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Abstract

As part of its Single Technology Appraisal (STA) process, the Natiosttute for Health and Care Excellence
(NICE) invited the manufacturer of evolocumab (Amgen) to submit aciElen the clinical effectiveness and cost-
effectiveness of evolocumab. The appraisal assessed evolocumab as rapgiathén combination with a statin
with or without ezetimibe, or in combination with ezetimibe (without stifimapy), in adult patients with primary
hypercholesterolaemia (which includes mixed dyslipidaemia), for whomss@imot provide optimal control of
their low-density lipoprotein cholesterol (LDL-C) levels and/or for whom statnescontraindicated or not tolerated
The School of Health and Related Research Technology Appraisal Group at tlesliyief Sheffield was
commissioned to act as the independent Evidence Review Group (ERG)RTGher&duced a critical review of the
evidence for the clinical effectiveness and cost-effectiveness of the techrodsgg on theompany’s submission

to NICE. The evidence was derived mainly from four randomised di@utrsials comparing evolocumab either
with ezetimibe or placebo in adults with primary familial or non-feahhypercholesterolaemia, who were either
able to take statins or who were stdtitelerant. The clinical effectiveness review found that evolocumab is
efficacious at lowering LDL-C, but that there was uncertainty regattirigypact on cardiovascular disease (CVD)
outcomesIn response to the ERG’s critique of the submitted health economic model, the company submitted an
amended model, which also included a Patient Access Scheme (PAS). Bakex] thre tdeterministic ICERs for
evolocumab against ezetimibe were above £74,000 and £45,000 per Qied gathin the non-familial primary
ard secondary prevention population, respectively, whilst the ICERs witin Heterozygous Familial
Hypercholesterolaemia (HeFH) population were approximately £23,000 per QAh¥dgahe final determination

was that evolocumab would be a clinically and cost-effective use of NHS regoess¢ain patient subgroups.

Key pointsfor decision-makers:

= Guidance on lipid-lowering therapies emphasises managing cardiovasseksed(CVD) risk rather than
targeting cholesterol concentrations.

= Evolocumab is efficacious and safe in reducing low-density-lipoprot@testerol (LDL-C) in adults with
primary familial and non-familial hypercholesterolaemia, but there is uncerta@igarding the impact of
evolocumab on CVD, apheresis and health-related quality of life: therddsolitho direct evidence on
these key outcomes.

= Inferences have had to be made regarding the impact of evolocum@¥®» risk reduction, based on the
evidence for statins and ezetimibe, because of high clinical unmet needghmiskiof CVD in patient
groups with inadequately-controlled LDC-

= The Evidence Review Groupd doubts regarding the validity of the company’s model results. In the final
guidance, the Appraisal Committee agreed that evolocumab would be a cliaimlbpst-effective use of
NHS resource in certain patient subgroups. Guidance is to be reviewedawherent, ongoing trial

reports on the relationship between evolocumab and CVD outcomes.



1.INTRODUCTION

Health technologies must be shown to be clinically effective and to represestiedfeotive use of National Health
Service (NHS) resources to be recommended for use within the NHS in Eagld™lales. The National Institute
for Health and Care Excellence (NICE) is an independent organisatiamsé@sp for providing national guidance
on promoting good health, and preventing and treating ill healfirjority areas with significant impact. The NICE
Single Technology Appraisal (STA) process usually covers new tecl@®legon after they have received UK
marketing authorisation and is specifically designed for the appraisalingla bealth technology within a single

indication [1].

Within the STA process, the manufacturer of a technology provides Mi@Ea written submission, containing
relevant clinical effectiveness evidence alongside a mathematical model that sumtharisespany’s estimates
of the cost-effectiveness of the technology. This submissioniswes by the Evidence Review Group (ERG), an
external academic organisation independent of NICE, with advice dlioinal specialists, and an ERG report is
produced. After consideration of thempany’s submission (CS), the ERG report, and testimony from expedts a
other stakeholders, the NICE Appraisal Committee (AC) formulates the preymguadance, the appraisal
consultation document (ACD), which indicates the initial decision of the AC riegattte recommendation (or not)
of the intervention. Stakeholders are then invited to comment onhhdtsed evidence and the ACD, after which a
subsequent ACD may be produced or a final appraisal determination (FABYésl, which is open to appeal. An
ACD is not produced when the intervention is recommended withotricties; in such instances, a FAD is
produced directly.

This paper presents a summary of the ERG report [2] and FAD{3he STA of evolocumab for adult patients
with primary familial and non-familial hypercholesterolaemia (which inetudnixed dyslipidaemia), for whom
statins do not provide optimal control of their low-density lipogirocholesterol (LDL-C) levels and/or for whom
statins are contraindicated or not tolerated. It also covers the subsequent dextliptme NICE guidance for the

use of this drug in England. Full details of all relevant appraisal docunsntseedound on the NICE website [4].

