIN data and

therefore the results generated are generalizable to the total population.

In order to explore the cost-effectiveness of alirocumab by severity of
hypercholesterolaemia, as specified in the Scope, it is important to take account of
the influence of baseline LDL-C on CV risk. In order to do this, the model takes
account of the average LDL-C value found for the different CV risk categories in the
THIN data. If a higher LDL-C value is applied for the cohort, the model adjusts the
CV risk upwards. For example, if a cohort of patients with an average LDL-C of 2
mmol/L has an annual CV risk of x%, if we consider a cohort of patients with an
average LDL-C of 3 mmol/L, a higher CV risk (eg x + 2%) is applied, based on what
is known about the relationship between LDL-C and CV risk. There are different

options in the model for performing this risk adjustment.

The CTT meta-analysis is probably the best known source for estimating the
relationship between LDL-C and CV risk. This analysis estimates the rate ratio (RR)
per unit reduction in LDL-C (denoted as «) for various CV events. The relative risk

reduction (RRR) per unit reduction in LDL-C is thus (1 — a). The CTT papers report a
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log-linear relationship. Based on this information, the relationship between event

probability and LDL-C change can be represented as follows:

Eoi=Bi _ 1 _o.(Lo=Li) (1)
Eoi '

E; = Eg;[oc; (Lo~ L1)] (2)

In(E;) = In(Eg;) + (Lo — Li)In(;) (3)

Where:
= L, is the baseline LDL-C level in mmol/L
= [;is the new LDL-C level in mmol/L
= E,;is the one-year probability for experiencing event i at the baseline LDL-C
level of L,

* E; is the one-year probability for experiencing event i at the LDL-C level of L,
«; is the “rate ratio” (RR) per unit change in LDL-C for event i

These equations are used to adjust the CV risk based on the baseline LDL-C —i.e. if
the THIN cohort overall had a baseline LDL-C of L,, and an event rate of Egp1, when
considering a cohort with a baseline LDL-C of L;, Equation 2 is used to estimate the
event rate E;. The CTT analysis estimates the relationship between LDL-C reduction
and CV event reduction. However, the 2012 CTT publication also includes a Cox
model that estimates the relationship between baseline LDL-C and baseline CV risk

— this is applied in a scenario analysis and the two provide very similar results ** .
Average LDL-C levels by different “starting” thresholds

The model allows the user to set a minimum starting threshold for LDL-C (i.e. models
patients with an LDL of at least x or above). The model then applies the average
LDL-C value for patients with an LDL-C above this cut-off value, as found in the
THIN data.

The average values found corresponding to different LDL-C cut-offs are shown in
Table 57. For most populations these are derived from THIN data for patients on
statin-based treatment. To model patients with complete statin intolerance, and not
receiving any statins, data from the ALTERNATIVE trial were used. Due to the
washout period the mean LDL-C at baseline (191.3 mg/dL [~4.95 mmol/L])
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corresponds to LDL-C levels of non-treated patients. To estimate LDL-C for statin
intolerant patients receiving ezetimibe monotherapy, we applied the mean LDL-C at
Week 4 in the ezetimibe arm. To model a direct comparison with ezetimibe, the
mean LDL-C values at baseline in ALTERNATIVE (with washout) can be used.

Table 57 Average LDL-C values by LDL-C cut-off

Cut-off threshold 21.81 mmol/L | 22.59 mmol/L | 23.36 mmol/L | 24.14 mmol/L

HeFH (primary prevention) 4.50 4.82 5.28 5.59
HeFH (secondary prevention) 4.40 4.56 4.80 5.23
ACS (0-12 months) 2.60 3.31 411 4.83
ACS (13-24 months) 2.62 3.31 4.07 4.93
Ischaemic Stroke 2.65 3.27 4.00 4.67
Other CHD 2.67 3.30 4.02 4.73
PAD 2.79 3.36 4.03 4.73
Polyvascular 2.66 3.31 4.05 4.78
Statin intolerant patients on

Ezetimibe monotherapy 3.74 4.00 4.55 5.07

ACS, acute coronary syndrome; CHD, coronary heart disease; HeFH, heterozygous familial
hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral arterial disease

5.2.4 Non-CV death

The probabilities of non-CV death for various age ranges and gender are based on
UK Life Tables %2 1%, By default, the model analyses a cohort over its remaining

lifetime, which is assumed to be to a maximum of 99 years of age.
5.2.5 Cohort baseline characteristics

The model allows specification of key baseline characteristics that have an impact on
CV risk and other parameters: age, gender, prevalence of diabetes, starting LDL-C

threshold and average LDL-C.

In addition, when modelling the high risk CVD group, because this consists of

different patient types (patients with a history of MI, patients with a history of stroke),
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it is modelled as a mixed cohort and it is therefore necessary to specify the

proportion of different patient histories that make up the mixed cohort. It is important

to note that the relative clinical effect of alirocumab is homogeneous, and is

independent of the baseline patient characteristics.

In the base case, we use the prevalence of diabetes and proportion of males by CV

risk category from the THIN data. The average age in THIN was higher than in the

ODYSSEY trials, and potentially in clinical practice alirocumab may be initiated in

patients who are younger than average. The average age in THIN was

approximately 70 years, while in ODYSSEY it was approximately 60 years; in the

interests of simplicity, a starting age of 65 years was selected and the impact of this

investigated in sensitivity analyses. For HeFH patients, a starting age of 50 years

was selected for primary prevention, which corresponds both to average ages in
ODYSSEY trials and the median age of FH patients in the UK National FH audit *°

and 60 years for secondary prevention. The base case assumptions and

justifications are tabulated below (Table 58).

Table 58: Baseline cohort assumptions

Recurrent

. HeFH (primary HeFH (secondary i i events/

Population ) ) High-risk CVD
prevention) prevention) polyvascular

disease

60 (assumed 65 (UK THIN data
S0 (n e win | DS PTANS | ShouE h averege | e

Age (years) ODYSSEY trial P g y '

(justification)

data and with UK
National FH audit)

younger than
secondary
prevention as a
whole)

ODYSSEY had an
average age of 60
years — see

discussion above)

discussion of
high-risk CVD)

% males
(justification)

50% (in line with ODYSSEY and UK
National FH audit — no gender

difference)

60% (based on
UK THIN data)

60% (based on
UK THIN data)

23% (based on

30% (based on

% with 7% (observed in UK THIN data), in line revalence revalence

diabetes with estimates of prevalence of gbserved in UK gbserved in UK

(justification) | diabetes in FH patients THIN data) THIN data)
3.36 mmol/L 2.59 mmol/L
(represents (represents

Baseline 2.59 mmol/L (represents patients above at?ents far from patients above

LDL-C currently recommended targets despite Eurrentl currently

(minimum) current therapy) recommyended recommended

targets despite

targets)

current therapy)

CVD, cardiovascular disease; FH, familial hypercholesterolaemia;
hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol
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The split of different patient types (by CV event history) included in the high risk CVD
cohort is shown in Table 59. This is based on the split of different patient types
observed in the THIN database. Patients with an ACS in the last 2 years have been
categorised separately to patients with other CHD (ACS >2 years ago or other
evidence of CHD) due to the dynamic evolution of risk over time that the model

accounts for.

Table 59: High risk CVD cohort proportions by patient types

ACS =12 months prior to index 3.28%
ACS 12-24 months prior to index 2.83%
Ischaemic Stroke 11.05%
Other CHD 68.55%
PAD 14.29%

ACS, acute coronary syndrome; CHD, coronary heart disease; CVD, cardiovascular disease; IS, ischaemic
stroke; PAD, peripheral arterial disease

5.2.6 Assumptions on Treatment and Dosing

In the base case we model alirocumab treatment as it was applied in the majority of
ODYSSEY trials i.e. initiation with alirocumab 75 mg Q2W with an up-titration to 150
mg Q2W in patients with insufficient LDL-C lowering (i.e. not at target at Week 8 as
per in clinical trials). The proportion of patients requiring up-titration is based on the
initial LDL-C level and assuming a normal distribution for treatment effect at Week 12
to estimate the proportion of patients not reaching the specific target. In UK practice
we assume up-titrations will be based on an LDL-C measurement by Week 8 which

will occur as part of routine monitoring and follow-up.

Once an up-titration option is selected, the treatment effect and cost of alirocumab
for the cohort are calculated as a weighted average of the 75 mg and 150 mg
alirocumab dosing based on the estimated proportion of patients who would be up-
titrated. Since up-titration decisions are made at Week 8, the weighting treatment

effect and weighting costs are used starting in the first cycle.

The model also allows consideration of initiation and treatment continuation with
alirocumab 75 mg SC Q2W and of alirocumab 150 mg SC Q2W. In addition, up-
titration can be modelled with a user-specific input.
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The base case assumption is that treatment duration is lifetime, in line with the
treatment intention of LDL-C lowering therapy. In ODYSSEY, there are very high
continuation rates in patients up until the end of follow-up (78 weeks). The model
allows the evaluation of different alirocumab treatment durations (1 year, 2 years
etc.). Itis assumed that at the end of the treatment duration, both the alirocumab
and comparator cohorts no longer receive the benefits of treatment and instead have

the baseline LDL-C and baseline CV risk associated with only background therapy.
5.2.6.1 Discontinuation and Compliance

Treatment is assumed to be given indefinitely without interruption within the
treatment duration defined in the model. The model assumes 100% compliance and
applies costs and efficacy (on treatment analyses) in line with this. In ODYSSEY,
compliance rates were high (~98%). It is assumed that in clinical practice compliance
rates will be slightly lower but still high, as alirocumab will only be prescribed in high
risk, high unmet need patients, and will be supported by a homecare delivery service
and patient support programme. Existing LMTs are all oral daily therapies, and are
not suitable analogues for considering likely adherence with alirocumab, which is a
fortnightly injectable monoclonal antibody that is likely to be only prescribed in

specific high risk patients.

Sensitivity analyses assume that a certain percentage (3% and 8%) of patients
discontinue alirocumab and comparator treatment each year. When patients
discontinue alirocumab or comparator treatment, it is assumed that they no longer
receive the benefits of treatment nor incur the costs of treatment. After patients
discontinue alirocumab or comparator treatment, it is assumed that they return to the
baseline CV risk associated with that cohort. It is worth noting that patients who
discontinue alirocumab or comparator treatment are still on background therapy.
Including discontinuation in the model lowers the efficacy and therefore increases
the LDL-C of the alirocumab and comparator cohorts as well as lowering the cost of
treatment with alirocumab and comparator (Section 5.8)
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5.2.7 Efficacy
5.2.7.1 LDL-C lowering efficacy

Pooled estimates from the ODYSSEY trials (for each dose) were used to estimate
the efficacy of alirocumab on LDL-C lowering by patient population and by dosing
strategy. The efficacy of the alirocumab 75 mg strategy is estimated using the
percent change in calculated LDL-C from baseline to week 12 (before up-titration).
The efficacy of the alirocumab 150 mg strategy is estimated using the percent
change in calculated LDL-C from baseline to week 24 using pooling with 150mg
Q2W trials.

Table 60 summarises the mean percent change from the baseline in LDL-C applied

in the model based on the pooled analyses.

Results from mITT analyses (on-treatment analyses) were used with assumption of
100% adherence to treatment. Sensitity analyses were performed assuming different

continuation rates.

Table 60 Mean % change in LDL-C in pooled analyses of Phase lll placebo-
controlled studies

Percent Reduction in Standard Error
LDL-C
As As Add- As As Add-
Monotherapy | OnTo | Monotherapy | OnTo
Statin Statin
Comparison vs FH Alirocumab 49.3% 49.3% 1.9% 1.9%
Placebo [1] (75 mg)
Alirocumab 59.6% 59.6% 2.3% 2.3%
(150 mg)
High CV Risk | Alirocumab 49.3% 49.3% 1.6% 3.2%
(75 mg)
Alirocumab 62.5% 62.5% 1.2% 1.2%
(150 mg)
Comparison vs FH Alirocumab 51.2% 51.0% 1.7% 1.1%
Ezetimibe [2] (75 mg)
Alirocumab 59.6% 59.6% 2.3% 2.3%
(150 mg)
High CV Risk | Alirocumab 51.2% 51.0% 1.7% 1.1%
(75 mg)
Alirocumab 62.5% 62.5% 1.2% 1.2%
(150 mg)
Vs. Placebo FH Alirocumab 56.5% 56.5% 1.9% 1.9%
High CV Risk | Up- 58.5% 58.5% 1.6% 3.2%
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Percent Reduction in Standard Error
LDL-C
As As Add- As As Add-
Monotherapy | OnTo | Monotherapy | OnTo
Statin Statin
Titration
Ezetimibe (10 18.0% 23.9% 1.8% 1.4%
mg)

[1] Difference vs placebo; [2] Reduction relative to baseline

The mean percent change in LDL-C is multiplied by the initial LDL-C level to get the

absolute reduction in LDL-C obtained with the treatment.

