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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc529883197]List of abbreviations
	Abbreviation
	Meaning

	ADA
	Anti-drug antibodies

	ADR
	Adverse drug reaction

	AE
	Adverse event

	Apo A-1
	Apolipoprotein A-1

	Apo B
	Apolipoprotein B

	AUC
	Area under the serum concentration versus time curve to time infinity

	AUClast
	Area under the serum concentration versus time curve from time zero to real time Tlast

	AUC0-28
	Area under the serum concentration versus time curve from time zero to Day 29

	BMI
	Body mass index

	CD15
	Serum concentration observed on Day 15

	CD29
	Serum concentration observed on Day 29

	CHD
	Coronary heart disease

	CHMP
	Committee for Medicinal Products for Human Use (EU)

	CL/F
	Apparent total body clearance of drug from serum

	Cmax
	Maximum serum concentration observed

	CSR
	Clinical study report

	CV
	Cardiovascular

	CVD
	Cardiovascular disease

	FAS
	Full assessment set

	GCP
	Good Clinical Practice

	heFH
	Familial hypercholesterolaemia

	HLT
	High level term

	IMP
	Investigational medicinal product

	ITT
	Intent to treat

	IVRS
	Interactive voice response system

	IWRS
	Interactive web response system

	LC/MS-MS
	Liquid chromatography with tandem mass spectrometry

	LDL
	Low density lipoprotein

	LDL-C
	Low density lipoprotein cholesterol

	LDLR
	Low density lipoprotein receptor

	LLOQ
	Lower limit of quantification

	LMT
	Lipid modifying therapy

	Lp(a)
	Lipoprotein

	mAb
	Monoclonal antibody

	MACE
	Major adverse cardiac event

	MMRM
	Mixed effect model with repeated measures

	non-FH
	Non familial hypercholesterolaemia

	non-HDL-C
	Non high density lipoprotein cholesterol

	PCSK-9
	Proprotein convertase subtilism kexin type 9

	PD
	Pharmacodynamics

	PFP
	Prefilled pen

	PI
	Product Information (Aust.)

	PKS
	Prefilled syringe

	PK
	Pharmacokinetics

	PopPK
	Population pharmacokinetics

	PT
	Preferred term

	Q2W
	Every 2 weeks

	Q4W
	Every 4 weeks

	SAE
	Serious adverse event

	SC
	Subcutaneous

	SD
	Standard deviation

	SE
	Standard error

	SOC
	System organ class

	SREBP-2
	Sterol regulatory element-binding-protein-2

	TEAE
	Treatment emergent adverse event

	TGs
	Triglycerides

	Tlast
	Time corresponding to the last concentration above the limit of quantification

	T½
	Terminal half life

	Total C
	Total cholesterol

	ULOQ
	Upper limit of quantification

	Vss/F
	Distribution volume at steady state

	Vz/F
	Distribution volume in the terminal phase


[bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc529883198]Introduction
[bookmark: _Toc499636125][bookmark: _Toc529883199]Submission type
This is an abridged submission. This submission seeks to register:
An extension of the indications of Praluent to increase the patient population by removing the need for clinical atherosclerotic cardiovascular disease and including monotherapy
A change to the dosage to allow a starting dose of 150 mg every 2 weeks or 300 mg monthly; and maintenance on 300 mg monthly dosing
A change to the PI and the CMI to reflect the above changes
For the purposes of this report the product, which has 3 tradenames (Praluent, (information redacted)) will be referred to as Praluent only.
[bookmark: _Toc499636126][bookmark: _Toc529883200]Drug class and therapeutic indication
Alirocumab is a fully human monoclonal antibody (mAb) (IgG1 isotype) that targets pro-protein convertase subtilism kexin type 9 (PCSK9).
The approved indication is:
Praluent is indicated as an adjunct to diet and exercise in adults with heterozygous familial hypercholesterolaemia or clinical atherosclerotic cardiovascular disease:
in combination with a statin, or statin with other lipid-lowering therapies or,
in combination with other lipid-lowering therapies in patients who are statin intolerant.
The effect of Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
The proposed revised indication is:
Praluent is indicated as an adjunct to diet and exercise in adults with primary hypercholesterolaemia (heterozygous familial and non-familial) or mixed lipidaemia:
in combination with a statin or statin with other lipid lowering therapies in patients unable to reach LDL-C goals with a 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 Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
[bookmark: _Toc469041403][bookmark: _Toc529883201]Dosage forms and strengths
The following dosage forms and strengths are currently registered:
75 mg/mL and 150 mg/mL, solution for injection, prefilled pen
75 mg/mL and 150 mg/mL, solution for injection, prefilled syringe
Each is presented in pack sizes of 1, 2 or 6.
There is no change proposed to the dosage forms or strengths.
[bookmark: _Toc469041404][bookmark: _Toc529883202]Dosage and administration
The currently approved dose regimen and route of administration is:
The recommended starting dose of Praluent is 75 mg administered subcutaneously once every 2 weeks, since the majority of patients achieve sufficient LDL-C reduction with this dosage.
If the LDL-C response is inadequate, the dosage may be increased to the maximum dosage of 150 mg administered every 2 weeks. Lipid levels may be measured from 4 weeks of initiating or titrating Praluent, to assess the response and adjust the dose, if needed.
For mean LDL-C reduction achieved with the 75 mg and 150 mg dose in controlled clinical studies see section clinical trials.
If a dose is missed, instruct the patient to administer the injection within 7 days from the missed dose and then resume the patient’s original schedule. If the missed dose is not administered within 7 days, instruct the patient to wait until the next dose on the original schedule.
No dose adjustments are needed for elderly patients or patients based on weight. No dose adjustments are needed for patients with mild or moderate renal or hepatic impairment (see pharmacokinetics).
Method of Administration
Praluent is injected as a single subcutaneous injection into the thigh, abdomen or upper arm. It is recommended to rotate the injection site with each injection. Praluent should not be injected into areas of active skin disease or injury such as sunburns, skin rashes, inflammation, or skin infections.
The patient may either self-inject Praluent or a caregiver may administer Praluent, after guidance has been provided by a healthcare professional on proper subcutaneous injection technique.
Praluent must not be co-administered with other injectable medicinal products at the same injection site.
Praluent is a sterile product and contains no antimicrobial preservatives. Product is for single use in one patient only.
Before administration, Praluent should be inspected visually for particulate matter and discolouration. If the solution is discoloured or contains particulate matter, the solution should not be used.
To avoid discomfort, Praluent should be allowed to warm to room temperature (up to 25 °C) for 30 to 40 minutes prior to use. Do not heat, let it warm up on its own. Praluent should be used as soon as possible after it has warmed up. Time out of refrigeration should not exceed 24 hours at 25 °C.
After use, place the Praluent pre-filled pen or pre-filled syringe into a puncture resistant container and discard in accordance with local requirements.
The proposed revised dose and administration regimens (changes in bold text) are:
The recommended starting dose of Praluent is 75 mg once every 2 weeks or 300 mg once every 4 weeks (monthly), administered subcutaneously. Patients requiring larger LDL-C reduction may be started on 150 mg administered subcutaneously once every 2 weeks.
The dose of Praluent can be individualised based on patient characteristics such as Baseline LDL-C level, goal of therapy and response. Lipid levels may be measured from 4 weeks of initiating or titrating Praluent, to assess the response and adjust the dose, if needed. If additional LDL-C reduction is needed in patients treated with 75 mg once every 2 weeks or 300 mg once every 4 weeks (monthly), the dosage may be adjusted to the maximum dosage of 150 mg once every 2 weeks.
If a dose is missed, instruct the patient to administer the injection within 7 days from the missed dose and then resume the patient’s original schedule. If the missed dose is not administered within 7 days, instruct the patient to wait until the next dose on the original schedule.
No dose adjustments are needed for elderly patients or patients based on weight. No dose adjustments are needed for patients with mild or moderate renal or hepatic impairment (see pharmacokinetics).
Method of Administration
Praluent is injected as a subcutaneous injection into the thigh, abdomen or upper arm. It is recommended to rotate the injection site with each injection. Praluent should not be injected into areas of active skin disease or injury such as sunburns, skin rashes, inflammation, or skin infections.
To administer the 300 mg dose, give two 150 mg injections consecutively at two different injection sites.
The patient may either self-inject Praluent or a caregiver may administer Praluent, after guidance has been provided by a healthcare professional on proper subcutaneous injection technique.
Praluent must not be co-administered with other injectable medicinal products at the same injection site.
Praluent is a sterile product and contains no antimicrobial preservatives. Product is for single use in one patient only.
Before administration, Praluent should be inspected visually for particulate matter and discolouration. If the solution is discoloured or contains particulate matter, the solution should not be used.
To avoid discomfort, Praluent should be allowed to warm to room temperature (up to 25 °C) for 30 to 40 minutes prior to use. Do not heat, let it warm up on its own. Praluent should be used as soon as possible after it has warmed up. Time out of refrigeration should not exceed a maximum of 30 days at temperatures below 25 °C.
After use, place the Praluent pre-filled pen or pre-filled syringe into a puncture resistant container and discard in accordance with local requirements.
[bookmark: _Toc529883203]Information on the condition being treated
No new information on the condition to be treated is provided in the new submission. The background information is the same and that presented in the initial submission (PM‑2015‑00764-1-3).
[bookmark: _Toc529883204]Current treatment options and clinical rationale
Alirocumab is currently approved at a starting dose of 75 mg administered subcutaneously (SC) once every 2 weeks (Q2W). The dose can be individualised based on the patients response at 4 weeks after initiation of therapy and if necessary increased to 150 mg Q2W. The aim is to treat with the lowest dose necessary to achieve the desired LDL-C reduction.
[bookmark: _Toc529883205]Clinical rationale
[bookmark: _Toc499636137]The Q4W dose regimen was developed as an additional dosing option for alirocumab. The submission presents PK, efficacy and safety data in support of the 300 mg Q4W dosing regimen (including as a starting dose) for patients who may find monthly dosing more convenient.
[bookmark: _Toc529883206]Evaluator’s commentary on the background information
The background information is satisfactory.
[bookmark: _Toc529883207]Contents of the clinical dossier
[bookmark: _Toc529883208]Scope of the clinical dossier
The dossier documented a development program of pharmacology studies related to the revised dose regimen, one pivotal efficacy study on the new dose regimen and the final study reports for the five studies which were submitted in the initial submission with only interim (first step) analyses relating to the proposed extension of indication.
Two Population PK (popPK) analyses of the studies using Q4W dosing
One Pivotal efficacy/safety study of Q4W dosing Study R727-CL-1308
One new efficacy study; Study EFC13786 starting dose 150 mg Q4W compared with 75 mg Q2W
Five Other efficacy/safety studies; final reports for studies previously evaluated as interim reports: Studies; EFC 11569, EFC 12792, EFC 12732, LTS 11717, R77-CL-1112 – Q2W
ISE/ISS; tables only
Literature references
Two Clinical Overviews; 1 for Q2W studies and 1 for Q4W dosing; Summary of Clinical Pharmacology; Two Summaries of Clinical Efficacy; 1 for Q2W studies and 1 for Q4W dosing; Two Summaries of Clinical Safety; 1 for Q2W studies and 1 for Q4W dosing.
[bookmark: _Toc529883209]Paediatric data
The submission did not include paediatric data. The paediatric status is unchanged from initial submission.
[bookmark: _Toc529883210]Good clinical practice
[bookmark: _Toc355338639]The study reports state that the studies were conducted in compliance with the ethical principles that have their origin in the Declaration of Helsinki and that are consistent with ICH GCP and the laws and regulations, as well as applicable guidelines, of the countries where the studies were conducted. It is stated that all subjects provided informed consent prior to any study related procedures and that the protocol and amendments were submitted to appropriate ethics committees.
[bookmark: _Toc469041418][bookmark: _Toc529883211]Evaluator’s commentary on the clinical dossier
Similar to the initial application, the submission is a composite dossier. It includes two sets of Module 2 documentation; each with a Clinical Overview, Summary of Clinical Efficacy and Summary of Clinical Safety and it is based on the European submission which approved a slightly different wording to the indication. It then follows that the submission does not directly address some of the changes being requested, for example wording of the indication; or the fact that the current Australian registration differs from the approved dosing in the EU.
The submission was evaluated from the electronic version. It is generally well presented.
[bookmark: _Toc529883212]Pharmacokinetics
[bookmark: _Toc469041420][bookmark: _Toc529883213]Studies providing pharmacokinetic information
No new pharmacokinetic (PK) data was presented for the Q2W dosing regimen. PK data from two efficacy and safety studies and one PopPK study were presented for the Q4W dosing regimen.
[bookmark: _Toc479948125]Table 1: Submitted pharmacokinetic studies
	PK topic
	Subtopic
	Study ID
	Primary Aim

	PK in special populations
	Target populations§
	R727-CL-1308
EFC13786
	efficacy and safety
efficacy and safety