2. DECISION PROBLEM

Hypercholesterolaemia, a type of hyperlipidaemia, specifically refers texeessive total plasma cholesterol
concentration in the blood of approximately >3mmol/L, especially D]5]. Primary hypercholesterolaemia can
be familial or non-familial. The former population is principally compos#dthe heterozygous familial
hypercholesterolaemia (HeFH) subgroup, which is most commonly diadrio the UK using the Simon Broome
criteria [6, 7], with diagnosis increasingly confirmed with genetic mutatést [8]. LDL-C levels in people with
HeFH are typically two to three times higher than normal [9, 10k Ptevalence of HeFH within primary
hypercholesterolaemia in the UK is traditionally stated as 0.2% [5], but raoeetys suggest that up to one in
every 300 people are affected worldwide [11]. Non-familial primaryehgipolesterolaemia is defined as elevated

LDL-C produced by a combination of effects caused by a varfeggmes allied witmutritional and lifestyle factors



[5]. The exact role of genetic inheritance in producing elevated LDL-Csleigelunclear [12]. Non-familial
hypercholesterolaemia is the most common form of primary hypestbodaemia in the UK; approximately 70%
of people with primary hypercholesterolaemia have this non-familial §jpéMixed dyslipidaemia” is a type of
lipid disorder which is termed in the literature“combined hyperlipidaemia”, a disorder which is characterised by
elevated LDL-C and high triglycerides (>1.7 mmol/L) and/or reducedelevated high-density lipoprotein
cholesterol (HDL-C). Like primary non-familial hypercholesterolaemia, it is r@kdively common; approximately
10% of people with raised cholesteiolthe UK have “mixed dyslipidaecmia”[5]. Elevated LDL-C is one of the risk
factors for cardiovascular disease (CVD) [13]. CVD can have major heatle@onomic implications both for
people and for health services; it remains the most common causertafitynin women and the second most

common cause of mortality in men in England [14].

2.1 Current treatment

The principal lipid-lowering therapies currently prescribed for hypercholdséenia are statins, most commonly
atorvastatin (dose based on risk of CVD, with a maximum dose of)8@migezetimibe (based on inadequate LDL-
C control by statins or statin intolerance or contraindication) [15,Rédent years have seen consistent increases in

prescription rates for lipid-lowering therapies in England, with the aim of red@¥yrisk [14].

Evolocumab (Repatha®) is a fully human monoclonal antibody that lsextively to proprotein convertase
subtilisin/kexin type 9 (PCSK?9), a protein that affects the recyaingDL-receptors on the surface of liver cells
and decreases the ability of the liver to clear LDL-C from the blood By]binding to PCSK9, evolocumab
increases the number of LDL receptors expressed by the liver, therelsjngederum LDL-C levels. The benefits
of evolocumab are its ability to reduce the level of serum LDL-C in patiehts ave unable to control their
cholesterol despite taking a maximum tolerated dose of statins, or in patientsamiot tolerate or take statins.
Evolocumab is given as either one dose (140mg) every 2 weeks (@2Wge doses (420mg) every month (QM),
administered by subcutaneous injection via a prefilled pen or syringeintdrvention is designed to be self-
administered by the patient after proper training. Evolocumab is indicatedadirits with primary
hypercholesterolaemia (HeFH and non-familial) or mixed dyslipidaemia, as amctth diet. It is to be used in
combination, either with a statin or with a statin plus other lipid lowetiagapies, in patients unable to reach LDL-
C goals with the maximum tolerated dose of a statin, or it is to dx efther as monogapy or in combination
with other lipid-lowering therapies, in patients who aréigtatolerant, or for whom a statin is contraindicated [17]

It is also indicated for use in populations with homozygous familial hyplkrstesolaemia (HoFH).

The CS in this STA proposed evolocumab as an alternative to ezetimilo¢gherapy for people in whom statins are
contraindicated or are not tolerated, or in combination with statins if atihstatin therapy does not adequately
control LDL-C levels. Evolocumab is also proposed as a treatment, inr@tioh with ezetimibe, when response to
monotherapy is considered inadequate. Eligible patients are therefore consideratidse at high-risk of @vD

event on account of inadequately-controlled LDL-C levels due either to therapaiggpeness of statin therapy or



dueto the failure of a maximum-tolerated dose of statins. This includes petdléleFH; people with HoFH were

not covered by this appraisal

In May 2015, NICE issued a final scope to appraise the clinical effectivandssost-effectiveness of evolocumab
for the treatment of patients with primary familial and non-familiapdrgholesterolaemia [4]. The principal
efficacy outcomes for consideration were plasma lipid and lipoprotein levels, includling, non-HDL-C, HDL-