5.2.7.2 Modelling the relationship between LDL-C lowering and CV risk
reduction
The effect of alirocumab on LDL-C was translated into a reduction in CV event risk
based on the Navarese meta-analysis *. In the absence of final data from the
ODYSSEY Outcomes trial (CVOT), this was considered the best available data-
source to inform the relationship between LDL-C reduction with alirocumab and CV
event reduction as it is a meta-analysis of 24 randomised controlled trials of PCSK9
inhibitors (see Section 4.9 *). When the model compares alirocumab with ezetimibe,
data from the IMPROVE-IT trial is used. When the model compares alirocumab with
no active comparator (placebo), the question of the most appropriate way of
informing CV event reduction for the comparator arm is essentially irrelevant, as no
reduction in LDL-C and thus no reduction in CV events is expected. This is

discussed further below in Section 5.3.

5.2.8 Intervention technology and comparators

Ezetimibe is implemented in the model as per its marketing authorisation and

alirocumab as per its marketing authorisation.

Alirocumab is licensed for adults with primary hypercholesterolaemia in combination
with a statin or a 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.
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In the base case we model alirocumab as an adjunctive therapy to existing
maximally tolerated current therapy. For those patients able to tolerate statins, this
can be either maximal tolerated dose of statins or maximal tolerated dose of statins

plus ezetimibe.

NICE recommends ezetimibe and some patients, particularly FH patients, will
already be receiving ezetimibe in combination with maximally tolerated dose of
statins. This reflects usage in ODYSSEY where ~50% of HeFH patients were
receiving statins plus ezetimibe as background therapy. Therefore, for the base case

for HeFH, we model alirocumab + statins + ezetimibe versus statins + ezetimibe.

However, ezetimibe usage is not universal, with wide variation in regional formulary

124 |MS Sales data indicates a reduction in units of ezetimibe

access and in uptake
prescribed in the UK from approximately 2.9M in 2011 to 2.46M in 2014 ”*, although
sales rose in FH patients. The Health and Social Care Information Centre prescribing
comparator indicated that for the quarter April to June 2014 there was a 5.9 fold
variation in prescribing rates at Clinical Commissioning Group (CCG) level, from
0.91% to 5.38% of the total population (NICE 2015, Key therapeutic topics: Lipid-
modifying drugs). Because ezetimibe usage in the NHS is highly varied we also
model alirocumab as an add-on therapy to maximal tolerated dose statins (alone, not
in combination with ezetimibe). Based on the trends observed in UK usage of
ezetimibe, we model alirocumab + statins versus statins as the base case for high

CV risk patients.

We also consider alirocumab in high CV risk patients who are completely intolerant
to statins. We assume that in the main such patients would be receiving ezetimibe
and therefore in this situation we model alirocumab as an add-on to ezetimibe

therapy.
5.3 Clinical parameters and variables

5.3.1 CV Outcomes

The ODYSSEY Outcomes trial (CVOT) is ongoing at this time and is not due to
report until 2018 (Section 4.14). Therefore, there is a need to rely on preliminary or

surrogate data to model the benefit of alirocumab on CV outcomes.

Sanofi evidence submission for alirocumab [ID779] Page 214 of 294



As discussed in Section 3 there is strong evidence that reducing LDL cholesterol
levels reduces cardiovascular events and therefore we model a CV benefit, as has
been done for previous LMTs considered by NICE prior to results from CV outcomes

trials 24 .

There are several different data sources to inform modelling the potential CV benefit
of alirocumab. There have been three published meta-analyses of PCSK9 inhibitors.
Of these, the meta-analysis by * specifically focussed on estimating the effect of
PCSKQ9 inhibitors, as a class, on CV outcomes (see 4.9.1.2).

The meta-analysis was based on 24 RCTs comprising 10,159 patients and found a
significant reduction in Ml (OR 0.49 [CI, 0.26 to 0.93]) and in all-cause mortality and
a trend for lower CV mortality (OR 0.50 [CI, 0.23 to 1.10]) relative to control. Very
similar results were found in the analyses that adjusted for duration of follow-up: for
MI the OR and CI was identical, and for CV mortality the OR from the adjusted
analysis was 0.49 [Cl 0.23 — 1.07]. Based on these results the risk reduction
(confidence interval) per 1 mmol/L reduction in LDL-C for CV mortality was estimated
as 0.64 (0.40-1.04) and for Ml as 0.64 (0.43-0.96). The advantage of this study is
that it is an independent peer-reviewed meta-analysis based on PCSK9 outcomes
data. The limitations are that the analysis was done using study-level data rather
than patient-level data, the data were derived from a small number of events, and
the duration of follow-up in the studies was relatively short.

The most well-known data source to estimate the relationship between LDL-C
reduction and reduction in CV events is that derived from the CTT database *° ***8,
These results are based on a meta-analysis of data from 22 trials of statin therapy
versus control (n=134 537) and five trials of more-intensive versus less-intensive
statin therapy (n=39 612). This provides estimates of the risk reduction per 1 mmol/L
reduction in LDL cholesterol for major coronary events and vascular death. The
strength of the CTT data is its large sample size, resulting in estimates with relatively
small confidence intervals. The most obvious limitation of these data is that they are
derived exclusively from trials of statin therapy. Further, the population in these trials
differed from those of alirocumab, as alirocumab was primarily studied as an adjunct
in patients who had hypercholesterolaemia despite treatment with maximal tolerated

dose statin therapy.
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Although as with any data source there are limitations of the Navarese meta-analysis
we use the risk reduction estimates derived from this analysis in the basecase of our
cost-effectiveness model for two main reasons. We believe that it is appropriate to
use estimates derived from PCSK9 inhibitor studies in the basecase rather than
estimates derived from statin studies. Further we believe that the patient populations
included in the Navarese et al. meta-analysis more closely reflect the population
(those who have hypercholesterolaemia despite maximum tolerated statin treatment)
that will be treated with alirocumab. We present results using estimates derived from
the CTT relationship in the sensitivity analysis. We also present results using
outcomes data from the LONG-TERM trial of alirocumab, and from the pooled
placebo-controlled phase Il trials, in sensitivity analyses. In scenario analyses when
ezetimibe is considered as a comparator, we use data from the recently reported
IMPROVE-IT trial for ezetimibe ** .

For all sources, hazard ratios were normalised to apply a rate ratio per 1 mmol/I

reduction in LDL-C using the following formula:

¢ RR per 1 mmol/l reduction in LDL-C = EXP(LN(HR)/absolute reduction).

A difference of 1.6 mmol/L in LDL-C was calculated from the trials included in the
Navarese meta-analysis. The meta-analysis reports HR values for different CV
events adjusted by follow-up. The rate ratios for individual events are reported in
Table 61.

Table 61: Results based on Navarese et al — RR per 1 mmol/L reduction in LDL-C for
different event types

Event type Mean value (95% CI)

RR per 1 mmol/L reduction in LDL-C =
Non-fatal Ml EXP(LN(0.49)/1.6) =

0.64

No results presented — assumed to be the same

Coronary revascularisation
y as other non-fatal CV events

No results presented in IS — assumed to be the

IS same as other non-fatal CV events
RR per 1 mmol/L reduction in LDL-C =
Vascular death EXP(LN(0.49)/1.6) =

0.64
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For IMPROVE-IT: A HR of 0.928 was reported on major vascular events which
resulted in a RR per 1 mmol/l reduction in LDL-C = EXP(LN(0.928)/0.334)=0.80 **.

For the LONG-TERM study: HR per 1 mmol/L reduction in LDL-C =
EXP(LN(0.52)/1.83)=0.70 *%. The HR is provided for the composite CV events (CHD
death, Non-fatal MI, Fatal and non-fatal 1S, Unstable Angina requiring
hospitalisation). The same HR per 1 mmol/L reduction is applied to all CV events in

the model.

For the pooled Phase Ill vs placebo: RR per 1 mmol/L reduction in LDL-C =
EXP(LN(0.65)/1.82)=0.79. The same HR per 1 mmol/L reduction is applied to all CV

events in the model

For the CTT meta-analysis, values for risk reduction per 1 mmol reduction in LDL-C

are reported per event type (Table 62).

Table 62: CTT analysis — RR per 1 mmol/L reduction in LDL-C for different event types

Event type Mean value (95% CI)
Non-fatal Ml 0.74 (0.71-0.77)
Coronary revascularisation 0.76 (0.73-0.78)
IS 0.79 (0.74-0.85)
Vascular death 0.88 (0.84-0.91)

Cl, confidence interval; IS, ischaemic stroke; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction

For the base case analysis using Navarese et al 2015 the rate ratio per 1 mmol/I
reduction («;) is therefore set to 0.64 for all CV events to adjust the CV risk during

alirocumab treatment.

5.3.2 Transition Probabilities

Event probabilities are a key component of the model. Event probabilities vary based
on each subpopulation, baseline LDL-C, age, and health state. They are based on
descriptive Kaplan-Meier analyses from the THIN database in the UK which are used

to calculate CV risk in the model 1%°.
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5.3.2.1 CVrisk analysis in THIN database

An observational retrospective cohort analysis was conducted. The objective was to
describe the one year cardiovascular (CV) risk associated with a cross Sectional
cohort of people in the THIN database with established CVD, diabetes, familial

hypercholesterolaemia (HeFH), or chronic kidney disease (CKD).

The index date for the analysis was chosen as 1st January 2010. The study period
comprised a baseline period, an index date and a follow-up period. Each patient’s
baseline period was a minimum of 24 months immediately prior to the index date.
Patients were followed forward for 12 months, until a subsequent event or death
occurred, the patient transferred out of the database, or until 31st December 2010,

whichever was the soonest.

Patients were classified into different CV risk categories according to their CV
history, and were followed up for the occurrence of major adverse cardiovascular
events including MI, Unstable Angina, Coronary Revascularisation, Ischaemic
Stroke, and CV death. All the coding for the different CVD risk categories and events
was undertaken by a team which included a clinician, specialist cardiologist, and
epidemiologist. The search strategy for READ codes was undertaken by the clinician

and the extracted codes reviewed by the whole team.

Full details of the study methodology are provided in Appendix 11, with codes in
Appendix 12.

THIN is a representative, large, well-validated electronic record database, however
one of the limitations is that primary care recording does inevitably miss some
events. A BMJ publication evaluated this using the CALIBER linked records system
and found that primary care recording missed 25% of all recorded non-fatal Mis (that
were recorded in any source) *?°. Therefore, an adjustment was applied to the raw

data from THIN for non-fatal events in line with the data reported in Herrett et al.
5.3.2.2 - HeFH data

A literature review was undertaken on the risk of cardiovascular events in HeFH.

Keywords for HeFH and cardiovascular risk, together with handsearching of
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reference lists, were undertaken. This identified seven key publications. However, all
of them have some limitations from an economic modelling perspective. Two
publications were from the UK, based on the Simon Broome Register. These report
data on excess mortality in HeFH in the pre and post-statin era, but are relatively old
and focus on mortality rather than CHD incidence % ?°. A report from the
Copenhagen General Population study 2’ describes a cohort of ~500 FH patients in
Denmark and reports the odds ratio for CHD incidence in FH versus non-FH
patients. The odds ratio for coronary artery disease off cholesterol-lowering
medication was 13.2 (10.0 —17.4) in definite/probable FH compared with non-FH
subjects; the corresponding odds ratio for FH subjects on cholesterol-lowering
medication was 10.3 (7.8 —13.8) ?’. Mundal ?® describes the increased mortality risk
in HeFH as standardised mortality ratios relative to the general population based on
a registry of over 4000 patients in Norway, but does not report CHD incidence 2. A
publication from the Netherlands describes the risk of cardiovascular events and
cardiovascular death in patients on statins ®® Two other publications identified are

also based in the Netherlands **" *#®

— one describes the impact of statins in
reducing the risk of CHD in FH patients and a second describes the increased risk in
severe versus non-severe HeFH, but neither report data in a format conducive to

economic modelling.

Initial analyses identifying patients according to the specific READ codes in THIN for
HeFH (“Familial Hypercholesterolaemia” and “Familial Hypercholesterolaemia
according to Simon Broome criteria”), identified puzzling characteristics, with LDL-C
levels that were not higher than the other populations, and a prevalence rate of
diabetes of over 70%, which is clinically implausible given FH patients are known to
have a lower rate of diabetes compared to the general population. This raised
guestions over the quality of coding using these READ codes. Therefore, further
research was undertaken using an algorithm to identify patients according to Dutch
Lipid criteria (described in the THIN study methods in Appendix 11). This algorithm
has its limitations as clearly it is not possible to identify patients as being definitively
HeFH patients, however it was considered as a rational approach in the absence of

better data.
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Identification of primary prevention HeFH patients through Dutch Lipid criteria
identified data that had reasonably good face validity, with low percentage rates of

diabetes, and a younger mean age than other patient groups.