	Population PK analyses
	Target population§
	BAY0041
	PopPK


§ Subjects who would be eligible to receive the drug if approved for the proposed indication.
[bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290888474][bookmark: _Toc416353670][bookmark: _Toc421005245][bookmark: _Toc432079127][bookmark: _Toc432080700]Pharmacokinetics in the target population
Study R727-CL-1308
Study R727-CL-1308 was a randomised, double blind, placebo controlled, parallel group, multicentre, 48 week study to assess the efficacy and safety of alirocumab 300 mg Q4W as a treatment regimen, including as a starting dose in patients with primary hypercholesterolaemia. There were three treatment groups: placebo, alirocumab 300 mg Q4W, and alirocumab 75 mg Q2W, with a possible dose adjustment to 150 mg Q2W at Week 12 for alirocumab treatment groups. This trial randomly assigned 458 patients to alirocumab 300 mg Q4W, 115 patients to alirocumab 75 mg Q2W, and 230 patients to placebo with or without concomitant statin therapy, in separate strata.
At 75 mg and 150 mg using a Q2W dosing regimen, and at 150 mg and 300 mg using a Q4W dosing regimen, steady state concentrations of alirocumab were achieved within 2 or 3 SC administrations (at or prior to Week 12) administered alone or in combination with statin.
Monthly exposures observed at 300 mg Q4W were very close to those estimated at 150 mg Q2W, which was consistent with the linear kinetics observed when the target is saturated. As previously characterised, when administered in combination with statins, a more pronounced target mediated clearance of alirocumab was observed, leading to about a 30% decrease in alirocumab steady state exposure for both Q2W and Q4W dosing regimens.
Overall, 19.3% of patients who were on statin and 14.7% of patients who were not on statins required an adjusted dose regimen from alirocumab 300 mg Q4W to 150 mg Q2W to achieve target LDL-C levels.
Prior to Week 12, patients who achieved their target LDL-C levels with the 300 mg Q4W regimen had minimal fluctuations in LDL-C levels and evidence of saturation (or near saturation) of PCSK9 binding throughout the dosing interval was observed. In contrast, patients initially receiving 300 mg Q4W and who required dose adjustment had lower concentrations of total alirocumab, lower total PCSK9 concentrations and less substantial LDL-C lowering with greater fluctuation between doses prior to dose adjustment compared with patients maintained on 300 mg Q4W. After dose adjustment to 150 mg Q2W, LDL-C was effectively lowered over the entire dosage interval in both patients with or without statins.
Study EFC13786
Study EFC13786 was a randomised, double blind, placebo controlled, parallel group, multicentre, 24 week study to assess the efficacy and safety of alirocumab 150 mg Q4W as a treatment regimen, including as a starting dose in patients with primary hypercholesterolaemia not treated with a statin, mostly statin intolerant patients. There were three treatment groups: placebo, alirocumab 150 mg Q4W, and alirocumab 75 mg Q2W, with a possible dose adjustment to 150 mg Q2W at Week 12 for alirocumab treatment groups. This trial randomly assigned 59 patients to alirocumab 150 mg Q4W, 116 patients to alirocumab 75 mg Q2W, and 58 patients to placebo.
Based on individual and mean Ctrough time profiles, steady state appears to be reached before Week 12, after 2 doses in most of the patients. The treatment regimen of alirocumab 150 mg Q4W/150 mg Q2W for 24 weeks produced statistically significant decreases from Baseline in LDL-C levels in patients receiving non-statin therapy (fenofibrate or ezetimibe), or on diet alone, however about half of the patients (49.1%) required a dose adjustment to 150 mg Q2W. Before dose adjustment, the magnitude of LDL-C lowering with 150 mg Q4W was considered sub-optimal in these patients with high Baseline LDL-C.
During the first 12 weeks, when all alirocumab treated patients were receiving alirocumab 150 mg Q4W or 75 mg Q2W, patients who had dose adjustment to 150 mg Q2W at Week 12 had a lower exposure to alirocumab, lower decrease in mean free PCSK9 concentrations and an associated lower LDL-C efficacy response than patients without dose adjustment. Titration to alirocumab 150 Q2W resulted in a large increase in alirocumab concentrations, an additional decrease in the mean free PCSK9 level associated with an additional decrease in LDL-C.
[bookmark: _Toc416353677][bookmark: _Toc421005247][bookmark: _Toc432079129][bookmark: _Toc432080702]Population pharmacokinetics
PopPK analysis BAY0041
The objective of this analysis was to provide individual estimates of PK parameters as well as alirocumab exposures in the dosing interval (Cmax and AUC0-τ) for patients from the Studies R727-CL-1308 and EFC13786 using a Maximum A Posteriori Bayesian approach. PK samples, dosing information and key demographic parameters such as body weight, body mass index, age, sex, race, free and total PCSK9 concentrations at Baseline and throughout the study, and relevant background therapies (statin, fibrate and ezetimibe) were used in these analyses.
A total of 703 patients treated with alirocumab (5040 alirocumab concentrations) were included in this analysis. The NONMEM software (version 7.2) running on a LINUX cluster of multi-processor computers was used. The final PopPK model (Study POH0377) provided in the initial application was applied to the current dataset, with its parameter estimates as prior estimates for the assessment of individual parameters and concentration predictions. The estimation step was omitted using the option MAXEVAL = 0 to compute the individual estimates based on the final population estimates of θ, ω, and σ obtained in the final PopPK model.
The results demonstrated that the demographic and physiologic patient characteristics and laboratory Baseline values for patients from the Studies R727-CL-1308 and EFC13786 were close to the ones included in the Study POH0377[footnoteRef:1]. The Pop-PK model predictive ability was confirmed using different approaches such as examination of the goodness of fit plots, weighted residuals and by estimation of several quality criteria such as bias, precision or Average Fold Error. Alirocumab exposures in the dosing interval (Cmax and AUC0-τ) were predicted for Q2W and Q4W dosing regimens. [1:  Evaluated in initial application PM-2015-00764-1-3] 

Comparison of Q4W and Q2W dosing regimens
Consistent with the expected near linear kinetics of alirocumab at these doses, when comparing the modelled total monthly exposure (AUCwk8-12) for 300 mg Q4W of the randomised Study R727-CL-1308 PK population with a predicted post-hoc monthly exposure (AUCwk8-12) for 150 mg Q2W from these same individual patients, the monthly exposures are found to differ by less than 4%. More generally, the exposures at 300 mg Q4W in Study R727-CL-1308 could be compared to those observed at 150 mg Q2W in the initial dossier, regardless of the potential dose adjustment.
[bookmark: _Toc479948126]Table 2: Comparison of alirocumab steady state exposures between 300 mg Q4W (CHOICE I) and 150 mg Q2W (FH I, COMBO II, LONG TERM)
[image: ]
The dose of 300 mg Q4W results in higher mean Cmax value (1.5 to 1.7 fold increase) compared with that observed at 150 mg Q2W, however these high concentrations saturate the target and thus are unlikely to differ with respect to safety or efficacy.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290888484][bookmark: _Toc416353681][bookmark: _Toc421005250][bookmark: _Toc432079132][bookmark: _Toc432080705][bookmark: _Toc469041421][bookmark: _Toc529883214]Evaluator’s overall conclusions on pharmacokinetics
The PK of alirocumab is best described as non-linear, with target mediated clearance, though the deviation from linearity is modest. Body weight, age, free PCSK9 concentrations and statin use were identified as significant covariates affecting alirocumab exposure.
The PK of alirocumab in patients from the new studies submitted in this application were consistent with the PK properties determined in the initial dossier.
At 75 mg and 150 mg using a Q2W dosing regimen, and at 150 mg and 300 mg using a Q4W dosing regimen, steady state concentrations of alirocumab were achieved within 2 or 3 SC administrations when administered alone or in combination with statin.
Monthly exposures observed at 300 mg Q4W are very close to those estimated at 150 mg Q2W, which is consistent with the linear kinetics observed when the target is saturated. As previously characterised, when administered in combination with statins, a more pronounced target mediated clearance of alirocumab was observed, leading to about a 30% decrease in alirocumab steady state exposure for both Q2W and Q4W dosing regimens.
[bookmark: _Toc529883215]Pharmacodynamics
[bookmark: _Toc469041423][bookmark: _Toc529883216]Studies providing pharmacodynamic information
No new pharmacodynamic studies were submitted for the Q2W dosing regimen. One PopPK study using the data from the efficacy and safety studies (Studies R727-CL-1308 and EFC13786)
[bookmark: _Toc453839421][bookmark: _Toc479948127]Table 3: Submitted pharmacodynamic studies
	PD Topic
	Subtopic
	Study ID
	Primary aim

	Population PD and PK-PD analyses
	Target population§
	BAY0042
	PopPK


§ Subjects who would be eligible to receive the drug if approved for the proposed indication.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
Relationship between drug concentration and PD Effects
PopPK analysis BAY0042
The objective of this analysis was to provide individual estimates of PD parameters and derived PD parameters (ΔLDL Cmax and ΔLDL Ctrough) for patients from Studies R727-CL-1308 and EFC13786 using a Maximum A Posteriori Bayesian approach. PD samples, dosing information and key demographic parameters such as body weight, body mass index, age, sex, race, free and total PCSK9 concentrations at Baseline and throughout the study, and relevant background therapies (statin, fibrate, and ezetimibe) were used in these analyses.
A total of 703 patients treated with alirocumab (6387 LDL-C values) were included in these analyses. The NONMEM software (version 7.2) running on a LINUX cluster of multi-processor computers was used. The final Pop-PK/PD model (Study POH0394[footnoteRef:2]) provided in the initial application was applied to the current dataset, with its parameter estimates as prior estimates for the assessment of individual parameters and LDL-C predictions. The estimation step was omitted using the option MAXEVAL=0 to compute the individual estimates based on the final population estimates of θ, ω, and σ obtained in the final Pop-PKPD model. [2:  Evaluated in initial application PM-2015-00764-1-3] 