C, triglycerides (TG), apolipoprotein B (ApoB) and lipoprotein(a) (Lp(ape use of LDL-C as a surrogate for
CVD is generally accepted for statin therapies and the company providedoevibe the relationship between
LDL-C reduction and the reduction of CVD events, citing the metaya@slof theCholesterol Treatment Trialists’
Collaboration (CTTC), which found that a reduction of 1mmolfighthlead to 22% reduced risk of CVD events
[18-21]. CVD events include myocardial infarctioM() and unstable angina (collectively referred to as Coronary
Heart Disease [CHD]), stroke, transient ischaemic attack (TIA) anpheeal artery disease (PAD) [22]. However,
the optimal LDL-C level required to minimise CVD risk is not knoWhe principal safety outcomes were all also
considered and reported in tB& nasopharyngitis, upper respiratory tract infection, headache and bacK pain
company submitted a de novo health economic model which assessed-#iféectiseness of evolocumab in terms

of the incremental cost per quality-adjusted life-year (QALY) gained [4].

3. INDEPENDENT EVIDENCE REVIEW GROUP (ERG) REPORT

The ERG report comprised a critical review of the clinical and cost-effectvewidence presented in t8&, and
assessed the appropriateness ofcthepany’s analysis and interpretation of the evidence. In accordance with the
STA process, the ERG had the opportunity to seek clarification on spewifits in theCS, which resulted in the

company providing additional information [1].

3.1 Clinical evidence submitted by the company

The clinical evidence submitted by the company consisted of: (i) a review of tieakkfficacy evidence from
randomised controlled trials (RCTs) of evolocumab; (ii) a review of theeeea from non-randomised and non-
controlled studies, and; (iii) a review of safety evidence from randomisedaamchndomised studies. The principal
clinical efficacy review included four relevant RCTswd trials compaed evolocumab with ezetimibe in adults
with primary non-familial hypercholesterolaemia, who were either able tostakies (LAPLACEZ2) [23] or who
were statin-intolerant (GAUS3} [24]. The other two trials were placebo-controlled: one was undertalkafults
with primary non-familial hypercholesterolaemia (DESCARTES) [25] areltaal was undertaken in adults with
HeFH (RUTHERFORDR) [26]. Three RCTs evaluated both licensed doses of evolocumab &Qa\®M) and one
trial (DESCARTES) evaluated only the QM dose. All RCTs were found to hewatisk of bias by the company
and ERG following quality assessment using the Cochrane risk abbiad he following results were presented for
the primary efficacy outcome of LDL-C: mean percentage change faswmline, and mean percentage treatment
difference, for a range of followp durations. Both of these values were reported for follow-up at dd2mweeks;
for 12 weeks alone (LAPLACE-2, GAUSS-2, RUTHERFORJp-and for 12 and 52 weeks (DESCARTES).



Detailed results were presented for all trial arms (based on the two licensedumailodoses and different

background statin and comparator treatments).

In the LAPLACE-2 trial, at 12 weeks, patients with primary hyperchetektemia on background atorvastatin
therapy (intensive and non-intensive doses) had a treatmeneddem mean percentage change in LDL-C from
baseline, compared with ezetimibe (fixed effects model), of -46.9 @&¥dence interval [CI], -53.0 to -40.7,
p<0.001) and -42.5 (95% CI, -47.9 to -37.0, p<0.0049pectively, for the Q2W and QM doses of evolocumab. In
the GAUSS-2 trial, at 12 weeks, patients with primary hypercholesterolaggiawere statin intolerant had a
treatment difference in mean percentage change in LDL-C from b@setimpared with ezetimibe, of -39.3 (95%
Cl, -45.0 to -33.5, p<0.001) and -38.1 (95% ClI, -42.8Bt4, p<0.001) for the Q2W and QM doses of evolocumab.

In the placebo-controlled RUTHERFORD-2 trial, at 12 weeks, patients with HeHRbhakground statin therapy
(intensive and non-intensive doses) had a treatment difference in meantapge change compared with placebo
-60.6 (95% ClI, -66.7 to -54.5, p<0.001) and -60.3 (959%-€&7.8, -52.9, p<0.001), respectively, for the Q2W and
QM doses of evolocumall.he ERG received clinical advice that the proportion of the HeFH populatidrein t
RUTHERFORD-2 trial with a confirmed genetic mutation was higher thantrbmlfiound in usual clinical practice
in the UK, but the implications of this are unclear. Clinical advisors to R@ BElso noted that the proportion of
patients with CHD was higher in the intervention arms of the RUTHERFORI24Z4i.e. 30-36%) than would be
expected in clinical practice in an HeFH population, and was also higher thaetaéepce reported for the other
three trials (e.g. LAPLACE-2 trial arm populations ranged from 17%4#b vith CHD characteristics)n the
placebo-controlled DESCARTES trial, patients with primary hypercholesterolaemiac&grbund statin therapy
(intensive and non-intensive doses) had a treatment difference in meamagpgraghange compared with placetfo
-59.3 (95% ClI, -63.8 to -54.9, p<0.001) at 52 weeks.