For secondary prevention HeFH patients, the patient characteristics of the cohort
identified through Dutch Lipid Criteria still raises some questions. The rate of
diabetes was higher than expected (26%) and the mean age relatively high (66).
Given the known low prevalence of diabetes in HeFH patients, this raises further
guestions. Additional analyses were therefore run using data from the Morschladt
2004 publication which provided data on rates of CV events and CV death in
secondary prevention FH patients. The advantage of this study is that it included
patients with a confirmed diagnosis of HeFH. The limitations of this study are its age
and the relatively small sample size (131 secondary prevention patients, with 1105
years of follow-up). The study quotes the rate of all CV events (143 per 1000 patient
years) and the rate of fatal CV events (12 per 1000 patient years), and also the
distribution by type of CV events. PAD manifestations were included as events —
these were subtracted from the rate of all CV events on the grounds that our model
does not include PAD. The mean age of the secondary prevention cohort in
Morschladt et al was 54. The mean LDL-C post-statin treatment was estimated as
4.51 (the paper reported the mean LDL-C for the secondary prevention group was
7.27 mmol/L, and that 1 year of statin treatment reduced LDL-C levels by 38%).

The analysis based on Morschladt was used in the base case as this is definitively
based on HeFH patients. We present results from THIN in scenario analyses and

results show good agreement.
5.3.2.3 Variance in transition probabilities over time

As described in Section 5.2.3 and 5.2.4, transition probabilities vary over time in the
model due to the influence of age. Non-CV death probabilities increase in
accordance with UK Life Tables. Probability of CV events increase with age
according to published data .

5.3.2.4 Increased risk with multiple events
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Recurrent events are associated with higher risk of future events 3! *2_ Consistent
with this, an increase in event probabilities is modelled as further events are
experienced in the model. This assumption in the model is informed by a publication
by Smolina et al. This study of over 387,000 Mls in England found that the risk of
death in survivors of recurrent AMI 1.5 times higher than that for survivors of first MI.
Thus, the model increases the baseline probability of CV death in all post-ACS
health states for the ACS sub-populations (ACS 0-1 year, ACS 1-2 year, CHD,
polyvascular and HeFH secondary prevention sub-populations) by 1.5 times. This
increase was also applied to the probability of ACS in all post-ACS health states for
the ACS sub-populations. This same logic was applied to the probability of CV death
and ischaemic stroke in the post-IS health states for the subpopulation with prior

history of ischaemic stroke.

Sanofi evidence submission for alirocumab [ID779] Page 221 of 294



54 Measurement and valuation of health effects

5.4.1 Health-related quality-of-life data from clinical trials

In all Phase Il studies except OPTIONS I, OPTIONS Il and ALTERNATIVE, quality
of life was assessed using EQ-5D, a standardised and generic instrument for
measuring the health status and health related quality of life for clinical and

economic assessment %%,

The EQ-5D questionnaire was completed by the patient on site and data reported
onto the e-CRF by site staff. The analysis of quality of life data was performed on the
mITT population. Baseline is defined as the Visit 3 (Week 0) evaluation and only
patients with baseline and a post baseline assessment were considered in the
analysis. The 5 dimensional 3-level system was converted into a single index utility
score, which was described by visit with the mean and the SD for each treatment
group. The change from baseline to following visits was analysed using the same
MMRM model as for the primary endpoint, with treatment group and randomisation

strata as fixed effects, and baseline value as covariate.

Hypercholesterolaemia is an asymptomatic condition, therefore, no improvements in
the patient’s perceived health status or QOL were anticipated with treatment. This
was substantiated by the EQ-5D data captured which demonstrated little to no
change in mean EQ-5D utility scores between baseline and following visit analysis

time points in any of the trials.

Note: the only difference was in COMBO | where the LS mean difference at Weeks
12 (-0.062) and 52 (-0.060) were significant at the 5% level. The mean difference at
Week 24 was, however, non-significant, the p-values were not adjusted for
multiplicity and the LS differences were well below a clinically relevant threshold of

0.1 in utility scores.

Baseline EQ-5D was calculated via pooled analysis of the FH I, FH Il, HIGH FH,
COMBO |, COMBO II, and LONG TERM clinical trials. Results were calculated for
each patient subpopulation (ACS 0-1 year; ACS 1-2 years; CHD; ischaemic stroke;
PAD, HeFH [all]) and stratified by patients classified within the respective patient
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subpopulation only versus patients classified within the respective patient

subpopulation that had a history of other CV events.

Table 63 Baseline utilities as estimated by EQ-5D by patient subpopulation* pooled
analysis FH I, FH Il, HIGH FH, COMBO |, COMBO I, and LONG TERM

No other CV At least one other
Overall . .
Patient event/condition CV event/condition
subpopulation Mean age | Mean EQ-5D Mean EQ-5D Mean EQ-5D
n n n
(SD) (SD) (SD) (SD)

ACS 0-1 year 198 | 56.2(10.2) | 0.844 (0.197) | 142 | 0.848 (0.201) | 56 | 0.832(0.189)

ACS 1-2 years | 192 | 58.7(9.1) | 0.858(0.187) | 120 | 0.874 (0.185) | 72 | 0.832 (0.190)

CHD 2731 | 61.4(9.7) | 0.851(0.194) | 813 | 0.860 (0.191) | 1918 | 0.847 (0.195)
IS 344 | 63.8(9.5) | 0.797 (0.228) | 164 | 0.804 (0.212) | 180 | 0.791 (0.242)
PAD 188 | 62.8(9.1) | 0.771(0.233) | 98 | 0.775(0.253) | 90 | 0.767 (0.211)
HeFH (all)** 1254 | 52.7 (12.3) | 0.905 (0.149) | 682 | 0.930 (0.130) | 572 | 0.875 (0.164)

ACS, acute coronary syndrome; CHD, coronary heart disease; CV, cardiovascular; EQ-5D, EuroQol-five
dimensions; FH, familial hypercholesterolaemia; HeFH, heterozygous familial hypercholesterolaemia;

IS, ischaemic stroke; PAD, peripheral arterial disease; SD, standard deviation

*Includes all randomised patients regardless of treatment assignment; data include prevalent patient groups,
i.e. non-mutually exclusive.

**Refers to both primary and secondary prevention.

Due to the clinical trials design, where there was no collection of EQ-5D data at the
time of CV event, as well as the small number of CV events captured, an
assessment of utility associated with CV outcomes could not be estimated from the
ODYSSEY program. Estimates from published literature (see below) are therefore

being used to inform the cost-effectiveness model

5.4.2 Mapping

No mapping was conducted.

5.4.3 Health-related quality-of-life studies

Identification of Studies

A systematic literature review was undertaken to retrieve relevant health state utility
values (HSUVSs). The objective of this study was to identify and summarize studies

that have reported HSUVs for CV events associated with hypercholesterolaemia, or
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for standardised health states describing CV events associated with

hypercholesterolaemia.

The systematic literature review was designed to identify studies reporting HSUVs of
CV events associated with hypercholesterolaemia, including: non-fatal MI, unstable
angina, revascularisations, ischaemic stroke, non-specific stroke (including transient
ischaemic attack (TIA) if part of the non-specific stroke population), peripheral
vascular disease, and heart failure. Studies reporting HSUVs that were either directly
elicited from the general population (using the time trade off (TTO) or standard
gamble (SG) methods) or indirectly elicited from individuals with a CV event (using
the EuroQol-5 dimensions (EQ-5D), Short-form (SF)-6D, SF-12, SF-36 or health

utility index 3 (HUI3)) were eligible for inclusion.
Full details of the methodology and results are provided in Appendix 13.

5.4.4 Adverse reactions

As noted (Section 4.12) the percentages of patients who experienced at least 1
TEAE, at least 1 treatment-emergent SAE and any TEAES leading to permanent
treatment discontinuation were similar between the alirocumab and control groups,
including placebo. Signals were only identified for local injection site reactions and
general allergic reactions. Most injection site reactions were transient and of mild
intensity. As such it was assumed there was no impact on HRQoL due to adverse
events associated with usage of the technology. This is supported by EQ-5D data

from trials.

5.4.5 Health-related quality-of-life data used in cost-effectiveness analysis

5.4.5.1 Impact of disease on patients’ quality of life

Hypercholesterolaemia itself is an asymptomatic condition. The impact on patients
quality of life is rather due to the impact of experiencing CV events. The impact of
CV events on patient quality of life comprises an acute impact and a chronic impact.
Acute symptoms of an ACS include central chest pain, which may spread to the
arms, neck or jaw, feeling sick or sweat or short of breath. Patients suffering an ST-
elevation MI (STEMI) are recommended to receive percutaneous coronary

intervention. Patients suffering a non-ST-segment elevation Ml (STEMI) are
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recommended to have early coronary angiography and revascularisation (NSTEMI).
Treatment and hospitalisation for treatment have an acute impact on quality of life.
However, this is likely to be a short-term decrement and a patient's HRQL is likely to
improve then over the course of the year following the event, and over following
years. Longer-term impacts can include reduced fitness/ capacity to maintain
activities of daily living, and anxiety about future events. Repeated events can have
a cumulative impact on patients overall health and quality of life. The impact of
stroke on quality of life is highly dependent on the severity of the stroke. Stroke can
be severely debilitating and result in long term impact on quality of life and ability to

perform usual activities.
5.4.5.2 — Utility data in model

HRQL is not constant over time but varies according to CV events experienced in the
model. We model utility in two main ways, firstly applying an age-adjusted baseline
with multiplicative disutilities based on Health Survey for England data, and secondly
applying data from ODYSSEY for baseline, with multiplicative disutilities for CV

events.
5.4.5.3 - HSE data

Acute and chronic disutilities are applied to reflect the greater disutility immediately
after an event (i.e. during the first year after the CV event) and the stabilisation
afterward (>1 year after the CV event). Ultilities are applied in a multiplicative
manner. This is in line with the Technical Support Document (TSD) produced by
NICE’s Decision Support Unit (DSU) which states that when HSUVs from cohorts
with combined health conditions are not available, based on the current evidence,
the multiplicative method should be used to combine the data derived from
subgroups with the single health conditions. The multiplier used to combine these
data should be estimated using age-adjusted data, rather than an assumption of

perfect health, to increase accuracy in the estimated values **°

130 We selected this

To follow this methodology we utilised a study by Ara & Brazier
study as, based on the SLR, it was the most complete and coherent source of utility
values for all the health states in the model. This study used data from the 2003 and

2006 Health Survey for England (HSE), which included questions about history of
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CVD and where a random sample were asked to complete the EQ-5D questionnaire
4243 preference-based HSUVs for a range of CVD health states were estimated
using the weights obtained using time trade off valuations from the UK general
public. The study included a regression by age for both patients without a history of a
CV event, and for the general population, which allowed estimation of multipliers

based on age-adjusted data, in line with DSU guidance.

Primary prevention

We only model alirocumab in primary prevention in HeFH patients. For primary
prevention patients, for baseline, we have applied the regression equation for
individuals reporting no history of CVD derived from the analysis of Health Survey for
England (HSE) data **°:

EQ-5D Utility = 0.9454933 + 0.0256466*male - 0.0002213*age - 0.0000294*age?

We then calculated multipliers for the various disutilities associated with CV events.
These are then applied in the model to the age-adjusted baseline. Acute disultilities
applied to the 0 -1 years post-event state are based on the values in Ara et al for

patients with an event <12 months ago. Chronic disutilities are based on the values

in Ara et al for patients with an event >12 months ago.

For example, in the HSE data the utility for patients with angina less than 12 months
ago and a history of just angina is 0.615. This average utility corresponds to an
average age of 68.8 years old. A population of people without a history of CVD who
are 68.8 years and 50% male would have a baseline utility of 0.804 based on the
above equation. Assuming that the average patient aged 68.8 years old with no CV
history would have had a utility of 0.807, the utility multiplier due to angina is
0.615/0.804 = 0.765. The HSE utility data and the multipliers calculated for different
events are shown in Table 64. The multipliers as they are applied in the model
corresponding to different health states are shown in Table 65. In the model, elective

revascularisation is assumed to not incur any disutility.
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Table 64 Age-Adjusted Multipliers calculated from Ara et al

Baseline
- Mean Calculated
utility in o
Age multiplier*
HSE data
Angina <12 months, history of just angina** 0.615 68.8 0.765
No event <12 months, history of just angina 0.775 68.0 0.960
Heart attack <12 months, history of just heart attack*** 0.615 68.8 0.765
No event <12 months, history of just heart attack 0.742 65.1 0.906
Stroke <12 months, history of just stroke 0.626 67.9 0.775
No event <12 months, history of just stroke 0.668 66.8 0.822
No e\(gnt <12 months, history of heart attack + other CV 0.685 69.2 0.854
condition

* Note: The values above correspond to an assumption of 50% male

**Angina is assumed to apply to unstable angina in the model

*** Note: The sample size for the acute post-MI utility in Ara et al [17] was very small (N=31). Thus, the acute
post-MI utility was assumed to be the same as the acute post-unstable angina utility.