The demographic and physiologic patient characteristics and laboratory Baseline values for the patients from Studies R727-CL-1308 and EFC13786 were close to the ones included in the Study POH0394. The Pop-PK/PD model predictive ability was confirmed using different approaches such as examination of the goodness of fit plots, weighted residuals and by estimation of several quality criteria such as bias, precision or Average Fold Error. PD derived parameters (ΔLDL Cmax and ΔLDL-Ctrough) were predicted for Q2W and Q4W dosing regimens.
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290888496][bookmark: _Toc416353693][bookmark: _Toc421005260][bookmark: _Toc432079142][bookmark: _Toc432080715][bookmark: _Toc469041425][bookmark: _Toc529883217]Evaluator’s overall conclusions on pharmacodynamics
The PD effect of alirocumab on LDL-C is an indirect relationship, mediated through the direct inhibition PCSK9 on the LDL receptor. The PK/PD relationship supports the use of the Q4W dosing.
[bookmark: _Toc529883218]Dosage selection for the pivotal studies
[bookmark: _Toc416353712][bookmark: _Toc421005265][bookmark: _Toc432079147][bookmark: _Toc432080720][bookmark: _Toc469041427][bookmark: _Toc529883219]Phase III pivotal studies investigating more than one dose regimen
The dose response relationship for LDL-C reduction was the basis for the selection of the Q4W doses evaluated in the CHOICE Studies R727-CL-1308 and EFC13786. The PD effect of alirocumab on LDL-C is an indirect relationship, mediated through the direct inhibition PCSK9 on the LDL receptor. Results obtained in Study R727-CL-1308 confirmed that the 300 mg Q4W dosing regimen was effective in reducing LDL-C over the dosing interval, in both populations, with and without background statins. In patients not receiving statins, including patients with statin intolerance, 300 mg Q4W provides, as a starting dose, more consistent efficacy than the 150 mg Q4W dose.
The Q4W dosing is proposed as a starting dose option for alirocumab for patients who may find the Q4W (monthly) dosing more convenient than Q2W.
[bookmark: _Toc416353713][bookmark: _Toc421005266][bookmark: _Toc432079148][bookmark: _Toc432080721][bookmark: _Toc469041428][bookmark: _Toc529883220]Evaluator’s conclusions on dose finding for the pivotal studies
The sponsor states that the Q4W dosage regimen is proposed as ‘an additional dosing option’ for alirocumab. This is to complement the approved starting dose regimens approved in the EU; 75 mg or 150 mg Q2W. In Australia only the 75 mg Q2W was approved as a starting dose. Patients can have the dose increased to 150 mg Q2W if an adequate response at 75 mg is not achieved.
[bookmark: _Toc529883221]Clinical efficacy
[bookmark: _Toc469041430][bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290888500][bookmark: _Toc416353716][bookmark: _Toc421005269][bookmark: _Toc432079151][bookmark: _Toc432080724][bookmark: _Toc529883222]Studies providing evaluable efficacy data
The following clinical efficacy studies were submitted.
Indication 1: Dosing every four weeks.
Pivotal studies:
Study R727-CL-1308 (CHOICE I): A randomised, double blind, placebo controlled study to evaluate the efficacy and safety of an every four weeks treatment regimen of alirocumab in patients with primary hypercholesterolaemia.
Other studies:
Study EFC13786 (CHOICE II): A randomised, double blind, placebo controlled, parallel group study evaluating the efficacy and safety of alirocumab in patients with primary hypercholesterolaemia not treated with a statin.
Indication 2: Dosing every two weeks.
Pivotal studies
Study 11569: (Combo II): A randomised, double blind, parallel group study to evaluate the efficacy and safety of SAR236553/REGN727 versus ezetimibe in high cardiovascular risk patients with hypercholesterolemia not adequately controlled with their statin therapy.
Study EFC12492 (FH1): A randomised, double blind, placebo controlled, parallel group study to evaluate the efficacy and safety of SAR236553/REGN727 (alirocumab) in patients with heterozygous familial hypercholesterolaemia not adequately controlled with their lipid modifying therapy.
Study R727-CL-1112 (FH II): A randomised, double blind, placebo controlled, parallel group study to evaluate the efficacy and safety of alirocumab in patients with heterozygous familial hypercholesterolaemia not adequately controlled with their lipid modifying therapy.
Study EFC12732 (High FH): A randomised, double blind, placebo controlled, parallel group study to evaluate the efficacy and safety of alirocumab in patients with heterozygous familial hypercholesterolaemia not adequately controlled with their lipid modifying therapy.
Study LTS11717 (Long Term): Long-term safety and tolerability of REGN727/SAR236553 in high cardiovascular risk patients with hypercholesterolemia not adequately controlled with their lipid modifying therapy: a randomised, double blind, placebo controlled study.
[bookmark: _Toc529883223]Indication 1; Four Weekly dosing (Q4W)
[bookmark: _Toc469041431]Pivotal or main efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290888501][bookmark: _Toc416353717][bookmark: _Ref466299363]Study R727-CL-1308 (Odyssey Choice I)
A randomised, double blind, placebo controlled study to evaluate the efficacy and safety of an every four weeks treatment regimen of alirocumab in patients with primary hypercholesterolaemia.
Study design, objectives, locations and dates
A randomised, double blind, placebo controlled, parallel group study conducted at 97 sites in Bulgaria, Canada, Hungary, Israel, Norway, Slovakia, United Kingdom and USA from September 2013 to April 2015.
Objectives
To determine the efficacy, long term safety and tolerability of a dosing regimen of 300 mg alirocumab Q4W and its potential as a starting regimen. This study also investigated the PK/PD profile of alirocumab from weekly data at steady state and evaluated patients for the development of anti-alirocumab antibodies.
Inclusion and exclusion criteria
Inclusion
Healthy men and women (non-childbearing potential), aged > 18 years with elevated LDL-C not adequately controlled, defined as: for moderate and high CV risk LDL-C ≥ 100 mg/dL and for very high CV risk LDL-C ≥ 70 mg/dL.
Patients not on statin therapy had to be at moderate CV risk and had to have LDL-C < 160 mg/dL (< 4.14 mmol/L). Patients who were statin intolerant had to be at moderate CV risk or greater and had to have LDL-C < 160 mg/dL (< 4.14 mmol/L) if they were not receiving any other non-statin LMT. There was no upper limit for LDL-C for patients who were statin intolerant and were receiving clinically appropriate lipid lowering therapy (as they were already on standard of care).
If on statin therapy, patients had to have been on the following for at least 28 days prior to screening: atorvastatin 40 mg or 80 mg, rosuvastatin 20 mg or 40 mg, or simvastatin 80 mg (must be on stable dose of simvastatin for at least 1 year), or their maximally tolerated dose of one of these three statins.
Exclusion
Homozygous FH; taking a statin that is not atorvastatin, rosuvastatin or simvastatin; use of fibrates within 6 weeks of screening; use of allowed LMTs that have not been at a stable dose/regimen for at least 4 weeks prior to screening, use of red yeast rice products within last 4 weeks prior to screening; known risk of haemorrhagic stroke or history of NY Heart Association Class III or IV heart failure within last 12 months.
CV risk categories
Based on the following publication: ESC/EAS Guidelines for the management of dyslipidaemias. The Task Force for the Management of Dyslipidaemias of the European Society of Cardiology (ESC) and the European Atherosclerosis Society (EAS). Eur Heart J. 2011; 32: 1769‑1818.
Very high CV risk is defined as a history of documented CHD, ischemic stroke, transient ischemic attack, carotid artery occlusion > 50% without symptoms, carotid endarterectomy or carotid artery stent procedure, peripheral arterial disease, abdominal aortic aneurysm, renal artery stenosis, renal artery stent procedure, Type 1 or Type 2 diabetes mellitus with target organ damage.
A history of documented CHD includes one or more of the following:
Acute myocardial infarction
Silent myocardial infarction
Unstable angina
Coronary revascularization procedure (for example, PCI or CABG surgery).
Clinically significant CHD diagnosed by invasive or non-invasive testing (such as coronary angiography, stress test using treadmill, stress echocardiography or nuclear imaging)
High CV risk is defined as a calculated 10-year fatal CVD risk SCORE ≥ 5%, moderate chronic kidney disease, Type 1 or Type 2 diabetes mellitus without target organ damage, or heFH.
Moderate CV risk is defined as a calculated 10-year fatal CVD risk SCORE ≥ 1 and < 5%.
Statin intolerance
Statin intolerance is defined as the inability to tolerate at least two statins: one statin at the lowest starting daily 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.
NOTE: Patients who did not receive a daily regimen of a statin (for example, 1 to 3 times weekly) will also be 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 are also met.
Study treatments
Subjects were randomised to one of the following treatments:
Placebo group: 2 injections of placebo Q2W
Alirocumab 75 mg Q2W group: 2 injections Q2W; 1 injection of 75 mg alirocumab and 1 injection of placebo Q2W
Alirocumab 300 mg Q4W group 2 injections Q2W; 2 injections of alirocumab 150 mg Q4W alternating with 2 injections of placebo Q4W.
The injections were provided in prefilled syringes and were administered SC into the abdomen, thigh or outer area of the upper arm at the same time of day based on patient preference. Dosing was allowed to fall within a window of ± 3 days.
Concomitant treatment
Patients continued their background treatment statin (atorvastatin, rosuvastatin or simvastatin) or other LMT. During the double blind treatment period, modification of background LMT was allowed only under pre-specified conditions.
Dose modification
If patients at Week 8 either have not met their predetermined treatment goal depending on their individual level of CVD risk or have not had at least 30% reduction of LDL-C from Baseline at Week 8, the regimen was to be changed in a double blind manner beginning at Week 12 as follows:
Placebo group: no change, placebo Q2W
Alirocumab 75 mg Q2W group: 150 mg alirocumab Q2W
Alirocumab 300 mg Q4W group: 50 mg alirocumab Q2W.
To maintain the blind, the sites and study team were blinded to the LDL-C results and any dose modification.
Efficacy variables and outcomes
There were 2 co-primary efficacy outcomes:
The percent change in calculated LDL-C from Baseline to Week 24 in the ITT population, using all LDL-C values regardless of adherence to treatment.
The percent change in calculated LDL-C from Baseline to averaged Weeks 21 to 24 in the ITT population, using all LDL-C values regardless of adherence to treatment.
The percent change in calculated LDL-C from Baseline to Week 24 was defined as follows: 100 x (calculated LDL-C value at Week 24 minus calculated LDL-C value at Baseline)/calculated LDL-C value at Baseline. The Baseline calculated LDL-C value was the last LDL-C level obtained before the first dose of study drug. The calculated LDL-C at Week 24 was the LDL-C level obtained within the Week 24 analysis window.
Secondary efficacy outcomes were:
The percent change in calculated LDL-C from Baseline to Week 24 in the modified intent to treat (mITT) population, using all LDL-C values during the efficacy treatment period (on treatment)
The percent change in calculated LDL-C from Baseline to Week 12 (ITT)
The percent change in calculated LDL-C from Baseline to Week 12 (on treatment)
The percent change in ApoB from Baseline to Week 24 (ITT)
The percent change in ApoB from Baseline to Week 24 (on treatment)
The percent change in non-HDL-C from Baseline to Week 24 (ITT)
The percent change in non-HDL-C from Baseline to Week 24 (on treatment)
The percent change in total-C from Baseline to Week 24 (ITT)
The percent change in ApoB from Baseline to Week 12 (ITT)
The percent change in non-HDL-C from Baseline to Week 12 (ITT)
The percent change in total-C from Baseline to Week 12 (ITT)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L), or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 24 (ITT)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L), or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 24 (on treatment)
The proportion of patients reaching calculated LDL-C < 70 mg/dL at Week 24 (ITT)
The proportion of patients reaching calculated LDL-C < 70 mg/dL at Week 24 (on treatment)
The percent change in Lp(a) from Baseline to Week 24 (ITT)
The percent change in Lp(a) from Baseline to Week 12 (ITT)
The percent change in HDL-C from Baseline to Week 24 (ITT)
The percent change in HDL-C from Baseline to Week 12 (ITT)
The percent change in fasting TG from Baseline to Week 24 (ITT)
The percent change in fasting TG from Baseline to Week 12 (ITT)
The percent change in ApoA-1 from Baseline to Week 24 (ITT)
The percent change in ApoA-1 from Baseline to Week 12 (ITT)
The percent change in calculated LDL-C from Baseline to Week 48 (ITT and on treatment)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L), or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Weeks 12 and 48 (ITT)
The proportion of patients having at least 50% reduction of LDL-C at Weeks 12, 24, and 48 (ITT)
The proportion of patients reaching LDL-C < 70 mg/dL at Weeks 12 and 48 (ITT)
The proportion of patients reaching LDL-C < 100 mg/dL at Weeks 12, 24, and 48 (ITT and on treatment)
The percent change in ApoB, non-HDL-C, total cholesterol, Lp(a), HDL-C, fasting TG, and ApoA-1 from Baseline to Week 48 (ITT)