Detailed results were also provided in the main submission and appendiotgefdipid parameters, as well as pre-
specified and post hoc subgroup analyses based on key covariates. Tepo@&d that evolocumab provided
consistent and intensive reductions in LDL-C compared with ezetimittk placebo, regardless of patient
population, dosing regimen, CVD risk, and preseacegype of background lipid-lowering therapy. The results
presented within th€S were based on the full analysis set (FAS) of the trials rather tharatheeported in the
original publications. The CS also provided additional efficacy evidence framopen-label extension (OLE)
studies, which included some slightly different populations in te&fmseline LDL-C and ethnicity (OSLER 1 and
2) [27], and a single non-RCT (TAUSSIG) undertaken within the HeFgrewp [28]. The reported findings from

these studies were consistent with the four key RCTs in terms of@ Bdduction.

The review of the safety evidence included the four key RCE&ssupplementary studies from the efficacy review,
and an integrated analysis set, which included a total of 14 RCTs. ShaclDded extensive safety data on all

adverse events (AEs), serious adverse events (SAESs), eventg lEadiacontinuation, fatal and common AEs, as



well as all-cause mortality and adjudicate®fD events and non-coronary revascularisations, where such evidence
was available. The CS concluded that the AEs were overall balanced betweps igrall three periods of the
integrated safety data set (12 weekgear and? years), as well as across populations and therapeutic settings, and
that most AEs were mild to moderate in severity. It also concluded that SAEsEsNeading to discontinuation of

the intervention were infrequently reported and generally similar atressnent groups. A number of relevant
ongoing trials were also liste@SLER 1 and 2 [27FOURIER [29] and EBBINGHAUS [30].

3.1.1 Critique and inter pretation of the clinical evidence

The principal efficacy review represented a good quality systematic review wdeictified four relevant, good
quality RCTs. The trials were generally consistent with the final NICE sddgeresults for LDL-C and other lipid
parameters, such as non-HDL-cholesterol, were consistent, and pre-spadifigdup analyses demonstrated that
these results were not sensitive to the different doses of evolocumabemkeyttvariables such as LDL-C baseline
levels, severity of hypercholesterolaemia or CVD risk factors. The ERG timaédnly 12-week evidence was
available for the efficacy of the Q2W dose, whilst the QM dose had sataefar 52 weeks. Additional clinical
efficacy evidence was provided from a non-RCT study (TAUSSIG) aadbpen-label, extension studies (OSLER
1 and 2). However, some participants in the extension studies wengedrom trials with populations and/or
comparators that were excluded from the principal review of the fousR@d it is unclear how these trials and the
nonRCT study were identified for inclusion in the company’s review. The inclusion of these studies was justified

by the company on account of théonger-term evidenceThe included efficacy RCTs also excluded potentially
relevant patients, such as those with diabetes. A network meta-analysig (MidAot performed, although it was
concluded by the ERG it may have been useful in order to @uamé uncertainty associated with the treatment
effects, as required for subsequent health economic analyses.

The submission of safety evidence was a non-systematic revievodfoqgality RCTs, providing evidence for up to
two years. There were no obvious safety concerns, with most ding balanced across evolocumab and
comparator trial arms, and very small numbers of SAEs. However, tBenBfed that relatively higher 12-week AE
rates were reported in patients who had HeFH and statin-intolerant patienthaghprimary non-familial
hypercholesterolaemia. SimilarbAE rates were also relatively higher for trials with a longer follow-upation.
This suggests that some patient subgroups might experience manenfrezyents and that all patients are at
increased risk of AEs over timalthough the rates are generally similar to comparators. The ERG noted atbe that
longer-term evidence presented was derived from some trials with popsitatimnwould not be eligible to receive
evolocumab in clinical practice in the NHS (e.g. people who were not oimmnaixtolerated doses of statins).
Further long-term datevere therefore needed in relevant UK populations, althouglastunclear whether ongoing

trials would address this.