Table 65 Summary of utility values for cost-effectiveness analysis — CV event
disutility multipliers

Mean SE
CV event based
utilities . Stable . Stable
st | Seeond | beyona | FISC | 9200t | peyong
y y 2 years y y 2 years
NF Ml 0.765 0.906 0.906 0.019 0.020 0.020
UA 0.765 0.960 0.960 0.019 0.015 0.015
ACS 0.765 0.924 0.924 0.019 0.018 0.018
Revascularisation N/A N/A 1.000 N/A N/A N/A
IS 0.775 0.822 0.822 0.038 0.018 0.018

ACS, acute coronary syndrome; CV, cardiovascular; IS, ischaemic stroke; MI, myocardial infarction; N/A, not
available; NF, non-fatal; SE, standard error; UA, unstable angina

Secondary prevention

For secondary prevention patients (i.e. high risk CVD, recurrent events/ polyvascular
disease, and secondary prevention HeFH), for baseline, age-adjusted utility is

estimated multiplying the age-adjusted utility for patients with no history of CVD (the
same equation as above) by the age-adjusted multiplier of the event observed in the
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past. So, for example for the high risk CVD cohort, the baseline utility for patients
with a previous history of a heart attack is obtained by multiplying the age-adjusted
utility for people with no history of CVD by the “chronic” multiplier for patients with a

previous heart attack i.e. 0.906. These are summarised in

Table 66.

Table 66 Multipliers for secondary prevention baseline

Baseline utility multipliers Multiplier SE
HeFH (secondary prevention) 0.924 0.018
ACS (0-12 months) 0.765 0.019
History of IS 0.822 0.018
ACS (13-24 months) 0.924 0.018
CHD 0.924 0.018
PAD 0.924 0.018
HeFH (primary prevention) N/ A (1.000) N/A
Polyvascular 0.854 0.024

ACS, acute coronary syndrome; CHD, coronary heart disease; HeFH, heterozygous familial
hypercholesterolaemia; IS, ischaemic stroke; N/A, not available; PAD, peripheral arterial disease; SE, standard
error

Disutilities for further CV events occurring in the model are then applied using the
appropriate acute and chronic multipliers, calculated as described above and

summarised in Table 65.
5.4.5.4 Utility data from ODYSSEY

EQ-5D data were also collected in ODYSSEY (see Section 4.7). We applied these in
sensitivity analyses. When these are applied they are constant throughout the model
with no decline due to age. Further analyses of these data are ongoing with regards
to the relationship between age and utility. Baseline utility data from ODYSSEY as

implemented in the model are shown in Table 67.

Table 67 Baseline utility data from ODYSSEY applied in the model

Baseline Utilities Mean Standard Error Values
HeFH (Secondary Prevention) 0.875 0.007
ACS (0-12 months) 0.844 0.014
History of Ischaemic Stroke 0.797 0.014
ACS (13-24 months) 0.858 0.013
CHD 0.860 0.007
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PAD

HeFH (Primary Prevention)
Diabetes

Polyvascular

0.775
0.930
0.814
0.771

0.026
0.005
0.006
0.018

In this situation we apply multiplicative disutilities from the CG181 guideline %,

The model also allows application directly of the utilities from CG181.
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55 Cost and healthcare resource use identification,
measurement and valuation

Costs included in the analysis cover direct CV event costs and background therapy

and comparators costs.

The model includes the costs for up to the first three years post-CV event, assuming
the patient survives until that point. Additionally, if the patient has two CV events
within three years of each other, the model will stop incurring costs for the first event
once the second event occurs. For example, if a patient has an ischaemic stroke a
year after an ACS, the patient only incurs the event and first year costs of the ACS
and then starts to incur the costs of the ischaemic stroke, without ever incurring the

second or third year costs of the ACS.

The model sets the cost of an ACS event equal to a weighted average of non-fatal
MI and unstable angina requiring hospitalisation. The proportions were based on the
average one-year event probability for the target population as derived from the
THIN analyses. The cost of urgent revascularisation (i.e. occurring within 30 days
after an ACS) is included in the event cost of the Ml/unstable angina requiring
hospitalisation. The cost of elective revascularisation is not part of the cost
associated with ACS or IS, neither as the event cost or as follow-up cost. As shown
in Figure 30, the model restricts patients from transitioning from the post-ACS and
post-IS health states to an elective revascularisation due to the unrealistic positive
impact on utility and CV risk. However, a proportion of patients in the stable post-
ACS health state would experience elective revascularisations. To account for these
costs, the model will include the cost of the elective revascularisation event in the
stable post-ACS and post IS health state without moving the patients to the post-
revascularisation health state.

Note: In addition this analysis does not include non-CV costs. Thus, the cost of a
non-cardiovascular death is assumed to be zero. Additionally, non-CV background

costs are not included in the model (See Section 5.5).
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5.5.1 Resource identification, measurement and valuation studies

The primary costs in the model are the costs of treatment for hypercholesterolaemia,
and costs of CV events. These costs are based on the cost of hospitalisation, follow-
up care, medication, etc. Direct CV event costs are broken down into the cost of the

event and the incremental follow-up costs.

Costs are based on CG181 #* 1%, |n 2014 NICE published clinical guideline CG181 -
Lipid modification: Cardiovascular risk assessment and the modification of blood
lipids for the primary and secondary prevention of cardiovascular disease. The
clinical guideline development group (GDG) developed a Markov model and
undertook a detailed assessment of costings to support the analysis of the impact of
lipid modification via its impact on CV events. It was noted this analysis and the
health states incorporated into the model were well aligned to our modelling
approach and as such it was deemed that adoption of the approach taken by NICE
in the development of CG181 was appropriate.

When assessing CG181 we noticed that there were significant differences between
the costs applied in the draft and final guidelines. This appeared to be due a change
in methodology for estimating health state costs. In discussion with the GDG, the

following response was provided:

“In the draft version, the estimates used in the previous models were inflated.
However, the GDG were unhappy with that method as most of the values in
those models were based on assumptions on the resource use of people with
cardiovascular disease, and many aspects of treatment for CVD have
changed over the years since those models were composed. Despite looking
through more recent literature we could not find any better recent costs for
people with CV conditions, so we decided it would be preferable to construct

our own estimates.”

Based on the work done for CG181 we considered it appropriate to use their final

costs within the model.

The health state costs were estimated by the GDG by:
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“‘Resource use was based on GDG expert opinion, drawing on the advice of
NICE cardiovascular guidelines where available.
Unit costs were taken from the references given following Table 84:'%
e BNF & NHS Drug Tariff: drug prices
e NHS Reference costs: hospital procedures (including
revascularisation, hospitalisation and bed days, consultations with
specialists)
e PSSRU unit costs of H&SC: primary care consultations
e In addition the cost of a stroke rehabilitation programme was taken
from NICE CG162

Drug costs were calculated separately “The costs of statins and the routine primary
care monitoring (consultation and blood tests) are added on to all patients (except in

the control arm) on top of the health state costs and are not included within them.”

A number of different costings have been reported in the UK and comparable
countries for CV events and these vary considerably. The costings applied in the
model are relatively low and may underestimate the total cost impact of CV events
on the NHS. We investiage this in sensitivity analyses by applying a standard

increase of 20% and then by doubling the CV event costings.

5.5.2 Intervention and comparators’ costs and resource use

The model includes the costs of background treatment including statins and non-
statin LMT. Due to the anticipated positioning of alirocumab on top of maximally
tolerated current therapy it is expected that resource usage (in terms of monitoring

etc) will be identical between arms.

When background therapy includes statins, it is based on high dose, high intensity
statins namely atorvastatin and rosuvastatin. The model has the capacity to include

other costs and intensities but we focus on high dose, high intensity statins.

Drug costs were taken from the BNF and are shown in Table 68.
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Table 68: Drug costs

Treatment Dose Annual cost* (£)

Ezetimibe 10 mg 342.97

10 mg 15.51

. . 20 mg 18.90

Atorvastatin (Lipitor)

40 mg 21.77

80 mg 34.94

5mg 235.03

. 10 mg 235.03
Rosuvastatin (Crestor)

20 mg 339.19

40 mg 386.51

5.5.3 Health-state unit costs and resource use

A summary of the costs associated with each health state in the de novo model can
be found in Table 69.

Table 69: CV event costs

Incremental Incremental
Event cost (£) second year third year costs

costs (£) (£)
NF Mi 3337.00 788.00 788.00
UA 3313.00 385.00 385.00
ACS 3329.00 653.67 653.67
Revascularisation 3802.32 N/A N/A
IS 4092.00 155.00 155.00
CV death 1174.00 N/A N/A
Non-CV death 0.00 N/A N/A

ACS, acute coronary syndrome; CV, cardiovascular; IS, ischaemic stroke; MI, myocardial infarction; N/A, not
available; NF, non-fatal; UA, unstable angina
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5.5.4 Adverse reaction unit costs and resource use

As with the effect of adverse events on HRQoL (see above), as adverse events were
similar between the alirocumab and control groups, including placebo, adverse event

costs were not modelled.

5.5.5 Miscellaneous unit costs and resource use

N/A

Sanofi evidence submission for alirocumab [ID779] Page 234 of 294



5.6

assumptions

5.6.1 Summary of base case de novo analysis inputs

Summary of base case de novo analysis inputs and

The variables applied in the economic model are summarised in Table 70. The key

assumptions are tabulated in

Table 71.

Table 70: Summary of variables applied in the economic model

Variable

Value (reference to
appropriate table or
figure in submission)

Measurement of
uncertainty and
distribution: CI

(distribution)

Reference to Section
in submission

High CVD risk cohort
(mixed cohort)

Composed of patients
with prior ACS, CHD,
Ischaemic stroke and
PAD

Description of patient
types — not associated
with uncertainty

Table 59

Age 65 (for high risk CvD), | Varied in PSA See Table 58, link to
50 for primary according to baseline characteristics
prevention HeFH, 60 distribution around age | table also
for secondary
prevention HeFH
60% males for high risk | Varied in PSA See Table 58, link to

Gender CVD, 50% for HeFH according to baseline characteristics

distribution around
gender split and
diabetes prevalence

table also

Diabetes prevalence

23% diabetes for high
risk CVD, 30% for
recurrent events, 7%
for HeFH (based on UK
THIN data)

Varied in PSA
according to
distribution around
gender split and
diabetes prevalence

See Table 58, link to
baseline characteristics
table also

Baseline LDL-C

Mean LDL-C from
THIN epidemiological
data, corresponding to
different LDL-C cut-offs

Varied in PSA
according to
distribution around
mean level

Table 57

Baseline CV risk

From THIN data

See Section 5.3 and

Appendix11
Baseline utility Age-adjusted, Varied according to See
ODYSSEY used as distribution around the | t5pie 66
sensitivity analyses mean chronic utility
(past event), with
recalculation of
multipliers
Disutilities due to CV Based on HSE data Varied according to See Table 65

events

variation in original
sample, with
recalculation of

Sanofi evidence submission for alirocumab [ID779]

Page 235 of 294




Variable Value (reference to Measurement of Reference to Section
appropriate table or uncertainty and in submission

figure in submission) | distribution: ClI
(distribution)

multipliers (same ones
as for the baseline
utility)

Costs of CV events Taken from CG181 Varied according to Table 69
arbitrary assumption
around ClI

ACS, acute coronary syndrome; CHD, coronary heart disease; Cl, confidence interval, CV, cardiovascular;
CVD, cardiovascular disease; HeFH, heterozygous familial hypercholesterolaemia; HSE, Healthy and Safety
Executive; IS, ischaemic stroke; LDL-C, low-density lipoprotein cholesterol; PAD, peripheral arterial disease;
PSA, probabilistic sensitivity analysis; THIN, The Health Improvement Network

Table 71: Table of assumptions in the economic model

Assumption Justification (reference to relevant part of submission)
THIN data is THIN is a general practice medical records database containing
representative of UK medical records from over 12 million patients, of which over 3.6 million
general population are actively registered. It has been used previously in UK research, for
CVrisk example in development of the QRISK score.

Alirocumab relative ODYSSEY evidence shows a homogeneous treatment effect across a
LDL-C reduction is range of different subgroups and therefore it is reasonable to assume
constant across the same treatment effect can be consistently applied across different
subgroups patient subgroups.

LDL-C lowering and Data from ODYSSEY shows LDL-C levels return fairly quickly to

CV benefit stops baseline following treatment cessation. The assumption is that CV
immediately on benefit stops immediately on treatment cessation is the most
treatment cessation conservative and appropriate.