The change in ApoB/ApoA-1 ratio from Baseline to Weeks 12, 24, and 48 (ITT)
The proportion of patients with ApoB < 80 mg/dL (0.8 mmol/L) at Weeks 12, 24, and 48 (ITT)
The proportion of patients with non-HDL-C < 100 mg/dL at Weeks 12, 24, and 48 (ITT)
The proportion of patients with calculated LDL-C < 70 mg/dL (< 1.81 mmol/L) and/or ≥ 50% reduction in calculated LDL-C (if calculated LDL-C ≥ 70 mg/dL) at Weeks 12, 24, and 48 (ITT and on treatment)
The percent change in total-C from Baseline to Weeks 12, 24, and 48 (on treatment)
The percent change in ApoB from Baseline to Weeks 12 and 48 (on treatment)
The percent change in non-HDL-C from Baseline to Weeks 12 and 48 (on treatment)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L), or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 12 (on treatment)
The percent change in Lp(a) from Baseline to Weeks 12, 24, and 48 (on treatment)
The absolute change in calculated LDL-C (mg/dL and mmol/L) from Baseline to Weeks 12, 24, and 48 (ITT)
Absolute change in ratio total-C/HDL-C from Baseline to Weeks 12, 24, and 48 (ITT)
Concentration of alirocumab and, optionally, concentrations of total PCSK9 and free PCSK9
Anti-alirocumab antibody status (positive/negative) and titres assessed throughout the study
The percent change in hs-CRP from Baseline to Weeks 12 and 24
The absolute change in homeostasis model assessment for insulin resistance (HOMA-IR) from Baseline to Weeks 12 and 24
The absolute change in HbA1c from Baseline to Weeks 12 and 24.
Randomisation and blinding methods
Patients were randomised via an IVRS or IWRS to receive placebo, alirocumab 75 mg Q2W or alirocumab 300 mg Q4W in a ratio of 2:1:4 using a permutated block design to ensure even distribution of the treatment assignments. Randomisation was stratified for subjects receiving statins according to the 2 levels of CVD risk (moderate versus high and very high CVD risk).
Lipid results and any resulting alerts were not communicated to the sites or study teams. An independent external physician closely monitored all subjects who met the calculated LDL-C <25 mg/dL (0.65 mmol/L) criterion and sham alerts were randomly used to maintain blinding. Study teams would know an alert had occurred but would not know it is was sham or a true alert.
Study supplies were blinded by supplying all individual matched prefilled syringes in matching packaging.
Analysis populations
The randomised population = 803 subjects
ITT population
The ITT population (also known as the full analysis set, FAS) was defined as all randomised subjects who had an evaluable primary endpoint. The endpoint was evaluable when the following two conditions are met:
Availability of at least one measurement value for calculated LDL-C before first dose of study drug (that is, Baseline)
Availability of at least one measurement value for calculated LDL-C within one of the analysis windows up to Week 24
The ITT population = 792 subjects (98.6% of randomised population).
Modified Intent-to-Treat (mITT) population
The modified intent-to-treat (mITT) population was defined as the all randomised population who took at least one dose or part of a dose of study drug and have an evaluable primary endpoint. The endpoint was considered as evaluable when both of the following conditions are met:
Availability of at least one measurement value for calculated LDL-C before the first dose of study drug (that is, Baseline)
Availability of at least one calculated LDL-C value during the efficacy treatment period and within one of the analysis windows up to Week 24. The treatment period was defined the time from the first double blind study drug injection up to 21 days after the last double blind study drug injection.
The mITT population = 776 subjects (96.6%).
The safety analysis set was defined as all randomised subjects who received at least one dose or part of a dose of study drug. The safety population = 802 subjects.
Sample size
For the concomitant statin population, a total sample size of 39 evaluable patients (26 patients on alirocumab 300 mg Q4W and 13 patients on placebo, in a 2:1 ratio) would have 95% power to detect a difference in mean percent change in LDL-C of 35%, with a 2-sided significance level of 0.025 and assuming a common standard deviation of 25%.
For the population without concomitant statin, a total sample size of 30 evaluable patients (20 patients on alirocumab 300 mg Q4W and 10 patients on placebo, in a 2:1 ratio) will have 95% power to detect a difference in mean percent change in LDL-C of 40%, with a 2-sided significance level of 0.025 and assuming a common standard deviation of 25%.
The sample size was increased to 400 patients on alirocumab 300 mg Q4W and 200 patients on placebo to characterise the safety profile of the alirocumab 300 mg Q4W regimen in a larger population. Additionally, 100 patients would be treated with the 75 mg alirocumab Q2W regimen.
Statistical methods
The two primary efficacy analyses in this study compare the alirocumab 300 mg Q4W regimen to placebo; specifically, the first hypothesis is tested in the concomitant statin population and another hypothesis (second) in the population not receiving a concomitant statin. Using the Bonferroni adjustment for the sample size calculation of the treatment comparisons, the efficacy alpha level was modified to 0.025 for treatment comparisons within each concomitant statin (Yes/No) population.
Further, within each concomitant statin (Yes/No) population, the primary efficacy analysis is defined by two co-primary endpoints, specifically: the first treatment testing comparison on the percent change in calculated LDL-C from Baseline to Week 24 and the second treatment testing comparison on the percent change in calculated LDL-C from Baseline to averaged Weeks 21 to 24. The efficacy alpha level is not adjusted further for the two co-primary endpoints, since the study will be considered positive within a given concomitant statin population if statistical significance is met for both co-primary endpoints.
The co-primary efficacy endpoint for both populations was the percent change in calculated LDL-C from Baseline to Week 24 (first efficacy endpoint) and the percent change in calculated LDL-C from Baseline to averaged Weeks of 21 to 24 (second efficacy endpoint). Statistical significance (that is 2-sided significance level of 0.025) of both co-primary efficacy endpoints within each statin population was required to consider the study positive within each concomitant statin population. These two endpoints were analysed in the ITT population using a mixed-effect model with repeated measures (MMRM) approach. All post Baseline data available within Week 4 to Week 24 analysis windows were used and missing data were accounted for by the MMRM model.
For both primary efficacy analyses, the alirocumab 300 mg Q4W treatment group was compared with placebo using an appropriate model contrast, allowing for the pooled variability to also include patients receiving alirocumab 75 mg Q2W. A 97.5% CI was provided for the difference between the two treatment groups. Statistical testing was evaluated at a 2-sided significance level of 0.025 per comparison, adjusting for the concomitant statin (Yes/No) population multiplicity.
Robustness of this statistical method was assessed via sensitivity analyses including different methodologies for missing data (multiple imputations under missing-at-random (MAR) assumption, pattern mixture model with different imputations will be applied to calculated LDL‑C values missing during the on treatment period versus calculated LDL-C values missing after treatment).
Continuous secondary variables anticipated to have a normal distribution (that is, lipids other than TG and Lp(a)), were analysed in the analysis populations using the same MMRM model as for the primary endpoint.
Continuous secondary efficacy endpoints anticipated to have a non-normal distribution (that is, TG and Lp(a)), were analysed in the analysis populations using a robust regression model (that is, ROBUSTREG SAS procedure with M-estimation option) with treatment group and randomization strata (‘statin Yes’ population only) as main effect and corresponding Baseline value(s) as covariate. Missing values were addressed using a multiple imputation approach.
Binary secondary efficacy endpoints will be analysed in the analysis populations using stratified logistic regression (using the strata option of the SAS logistic procedure) with treatment group and randomization strata (‘statin Yes’ population only) as the main effect and corresponding Baseline value(s) as the covariate. Missing values will be addressed using a multiple imputation approach.
Participant flow
Two populations of patients were enrolled in this study, one not receiving concomitant statin therapy and one receiving concomitant statin therapy. Patients within each population were randomised to 1 of 3 groups: alirocumab 300 mg Q4W with the option of dose adjustment to 150 mg Q2W (referred to as 300 Q4W/Up 150 Q2W), or alirocumab 75 mg Q2W with the option of up-titration to 150 mg Q2W (referred to as 75 Q2W/Up 150 Q2W), and placebo.
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Subpopulations
Patients not receiving concomitant statin therapy
A total of 256 patients who were not receiving concomitant statin therapy enrolled in the study: 146 were randomised to receive alirocumab 300 mg Q4W, 37 were randomised to receive alirocumab 75 mg Q2W, and 73 were randomised to receive placebo.
Patients receiving concomitant statin therapy
A total of 547 patients who received concomitant statin therapy enrolled in the study: 312 were randomised to receive alirocumab 300 mg Q4W, 78 were randomised to receive alirocumab 75 mg Q2W, and 157 were randomised to receive placebo.
Tabulated data on disposition of the subgroups was provided.
0. Major protocol violations/deviations
Overall, 15.3% (123/803) (from CRF derived protocol deviations) and 1.1% (9/803) (from monitoring derived protocol deviations) of all randomised patients had ‘major protocol deviations that could potentially impact efficacy analyses.’ These major deviations resulted in exclusion of 1.4% (11/803) from the ITT analysis and of 3.4% (27/803) of patients from the mITT analysis, with similar proportions across the three treatment groups.
Baseline data
For all randomised patients the Baseline demographic characteristics were generally similar among treatment groups. The mean (SD) age of patients overall was 60.8 (10.1) years, and ranged from 21 to 88 years. A little more than half of the patients were male (57.5% (462/803)) and 42.5% (341/803) were female; most of the study population was White (87.3% (701/803)) or Black (10.6% (85/803)) and not of Hispanic or Latino descent (96.5% (775/803)). The mean (SD) BMI of the patients overall was 31.1 (6.0) kg/m2, and the mean (SD) weight was 89.4 (19.7) kg.
For the population not receiving concomitant statin therapy, there were differences in gender distribution and BMI ≥ 30 kg/m2: more subjects were female (23/37, 62.2%) than males (14/37, 37.8%) in the 75 Q2W/Up 150 Q2W group, and more subjects had a BMI ≥ 30 kg/m2 n the placebo group (46/73, 63.0%) compared with the 75 Q2W/Up 150 Q2W group (16/37, 43.2%) and the 300 Q4W/Up 150 Q2W group (74/146, 50.7%). All other demographic and Baseline characteristics were similar among the treatment groups and to the all randomised population.
For the population receiving concomitant statin therapy, the demographic and Baseline characteristics were similar among treatment groups and were similar to the population of all randomised population.
Overall, 52.4% (421/803) of all randomised patients had a history of CHD or CHD risk equivalent that would categorise their CV risk as ‘Very High’; 28.4% (228/803) were categorised as having a moderate CV risk, and 19.2% (154/803) were categorised as having a high CV risk. Most of the patients categorised as very high CV risk (366 of 421 (86.9%)) had a history of CHD. The most common CHD event or procedures was coronary revascularisation procedures (32.5%). A history of acute myocardial infarction and a history of unstable angina were reported in 19.6% of patients and 10.7% of patients, respectively, and 24.7% of patients had a history of other clinically significant CHD.
In the population not receiving concomitant statin therapy, the percentage of patients with a history of CHD or CHD risk equivalent that would categorise their CV risk as ‘Very High’ was lower than that observed in the all randomised population (60/256, 23.4%) versus 421/803, 52.4%) of all randomised population. The majority of subjects not receiving concomitant statin therapy were categorised as having a moderate CV risk (151/256, 59.0%) or a high CV risk (45/256, 17.6%).
Overall, the majority of patients (74.1%) had non-FH with 5.9% with heFH.
Overall 96.0% (771/803) of patients randomised into the study had a history of LMT use, including statins. The majority of randomised patients (83.1% (667/803)) had a history of HMG CoA reductase inhibitor use.
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Additional tabulated data was provided for all randomised subjects.
0. Results for the primary efficacy outcomes
The results are presented for each of the two subpopulations of subjects based on concomitant statin therapy.
While the primary efficacy outcome was the comparison of Q4W to placebo the results for Q2W are included for comparison.
Patients not receiving concomitant statin therapy
A statistically significant decrease in calculated LDL-C from Baseline to Week 24 (ITT analysis) was observed in the 300 Q4W/Up 150 Q2W alirocumab group compared with the placebo group, and the LS mean difference in percent change from Baseline for alirocumab versus placebo was -52.4% (97.5% CI, -59.8% to -45.0%; p < 0.0001).