3.2 Cost-effectiveness evidence provided by the company

The company submitted a model-based health economic analysis afstpairt submission to NICE. Following the
identification of programming errors and inconsistencies by the ER@ed versions of the model were submitted
by the company during the clarification process and, again, followibmission of the ERG report. The analysis
was undertaken from the perspective of the NHS over a lifetime hori2osts and health outcomes were
discounted at a rate of 3.5% per amn’he company’s analysis was presented for three populations: (i) patients
with non-familial primary hypercholesterolaemia who have no histor@\dD (primary prevention); (ii) patients
with non-familial primary hypercholesterolaemia who have existing CVDo(skary prevention), and; (iii) patients
with HeFH, comprising a mix of patients with no history of CVD and patievith existing CVD (primary and
secondary prevention). For all three populations, separate analyses egemtgnt for patients who are able to take
statins (hereaftatenoted “ST” - statin tolerant) and for patients for whom statins are contraindicatext tolerated
(hereafterdenoted “SI” — statin intolerant). The company’s base case analysis assessed evolocumab with/without
statins. Within all three analyses, modelled comparators included ezetjbdbe with and without statins).
Additional scenario analyses were presented in which evolocumab wasedsgu be used in combination with
ezetimibe.

The company’s base case model adopted a Markov approach, using an annual cycle length and comp2iéed
mutually exclusive health statehree individual “acute” event states (acute coronary syndrome [ACS], ischaemic
stroke [IS], heart failure [HF]), where patients remain for a maxirdunation of one year unless they experience
the same event during the next cyclgye individual “chronic” event states (including three “post-event” health
states - post-ACS, post-IS and poHEF, as well as no CVD and “established” CVD (ECVD); thirteen composite
CVD health states (including “acute” and “post-event” health states, which contain either two or three individual

health states); and three death states (CHD death, stroke death and daatilrecauses).

Baseline characteristics for the non-familial primary prevention and secopdamntion populations were based
on the subset of patients in the LAPLACE-2 trial who had LDL-C>2.6linj23]. Baseline characteristics for the
HeFH population were based on the modified intentetreat (ITT) population of the RUTHERFORD-2 trial [26]
The model used risk equations from the Framingham Heart Studyaf@il REduction of Atherothrombosis for
Continued Health (REACH) Registry [32] to predict CVD risk (prioet@locumab or ezetimibe) and then adidst
these umig “calibration factors” derived from an analysis of data from the Clinical Practice Research Datalink
(CPRD) and Hospital Episode Statistics (HES) for the non-familial population[3@$iray a calibration factor from
Benn et al [34] for the HeFH population.

LDL-C reduction is used as a surrogate for a reduction in CVitevéhe relationship between LDL-C reduction
and CVD event reduction was taken from the CTTC meta-analysisH@8lthe ST population, LDL-C treatment
effects were based on the LAPLACE-2 trial [23]. For the SI population,nesdteffects were based on the
GAUSS-2 trial [24]. Health utilities were based on Eurogol-5D (EQ-5D) and tiade-off (TTO) studies used in



the NICE Clinical GuidelingfG) 181 model[15] The model included the costs of lipid-lowering therapy,
administration training costs (evolocumab only), monitoring costds @i revascularisation procedures, health state
costs and the costs of CV-related death. Costs associated with man&gingrd not included in the company’s
model. All costs were valued at 2013/14 priddsit costs were taken from the NHS Drugs Tariff, NHS Reference
Costs [35], the Personal Social Services Research Unit (PSSRU) [36] &RIHHES costing analysis undertaken
by the company [33].

The CS contained a large range of analyses, including cost-effectiveagsearwithin whole cohorts of patients
and threshold analyses to determine the 10-¢&D risk at which the incremental cost-effectiveness ratio (ICER)
for evolocumab would be below £20,000 or £30,000 per QALY gaiBeded on the list price analyses, the
probabilistic ICERs for evolocumab versus ezetimibe were considenédier than £30,000 per QALY gained
within the non-familial population and the HeFH populatiorresponse to the critique presented in the ERG report,
the company submitted a further amended health economic model whigsadldome of the ERG’s concerns
regarding the company’s original model and included a Patient Access Scheme (PAS) for evolocumab based on a
confidential simple price discount. Based on the company’s amended model and including the PAS, the
deterministic ICERs for evolocumab against ezetimibe were above £74,0@15/000 per QALY gained within
the non-familial primary and secondary prevention population, respbgtiwhilst the ICERs within the HeFH

population were approximately £23,000 per QALY gained.

3.2.1 Critique and inter pretation of the cost-effectiveness evidence

The ERG critically appraised the company’s health economic analyses and the models upon which these analyses
were based. The ERG identified a number of programming erroliseosistencies, some of which were rectified
by the company following the clarification process and following then&gion of the ERG report. THERG’s
main concerns related to four sets of issues: (a) the conceptual represehthtaroadition; (b) model process and
logic; (c) model implementation and mis-specification of evidence inputk, @) uncertainties regarding the
relationship between LDL-C reduction and CVD events. The ERG also notidrflwoncerns relating to the
derivation of certain input parameters, the reporting of results, hdalth gtilities and costs. Owing to the
limitations in the company’s model, the ERG had doubts regarding the validity of the results presented within the

CS and advised considerable caution in their interpretation and userimiimgalecision-making.