. . Up-titration is applied in the model in line with the approach applied in
AI_|rocumab dosing ODYSSEY and the flexibility provided by the two different doses. It is
will reflect ODYSSEY . . .
treatment nqt certain that UK practice will fqllovy exactly t.he same approach.

Different treatment rules are applied in scenario analyses.

CV, cardiovascular; HR, hazard ratio; LDL-C, low-density lipoprotein cholesterol; THIN, The Health Improvement
Network
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57 Base case results

We present results below separately for HeFH patients, and for high CV risk

patients.

5.7.1 Base case incremental cost effectiveness analysis results

5.7.1.1. Base case results for HeFH

Table 72 presents the cost-effectiveness results for alirocumab used as an add-on to
current maximal therapy (maximal dose of statins combined with ezetimibe), in
primary prevention and secondary prevention HeFH patients, with a baseline LDL-C
of at least 2.59 mmol/L. Results for HeFH are shown based on the input data from
THIN, and that from Morschladt et al (as described in section 5.3.2). There is good

agreement between the results obtained using the two sources.
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Table 72: Base case results in HeFH

ICER (£) vs
. ) ; Total Total Total Incremental | Incremental | Incremental )
Patient population Technologies baseline
costs (£) LYG | QALYs costs (£) LYG QALYs
(QALYSs)
: Alirocumab +
HeFH — primar
primary | e aretimibe | 1N HE | W I 1.62 1.42 I
prevention
(baseline LDL-C
22.59 mmol/L) Statins +ezetimibe | || N | | TE
HeFH —-secondary | Alirocumab +
prevention statins + evetimbe | [ NE N | I 3.04 233 I
(baseline LDL-C
22.59 mmol/L)
Baseline risk data | gtatins + ezetimibe
from Morschladt - - -
et al
HeFH —secondary | Alirocumab +
prevention statins + ezetimbe | NN N | N I 2.85 2.14 I
(baseline LDL-C
22.59 mmol/L)
Baseline risk data | Statins + ezetimibe [ [ [

from THIN

HeFH, heterozygous familial hypercholesterolaemia; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained;

QALY, quality-adjusted life-year
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5.7.1.2. Base case results for high risk CVD and recurrent events/ polyvascular

Table 73 presents the cost-effectiveness results for alirocumab used in addition to
current maximal therapy (maximal dose statins) compared with maximal dose statin
therapy alone, in high risk CVD patients and patients with recurrent events/

polyvascular disease.

Table 74 presents the cost-effectiveness results for alirocumab used in addition to
ezetimibe versus ezetimibe alone in in high risk CVD patients and patients with

recurrent events/ polyvascular disease who are completely intolerant to statins.

Alirocumab was cost-effective in both patient populations and setting. There is a
lower ICER in statin intolerant patients because of the higher average baseline LDL-

C in this group.
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Table 73 Base case results for High Risk CVD and Recurrent events/ Polyvascular Disease

ICER (£) vs
) ) ) Total Total Total | Incremental | Incremental | Incremental )
Patient population Technologies baseline
costs (£) LYG | QALYs costs (£) LYG QALYs

(QALYS)
High-risk CVD Alirocumab+statins | | | | H e 2.38 1.76 e
(baseline LDL-C ,
>3.36mmol/L) Statins I B
Recurrent events/ | Alirocumab +statins | [N | | T ] 2.42 1.64 ]
Polyvascular
Disease (baseline
LDL-C 22.59 Statins [ Il B
mmol/L)

CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained; QALY, quality-adjusted life-year

Table 74 Base case results for High Risk CVD and Recurrent events/ Polyvascular Disease — Statin intolerant patients

ICER (£) vs
_ ) ) Total Total Total Incremental | Incremental | Incremental )
Patient population Technologies baseline
costs (£) LYG QALYs costs (£) LYG QALYs

(QALYs)
High-l’iSk CVvD AIiro_culmab + 2.76 2.04
(baselin LDL.C ozetimibe Il B N : : N
23.36mmollL) Ezetimibe I | .
Recurrent events/ Alirocumab +
Polyvascular e zetimibe Il B N 3.52 2.40 N
Disease (baseline
LDL-C 22.59 Ezetimibe HE = =
mmol/L)

CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained; QALY, quality-adjusted life-year;

S|, statin intolerance
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5.7.2 Results — additional comparisons

The most relevant evaluation of alirocumab is in addition to maximally tolerated
existing therapy, as presented above. In line with the scope, we present below
comparisons directly versus ezetimibe, however these are presented as a summary
only and will not be considered further in the more detailed results presentations
below this is not considered to be the most relevant way of evaluating alirocumab.

Results are shown in

Sanofi evidence submission for alirocumab [ID779] Page 241 of 294



Table 75, Table 76 and Table 77.
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Table 75 Comparison with Ezetimibe in HeFH patients

Total ICER (E)vs
) ) ) Total Total Incremental Incremental | Incremental )
Patient population | Technologies costs g QALY s () g QALY baseline
s costs s

(£) (QALYs)
prevention statins 107 0-95
(baseline LDL-C Ezetimibe +
>2.59 mmol/L) Statins I B B
HeFH secondary Alirocumab +
prevention statins I N I 2.21 1.70 I
(baseline LDL-C Ezetimibe +
>2.59 mmol/L) statins Il B B

HeFH, heterozygous familial hypercholesterolaemia; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained; QALY,
quality-adjusted life-year

Table 76 Comparison with Ezetimibe in patients with High Risk CVD and Recurrent events/ Polyvascular Disease

Total ICER (E)vs
) ) ) Total Total Incremental Incremental Incremental )
atient population echnologies costs aseline
Patient at Technol t LYG | QALY ts (£) LYG QALY basel
S costs S
(£) (QALYS)
Alirocumab +
High-risk CVD | paees I B I . 1.75 1.29 -
(baseline LDL-C = etimib
23.36 mmol/L zetimibe +
) Statins Il B B
Recurrent events/ Alirocumab +
Polyvascular statin Il B I 1.83 1.25 N
Disease (baseline Ezetimib
LDL-C 22.59 zetimibe +
LDL-C2 Ezetim HE =

CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained; QALY, quality-adjusted life-year
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Table 77 Comparison with Ezetimibe in High Risk CVD and Recurrent events/ Polyvascular Disease — Statin intolerant patients

ICER (£) vs
) ) ) Total Total Total Incremental | Incremental | Incremental )
Patient population Technologies baseline
costs (E) | LYG | QALYs costs (£) LYG QALYs
(QALYSs)

High-risk CVD (baseline | Alirocumab Il B . I 2.40 1.78 ]
LDL-C 23.36 mmol/L) Ezetimibe [ [ N |
Recurrent events/ Alirocumab I e e [ 3.12 2.14 I
Polyvascular Disease
(baseline LDL-C 22.59 Ezetimibe [ [ [
mmol/L)

CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; LYG, life-years gained; QALY, quality-adjusted life-year;
Sl, statin intolerance
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5.8 Sensitivity analyses

5.8.1 Probabilistic sensitivity analysis methods

Probabilistic sensitivity analysis (PSA) was undertaken for the key parameters in the
mode, including cohort characteristics, treatment effect on LDL-C, link between LDL-
C reduction and CV events, costs and utilities. Table 78 below reports the

distributions used and source of variations in the PSA. 500 iterations were run.

Table 78: PSA key parameters

Distribution Variation

Cohort characteristics

SE from proportion of
Proportion with diabetes Normal population with diabetes in
THIN (1%)

Standard error calculated

Proportion of males Normal as +/- 25% / 6

. Standard error calculated
Baseline LDL-C Log-Normal as +/- 25% / 6
Initial age Normal Standard error calculated

as +/-25% /6

LDL-C lowering efficacy for

. Normal ODYSSEY trial programme
alirocumab and comparators

Standard error calculated

CV costs Gamma as +/- 25% / 6

According to uncertainty in
original estimates in Ara

Utilities Beta o
paper (multipliers
recalculated each time)
Relative risk reduction Log-Normal Accordlng to Cls reported
in Navarese 2015
Annual increase in CV risk due to Normal According to Cls reported
age in Wilson 2012 **

Cl, confidence interval; CV, cardiovascular; LDL-C, low-density lipoprotein cholesterol; N/A, not available
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5.8.2 PSA Results

Figure 31 to Figure 34 show the scatter plots and cost-effectiveness acceptability

curves (CEAC) for the key patient populations.

Table 79 shows the probability of cost-effectiveness at different willingness to pay
thresholds.
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There is considerable uncertainty in the results as illustrated in the PSA. This reflects
the wide confidence intervals deriving from preliminary PCSK9 inhibitor outcomes

data.

5.8.2.1 HeFH primary prevention, Alirocumab + statins + ezetimibe versus

statins + ezetimibe

Figure 31: HeFH primary prevention, Scatter plot and CEAC
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5.8.2.2 HeFH secondary prevention, alirocumab + statins + ezetimibe versus

statins + ezetimibe

Figure 32: HeFH secondary prevention, Scatter plot and CEAC

Sanofi evidence submission for alirocumab [ID779] Page 248 of 294




5.8.2.3 High risk CVD, alirocumab + statins versus statins

Figure 33: High Risk CVD, scatter plot and CEAC
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5.8.2.4 Recurrent events/ Polyvascular disease, alirocumab + statins versus

statins

Figure 34: Polyvascular, scatter plot and CEAC
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Table 79 Probability of cost-effectiveness by Willingness to Pay for key patient

groups
HeFH primary RISl Recurrent
revention secondgry . . events/
(bgseline LDL- prevention gl el @D olyvascular
C >2.59 (baseline LDL- | (baseline LDL- P gisease
mm:JI/-L) - O Slaes (baseline LDL-
alirocumab + mmol/L) = mmol/L) = C >2.59
statins + alirocumab + alirocumab + mmZ)I/-L) _
ezetimibe statins + statins versus alirocumab +
versus statins ezetimibe statins statins versus
+ ezetimibe versusistaiins statins
+ ezetimibe
Willingness to pay Probability of cost-effectiveness
20,000/QALY 0% 21% 0% 4%
30,000/QALY 7% 53% 39 40%
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40,000/QALY 23% 2% 66% 67%

CVD, cardiovascular disease; HeFH, heterozygous familial hypercholesterolaemia; QALY, quality-adjusted
life-year

5.8.3 Deterministic sensitivity analysis methods

Deterministic sensitivity analysis was undertaken. The key parameters and the

extent to which they were varied is reported in Table 80 below.

Table 80: Deterministic sensitivity analysis key parameters

Parameter Variation
Annual CV risk +/- 20%
Adjustment of CV risk by age +/- 20%
CV costs +/- 20%
CV event costs Doubled
Alirocumab efficacy (LDL-C lowering) Upper/lower CI from ODYSSEY

Rate ratio per 1 mmol/L reduction for

calculation of baseline CV risk Upperflower Cl

Rate ratio per 1 mmol/L reduction for the

treatment effects Upper/lower ClI

Acute disutilities Upper/lower CI
Baseline utilities Upper/lower CI
Chronic disutilities Upper/lower CI

Cl, confidence interval; CV, cardiovascular; FH, familial hypercholesterolaemia; LDL-C, low-density lipoprotein
cholesterol

5.8.4 Deterministic sensitivity analysis results

Results for the key patient populations are tabulated in Table 81 to Table 84. The
parameter with by far the biggest impact is the relationship between LDL-C reduction
and CV event reduction. This is because of the wide CI observed in the Navarese
meta-analysis, in particular for CV mortality (reflecting the relatively small amount of
data currently available). The other parameter that has a significant impact is the

baseline CV risk, when varied by an arbitrary +/- 20%,

The model is relatively stable to adjustments in the other parameters. Of note, there

is limited sensitivity to CV event costs, even when these were doubled.