A reduction in calculated LDL-C in the 300 Q4W/Up 150 Q2W group was observed from the first post-dose measurement at Week 4 and was maintained at all subsequent time points up to Week 48.
A numerically greater decrease in calculated LDL-C from Baseline to Week 24 (ITT analysis) was observed in the 75 Q2W/Up 150 Q2W group compared with the placebo group.
A statistically significant decrease in calculated LDL-C from Baseline to averaged Weeks 21 to 24 (ITT analysis) was observed in the 300 Q4W/Up 150 Q2W group compared with the placebo group. The LS mean difference in percent change from Baseline for alirocumab versus placebo was -55.2% (97.5% CI, -62.3% to -48.1%; p < 0.0001), which was similar to that observed at Week 24.
A numerically greater decrease in calculated LDL-C from Baseline to averaged Weeks 21 to 24 (ITT analysis) was observed in the 75 Q2W/Up 150 Q2W group compared with the placebo group.
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Patients receiving concomitant statin therapy
A statistically significant decrease in calculated LDL-C from Baseline to Week 24 (ITT analysis) was observed in the 300 Q4W/Up 150 Q2W alirocumab group compared with the placebo group, and the LS mean difference in percent change from Baseline for alirocumab versus placebo was -58.7% (97.5% CI, -65.0% to -52.4%; p < 0.0001).
A numerically greater decrease in calculated LDL-C from Baseline to Week 24 (ITT analysis) was observed in the 75 Q2W/Up 150 Q2W group compared with the placebo group, and the LS mean difference in percent change from Baseline for alirocumab versus placebo was -51.5% (97.5% CI, -60.4% to -42.6%; nominal p < 0.0001).
A statistically significant decrease in calculated LDL-C from Baseline to averaged Weeks 21 to 24 (ITT analysis) was observed in the 300 Q4W/Up 150 Q2W group compared with the placebo group, and the LS mean difference in percent change from Baseline for alirocumab versus placebo was -65.0% (97.5% CI, -70.4% to -59.5%; p < 0.0001). This LS mean difference was greater than that seen at Week 24 (-58.7%) due to the lower LDL-C levels at Weeks 21, 22, and 23 compared with Week 24.
A numerically greater decrease in calculated LDL-C from Baseline to averaged Weeks 21 to 24 (ITT analysis) was observed in the 75 Q2W/Up 150 Q2W group compared with the placebo group, and the LS mean difference in percent change from Baseline for alirocumab versus placebo was -57.1% (97.5% CI, -64.8% to -49.4%; nominal p < 0.0001).
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A range of sensitivity analyses all demonstrated similar results to primary analyses.
Results for other efficacy outcomes
A hierarchical procedure was prospectively planned to test the key secondary efficacy endpoints for each concomitant statin (Yes/No) patient population while controlling for multiplicity. For some key secondary endpoints, the ITT and on treatment analyses were prespecified as part of the hierarchical testing procedure.
In the patient population not receiving concomitant statins, statistical significance was met in the 300 Q4W/Up 150 Q2W group versus the placebo group for all key secondary efficacy endpoints.
In the patient population receiving concomitant statins, statistical significance was met in the 300 Q4W/Up 150 Q2W group versus the placebo group for all key secondary efficacy endpoints in the hierarchy with the exception of Apo A-1. Hierarchical testing failed at the 24th endpoint (ITT analysis of percent change in Apo A-1 from Baseline to Week 24, p = 0.0306). Therefore, in the patient population receiving concomitant statins, the statistical testing terminated at this step and statistical significance was not declared for the last efficacy endpoint.
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Results at 48 weeks
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[bookmark: _Toc479948137]Table 13: Study R727-CL-1308: Summary of other secondary LDL-C efficacy endpoint results; continuous endpoints; patients receiving concomitant statin therapy
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Tabulated results for other efficacy outcomes were provided.
Subgroup analyses
Subgroup analyses of the co-primary efficacy endpoints were conducted for a range of demographic and Baseline characteristics, including gender and age group, BMI, moderate chronic kidney disease, diabetes, Baseline calculated LDL-C, Baseline HDL-C, Baseline fasting TGs, Baseline Lp(a), Baseline total PCSK9, Baseline free PCSK9, statin intolerance, race and ethnicity. These analyses were conducted with Week 24 LDL-C data or averaged Weeks 21 to 24 data, which includes a portion of the patients whose dose was titrated from 300 mg Q4W to 150 mg Q2W.
In both the subjects not receiving or receiving concomitant statin therapy, no clinically meaningful differences in LDL-C reductions from Baseline were identified for any of the subgroups analysed.
[bookmark: _Toc479948217]Figure 3: Study R727-CL-1308: Percent change from Baseline in calculated LDL-C at Week 24 (alirocumab 300 Q4W/up 150 mg Q2W versus placebo): Forest plot; Patients not receiving concomitant statin therapy; ITT population
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[bookmark: _Toc479948218]Figure 4: Study R727-CL-1308: Percent change from Baseline in calculated LDL-C averaged Weeks 21 to 24 (alirocumab 300 Q4W/up 150 mg Q2W versus placebo): Forest plot; Patients not receiving concomitant statin therapy; ITT population
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[bookmark: _Toc479948219]Figure 5: Study R727-CL-1308: Percent change from Baseline in calculated LDL-C at Week 24 (alirocumab 300 Q4W/up 150 mg Q2W versus placebo): Forest plot; ITT analysis; Patients receiving concomitant statin therapy; ITT population
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[bookmark: _Toc479948220]Figure 6: Study R727-CL-1308: Percent change from Baseline in calculated LDL-C to Averaged Weeks 21 to 24 (alirocumab 300 Q4W/up 150 mg Q2W versus placebo): Forest Plot; ITT analysis; Patients receiving concomitant statin therapy; ITT population
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Subgroup analyses by up-titration status
Subjects not receiving concomitant statins
Of the 129 patients that received alirocumab 300 mg Q4W and received at least 1 injection of alirocumab after Week 12, 19 patients (14.7%) were adjusted to the 150 mg Q2W regimen. The mean (SD) calculated LDL-C at Baseline of these 19 patients was 174.3 (49.4) mg/dL (4.515 (1.281) mmol/L), which was higher than the mean (SD) calculated LDL-C at Baseline of the patients who remained on the 300 mg Q4W regimen (143.6 (29.6) mg/dL or 3.719 (0.767) mmol/L).
Patients that were adjusted to the 150 mg Q2W dose regimen also had higher mean concentrations of Total-C, non-HDL-C and Apo B than patients who remained on the 300 mg Q4W dose regimen.
In patients whose dose was not adjusted, mean percent change in LDL-C remained stable from Week 4 and subsequent sampling points (Figure 7). In patients whose dose was adjusted, the mean percent reduction in LDL-C was more variable during the first 12 weeks. Following adjustment to the 150 mg Q2W dose regimen at Week 12, there was less variability in LDL-C levels, and the mean percent change from Baseline was consistently below -50%.
[bookmark: _Toc479948221]Figure 7: Study R727-CL-1308: Calculated LDL-C LS mean (± SE) percent change from Baseline according to up-titration status (ITT analysis): Time profile; Patients in the alirocumab 300 Q4W/up 150 mg Q2W group - Patients not receiving concomitant statin therapy; ITT population
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Subjects receiving concomitant statins
Of the 290 patients that received alirocumab 300 mg Q4W and received at least one injection of alirocumab after Week 12, 56 patients (19.3%) were adjusted to the 150 mg Q2W dose regimen.
The mean (SD) calculated LDL-C at Baseline of these 56 patients was 123.5 (39.5) mg/dL (3.200 (1.022) mmol/L), which was higher than the mean (SD) calculated LDL-C at Baseline of the patients that remained on the 300 mg Q4W regimen (110.0 (31.1) mg/dL or 2.849 (0.807) mmol/L).
Ten out of the 56 patients (17.9%) that were adjusted to the 150 mg Q2W dose regimen had a Baseline calculated LDL-C concentration ≥ 160 mg/dL (≥ 4.14 mmol/L), compared with 15/234 (6.4%) of patients that remained on the 300 mg Q4W dose regimen. Patients that were adjusted to the 150 mg Q2W dose regimen also had higher mean concentrations of Total-C, non-HDL-C, Lp(a), Apo B, and Total-C/HDL-C ratio and a higher mean body weight and BMI than patients who remained on the 300 mg Q4W dose regimen.
In patients whose dose was not adjusted, the mean (SD) percent change in calculated LDL-C from Baseline was -63.4% (18.5%) at Week 12 and -62.0% (23.8%) at Week 24. Small variations in the mean percent change from Baseline were seen between the Q4W dosing intervals in these patients. In patients whose dose was adjusted, the mean (SD) percent change from Baseline was highly variable between the Q4W dosing intervals during the first 12 weeks; for example, the mean (SD) percent change from Baseline ranged from -65.1% (22.4) at Week 10 (2 weeks post dose) to -37.0% (25.9%) at Week 12 (4 weeks post dose). Following adjustment to the 150 mg Q2W dose regimen, there was less variability in LDL-C levels between the dosing intervals and the percent change from Baseline was consistently below -58%; for example, the mean (SD) percent change from Baseline ranged from -58.5% (20.1%) at Week 22 to -62.4% (20.1%) at Week 24.
[bookmark: _Toc479948222]Figure 8: Study R727-CL-1308: Calculated LDL-C LS mean (± SE) Percent change from Baseline according to up-titration status (ITT Analysis): Time profile; Patients in the alirocumab 300 Q4W/up 150 mg Q2W Group; patients receiving concomitant statin therapy; ITT population
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Evaluator commentary
The objectives of this study were to determine the efficacy of 300 mg alirocumab administered Q4W as a starting and maintenance dosing regimen in hypercholesterolaemic patients with and without a background statin therapy who were at very high, high and moderate CV risk. The dosing regimen was compared with placebo.
The efficacy was measured for two primary endpoints at Week 24 and averaged Weeks 21 to 24.
The results found that the regimen was superior to placebo from Week 12 and maintained to 48 weeks.
The study used a 75 mg Q2W regimen as a ‘calibrator’ arm rather than a comparison arm. The aim of the calibrator was to ‘calibrate’ the study to those previously completed studies that used 75 mg Q2W. The results for 75 mg Q2W are similar to that seen in the previous studies and so the data obtained in this study can be considered consistent.
Table 13a: Dose regimens
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The discussion by the sponsor has relied solely on the results with little discussion of the patient population. The study included patients with HeFH and Non-FH hypercholesterolaemia and all patients had at least moderate CV risk.
Of the 129 patients not receiving concomitant statin therapy, 15% had to have their dose ‘up titrated’ to achieve stable response. For the patients receiving concomitant statin treatment 19% had to have their dose ‘up titrated’ to achieve stable response.
For patients not receiving concomitant statins the mean percent change in LDL-C from Baseline at Week 24 (-52.3%) was comparable in patients who required dose adjustment with that of patients who remained on the 300 mg Q4W dose regimen (-57.4%).
For patients who were receiving concomitant statins the reduction in LDL-C from Baseline at Week 24 was similar in patients who required dose adjustment (-62.4%) to patients who remained on the 300 mg Q4W dose regimen (-62.0%).
[bookmark: _Toc469041432][bookmark: _Toc529883224]Other efficacy studies
[bookmark: _Toc290888504][bookmark: _Toc416353720][bookmark: _Ref466299401]Study EFC13786: Summary
A Randomised, Double blind, Placebo controlled, Parallel group Study Evaluating the Efficacy and Safety of Alirocumab in Patients with Primary Hypercholesterolemia Not Treated with a Statin.
Comment:	The clinical study report (CSR) is based on the results of the first-step analysis of efficacy data up to Week 24; and safety, PK and other results up to the common cut-off date of 27 October 2014 (the date of the last patient’s Week 24 visit). The CSR is dated 28-Sept-2015. The study appears to be ongoing and the results of the second-step analysis at the end of the optional open label extension treatment period with 150 mg Q4W dosing with a possible up titration to 150 mg Q2W (to Week 120) were not included in this submission.
Study design, objectives, locations and dates
A Phase III, randomised, double blind, placebo controlled, parallel group, multicentre study conducted at 43 (screened) and 31 (randomised at least one patient) centres in 8 countries (Australia, Belgium, Canada, Denmark, Netherlands, New Zealand, Spain and the USA) from December 2013 to cut-off date for first step analysis 27 October 2014.
Objectives
Primary: To demonstrate the reduction of LDL-C by a regimen including an alirocumab starting dose of 150 mg Q4W as add on to non-statin lipid modifying background therapy or as monotherapy in comparison with placebo in patients with primary hypercholesterolaemia not treated with a statin.
Secondary: to evaluate:
The effect of alirocumab with 150 mg Q4W as starting dose, in comparison with placebo on other lipid parameters (for example apolipoproten B (Apo B), non-HDL-C, Total-C, Lp (a), HDL-C, TGs, and Apo A-1 levels