(a) Conceptual representation of the condition

Health states within the company’s model are defined by CVD events; this is appropriate for modelling cholesterol-
lowering therapies. However, the choice of which health states (CVD eveots) &e included in the model is a
matter of debate. In particular, the ERG noded the health states used in the company’s model are different from
those used in the NICE CG181 model [15]. The CS did not include a digstigb how the health states were
selected nor did it explain why these should be considered more relemamihdise states included in NICE CG181

[15] or other published models. In particular, the company’s model had the following features: (a) the inclusion of



HF as a health state; (b) the inclusion of IS but not haemorrhagic strokéclatitt use of composite health states
which include a combination of up to three individual health statesAE§ plus post-IS plus post-HF). The ERG
noted the lack of evidence for the impact of cholesterol-lowering therapiel§. Furthermore, the company did not
provide any justification regarding the inclusion of only IS. Whilst ipigusible that people may experience
multiple different types of CVD events over their lifetime, there ardata available to inform these transitions and
therefore the company’s model makes a number of arbitrary assumptions regarding maximum event risk in order to

populate these cells in the transition matrix.

(b) Model process and logic

For the analysis of patients with non-familial prismagpercholesterolaemia, the company’s model uses a three-step
approach to estimate the risk of CVD events. This involves: (i) dsngramingham [31] and the REACH Registry
[32] equations to predict the baseline risk of CVD events depending omdumlicharacteristics in a subset of the
LAPLACE-2 trial [23]; (ii) estimating calibration factors to adjust predictidream the Framingham [31] and
REACH [32] equations to “real world data” estimated from the company’s analysis of CPRD/HES data [33], and;
(i) adjusting the baseline risks estimated using the Framingham and RBR&Gistry equations by these estimated
calibration factors. The ERG considered the company’s approach to be circular, overly-complicated and counter-
intuitive, as it required a number of assumptions and adjustmentsgsuemoving the effect of age and sex) when
estimating and applying the calibration factors. The ERG coridbat it would have been more appropriate to
estimate baseline CVD risk from the CPRD/HES data directly and to adjust thesquaritly using relative risks

from the published literature to reflect additional risk factors for sulpgrouhere appropriate.

(c) Model implementation and misspecification of evidence inputs

The ERG identified several inconsistencies and errors innp&mentation of the company’s model. First, the
company’s model incorrectly treated the predictions from the Framingham [31] and REACH Registry [32] risk
equations as event rates rather than probabilities. Second, the model misinterpagtdte VREACH Registry risk
equations are predicting [32]; the model incorrectly treated predictionsli@REACH Registry risk equations for
“next CVD event” and “CVD death” as being independent of one another and incorrectly assumed that the risk for
“next CVD event” predicted by the REACH Registry equation included only non-fatal events. Taken togetitier w
the absence of constraints, this led to mathematical inconsistencies whisk tfdatal and non-fatal CVD events
was high. In addition, the ERG also noted a mismatch in evidence whaeebreatment effect used in the model
did not match the baseline LDL-C level of the population from whidh dstimated. With respect to the HeFH
population, the company estimated the risk of CVD events using the fglaanin[31] and REACH Registry [32]
risk equations in the RUTHERFORD-2 trial and then adjusted these using ratiatestimated from Benn et al
[34], calculated between the general population and patients with HeFH. The HR@leced this to be
inappropriate as the baseline risk in the nanifial population used in the company’s model already reflects people

who are at a higher risk due to higher baseline cholesterol.

10



(d) Uncertainty regarding the relationship between LDL-C reduction angttieds in CVD events

The company’s model applied a relationship between LDL-C reduction and reduction in CVD evprastified in
terms of the proportional reduction in specific CVD events per mmelduction in LDL-C, based on the CTTC
meta-analysis [18]. Owing to the lack of data, the model includedinaber of debatable assumptions and
simplifications. Notably, the relationship estimated by the CTTC relatedetdirt (recurrent) CVD event; it is
unclear whether the relationship would be maintained for subsequerts.elteis also unclear whether the
relationship estimated from the CTTC meta-analysis in people receiving statind hold for evolucumab and
ezetimibe. In additionht company’s model further assumed that the relationship between LDL-C reduction and
non-fatal Ml would hold for HF (first event). Assumptiomgre also made for the effect of LDL-C reduction on
ECVD. The relative reduction in fatal CVD event rate per mmol/L reductionDb-C, from the CTTC meta-
analysis, is applied independently of previous events; this is unlki&dhe correct as the reduction in fatal CvD

events is correlated with the reduction in non-fatal events.