5.8.4.1 HeFH primary prevention, alirocumab + statins + ezetimibe versus

statins + ezetimibe
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Table 81 HeFH primary prevention, deterministic sensitivity analysis

Parameter Variation ICER (£/QALY)

Base case e
Annual CV risk ~20% I
Annual CV risk +20% I
Adjustment of CV risk by age —-20% I
Adjustment of CV risk by age +20% I
CV costs —-20% I
CV costs +20% I
CV event costs Doubled I
Ql\i,cg::il;r;)ab efficacy (LDL-C Lower Cl [
Ql\i,\:g;:il;g)ab efficacy (LDL-C Upper CI [
Caloulation of baseline CV risk Lower Cl _—
Rate ratio per 1 mmol/L for Upper CI e
calculation of baseline CV risk

Rt e e & el Lover o —
e e e Cpperc —
Acute CV disutilities Lower Cl I
Acute CV disutilities Upper CI I
Baseline utilities Lower ClI I
Baseline utilities Upper CI I
Chronic CV disutilities Lower ClI I
Chronic CV disutilities Upper Cl I

Cl, confidence interval; CV, cardiovascular; HeFH, heterozygous familial hypercholesterolaemia;
ICER, incremental cost-effectiveness ratio

5.8.4.2 HeFH secondary prevention, alirocumab + statins + ezetimibe versus

statins + ezetimibe

Table 82 HeFH secondary prevention, deterministic sensitivity analysis

Parameter Variation ICER (£/QALY)

Base case
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Parameter Variation ICER (E/QALY)

Base case -
Annual CV risk —-20% I
Annual CV risk +20% I
Adjustment of CV risk by age —-20% I
Adjustment of CV risk by age +20% I
CV costs ~20% I
CV costs +20% I
CV event costs Doubled I
Ql\i,cgﬁl;]r;)ab efficacy (LDL-C Lower Cl [
Ql\i,\:g;:ilrj]g)ab efficacy (LDL-C Upper CI [
Caloulation of baseline CV risk Lower Cl _—
Caloutation of baseline CV risk Upper CI  —
et e el Lower O —
Rt e o & o upoer —
Acute CV disutilities Lower ClI I
Acute CV disutilities Upper CI I
Baseline utilities Lower ClI I
Baseline utilities Upper CI I
Chronic CV disutilities Lower ClI I
Chronic CV disutilities Upper CI I

Cl, confidence interval; CV, cardiovascular; HeFH, heterozygous familial hypercholesterolaemia;
ICER, incremental cost-effectiveness ratio;

5.8.4.3 High Risk CVD - alirocumab + statins versus statins

Table 83 High risk CVD, deterministic sensitivity analysis

Parameter Variation ICER (£/QALY)

Base case -
Annual CV risk —-20% L
Annual CV risk +20% L
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Parameter Variation ICER (E/QALY)

Base case -
Adjustment of CV risk by age —-20% L
Adjustment of CV risk by age +20% L
CV costs —-20% L
CV costs +20% L
CV event costs Doubled e
legrci?]g])ab efficacy (LDL-C Lower CI I
ﬁ)l\lf\:gfiﬁg])ab efficacy (LDL-C Upper CI [
B Lover —
Rate ratio per 1 mmol/L for Upper CI [
calculation of baseline CV risk
reamen ftest Lower C| —
eament afiect Upper C! —
Acute CV disutilities Lower ClI L
Acute CV disutilities Upper CI L
Baseline utilities Lower ClI L
Baseline utilities Upper CI L
Chronic CV disutilities Lower ClI L
Chronic CV disutilities Upper CI L

Cl, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; ICER, incremental cost-effectiveness
ratio

5.8.4.4 Recurrent events/ Polyvascular Disease - alirocumab + statins versus

statins

Table 84 Recurrent events/ polyvascular, deterministic sensitivity analysis

Parameter Variation ICER (E/QALY)

Base case
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Parameter Variation ICER (E/QALY)

Base case ]
Annual CV risk —-20% .
Annual CV risk +20% .
Adjustment of CV risk by age —-20% .
Adjustment of CV risk by age +20% L
CV costs —-20% .
CV costs +20% .
CV event costs Doubled .
Ql\i,\:g;:ilrj]g)ab efficacy (LDL-C Lower Cl -
Ql\i,\:g;:ilrj]g)ab efficacy (LDL-C Upper CI -
s of sasaime ov risk Lower C —
Rate rat@o per 1 mm_oI/L for _ Upper Cl I
calculation of baseline CV risk
e et Lower G —
e e Urper C —
Acute CV disutilities Lower CI L
Acute CV disutilities Upper CI .
Baseline utilities Lower CI L
Baseline utilities Upper CI L
Chronic CV disutilities Lower CI -
Chronic CV disutilities Upper CI L

Cl, confidence interval; CV, cardiovascular; ICER, incremental cost-effectiveness ratio
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5.8.5 Scenario analysis methods

A number of key assumptions were varied in scenario analyses. These are outlined

in Table 85 below.

Table 85: Scenario analyses conducted

Assumption Base case Scenarios
3%
Discontinuation rate 0%
8%
L 0%
Cost and benefit discount 3,506
rates
5%
1 year
Treatment duration Lifetime
5 years
5 years
Model time horizon Lifetime
10 years

The relative risk for LDL-C
reduction for alirocumab
cohort

Navarese 2015 meta-analysis

CTT meta-analysis

LONG TERM study

Pooled Phase Il vs placebo

Adjustment of baseline CV
risk by LDL-C calculation

CTT main equation

CTT Cox model 2
(approximately 0.84)

Utility

Age-adjusted, according to Ara
2010 publication

ODYSSEY

ACS, acute coronary syndrome; CTT, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular; LDL-C,
low-density lipoprotein cholesterol; NF, non-fatal; P-NF, post-non-fatal

5.8.6 Scenario analysis results

Scenario analysis results are shown below.

The model was sensitive to different sources (CTT, LONG-TERM trial, Placebo-

controlled phase Il trials) to inform the relationship between LDL-C reduction and

CV event reduction, with substantially higher ICERs found using the CTT

relationship.
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Using baseline utility data from ODYSSEY with disutilities from the literature
decreases the ICER considerably. Accounting for age-related declines in utility over
time is in accordance with best practice which is why we have used this in the base
case. Nevertheless we consider that using EQ-5D data from the ODYSSEY trials
should be considered as a plausible alternative scenario. Ongoing analysis of EQ-5D
data from ODYSSEY may better inform this.

A discount rate of 0% resulted in a substantial reduction in the ICER, reflecting that
many of the benefits of LDL-C lowering are accrued many years in the future. A
shorter time horizon also had a dramatic impact on the ICER by removing the

potential benefits that accrue relative to the cost.

As discussed two different ways of modelling baseline risk in secondary prevention
HeFH were utilised. There was relatively good agreement between the ICERs (Table
87).

The model was relatively stable to other important assumptions including different
data on the relationship between baseline LDL-C and baseline CV risk,

discontinuation rates, and different structural assumptions.
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5.8.6.1 HeFH primary prevention - alirocumab plus statins plus ezetimibe

versus statins plus ezetimibe

Table 86 HeFH primary prevention, Scenario analyses

Assumption Base case Scenarios ICER (£/QALY)
Base case
Di ti ti t 0% 3%
iscontinuation rate
° 8%
L 0%
Cost and benefit discount rates 3.5%
5%
. 1 year
Treatment duration Lifetime
5 years
_ _ 5 years
Model time horizon Lifetime
10 years

The relative risk for LDL-C
reduction for alirocumab cohort

Navarese 2015
meta-analysis

CTT meta-analysis

LONG TERM study

Pooled phase Il vs
placebo

Adjustment of baseline CV risk
by LDL-C calculation

CTT main equation

CTT Cox model 2
(approximately 0.84)

Utility

Age-adjusted,
according to Ara
2010 publication

ODYSSEY

Treatment strategy

Up-titration as per
ODYSSEY

100% use of 75 mg

100% use of 150 mg

ACS, acute coronary syndrome; CTT, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular;
HeFH, heterozygous familial hypercholesterolaemia; ICER, incremental cost-effectiveness ratio; LDL-C, low-
density lipoprotein cholesterol; N/A, not available; NF, non-fatal; P-NF, post-non fatal; QALY, quality-adjusted life-

year

5.8.6.2 HeFH secondary prevention- alirocumab plus statins plus ezetimibe

versus statins plus ezetimibe

Table 87 HeFH secondary prevention — Scenario analyses

Assumption Base case Scenarios ICER (£/QALY)
Base case ]
Baseline risk data As per Morschladt | As per THIN -
3% .
Discontinuation rate 0%
8% ]
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0%
Cost and benefit discount rates 3.5%

5%

1 year
Treatment duration Lifetime

5 years

5 years
Model time horizon Lifetime

10 years

The relative risk for LDL-C
reduction for alirocumab cohort

Navarese 2015
meta-analysis

CTT meta-analysis

LONG TERM study

Pooled phase Il vs
placebo

Adjustment of baseline CV risk by
LDL-C calculation

CTT main equation

CTT Cox model 2
(approximately 0.84)

Utility

Age-adjusted,
according to Ara
2010 publication

ODYSSEY

Treatment strategy

Up-titration as per
ODYSSEY

100% use of 75 mg

100% use of 150 mg

ACS, acute coronary syndrome; CTT, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular; HeFH,
heterozygous familial hypercholesterolaemia; HSE; Health and Safety Executive; ICER, incremental cost-

effectiveness ratio; LDL-C, low-density lipoprotein cholesterol; N/A, not available; NF, non-fatal;

P-NF, post-non-fatal

5.8.6.3: High risk CVD - alirocumab plus statins versus statins

Table 88: High Risk CVD - Scenario analyses

The relative risk for LDL-C
reduction for alirocumab cohort

Navarese 2015
meta-analysis

CTT meta-analysis

LONG TERM study

Pooled phase Il vs

Assumption Base case Scenarios ICER (£/QALY)
Base case [
3% I
Discontinuation rate 0%
8% I
0% I
Cost and benefit discount rates 3.5%
5% I
1 year I
Treatment duration Lifetime
5 years I
5 years I
Model time horizon Lifetime
10 years I

placebo
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Adjustment of baseline CV risk by
LDL-C calculation

CTT main equation

CTT Cox model 2
(approximately 0.84)

Utility

Age-adjusted,
according to Ara
2010 publication

ODYSSEY

Treatment strategy

Up-titration as per
ODYSSEY

100% use of 75 mg

100% use of 150 mg

ACS, acute coronary syndrome; CTT, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular;
CVD, cardiovascular disease; HSE, Health and Safety Executive; ICER, incremental cost-effectiveness ratio;
LDL-C, low-density lipoprotein cholesterol; NF, non-fatal; P-NF, post-non-fatal

5.8.6.1 Recurrent events/ Polyvascular Disease - alirocumab plus statins

Versus statins

Table 89 Recurrent events/ polyvascular disease — Scenario analyses

Assumption Base case Scenarios ICER (£/QALY)
ase case

3%
Discontinuation rate 0%

8%

0%
Cost and benefit discount rates 3.5%

5%

1 year
Treatment duration Lifetime

5 years

5 years
Model time horizon Lifetime

10 years

The relative risk for LDL-C
reduction for alirocumab cohort

Navarese 2015
meta-analysis

CTT meta-analysis

LONG TERM study

Pooled phase Il vs
placebo

Adjustment of baseline CV risk by
LDL-C calculation

CTT main equation

CTT Cox model 2
(approximately 0.84)

Utility

Age-adjusted,
according to Ara
2010 publication

ODYSSEY

Treatment strategy

Up-titration as per
ODYSSEY

100% use of 75 mg

100% use of 150 mg

1l IIIIIIIIIIIIIW

ACS, acute coronary syndrome; CTT, Cholesterol Treatment Trialists’ Collaboration; CV, cardiovascular;
HSE, Health and Safety Executive; ICER, incremental cost-effectiveness ratio; LDL-C, low-density lipoprotein
cholesterol; NF, non-fatal; P-NF, post-non-fatal

Sanofi evidence submission for alirocumab [ID779]

Page 261 of 294



5.9 Clinical outcomes from the model
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Table 90 summarises the clinical outcomes in the model for HeFH patients, and
Table 91 for high risk CVD patients. Because CVOT will not report until 2018, it is not
possible to compare the modelled results with actual trial data. The modelled results
demonstrate reductions in both non-fatal and fatal events with alirocumab compared

to control therapy.
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Table 90: Clinical outcomes from the model - HeFH patients

. ) ) Total number of | Total number of NF o Total number of fatal
Patient population Technologies - - ACS | Stroke | Revascularisation -
events (lifetime) events (lifetime) events (lifetime)
HeFH primary Alirocumab + 0.47 0.36 0.26 | 0.05 0.05 0.11
prevention (baseline statins + ezetimibe
LDL-C 2 2.59
mmol/L) Statins + ezetimibe 1.62 1.19 0.88 | 0.20 0.12 0.42
HeFH secondary Q;SESngéimibe 1.30 1.00 073 | 0.07 0.20 0.30
prevention (baseline
LDL-C 22.59
mmol/L) Statins + ezetimibe 2.54 1.89 1.43 0.18 0.27 0.65

ACS, acute coronary syndrome; HeFH, heterozygous familial hypercholesterolaemia; LDL-C, low-density lipoprotein cholesterol; NF, non-fatal

Table 91: Clinical outcomes from the model - high risk CVD patients and Recurrent events/ Polyvascular Disease patients

) Total number of | Total number of NF o Total number of fatal
Technologies - - ACS | Stroke | Revascularisation -
events (lifetime) events (lifetime) events (lifetime)
'gt'i';t‘i’rf:mab * 0.69 0.42 0.26 | 0.10 0.07 0.27
High-risk CVD (baseline
LDL-C 23.36mmol/L)
Statins 1.55 0.97 0.64 0.21 0.12 0.58
Alirocumab + 1.02 0.59 035 | 0.17 0.07 0.43
Recurrent events statins
/polyvascular (baseline
Cc>
LDL-C 22.59 mmol/L) Statins 1.68 1.00 0.63 | 0.28 0.09 0.68

ACS, acute coronary syndrome; CVD, cardiovascular disease; LDL-C, low-density lipoprotein cholesterol; NF, non-fatal
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5.9.1 — Markov traces from the model

Figure 35 - Figure 36 show the Markov traces for alirocumab used as an add-on to maximal current therapy (statins + ezetimibe) for

HeFH primary prevention.