The PK, safety and tolerability of alirocumab 150 mg Q4W and the development of anti-alirocumab 150 mg Q4W
The study consisted of 4 periods:
A screening period of up to 3 weeks
A double blind, parallel group treatment period of 24 weeks – patients were randomised to one of three treatment groups in addition to their background treatment.
An optional open label treatment period of up to 120 weeks (patients were continued on either 150 mg Q2W or 150 mg Q4W
A follow up period of 8 weeks after the end of the 24 weeks for patients who did not enter the open label treatment period.
Study population
Inclusion
Healthy male or female (non-child bearing potential) patients, aged > 18 years with primary hypercholesterolaemia (heFH or non-FH) receiving fenofibrate or ezetimibe or diet alone. Patients were either: intolerant to statins with moderate, high or very high CV risk or those who were not fulfilling the statin intolerant definition (only moderate CV risk were included in this stratum).
Exclusion
Patients defined as statin intolerant and very high CV risk with LDL-C < 70 mg/dL (1.81 mmol/L) at the screening visit; patients defined as statin intolerant and high or moderate CV risk with LDL-C < 100 mg/dL (< 2.59 mmol/L) at the screening visit; patients not fulfilling the statin intolerant definition and who are at moderate CV risk with LDL-C < 100 mg/dL (< 2.59 mmol/L) at the screening visit; patient with LDL-C ≥ 160 mg/dL (≥ 4.1 mmol/L) at the screening visit if receiving diet only, whatever the statin intolerance status or if non fulfilling statin intolerance definition at moderate CV risk and treated with ezetimibe or fenofibrate; a 10-year fatal CVD risk SCORE < 1% (ESC/EAS 2011) at the screening visit; newly diagnosed (within 3 months prior to enrolment or poorly controlled (haemoglobin A1c (HbA1c) > 9%) diabetes; use of statin, red yeast rice products, niacin or bile acid sequestrant within 4 weeks of enrolment.
See Section 7.2.1.1 for definitions of CV risk and statin intolerance.
Study treatments
Patients were to be randomised to one of the three arms, placebo for alirocumab, alirocumab 75 Q2W/Up 150 Q2W or alirocumab 150 Q4W/Up 150 Q2W in a 1:1:2 ratio, during the double blind treatment period:
Placebo for alirocumab SC Q2W starting at Week 0 (randomisation) and continuing up to Week 22, that is, 2 weeks before the end of the double blind treatment period
Alirocumab SC 75 mg Q2W starting at Week 0 up to Week 12 and then based on the patients' Week 8 LDL-C level, patients either continued with alirocumab 75 mg Q2W or had their dose up-titrated to 150 mg Q2W up to Week 22
Alirocumab SC 150 mg Q4W starting at Week 0 up to Week 12 and then based on the patients' Week 8 LDL-C level, patients either continued with alirocumab 150 mg Q4W or had their dose up-titrated to 150 mg Q2W up to Week 22, (the blind was maintained in patients receiving alirocumab 150 Q4W by alternating with placebo SC Q4W).
All IMP injections were administered SC in the abdomen, thigh or outer area of the upper arm, and it was recommended to rotate within an anatomical area or change the anatomical area based on the patient’s preference. Alirocumab or placebo was provided in an auto-injector to be self-injected by the patient or carer.
At the Week 12 visit, based on their LDL-C at Week 8 and Baseline CV risk, patients randomised in the alirocumab groups were, in a blinded manner, either to continue receiving alirocumab 150 Q4W or 75 Q2W or to have their dose up-titrated, as follows:
Patients with very high CV risk whose Week 8 LDL-C was < 70 mg/dL (1.81 mmol/L) and who had at least a 30% reduction of LDL-C from Baseline at Week 8 continued to receive alirocumab 150 Q4W or 75 Q2W from Week 12 onwards until the last injection at Week 22. If their Week 8 LDL-C was ≥ 70 mg/dL (1.81 mmol/L) or they did not have at least 30% reduction of LDL-C from Baseline at Week 8, they were to receive a dose that was up-titrated to alirocumab 150 Q2W from Week 12 onwards until the last injection at Week 22
Patients with high or moderate CV risk whose Week 8 LDL-C was < 100 mg/dL (2.59 mmol/L) and who had at least a 30% reduction of LDL-C from Baseline at Week 8 continued to receive alirocumab 150 Q4W or 75 Q2W from Week 12 onwards until the last injection at Week 22. If their Week 8 LDL-C was ≥ 100 mg/dL (2.59 mmol/L) or they did not have at least 30% reduction of LDL-C from Baseline at Week 8, they were to receive a dose that was up-titrated to alirocumab 150 Q2W from Week 12 onwards until the last injection at Week 22
Randomisation and blinding
Patients were randomised using a ratio 1:1:2 with permuted-block randomisation and stratified according to the statin intolerant status (Yes/No) and non-statin lipid modifying background therapy (ezetimibe or fenofibrate, background therapy = yes) or diet alone (background therapy = no). The population was to include 50% statin intolerant patients at moderate, high or very high CV risk and 50% non-statin intolerant with moderate CV risk; and 2/3 patients with background therapy and 1/3 treated with diet alone.
Efficacy outcomes
The primary efficacy endpoint was the percent change in calculated LDL-C from Baseline to Week 24 in the intent to treat (ITT) population using all LDL-C values regardless of adherence to treatment (ITT estimand).
The primary endpoint was defined as 100 x (calculated LDL-C value at Week 24 – calculated LDL-C value at Baseline) / calculated LDL-C value at Baseline.
The secondary efficacy endpoints were analysed in the order of hierarchical testing to handle multiplicity. These analyses used either an ITT or an on treatment estimand as follows:
ITT estimand: All lipid values were used regardless of adherence to the treatment and the analyses were performed on the ITT population
On-treatment estimand: Lipid values during the efficacy treatment period were used and the analyses were performed on the modified intent to treat (mITT) population
The percent change in calculated LDL-C from Baseline to Week 24 (on treatment estimand)
The percent change in calculated LDL-C from Baseline to Week 12 (ITT estimand)
The percent change in calculated LDL-C from Baseline to Week 12 (on treatment estimand)
The percent change in calculated LDL-C from Baseline to averaged Week 9-12 (ITT estimand)
The percent change in calculated LDL-C from Baseline to averaged Weeks 9-12 (on treatment estimand)
The percent change in Apo B from Baseline to Week 24 (ITT estimand)
The percent change in Apo B from Baseline to Week 24 (on treatment estimand)
The percent change in non-HDL-C from Baseline to Week 24 (ITT estimand)
The percent change in non-HDL-C from Baseline to Week 24 (on treatment estimand)
The percent change in Total-C from Baseline to Week 24 (ITT estimand)
The percent change in Apo B from Baseline to Week 12 (ITT estimand)
The percent change in non-HDL-C from Baseline to Week 12 (ITT estimand)
The percent change in Total-C from Baseline to Week 12 (ITT estimand)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 24 (ITT estimand)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 24 (on treatment estimand)
The proportion of patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) at Week 24 (ITT estimand)
The proportion of patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) at Week 24 (on treatment estimand)
The percent change in Lp (a) from Baseline to Week 24 (ITT estimand)
The percent change in Lp (a) from Baseline to Week 12 (ITT estimand)
The percent change in HDL-C from Baseline to Week 24 (ITT estimand)
The percent change in HDL-C from Baseline to Week 12 (ITT estimand)
The percent change in fasting TGs from Baseline to Week 24 (ITT estimand)
The percent change in fasting TGs from Baseline to Week 12 (ITT estimand)
The percent change in Apo A-1 from Baseline to Week 24 (ITT estimand)
The percent change in Apo A-1 from Baseline to Week 12 (ITT estimand)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 12 (ITT estimand)
The proportion of patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Weeks 12 and 24 (ITT estimand)
The proportion of patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) at Week 12 (ITT estimand)
The absolute change in calculated LDL-C (mg/dL and mmol/L) from Baseline to Weeks 12 and 24 (ITT estimand)
The absolute change in ratio Apo B/Apo A-1 from Baseline to Weeks 12 and 24 (ITT estimand)
The proportion of patients with Apo B < 80 mg/dL (0.8 g/L) at Weeks 12 and 24 (ITT estimand)
The proportion of patients with non-HDL-C < 100 mg/dL (2.59 mmol/L) at Weeks 12 and 24 (ITT estimand)
The proportion of very high CV risk patients with calculated LDL-C < 70 mg/dL (1.81 mmol/L) and/or ≥ 50% reduction from Baseline in calculated LDL-C (if calculated LDL-C ≥ 70 mg/dL (1.81 mmol/L)) at Weeks 12 and 24 (ITT estimand)
The proportion of patients achieving at least 50% reduction in calculated LDL-C from Baseline at Weeks 12 and 24 (ITT estimand)
The absolute change in ratio Total-C/HDL-C from Baseline to Weeks 12 and 24 (ITT estimand)
The proportion of patients with non-HDL-C < 130 mg/dL (3.37 mmol/L) at Weeks 12 and 24 (ITT estimand)
The percent change in Total-C from Baseline to Week 12 and Week 24 (on treatment estimand)
The percent change in Apo B from Baseline to Week 12 (on treatment estimand)
The percent change in non-HDL-C from Baseline to Week 12 (on treatment estimand)
The percent change in Lp (a) from Baseline to Week 12 and Week 24 (on treatment estimand)
The proportion of very high CV risk patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) or moderate or high CV risk patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 12 (on treatment estimand)
The proportion of patients reaching calculated LDL-C < 100 mg/dL (2.59 mmol/L) at Week 24 (on treatment estimand).
Analysis sets
Intent to treat (ITT) population: all randomised patients who had an evaluable primary efficacy endpoint (that is, a Baseline calculated LDL-C and at least one calculated LDL-C within one of the analysis windows up to Week 24 (n = 230).
Modified ITT (mITT) population: all randomised patients who took at least one dose (or part of a dose) and had an evaluable primary efficacy endpoint (as for the ITT) (n = 228).
Determination of sample size
A total sample size of 39 patients (26 in alirocumab 150 Q4W/Up 150 Q2W group and 13 in placebo group) had 90% power to detect a difference in means percent change in LDL-C of 30% with a 0.05 2-sided significance level and assuming a common standard deviation (SD) of 25% and all these 39 patients having an evaluable primary endpoint.
Nevertheless, to obtain additional safety data on the administration of a 150 Q4W/Up 150 Q2W regimen in non-statin treated patients, the total sample size was increased and rounded to 200 (100 planned in alirocumab 150 Q4W/Up 150 Q2W group, 50 planned in alirocumab 75 Q2W/Up 150 Q2W group, and 50 in placebo group).
Statistical methods
The percent change from Baseline in calculated LDL-C at Week 24 was analysed in the ITT population using a mixed effect model with repeated measures (MMRM) approach. All post-Baseline data available within Week 4 to Week 24 analysis windows were used and missing data were accounted for by the MMRM model (ITT analysis). The model included the fixed categorical effects of treatment group (placebo, alirocumab 150 mg Q4W and alirocumab 75 mg Q2W), randomisation strata (as per IVRS/IWRS), time point (Week 4 to Week 24), 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-by-time point interaction.
A hierarchical procedure pre-specified in the protocol using the specified order of key secondary endpoints was used to control the type I error of 5% and handle multiple endpoints.
Continuous secondary variables anticipated to have a normal distribution (that is, lipids other than TGs and Lp (a)) were analysed using the same MMRM model as for the primary endpoint
Continuous endpoints anticipated to have a non-normal distribution (that is, TGs and Lp (a)) were analysed using a multiple imputation approach for handling of missing values followed by robust regression model with endpoint of interest as response variable using M-estimation (using the SAS® ROBUSTREG procedure) with treatment group, randomisation mean estimates for treatment groups, as well as the differences of these estimates, with their corresponding standard errors (SEs), 95% confidence intervals (CIs), and p-value were provided through the SAS MIANALYZE procedure
Binary secondary efficacy endpoints were analysed using a multiple imputation approach for handling of missing values followed by stratified logistic regression with treatment group as main effect and corresponding Baseline value(s) as covariate, stratified by randomisation factors (as per IVRS/IWRS). Combined estimates of odds ratio versus placebo, 95% CI, and p-value were obtained through the SAS MIANALYZE procedure. In the data dependent case in which logistic regression was not applicable (for example, the response rate was 0 (zero) in one treatment arm and thus the maximum likelihood estimate may not exist), the last observation carried forward (LOCF) approach was used for handling of missing values and a stratified exact conditional logistic regression was performed to compare treatment effects.
0. Participant flow
Overall, 402 patients were screened for this study, of whom 169 patients (42.0%) were screen failures. The most common reasons for screening failures were meeting the exclusion criteria.
A total of 233 patients were randomised. Of these, 59 patients were randomised to receive alirocumab 150 Q4W/Up 150 Q2W, 116 patients were randomised to receive alirocumab 75 Q2W/Up 150 Q2W, and 58 patients were randomised to receive placebo for alirocumab.