3.3 Additional work undertaken by the Evidence Review Group
Owing to the number of problems identified within thenpany’s model, the ERG did not consider it appropriate or

valuable to undertake additional exploratory analyses prior to thé\@rsheeting

3.4 Conclusions of the Evidence Review Group Report

The ERG recognised that the CS included a good-quality systematic refvibe efficacy evidence and that the
four key RCTs were all good quality and at low risk of bias. Reswdte consistent across trials for both efficacy
and safety outcome3he clinical review found that evolocumab was efficacious at lowering LDIt-&lso found
that evolocumab was safélowever, the safety evidence, though extensive, was derived in rpart tfial
populations that did not reflect the patients likely to present in UK clipicadtice, and AE rates appeared to be
higher in some subgroups; the provision of more long-termysafgtience in these populations was therefore a
recognised requirement. The ERG noted that the longer-term efficacy fahyd esadence from the DESCARTES
placebo-controlled trial (52 weeks rather than 12 weeks) related otig tevolocumab QM dose; thenere no
equivalent data for the Q2W dose. The ERG also noted that there wasdeace on the relative efficacy of
evolocumab compared with ezetimibe in the familial hypercholesterolaemia sppgrmodor evolocumab in
combination with ezetimibe compared with placebo in any population, andahsrittle or no direct trial evidence
for evolocumab in terms of HRQoL or apheresis. The ERG also noted tilst, MDL-C is an accepted surrogate
outcome for CVD for statins, thergas little direct evidence for the relationship between evolocumab and CVD
events (as a safety outcomé&his was the rationale behind the ongoing FOURIER trial (clinicaltrials.govifieen
NCT01764633[29]) (Table 1), which aims to evaluate the impaevofocumab on CVD outcomes, but only in

people who have already had a CVD event.

Table 1: Relevant ongoing study of evolocumab (FOURIER)
[INSERT TABLE 1 HERE]
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Based on the company model, (excluding revisions to scenarios presgntied dompany after the Appraisal
Committee meetings), the probabilistic ICERs for evolocumab versus ezetiveilee considerably higher than
£30,000 per QALY gained within both the non-familial population tmedHeFH population prior to the inclusion
of the PAS. Including the PAS, the deterministic ICERs for evolocumahbisreetimibe were above £74,000 and
£45,000 per QALY gained within the non-familial primary and seaongrevention population, respectively,
whilst the ICERs within the HeFH population were approximately £23p@00QALY gained. However, the ERG
had doubts regarding the validity of the results presented by the ograpa advised caution in their interpretation
and use in decision-making. As such, the expected cost-effectivdrmssiacumab in the non-familial and HeFH

populations remains unclear.

4. KEY METHODOLOGICAL ISSUES

The health economic model submitted by the company was subject mabamof methodological issues, including
the estimation of the risk of CVD events and the reliance on the @sswfogate endpoint to predict the effect of
evolocumab on CVD events. Given the current clinical evidence base, it remalaaruwhether evolocumab is
associated with a benefit in terms of reduced CVD events and specifidatiher the same relationship between

LDL-C and CVD events observed for statins would also holé@¥otocumab and ezetimibe.

5.NATIONAL INSTITUTE OF HEALTH AND CARE EXCELLENCE (NICE) GUIDANCE

In May 2016, on the basis of the evidence available, including vedtahtay from invited clinical experts and
patient representatives, th&C produced the following final guidance to the NHS in England (TA3[].
Evolocumabwas recommended as an option for treating primary hypercholesterolaemixenl dyslipidaemia,
only if:

e The dosage is 140 mg every 2 weeks (Q2W)

e LDL-C concentrations are persistently above the thresholds specifieabla Z despite maximal tolerated
lipid-lowering therapy. That is, either the maximum dose has beenedsamhfurther titration is limited by
intolerance, as defined in NICE’s guideline on the identification and management of familial
hypercholesterolaemia (CG71) [37].

e The company provides evolocumab with the discount agreed in the PAS.