Traces for HeFH secondary prevention, high risk CVD, and recurrent events/ polyvascular disease are shown in Appendix 14 in the
interests of space. Traces are not shown for alirocumab used as an add-on to ezetimibe in statin intolerant patients, or versus
ezetimibe, because the patterns observed are very similar. In all populations, patients spend the majority of time in the initial stable
state, transitioning through individual events but spending a relatively small proportion of total time in post-event states, and then

transitioning through to the death states.

Figure 35: Markov trace - HeFH primary prevention, alirocumab plus statins plus ezetimibe

1.0
0.9 4
~~~~~~ Initial (0-1 yrs post-event)
0.8 -
= = = |nitial (1-2 yrs post-event)
0.7 e |nitial (Stable)
0.6 e Stable P-Revasc
------ P-NF ACS (0-1 yrs)
0.5 4
= == P-NF ACS (1-2 yrs)
0.4 1 = Stable P-ACS
03 - P-NF IS (0-1 yrs)
P-NF IS (1-2 yrs)
0.2 4
Stable P-IS
0.1 4 \ CV Death
0.0 " ' ' L L R R S e e e R B R e e ey S | Non-CV Death
50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100
Age at Cycle End
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Figure 36: Markov trace - HeFH primary prevention, statins plus ezetimibe
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5.9.2 Accrual of QALYs over time

Reflecting the patterns observed in the Markov traces, the vast majority of QALYs are accrued in the initial stable health state. This
reflects the relatively short proportion of total time spent in post-event states and of course the fact that no QALYs are accrued in
death states. Traces are shown in Figure 37 to Figure 38 for HeFH primary prevention, with figures for the other populations in
Appendix 14.

Figure 37: Accrual of QALYs - HeFH primary prevention, alirocumab + statins + ezetimibe
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Figure 38 Accrual of QALYs - HeFH primary prevention, statins + ezetimibe
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5.9.3 Disaggregated results of the base case incremental cost effectiveness

analysis

Table 92 to Table 95 summarise the QALY gain by health state. The incremental

QALYs for alirocumab derive from longer time spent in the baseline state without

experiencing events. Alirocumab is associated with fewer QALY in the event states

due to fewer events experienced in the alirocumab arm. This is consistent across

different patient groups.

Table 92: Summary of QALY gain by health state — HeFH primary prevention

QALY intervention QALY
Health state (alirocgmab e comparator Increment

statins plus (statins plus

ezetimibe) ezetimibe)
Baseline 14.78 11.87 291
revascularisation 021 041 020
P-NF ACS 0-1 years 0.08 0.27 -0.19
P-NF ACS 1-2 years 0.08 0.25 -0.17
Stable post-ACS 0.73 1.44 -0.72
P-NF stroke 0-1 years 0.01 0.06 -0.04
P-NF stroke 1-2 years 0.01 0.05 -0.04
Stable P-NF stroke 0.10 0.24 -0.13
Total 16.00 14.58 1.42

ACS, acute coronary syndrome; HeFH, heterozygous familial hypercholesterolaemia; NF, non-fatal; P-NF, post-
non-fatal; QALY, quality-adjusted life-year

Table 93: Summary of QALY gain by health state — HeFH secondary prevention

QALY intervention QALY
Health state (allrocgmab plus GO Increment

statins plus (statins plus

ezetimibe) ezetimibe)
Baseline 7.11 3.61 3.49
P-NF ACS 0-1 years 1.03 1.23 -0.20
P-NF ACS 1-2 years 0.26 0.57 -0.31
Stable CHD 0.27 0.49 -0.22
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QALY intervention QALY
Health state (alirocumab plus comparator Increment

statins plus (statins plus

ezetimibe) ezetimibe)
Stable post-
revascularisation 1.98 222 -0.24
P-NF stroke 0 - 1 years 0.02 0.06 -0.04
P-NF stroke 1-2 years 0.02 0.06 -0.04
Stable P-NF stroke 0.13 0.24 -0.11
Total 10.82 8.49 2.33

ACS, acute coronary syndrome; CHD, coronary heart disease; HeFH, heterozygous familial
hypercholesterolaemia; NF, non-fatal; P-NF, post-non-fatal; QALY, quality-adjusted life-year

Table 94: Summary of QALY gain by health state — High Risk CVD

QALY intervention QALY
Health state (alirocumab plus comparator Increment
statins) (Statins)

Baseline 8.23 5.77 2.46
P-NF ACS 0-1 years 0.09 0.23 -0.14
P-NF ACS 1-2 years 0.09 0.18 -0.09
Stable CHD 0.51 0.68 -0.17
Stable post-

revascularisation 0.26 0.39 -0.13
P-NF stroke 0-1 years 0.03 0.08 -0.05
P-NF stroke 1-2 years 0.03 0.07 -0.04
Stable P-NF stroke 0.19 0.27 -0.08
Total 9.43 7.68 1.75

ACS, acute coronary syndrome; CHD, coronary heart disease; CVD, cardiovascular disease; NF, non-fatal;
P-NF, post-non-fatal; QALY, quality-adjusted life-year; HS1, health state 1; HS2, health state 2; NF, non-fatal

Table 95: Summary of QALY gain by health state — Recurrent events/ polyvascular
disease

QALY intervention QALY
Health state (alirocumab plus comparator Increment
statins) (Statins)

Baseline 6.46 4.44 2.02
P-NF ACS

0-1 years 0.23 0.27 -0.04
P-NF ACS 1-2 years 0.12 0.23 -0.11
Stable CHD 0.11 0.17 -0.06
Stable post- 0.57 0.56 0.01
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QALY intervention QALY
Health state (alirocumab plus comparator Increment
statins) (Statins)

revascularisation

P-NF stroke 0 - 1 years 0.06 0.11 -0.05
P-NF stroke 1-2 years 0.06 0.09 -0.04
Stable P-NF stroke 0.34 0.43 -0.09
Total 7.95 6.30 1.64

Table 96: Summary of costs by health state — HeFH primary prevention

Cost intervention Cost comparator Increment (£)
(alirocumab plus (statins plus
Health state statins plus ezetimibe)
ezetimibe)

Baseline I I
P-NF ACS 0-1 years [ ] e
P-NF ACS 1-2 years [ ] [
Stable CHD R I
Stable post-
revascularisation L .
P-NF stroke 0-1 years [ ] [
P-NF stroke 1-2 years [ ] [
Stable P-NF stroke [ ] [
CV death | I
Total I I

ACS, acute coronary syndrome; CHD, coronary heart disease; CVD, cardiovascular disease; NF, non-fatal;
P-NF, post-non-fatal; QALY, quality-adjusted life-year; HS1, health state 1; HS2, health state 2; NF, non-fatal

Table 97: Summary of costs by health state — HeFH secondary prevention

Cost intervention | Cost comparator Increment (£)
(alirocumab plus (statins plus
Health state statins plus ezetimibe)
ezetimibe)

Baseline I I I
P-NF ACS 0-1 years I I I
P-NF ACS 1-2 years I L |
Stable CHD I I I
Stable post-
revascularisation L . .
P-NF stroke 0-1 years [ ] [ [
P-NF stroke 1-2 years [ [ [
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Cqst intervention | Cost cqmparator Increment (£)
L i il
ezetimibe)
Stable P-NF stroke [ ] [ [
CV death [ ] [ [
Total | | |

ACS, acute coronary syndrome; CHD, coronary heart disease; CVD, cardiovascular disease; NF, non-fatal;
P-NF, post-non-fatal; QALY, quality-adjusted life-year; HS1, health state 1; HS2, health state 2; NF, non-fatal

Table 98 Summary of costs by health state — Recurrent events/ polyvascular

Cost intervention | Cost comparator
Health state (alirocumab plus (statins) Increment (£)
statins)
Baseline N N I
P-NF ACS 0-1 years I I I
P-NF ACS 1-2 years ] e e
Stable CHD R N I
Stable post-
revascularisation . . .
P-NF stroke 0 -1 years [ [ [
P-NF stroke 1-2 years [ [ [ ]
Stable P-NF stroke [ [ [
CV death | | |
Total | I |

ACS, acute coronary syndrome; CHD, coronary heart disease; CVD, cardiovascular disease; NF, non-fatal;
P-NF, post-non-fatal; QALY, quality-adjusted life-year; HS1, health state 1; HS2, health state 2; NF, non-fatal
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5.9 Subgroup analysis

We have explored, as per the scope, cost-effectiveness in patients with and without
familial hypercholesterolaemia, patients with established CVD and patients who have
an even higher level of risk within CVD, and patients on a background of statin

therapy and those not.

As described above we present results for patients who have hypercholesterolaemia
on maximally tolerated existing therapy. We present below in Table 99 analyses
according to different baseline LDL-C levels. Unsurprisingly, alirocumab is more
cost-effective at higher starting baseline LDL-C levels, due to the higher CV risk in

these groups and the higher absolute LDL-C reduction achieved.

Table 99: Subgroup analyses by LDL-C levels

Patient Baseline LDL-C Incremental Incremental o
population (mmol/L) costs £ QALY
2.59 I 1.42 .
HeFH primary 3.36 N 164 I
prevention
413 N 179 I
9 59 ] 233 I
HeFH secondary 26 ] 548 ]
prevention
413 ] 274 I
9 59 ] 137 I
High Risk CVD 3.36 L 1.76 L
413 ] 215 I
9 59 ] 164 I
Recurrent
events / 3.36 I 209 I
Polyvascular
disease
413 ] 254 I

HeFH, heterozygous familial hypercholesterolaemia; ICER, incremental cost-effectiveness ratio;
LDL-C, low-density lipoprotein cholesterol; QALY, quality-adjusted life-year
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5.10 Validation

Validation of de novo cost-effectiveness analysis

Three advisory boards were held as part of the development of the model. Additional
consultation was also taken with health economic and clinical experts on key
parameters of the model. Internal validity checks were undertaken including extreme
value checks, use of Markov traces and tracing of QALYs and costs over time, and
structural sensitivity analyses, Probabilistic and Deterministic analyses were
undertaken to investigate model sensitivity and the impact of different scenarios on

results.

5.11 Interpretation and conclusions of economic evidence

Previous evaluations of lipid-lowering therapies have evaluated primary or secondary
prevention as large groups, whereas with a more specialised treatment the objective
of this analysis was to focus on identifying specific high risk patient groups who are
not controlled on current therapy and analyse the cost-effectiveness of alirocumab in

these groups.

There are two main sources of uncertainty in the results; their importance reflects the
inherent uncertainty in the estimates we have today and their impact on the model

results:
5.11.1 Baseline CV risk

One of the key difficulties has been accurately establishing the current (not historical)
baseline risk in key patient populations, most notably HeFH. The data currently
included in the submission represents data from patients identified through an
algorithm for Dutch Lipid criteria, not confirmed through genotyping or clinical
diagnosis. Nevertheless, given the limitations of current publications and other data
sources identified, and with a sample size of almost 3000 patients, we believe this is

the most robust, UK-specific data we can use.

One limitation of the model is that it does not account for multiple events occurring
within the same cycle. In the CV risk analysis conducted in THIN, patients were
censored at their first event. These data are used to inform the model, and with one
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year cycle lengths, this structure does not account for the potential impact on costs
or quality of life of patients having multiple events in one year. Analyses of THIN data
suggested that this is the case and that some patients do indeed suffer several
events within the same year. This is not captured within the model, and in this sense
the model estimates may be conservative. The issue of patients having repeated
events within the same year will of course impact on hospital services and capacity

as well as patients’ quality of life.
5.11.2 Outcomes data

A second challenge is the lack of final outcomes data. This necessarily results in
uncertainty in the analysis and indeed the link between LDL-C reduction and CV
event reduction is the largest source of uncertainty. Nevertheless, there is strong
data supporting the LDL-C hypothesis which means we consider it is appropriate to
rely on this as a surrogate outcome. Moreover, data from genetic studies of PCSK9
mutations have shown a clear relationship between PCSK9 function, LDL-C, and CV
events - in loss-of-function mutations, LDL-C is reduced and so is CV event risk * *°
%52 while CV risk is increased in people with a PCSK9 gain-of-function mutation.
Therefore, we considered it appropriate to use the meta-analysis by Navarese et al
of PCSK9 inhibitor outcomes data to date. This necessarily has large confidence
intervals due to the current immaturity of the data. Nevertheless, as an analysis of
PCSK®9 inhibitors we consider it the most appropriate source to inform this

relationship. The results of the CVOT trial will inform future reviews of this guidance.
5.11.3 Other assumptions

The model is relatively robust to other assumptions around utility, costs, treatment

discontinuation and duration.
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6 Assessment of factors relevant to the NHS and other

parties

6.1 Eligible patient population

The eligible population of alirocumab is estimated based on patients who have
inadequately controlled LDL-C on current treatment, including patients on maximal