The planned ratio of treatment (1:1:2, placebo:alirocumab 75 Q2W/Up 150 Q2W:alirocumab 150 Q4W/Up 150 Q2W) was not achieved due to a systematic error in the algorithm managing treatment allocation (alirocumab 75 Q2W was allocated to patients randomised to alirocumab 150 Q4W and vice versa during the entire double blind period. This issue was discovered by an independent biostatistician after all patients had been randomised.
[bookmark: _Toc479948138]Table 14: Study EFC13786: patient disposition; randomised population
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At the time of the cut-off date, about 20 patients has completed their Week 36 visit.
[bookmark: _Toc479948139]Table 15: Study EFC13786: Patient disposition; open label period; open label extension population
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0. Baseline data
Demographic characteristics at Baseline were generally similar across the groups. Some numerical differences were noted due to the small size of some treatment arms. Patients were mostly White (94%) with a mean age of 63.1 years (range: 23 to 89 years). Overall, the mean BMI was 28.90 kg/m2. The percentage of patients with BMI ≥ 30 kg/m2 was smaller in the alirocumab 150 Q4W/Up 150 Q2W group (28.8%) than in the alirocumab 75 Q2W/Up 150 Q2W group (39.7%) and the placebo group (35.1%).
Overall 70.8% of patients were receiving a background LMT other than statin at randomisation, with 60.1% receiving ezetimibe and 8.6% receiving fenofibrate; 32.2% were on diet alone. The majority (90.1%) had a documented intolerance to statins.
At the SOC level, the most common medical history CV items were ‘Surgical and medical procedures’ (72.5%), with arterial therapeutic procedures (excl. aortic) being the most frequent high level term (HLT) (38.6%), and ‘Vascular disorders’ (69.1%), with vascular hypertensive disorders NEC being the most frequent HLT (63.5%).
About half of randomised patients (49.8%) across treatment groups had a history of CHD, with history of coronary revascularisation procedures (36.5%) being the most common CHD event or procedure, and 23.6% of patients with a history of acute MI. The majority of patients (57.1%) were considered at very high CV risk, with a slightly higher percentage of patients in the alirocumab 150 Q4W/Up 150 Q2W and 75 Q2W/Up 150 Q2W groups (61.0% and 56.9%, respectively) than in the placebo group (53.4%) 60.9% had hypertension and 16.3% had Type 2 diabetes. Tabulated data was provided.
Results for the primary efficacy outcome
The primary efficacy endpoint was the percent change in calculated LDL-C from Baseline to Week 24 in the ITT population (alirocumab 150 Q4W/Up 150 Q2W versus placebo), using all LDL-C values regardless of adherence to treatment (ITT analysis).
A statistically significant decrease in calculated LDL-C from Baseline to Week 24 (ITT analysis) was observed in the alirocumab 150 Q4W/Up 150 Q2W group (LS mean (SE) versus Baseline: -51.7% (2.3)) compared to the placebo group (LS mean (SE) versus Baseline: + 4.7% (2.3)), with an LS mean difference for alirocumab 150 Q4W/Up 150 Q2W versus placebo of -56.4% ((95% CI: -62.9 to -49.9); p < 0.0001).
At Week 24, there was a decrease in the percent change from Baseline in calculated LDL-C (ITT analysis) for the alirocumab 75 Q2W/Up 150 Q2W group (LS mean (SE) versus Baseline: -53.5% (1.6)), compared to the placebo group (LS mean (SE) versus Baseline: +4.7% (2.3)), with an LS mean difference for alirocumab 75 Q2W/Up 150 Q2W versus placebo of -58.2% (95% CI: -63.8 to -52.7.
[bookmark: _Toc479948140]Table 16: Study EFC13786: Percent change from Baseline in calculated LDL-C at Week 24: MMRM; ITT analysis
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In the alirocumab 150 Q4W/Up 150 Q2W group, there was a rapid decrease in calculated LDL-C from Baseline observed from Week 4. The weekly measurements between Weeks 8 and 12 showed a maximum decrease from Week 9 to Week 11 and at Week 12, the mean LDL-C percent change from Baseline returned to levels observed at Week 8. After Week 12, there was a further decrease in mean LDL-C due to the up-titration to 150 Q2W for patients not reaching pre‑defined LDL-C targets at Week 8.
[bookmark: _Toc479948223]Figure 9: Study EFC13786: LDL-C LS mean (± SE) percent change from Baseline: time profile; ITT analysis; ITT population
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The results of the sensitivities testing were consistent with the results from the primary analysis.
0. Results for other efficacy outcomes
A hierarchical procedure was used to test the key secondary endpoints for alirocumab 150 Q4W/Up 150 Q2W versus placebo, while controlling for multiplicity. For some key secondary endpoints, both the ITT analysis and the on treatment analysis were pre-specified as part of the hierarchical testing procedure. For these key secondary endpoints, the on treatment analysis is considered part of the hypothesis testing procedure.
Since statistical significance was reached for the primary efficacy endpoint, the hierarchical testing was applied to the key secondary endpoints. All key secondary endpoints are statistically significant according to the hierarchical testing procedure down through the Lp (a) endpoint at Week 24 (ITT analysis) included.
Statistical significance was not reached for the change from Baseline in Lp (a) at Week 12 (ITT analysis). Consequently, subsequent key secondary endpoints were not tested: HDL-C, fasting TGs and Apo A-1 at Week 24 and Week 12. P-values presented in this report for these endpoints are for descriptive purposes.
[bookmark: _Toc479948141]Table 17: Study RFC13786: Secondary efficacy outcomes; hierarchical testing strategy applied
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Subgroup analysis
Subgroup analyses of the primary efficacy endpoint (ITT analysis) showed consistent reduction of calculated LDL-C from Baseline with alirocumab 150 Q4W/Up 150 Q2W versus placebo across a range of demographic and Baseline characteristics including age, BMI, region, Baseline calculated LDL-C, HDL-C, fasting TGs, Lp (a), statin intolerant status, prior history of CKD, prior history of type 1 or 2 diabetes mellitus, Baseline total PCSK9 level, and non-statin LMT at randomisation.
No qualitative interactions were identified. A quantitative interaction (that is, p-value < 0.10) has been detected for gender, prior history of MI or ischemic stroke at randomisation and Baseline free PCSK9 level. However, a clinically meaningful reduction in LDL-C was observed, regardless of gender, prior history of MI or ischemic stroke and Baseline free PCSK9 level.
[bookmark: _Toc479948224]Figure 10: Study EFC13786: Percent change from Baseline in calculated LDL-C at Week 24: Subgroup analyses according to demographic characteristics; Forest plot; ITT analysis; Alirocumab 150 Q4W/Up 150 Q2W versus placebo
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[bookmark: _Toc479948225]Figure 11: Study EFC13786: Percent change from Baseline in calculated LDL-C at Week 24: Subgroup analyses according to other Baseline characteristics; Forest plot; ITT analysis; Alirocumab 150 Q4W/Up 150 Q2W versus placebo
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Forest plots of the results according to lipids at Baseline were provided.
Up titration status
Among the 164 patients who received at least 1 injection after Week 12, 26 patients (49.1%) in the alirocumab 150 Q4W/Up 150 Q2W group and 40 patients (36.0%) in the alirocumab 75 Q2W/Up 150 Q2W group received automatic up-titration to alirocumab 150 Q2W at Week 12 in a blinded manner.
For the alirocumab 150 Q4W/Up 150 Q2W, mean calculated LDL-C values at Baseline were 197.5 mg/dL (5.116 mmol/L) in the 26 patients with dose up-titration and 130.3 mg/dL (3.374 mmol/L) in the 27 patients who remained on alirocumab 150 Q4W. For the alirocumab 75 Q2W/Up 150 Q2W group mean calculated LDL-C at Baseline were 188.6 mg/dL (4.884 mmol/L) in the 40 patients with dose up-titration and 137.3 mg/dL (3.555 mmol/L) in the 71 patients who remained on alirocumab 75 Q2W.
For the alirocumab 150 Q4W/Up 150 Q2W group (ITT analysis), calculated LDL-C percent change from Baseline values remained lower through Week 12 among patients whose dose was not up-titrated compared with patients whose dose was up-titrated. In patients in the alirocumab 150 Q4W/Up 150 Q2W group without dose up-titration (ITT analysis), the mean (SD) percent change from Baseline in calculated LDL-C was -49.5% (15.7) at Week 12 and was maintained at Week 24 (-51.5% (12.1)). In patients with dose up-titration, the mean (SD) percent change from Baseline in calculated LDL-C was -39.6% (12.2) at Week 12. At Week 24, further reduction was observed (-59.1% (13.8)), corresponding to an incremental benefit of 18.8%.
For the alirocumab 75 Q2W/Up 150 Q2W group (ITT analysis), calculated LDL-C percent change from Baseline values remained lower through Week 24 among patients whose dose was not up-titrated compared with patients whose dose was up-titrated. In patients in the alirocumab 75 Q2W/Up 150 Q2W group without dose up-titration (ITT analysis), the mean (SD) percent change from Baseline in calculated LDL-C was -57.0% (15.7) at Week 12 and was maintained at Week 24 (-55.1% (19.3)). In patients with dose up-titration, the mean (SD) percent change from Baseline in calculated LDL-C was -42.7% (16.7) at Week 12. At Week 24, further reduction was observed (-53.5% (11.0)), corresponding to an incremental benefit of 11.3%.
[bookmark: _Toc479948226]Figure 12: Study EFC13786: Calculated LDL-C mean (± SE) percent change from Baseline according to up-titration status: Time profile; ITT analysis; Patients in alirocumab 150 Q4W/Up 150 Q2W group with at least one injection post-IVRS transaction at Week 12
[image: ]
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290888507][bookmark: _Toc416353723][bookmark: _Toc421005271][bookmark: _Toc432079153][bookmark: _Toc432080726]Evaluator commentary: other efficacy studies
A clinically meaningful and statistically significant difference was obtained in the primary efficacy endpoint, where the percent change in calculated LDL-C from Baseline to Week 24 in the alirocumab 150 Q4W/Up 150 Q2W group (LS mean versus Baseline: ‑51.7%) was greater compared with that in the placebo group (LS mean versus Baseline: + 4.7%) with an LS mean difference versus placebo of ‑56.4% ((95% CI: ‑62.9 to ‑49.9); p < 0.0001). The LS mean calculated LDL-C in the alirocumab 150 Q4W/Up 150 Q2W group was 75.8 mg/dL (1.962 mmol/L) at Week 24 compared with 162.9 mg/dL (4.220 mmol/L) in the placebo group.
Despite having a control group of 75 Q2W/Up 150 Q2W group there is no comparison of the Q4W and the Q2W regimens. The analyses is restricted to comparison to Baseline and placebo only. The results appear similar but there is no discussion of the comparison in the CSR. A greater number of patients had to have the dose up titrated in the 150 Q4W starting dose. However, the sponsor is not requesting 150 mg Q4W as a starting dose. In the Summary of Clinical Efficacy the sponsor explains:
‘This dosing regimen examination was based 1) on results of a Phase 1 study as single dose in monotherapy (CL-904[footnoteRef:3]) that suggested that the duration of action of alirocumab may be longer in subjects who are treated with diet modification alone than in those treated with a statin, in line with the knowledge that the statin stimulated production of PCSK9 increases the target mediated clearance of alirocumab; 2) The dose-finding Study CL-1003 conducted in heFH patients treated with statins ± other LMTs; and 3) on data of the Phase 1 Study PKD12910 that suggested limited impact of background therapy with ezetimibe or fenofibrate on the duration of action of alirocumab. All these 3 studies indicated that the dose of 150 mg Q4W did not demonstrate a sustained effect in patients treated with statins but might be of interest in patients not on statins. Although in CHOICE II (EFC13786) the treatment regimen of alirocumab 150 Q4W/150 Q2W for 24 weeks produced clinically meaningful and statistically significant decreases from Baseline in LDL-C levels in patients receiving non-statin therapy (fenofibrate or ezetimibe), or on diet alone, the magnitude of LDL-C lowering with 150 mg Q4W at Week 12 before dose adjustment (41.7%) was considered sub-optimal in these patients mostly at high/very high CV risk and with a Baseline LDL-C close to 160 mg/dL (4.14 mmol/L). As compared, in the initial MAA studies conducted in patients not receiving statin therapy the 75 mg Q2W dose before any potential dose adjustment produced a reduction of -47.0% in ALTERNATIVE (CL-1119) (statin intolerant patients) and -48.1% in MONO (EFC11716) (monotherapy use) regardless of the Baseline LDL-C levels (191.3 mg/dL (4.95 mmol/L), and 139.7 mg/dL (3.62 mmol/L) in ALTERNATIVE and MONO, respectively). It is also noteworthy that in CHOICE II, before any potential dose adjustment the 75 mg Q2W dose, used as calibrator arm, produced similar reduction of -50.8% to that reported in the initial MAA. Since the 300 mg Q4W dose provides more consistent efficacy than the 150 mg Q4W dose in patients not receiving statins, including patients with statin intolerance, with a similar safety profile, the data from CHOICE II are provided for information, but marketing authorization will not be requested for the 150 mg Q4W dosing regimen. Therefore the Applicant will not pursue the request of this dose regimen (that is, 150 mg Q4W).’ [3:  Studies CL-904, CL-1003, PK12910, CL119, EFC 11716 were evaluated in the initial submission. See CER for PM-2015-00764-1-3] 