Table 2: LDL-C concentrations above which evolocumab is recommended
[INSERT TABLE 2 HERE]

5.1 Consideration of clinical effectiveness and cost-effectiveness issues included in the Final Appraisal
Deter mination (FAD)
The full list of the issues considered by #h€ can be found in the FAD [3]. The key issues are described in the

following sections.
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5.1.1 Uncertaintiesin the clinical evidence

The committee agreed that the included RCTs were relevant and ofggatity, and noted that evolocumab
effectively reduced LDL-C by 6&/0% compared with placebo in patients with HeFH, and around 40% compared
with ezetimibe in patients who were statin intolerant. It also noteddéspite the omission of potentially relevant
patients from the trials, such as those with diabetes, the results coulddpaliged to clinical practice in England.
However, the committee noted that current guidance on lipid-loweringptlesr emphasises managi@yD risk
rather than targeting cholesterol concentrations, and that the evolocumabnR&Tnot powered to measure CVD
outcomes. Tie committee considered this to be an important limitation of the evidencelttmrefore concluded
that the extent to which evolocumab could reduce CVD was still uncertatigytarly with low concentrations of
LDL-C at baseline (<3.5mmol/LHowever, it accepted the potential impact of evolocumab on CVD risk lmased
the evidence for the alternative therapies, statins and ezetimibe [18, 21]. tbaKsimto account clinical advice
indicating that groups at high risk of CVD, based on inadequately-tledtrioDL-C after treatment with statins
and/or ezetimibe, have few alternative treatment options, and therapies sapheassis should be avoided if
possible. Furthermore, in the absence of robust, long-term data, thattsrcould not ascertain whether the effect
of evolocumab would be maintained over time at the same level as whenytheaspstarted. Despite these
uncertainties, the committee concluded that, in clinical practice, evolocumab #ierelibre be reserved as an add-

on therapy to statins and ezetimibe for people who are at a high @3knf

5.1.2 Uncertaintiesin the cost-effectiveness evidence

The committee considered the internal validity of the model to be unclear owihg tbsence of evidence to
populate all the transitions to the health states within the model. In pertitue committee agreed that the
modelling of composite health states (combination of events) was basadbitmrary assumptions with little
evidence. The committee agreed that it was more appropriate to model separapddy wido non-familial
hypercholesterolaemia who can or cannot tolerate statins. The committes fistd that using risk equations
could be appropriate if these reliably predicted the risk of CVD events and cedsitlat the use of QRISK2 [40]
was more appropriate compared with the Framingham risk equationgpedaple with non-familial
hypercholesterolaemia without a history of CVD.

For the HeFH population, the committee agreeith the ERG’s suggestion that the secondary and primary
prevention populations should be assessed separately. The committee éadbarsed that the risk equations used
by the company were not derived from people with HeFH and considextedsihg the rate ratio from Benn et al
[34] was inappropriate and overestie@bf the risk of CVD among these people. As a result, the committee was

doubtful about the validity of the estimated cost-effectiveness of evolociomtiis population.

The committee raised some uncertainties concerhingompany’s model in terms of treatment duration and how

long treatment would last. The committee further noted that only the destiedness for the 140mg dosage
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administered every 2 weeks were presented by the company; thus waslemdyrabke a recommendation for this

dosage.

Overall, the committee considered that the ICERs presented by the company toeeeléaterpreted with caution
owing to the limitations of the model. Despite these concerns, the commit&dered that the ICERs for the non-
familial population were above those that are normally considered acceptabtariimétee noted that the ICERS
for the HeFH population were within acceptable range but drew attention tmlzenwf inconsistencies in the
results for this population. For example, the committee noted that thesl®Eseople without CVD were lower
than those for people with CVD, which contrasted with findings in rtba-familial hypercholesterolaemia
population. The committee heard from the ERG that different CVD evests assumed for the two populations
and that the calibration of CVD events for the non-familial hypercholesteralggpulation was event-specific,
whereas a single rate ratio from Benn et al [34] was applied to all CVDsefeerthe HeFH population. In light of

this, the committee expressed doubts about the face validity of the resulERg.IC

6. CONCLUSION

The evidence suggests that evolocumab is efficacious and safe imgeddi-C concentrations in patients with
primary familial and non-familial hypercholesterolaemia. However, curngidbgce emphasises reduction in CVD
risk as the key outcome and this was not adequately demonstrated by thélevaidence for evolocumab
Nevertheless, the committee determined that evolocumab was cost-effective rifftaryp non-familial
hypercholesterolaemia patients at high or very high risk of CVD, basguiar CV events and LDL-C level, and
for those with HeFH, but only as long as stated, elevated levels of LDL-€ p@sistent and inadequately-
controlled on other appropriate therapies. However,irtfferences to be drawn from the evidence for statins and
ezetimibe, and the high clinical unmet need and high risk of CVDesetlgroups, were deemed sufficient reasons
for a positive recommendatipdespite the absence of direct evidence on the relationship between maijoand
CVD risk reduction. However, the FAD stated that the guidance was to be rewidwedthe ongoing FOURIER
trial reported, although this trial only aims to assess the impact of enmddcon CVD outcomes in people who

have already had a CVD event.
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