tolerated dose of statins and those who are completely statin intolerant and receiving

non-statin based lipid lowering therapies.

Similar to the CV risk study described in the cost-effectiveness model Section, a
study was undertaken to understand the epidemiology of hyperlipidaemia in the UK.
This study also used the THIN database, with similar coding and methodology to that
described in Appendices 10 and 11. The inclusion criteria for the study were adults
(=18 years as of index date), with a high cardiovascular (CV) risk condition and
continuous representation in THIN database for at least 2 years prior to the index
date. The THIN study cohort was divided into mutually exclusive groups of different
high CV risk conditions. These strata were further categorised according to LDL-C

level.

These estimates were then scaled to the UK using published national prevalence
figures based on the BHF 2014 cardiovascular disease (CVD) statistics for CHD and
stroke. According to the Royal College of Physicians’ National Sentinel Stroke Audit
2010, 88% of strokes are ischaemic in nature, so this percentage was applied to the
BHF figure. HeFH was assumed to have a prevalence of 1 in 500 in the general
population. An optimisation algorithm (Excel Solver) was used to estimate scaling
factors for each mutually exclusive disease profile by minimising the difference
between the weighted extrapolated totals for aggregate conditions, such as coronary
heart disease (CHD) or ischaemic stroke, and their established national prevalence
based on published sources. The scaling factors were then multiplied by the number
of people within the THIN cohort with the respective patient profile.

Table 100 contains the total estimated patient numbers in the mutually exclusive

strata.
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Table 100 Extrapolated UK Country-Level Values for Mutually Exclusive Hierarchical
CVD Sub-Populations, divided by LDL-C Level

1. Condition
HeFH Any record of ACS Other CHD Ischaemic stroke
at any time*
LDL-C level Patient % of Patient % of Patient % of Patient % of
numbers total numbers total numbers total numbers total
Any 101,003 100 946,705 100 1,340,868 100 791,974 100

>1.81 mmol/L 96,753 95.79

567,118 59.90

896,315 66.85

497,699 62.84

22.59 mmol/L 86,098 85.24

225,344 23.80

404,576 30.17

217,520 27.47

23.36 mmol/L 70,590 69.89

74,781 7.90

149,674 11.16

76,065 9.60

23.62 mmol/L 65,238 64.59

48,903 5.17

102,393 7.64

51,421 6.49

23.88 mmol/L 61,473 60.86

36,834 3.89

76,531 571

36,709 4.64

24.14 mmol/L 56,921 56.36

23,496 2.48

49,052 3.66

24,047 3.04

*Includes ACS < 12 months prior to index and ACS 12-24 months prior to index, as well as patients with a history

of MI/UA.

6.1.1 HeFH

The prevalence of HeFH was estimated as 1:500, with a diagnosis rate of 15%,

based on the UK national FH audit. In the decision problem we consider alirocumab

for patients who are not able to reach LDL-C targets on maximal current therapy.

Therefore, alirocumab will not be initiated at HeFH diagnosis, rather patients will

cycle through different treatments to control their lipids (different statins, with the

likely addition of ezetimibe). To estimate this we used Adelphi real-world data on the

proportion of patients who were on third-line therapy. The patient flow for HeFH is

show in Figure 39.
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Figure 39: Patient flow for HeFH

Population flow  Estimate Reference
Population of Office for National Statistics (ONS) Population Estimates for UK, England and Wales,
England and Wales Scotland and Northern Ireland, Mid-2013 - SUPERSEDED. File name used
56,948,229 ((56948229) MYE2_population_by_sex_and_age_for_local_authorities_UK.xls

Office for National Statistics (ONS) Population Estimates for UK, England and Wales,
Adult population  Scotland and Northern Ireland, Mid-2013 - SUPERSEDED. File name used
42,099,960 ((18- 79; 73.9%) MYE2_population_by_sex_and_age_for_local_authorities_UK.xls

Prevalence of HeFH The National Audit of the Management of Familial Hypercholesterolaemia 2010
84,369 ((1:500) NATIONAL REPORT December 2010 (Pedersen 2010)

Diagnosisrate of  The National Audit of the Management of Familial Hypercholesterolaemia 2010
12,655 |HeFH (15%) NATIONAL REPORT December 2010 (Pedersen 2010)

Proportion on 1st
7,340 |line LMT (58%) Adelphi Real World data study (data on file)

Proportion on 1st
3,037 |line LMT (24%) Adelphi Real World data study (data on file)

Proportion on 1st
1,772 |line LMT (14%) Adelphi Real World data study (data on file)

PCSK9 eligible
1,772 |population

6.1.2 High risk CVD

2014 BHF figures on the prevalence of CHD, stroke and PAD were used. According
to the Royal College of Physicians’ National Sentinel Stroke Audit 20103, 88% of
strokes are ischaemic in nature, so this percentage was applied to the BHF figure.
An analysis of the THIN database was undertaken to identify patients with a history
of ACS (at any time), other forms of CHD, stroke and PAD, using the same codes as
were used for the analysis of CV risk reported above (see 5.3.2 and Appendix 11
and 12). This analysis was undertaken in a hierarchical fashion (i.e. groups were
mutually exclusive) to avoid double-counting patients with a history of more than one
event type. In addition to CV history, data on LDL-C levels was also collected.
Scaling factors from the total UK prevalence figures were used to calculate the total
number of patients by LDL-C levels. Again, in line with the assumption that patients
would be trialled on different statins and potentially ezetimibe before being
considered for alirocumab, real-world data on current treatment pathways showing
the proportion of patients who have received at least 3 different lipid lowering

therapies was then used. The patient flow for high risk CVD is shown in Figure 40.
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Figure 40: Patient flow for high risk CVD

Number of patients
841,005 |with a prior ACS THIN data on file, applied to BHF estimates of prevalence of CHD

Proportion of ACS

patients with an LDL-

clevel 23.36 mmol

66,432 |(7.90%) THIN data on file

Number of patients
1,191,159 |with 'other CHD' THIN data on file, applied to BHF estimates of prevalence of CHD

Proportion of other

CHD patients with an

LDL-clevel 23.36

132,963 |mmol (11.1%) THIN data on file

Number of patients
with a history of
703,550 |ischaemic stroke THIN data on file

Proportion of

ischaemic stroke

patients with an LDL-

clevel 23.36 mmol

67,572 |(9.6%) THIN data on file

Total high risk CVD
266,967 |population

Proportion on 1st
168,189 |line LMT (63%) Adelphi Real World data study (data on file)

Proportion on 1st
74,751 line LMT (28%) Adelphi Real World data study (data on file)

Proportion on 1st
21,357 |line LMT (8%) Adelphi Real World data study (data on file)

6.1.3 Recurrent events/ polyvascular disease

This is a subset of the high-risk CVD population. CV risk data from THIN showed
approximately the same number of patients with polyvascular disease (ACS event,
AND a history of ischaemic stroke OR PAD) as in the ischaemic stroke group.
Therefore, the prevalence of ischaemic stroke was used as a proxy for this group. If
patients with recurrent coronary events are included, the size of this group will be

greater.
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Again, in line with the assumption that patients would be trialled on different statins
and potentially ezetimibe before being considered for alirocumab, real-world data on
current treatment pathways showing the proportion of patients who have received at
least 3 different lipid lowering therapies was then used. The patient flow is shown in
Figure 41.

Figure 41: Patient flow for Recurrent events/ polyvascular disease

Number of patients with Estimates of ischaemic stroke
703,550|polyvascular disease population, used as proxy based on

Proportion of patients with
an LDL-C = 2.59 mmol/L

193,234((27%) THIN data on file
Proportion on first-line Adelphi Real world data study (data on
121,737((63%) file)

Proportion on second-line Adelphi Real world data study (data on
54,105((28%) file)

Proportion on third-line Adelphi Real world data study (data on
15,459|(8%) file)

6.2 Current treatment options and uptake of technologies

An annual increase of 0.6% was assumed based on the predicted growth rate in the
UK population. The numbers above came from mid-2013 estimates, so this increase
rate was applied to provide prevalence estimates over the next 5 years as shown
below in Table 101.
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Table 101: Patient populations over next 5 years

2016 2017 2018 2019 2020

HeFH (LDL-C 2

2.59 mmol/L) 1,804 | 1,815 | 1,826 | 1,836 | 1,848
High risk CVD
(LDL-C 2 3.36
mmol/L) 21,744 | 21,875 | 22,006 | 22,138 | 22,271

Recurrent events/
polyvascular

disease (LDL-C 2
2.59 mmol/L) 15,739 | 15,833 | 15,928 | 16,024 | 16,120

6.3 Current treatment options and uptake of technologies

Alirocumab will be used as an adjunct to current maximal therapy therefore no
therapies will be displaced. Anticipated uptake rates are as follows. It is anticipated
there will be a higher uptake rate in HeFH as compared to CVD as a whole (Table

102).

Table 102: Uptake assumptions

2016 2017 2018 2019 2020

HeFH (LDL-C 2

2.59 mmol/L) 9% 12% 16% 22% 29%
High risk CVD

(LDL-C 2 3.36 2% 5% 14% 15% 16%
mmol/L)

Recurrent events/

olyvascular
Sisé';se (EDL_C S 2% 5% 14% 15% 16%

2.59 mmol/L)

Estimates of patient numbers anticipated to receive alirocumab are provided below

(Table 103).

Table 103: Numbers of patients estimated to receive alirocumab

2016 2017 2018 2019 2020

HeFH (LDL-C 2
2.59 mmol/L) 158 214 291 395 537
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High risk CVD
(LDL-C 2 3.36

mmol/L) 326 984 2,971 3,321 3,563

Recurrent
events/
polyvascular
disease (LDL-C 2

2.59 mmol/L) 236 712 2,150 2,404 2,579

This gives an estimated drug cost budget as outlined in the table below, applying the
UK list price. In estimating the NHS budget impact we conservatively assume 100%

compliance, in line with the cost-effectiveness model (Table 104).

Note that there is overlap between the High Risk CVD and the Polyvascular/
Recurrent events population. Therefore results are presented disaggregated
between populations.

Table 104: Drug cost budget

2016 2017 2018 2019 2020

HeFH (LDL-C 2
2.59 mmol/L) £691,789 £939,519 £1,275,961 £1,732,883 £2,353,428

High risk CVD
(LDL-C 2 3.36

mmol/L) £1429565 | £4,314427 | £13,020,942 | £14,554519 | £15,617,970

Recurrent
events/
polyvascular
disease (LDL-C 2

2.59 mmol/L) £1,034,736 £3,122,835 £9,424,715 £10,534,737 | £11,304,475

6.4 Other costs

In line with the assumptions in the economic analysis we do not consider alirocumab
will be associated with other significant costs given routine monitoring of the high risk
patients likely to be prescribed alirocumab and a rate of adverse events comparable

to placebo in clinical trials.
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6.5 Cost savings

In line with the economic analysis, it is estimated that alirocumab will reduce the risk
of CV events and thereby lead to NHS savings on CV event costs. In the economic
model we model event risks and events avoided over a lifetime. It is challenging to
accurately translate this into cost savings to the NHS on an annual basis and to do
so would require a number of simplifying assumptions. Therefore, we have focused

on estimating the drug budget, as provided above.

In addition to CV events avoided, a potential impact of alirocumab on the NHS is to
reduce the requirement for apheresis. This is a high cost treatment which some
severe HeFH patients require. There is restricted capacity within the NHS to provide
apheresis and anecdotally some patients who could benefit from apheresis do not.
Reductions in apheresis requirements may improve capacity allowing more patients

to benefit from currently scarce NHS resources.

6.6 Annual NHS budget impact

The budget impact based on the list price is therefore as estimated in Table 104.
6.8 Limitations of budget impact analysis

As described a key limitation of this analysis is the challenge in estimating the
savings associated with avoiding CV events. In addition there is uncertainty about
the potential uptake and about the long-term adherence to alirocumab. Nevertheless
we consider the above estimates demonstrate a manageable budget impact.
Alirocumab will be prescribed in a specialised care setting to patients who are at high
CV risk, and who are unable to achieve LDL-c targets with any currently available

therapy.
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