[bookmark: _Toc469041433][bookmark: _Toc529883225]Analyses performed across trials: pooled and meta analyses
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290888508][bookmark: _Toc416353724][bookmark: _Toc421005272][bookmark: _Toc432079154][bookmark: _Toc432080727]Not applicable for Q4W dosing as only one study used the proposed dosing regimen.
[bookmark: _Toc469041434][bookmark: _Toc529883226]Evaluator’s conclusions on clinical efficacy
Indication 1 – Q4W
Study R727-CL-1308
Two populations of patients were enrolled in this study, one not receiving concomitant statin therapy (1/3 patients) and one receiving concomitant statin therapy (2/3 patients). Patients within each population were randomised to 1 of 3 groups: alirocumab 300 mg Q4W with the option of dose adjustment to 150 mg Q2W (referred to as 300 Q4W/Up 150 Q2W), or alirocumab 75 mg Q2W with the option of up-titration to 150 mg Q2W (referred to as 75 Q2W/Up 150 Q2W), and placebo. Up titration was formally done at Week 12 for patients who did not achieve their pre-specified LDL-C goals at Week 8. The large majority of patients were at high/very high CV risk (85.9%who were also on statins and 74.1% not on statins).
With the 300 Q4W/150 Q2W the LS mean percent reduction in calculated LDL-C from Baseline was -58% but 15 to 19% of patients had to have their dose regimen changed to a Q2W regimen to achieve stable response.
Given that the sponsor cannot identify the subset of patients who can benefit from a starting dose of 300 mg Q4W or even 150 mg Q4W there does not appear to be sufficient justification for altering the starting dose of 75 mg Q2W and then assessing the response at Week 8 and deciding on up titrating to 150 mg Q2W depending on the individual patients preference, risk factors, target LDL-C level and response. It seems likely that several dose changes may be necessary to achieve optimal treatment at the lowest dose in individual patients.
It is disappointing that the sponsor did not conduct any studies that maintained patients on Q4W therapy having started on a Q2W regimen. All the studies using a Q4W regimen started on Q4W and then moved to a Q2W regimen. It is therefore not possible to know if patients who respond at Q2W can be successfully moved to a Q4W regimen.
Study EFC13786 started patients on a 150 mg Q4W regimen but while this appeared equivalent almost half the patients had to have their dose up titrated and the sponsor found the results not consistent and did not pursue this as a requested indication. Again there was no consideration of starting at 75 mg or 150 mg Q2W and then moving to 150 mg or 300 mg Q4W.
Indication 2 – Two weekly dosing (Q2W)
The final reports of the five studies which were submitted in the initial application as interim reports demonstrate persistent efficacy to 78 or 104 weeks.
[bookmark: _Toc469041435]Pivotal or main efficacy studies
The sponsor has provided the final reports for the 5 studies which were submitted as interim reports in the initial application: EFC 11569 (Combo I), EFC 12492 (FHI), R727-CL-1112 (FHII), EFC 12732 (High FH), and LTS11717 (Long Term).
All these Phase III studies were double blind, parallel group, randomised, controlled studies with a double blind treatment period of 78 weeks (approximately 18 months) for 4 studies (FHI, FHII, High FH and Long Term) and of 104 weeks for Combo II. The four 78-week studies (FH I, FH II, HIGH FH, and LONG TERM) were conducted in patients receiving a background therapy of statin at the maximally tolerated dose and possibly other concomitant LMT and used placebo as comparator for alirocumab. Among these studies, FH I, FH II, and HIGH FH enrolled heFH patients; in HIGH FH, patients had to have a LDL-C ≥ 160 mg/dL (4.14 mmol/L) at the screening visit. The LONG TERM study enrolled both heFH patients and non-FH patients at high risk of atherosclerotic CVD. The 104 week study (COMBO II) was conducted in non-FH patients at high risk of atherosclerotic CVD, receiving a background therapy of statin at the maximally tolerated dose without any other LMT, since the active comparator was ezetimibe.
The primary objective of 4 of these 5, Phase III studies was to demonstrate the reduction of LDL-C at 24 weeks by alirocumab as add-on therapy to stable maximally tolerated daily statin therapy (FH I, FH II, HIGH FH, COMBO II). It was also the primary efficacy objective of the fifth study, LONG TERM, as the overall primary objective was the evaluation of long-term safety and tolerability.
The individual study summaries of the final efficacy results were provided. See below for pooled analyses.
[bookmark: _Toc469041437]Analyses performed across trials: pooled and meta analyses
The sponsor provided efficacy results observed at Week 78 across the four Phase III studies that have been completed since the initial dossier and can be pooled.
Results at Week 78 (Studies EFC12482 (FH I), R727-CL-1112 (FH II), EFC12732 (HIGH FH), LTS11717 (LONG TERM))
These four studies were placebo controlled studies, conducted either in heFH patients or in both heFH and non-FH patients at high CV risk. In Studies FH I and FH II the initial dose was 75 mg alirocumab Q2W with possible up titration to 150 mg Q2W. In Studies Long Term and High FH the initial starting dose was 150 mg Q2W.
[bookmark: _Toc479948227]Figure 13: Percent change from Baseline in calculated LDL-C at Week 78: MMRM (ITT analysis); Phase III studies
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[bookmark: _Toc479948228]Figure 14: Calculated LDL-C over time: LS mean ± SE percent change from Baseline (ITT analysis); Pool of FH studies
[image: ]
[bookmark: _Toc479948229]Figure 15: Proportion of patients reaching calculated LDL-C < 70 mg/dL (1.81 mmol/L) at Week 78 (ITT analysis); Phase III studies
[image: ]
[bookmark: _Toc469041438][bookmark: _Toc529883227]Evaluator’s conclusions on clinical efficacy – Q2W
The sponsor has provided the final study reports for the 5 studies which were submitted in the initial application as ‘first step analysis’ reports. The final reports include patients treated for 78 weeks in four studies and 104 weeks in one study.
The results are consistent with the interim reports and demonstrate a sustained effect for 78 to 104 weeks.
The new data does not support an extension of the indications to remove the requirement for clinical cardiovascular disease as the reservations about approving this in the initial application still exist. No argument to justify this is included in the submission. The concern previously appears to be widening the indication in the absence of cardiovascular outcome data which is still awaiting completion of the specific ongoing study addressing this issue.
[bookmark: _Toc529883228]Clinical safety
The following studies provided evaluable safety data:
Study R727-CL-1308: data on starting and maintenance dose regimen of 300 mg Q4W/Q2W treatment for 48 weeks
Study EFC13786: data on starting and maintenance dose regimen of 150 Q4W/150 Q2W treatment for 24 weeks
Five Studies (EFC11569, EFC12492, EFC12732, LTS11717 and R727-CL-1112), which had been previously evaluated as interim reports, provided data on longer term safety to 78 weeks and 104 weeks
[bookmark: _Toc272414659][bookmark: _Toc290888510][bookmark: _Toc416353726][bookmark: _Toc421005274][bookmark: _Toc432079156][bookmark: _Toc432080729][bookmark: _Toc469041440]Studies providing evaluable safety data
[bookmark: _Toc421005275][bookmark: _Toc432079157][bookmark: _Toc432080730]Pivotal studies that assessed safety as the sole primary outcome
[bookmark: _Ref268776745][bookmark: _Toc421005276][bookmark: _Toc432079158][bookmark: _Toc432080731]Study LTS11717; Long-term safety and tolerability of REGN727/SAR236553 in high cardiovascular risk patients with hypercholesterolemia not adequately controlled with their lipid modifying therapy: a randomised, double blind, placebo controlled study.
Pivotal and/or main efficacy studies
Study R727-CL-1308
Safety was assessed by:
[bookmark: _Toc421005277][bookmark: _Toc432079159][bookmark: _Toc432080732]General adverse events (AEs): were collected at each study visit. The methodology for how to identify AEs is not described in the protocol or CSR (definitions and reporting requirements are provided).
AEs of particular interest: abnormal liver function tests (specified limits), haemolytic anaemia, allergic events (allergic drug reaction and/or local injection site reactions), neurologic events and ophthalmologic events that required investigation or referral were identified by accelerated reporting requirement. Cardiovascular events were referred to safety committee.
Laboratory tests: standard haematology, clinical chemistry and urinalysis and HbA1c were done at specified visits (screening, Baseline, Weeks 12, 24, 36, 48 and at discontinuation or follow up as necessary.
Specialty lipid panel - Fasting samples were collected at each study visit for total cholesterol, calculated LDL-C, HDL-C, TG, and non-HDL-C. (LDL-C was measured (via the beta-quantification method) at Week 0 and Week 24). Fasting samples were also collected at Baseline and at Week 6, 12, 24, 36 and end of study for testing for ApoB, ApoA-1, ApoB/ApoA-1 ratio, and Lp(a).
Other safety variables: vital signs were recorded at each study visit and physical examination and ECG was recorded at study start and finish.
Other studies
Other efficacy studies
Study EFC13786
Safety parameters assessed in the study included occurrence of treatment emergent adverse events (TEAEs), including serious adverse events (SAEs) and adverse events of special interest (AESIs), cardiovascular events, deaths, as well as treatment emergent clinical laboratory abnormalities (urinalysis, blood analysis, haematology, standard chemistry, hepatitis C antibody, liver panel, and creatine phosphokinase (CPK)), and vital signs.
Studies with evaluable safety data: dose finding and pharmacology
Not applicable.
Studies evaluable for safety only
[bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290888511][bookmark: _Toc416353727][bookmark: _Toc421005283][bookmark: _Toc432079160][bookmark: _Toc432080733]Not applicable.
[bookmark: _Toc469041441][bookmark: _Toc529883229]Studies that assessed safety as the sole primary outcome
Study LTS11717
Comment:	This study was submitted in the initial application (PM-2015-00764-1-3) but only interim results were submitted, which contained the analysis of safety endpoints up to Week 52. The full details of the study were presented in the initial application and are not repeated in this report. The summary of the final analysis should be read in association with the previous CER. This final analysis includes safety data to Week 78.
[bookmark: _Toc290888518][bookmark: _Toc416353734]Safety variable and outcomes
Safety parameters assessed included occurrence of TEAEs, including SAEs and adverse events of special interest (AESIs) (including ALT 3 x the upper limit of normal (ULN) if Baseline ALT < ULN or ALT ≥ 2 times the Baseline value if Baseline ALT ≥ ULN, allergic events, local injection site reactions, haemolytic anaemia, neurologic events including neurocognitive events, ophthalmologic events, overdose with investigational medicinal product (IMP), and pregnancy), CV events, deaths, clinical laboratory data (blood analysis, haematology, standard chemistry, hepatitis C antibody, liver panel, creatine phosphokinase (CPK), vitamin E and other fat soluble vitamins, cortisol with reflexive ACTH and ACTH stimulation, and gonadal hormones (including luteinizing hormone, follicle stimulating hormone, total testosterone, and sex hormone binding globulin)), vital signs, and electrocardiogram (ECG).
No single primary safety outcome was identified.
Analysis populations
[bookmark: _Toc290888519][bookmark: _Toc416353735]Safety population: defined as the randomised patients who actually received at least one dose or part of a dose of the double blind IMP injection. Patients were analysed according to the treatment actually received (that is, as-treated treatment group, alirocumab or placebo).
[bookmark: _Toc290888521][bookmark: _Toc416353737]Participant flow
[bookmark: _Toc290888522][bookmark: _Toc416353738]A total of 2,006 patients were exposed to IMP injections for ≥ 52 weeks, of which 1,916 patients were exposed to IMP injections for ≥ 76 weeks (1,267 patients (81.9%) in the alirocumab group and 649 patients (82.8%) in the placebo group). Among the 1,916 patients with ≥ 76 weeks of IMP exposure, 1,912 patients completed the Week 78 visit.
[bookmark: _Toc290888524][bookmark: _Toc416353740]Results for the safety outcomes
[bookmark: _Toc290888525][bookmark: _Toc416353741]The primary objective was to evaluate the long term safety and tolerability of alirocumab in high CV risk patients with hypercholesterolemia not adequately controlled with their lipid modifying therapy.
[bookmark: _Toc479948142]Table 18: Study LTS11717: Overview of adverse event profile: Treatment emergent adverse events; Safety population
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Adverse events
The percentages of patients who experienced TEAEs were similar between the two groups 1255/1550 (81.0%) on alirocumab and 650/788 (82.5%) on placebo. Overall, meaningful treatment differences were not observed at the SOC level for any of the SOC with an incidence of ≥ 3% of patients, in either treatment group.
The most frequently reported TEAEs at the PT level (≥ 5% of patients in either treatment group) in the alirocumab versus placebo groups, respectively, were as follows (by decreasing order in the alirocumab group): nasopharyngitis, upper respiratory tract infection, injection site reaction, urinary tract infection, diarrhoea, influenza, back pain, bronchitis, myalgia, and arthralgia and headache.
The following seven TEAEs (PT) were reported more frequently in the alirocumab group compared with the placebo group (with an incidence of ≥ 2.0% and a difference ≥ 0.5% versus placebo), in order of decreasing frequency: injection site reaction, myalgia, muscle spasms, cough, musculoskeletal pain, contusion, and angina unstable.
[bookmark: _Toc479948143]Table 19: Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
[image: ]
Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
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Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
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Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
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Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
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Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
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Table 19 (continued): Study LTS11717: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Safety population
[image: ]
Treatment related AEs
For 17.2% of patients in the alirocumab group and 14.3% of patients in the placebo group, TEAEs were considered to be related to IMP injections by the Investigator. The most frequently occurring TEAE considered related to the IMP was injection site reaction occurring in 91 patients (5.9%) in the alirocumab group and 33 patients (4.2%) in the placebo group. Other TEAEs (PT) that were considered related to the IMP and occurred in ≥ 0.5% of patients in either the alirocumab or placebo group, respectively, included the following: headache (0.8% versus 1.4%), diarrhoea (1.0% versus 0.5%), dizziness (0.6% versus 0.6%), nausea (0.6% versus 0.9%), pruritus (0.5% versus 0.1%), arthralgia (0.5% versus 0.5%), myalgia (1.3% versus 0.4%), muscle spasm (0.6% versus 0.5%), fatigue (0.7% versus 0.5%), and decreased blood cortisol (0.4% versus 0.8%).
AEs in patients with two consecutive LDL-C < 25 mg/dL (0.65 mmol/L)
In this study where patients in the alirocumab group had treatment initiated and maintained at 150 mg Q2W, regardless of their Baseline LDL-C level, two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L) were reported in 575 patients in the alirocumab group and no patients in the placebo group. Among them, 435 patients (75.7%) reported at least one TEAE that occurred, worsened, or became serious after the first of the two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L)). In general, no particular safety profile emerged in the patients who had a two consecutive LDL-C < 25 mg/dL (0.65 mmol/L).
Deaths
There were a total of 21 deaths reported during the study (11 patients (0.7%) in the alirocumab group and 10 patients (1.3%) in the placebo group). In addition, there were two deaths (one in each treatment group) reported post study. Of the 21 patients who died during the on-study period 18 patients had TEAEs leading to death, that is, the AE that led to the patient’s death developed, worsened or became serious during the TEAE period (8 patients (0.5%) in the alirocumab group and 10 patients (1.3%) in the placebo group). None of the TEAEs leading to death were considered by the Investigator to be related to the IMP.
[bookmark: _Toc479948144]Table 20: Study LTS11717: Summary of deaths adjudication results; Safety population
[image: ]
Serious AEs
The percentages of patients who experienced a treatment emergent SAE were similar between treatment groups. Treatment emergent SAEs were reported in 290 patients (18.7%) in the alirocumab group and 154 patients (19.5%) in the placebo group. In general, individual PTs were reported at low frequency with no marked trend.
A table of SAEs occurring in more than one patient was provided.
Discontinuations due to AEs
A total of 111 patients (7.2%) in the alirocumab group and 46 patients (5.8%) in the placebo group experienced TEAE leading to treatment discontinuation. The main drivers of the difference at the primary SOCs level between alirocumab versus placebo were as follows: nervous system disorders (1.0% versus 0.5%), eye disorders (0.5% versus 0.1%), and skin and subcutaneous tissue disorders (0.5% versus 0.1%). No clear preferred term accounted for the treatment group difference in these SOCs.
The most frequently reported TEAEs (PTs) leading to permanent treatment discontinuation that occurred in ≥ 0.2% of patients in either the alirocumab or placebo group, respectively, were (by decreasing order in the alirocumab group): injection site reaction, ALT increased, myalgia, pruritus, acute MI, renal failure chronic, fatigue, dizziness, alcohol abuse, abdominal pain, back pain, blood cortisol decreased, and atrial fibrillation.
Adverse events of special interest
Allergic events
The percentage of patients with at least one general allergic TEAE was similar in the alirocumab group (156 patients (10.1%)) and the placebo group (75 patients (9.5%)). The most frequently reported allergic TEAE (by ≥ 0.5% of patients) were: rash, pruritus, conjunctivitis, asthma, seasonal allergy, eczema, dermatitis contact, rhinitis allergic, erythema, and rash pruritic.
Ninety-one patients (5.9%) in the alirocumab group and 33 patients (4.2%) in the placebo group had at least one local injection site reaction TEAE. Most patients who experienced a local injection site reaction TEAE had a single episode (59 patients (64.8%) in the alirocumab group and 28 patients (84.8%) in the placebo group.
Confirmed haemolytic anaemia
No cases of confirmed haemolytic anaemia were reported during the study.
Neurologic events
Seventy-two patients (4.6%) in the alirocumab group and 38 patients (4.8%) in the placebo group experienced TEAEs related to neurologic disorders. The most frequently occurring neurologic AE was paraesthesia which occurred in 19 patients (1.2%) in the alirocumab group and 7 patients (0.9%) in the placebo group.
Neurologic SAEs were reported for five patients (0.3%) in the alirocumab group (including ataxia, demyelination, Miller Fisher syndrome, optic neuritis, and dysarthria) and two patients (0.3%) in the placebo group (both cases of hypoesthesia).
Because of the hypothetical connection between disturbances in the myelin sheath of nerves and low LDL-C, neurological TEAEs in patients with two consecutive LDL-C < 25 mg/dL (0.65 mmol/L) were reviewed. Among the most common neurologic disorders identified (that is, paraesthesia, decreased vibratory sense, hypoesthesia) there was no increased incidence of these AEs noted to have occurred, worsened, or become serious after the first of the two consecutive low LDL-C values in the subgroup of alirocumab treated patients with two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L) compared with those patients who did not have two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L) in the alirocumab group.
Neurocognitive events
Eighteen patients (1.2%) in the alirocumab group and four patients (0.5%) in the placebo group experienced TEAEs related to neurocognitive disorders. Neurocognitive SAEs were reported for three patients (0.2%) in the alirocumab group (including confusional state, dementia, and frontotemporal dementia) and one patient (0.1%) in the placebo group (dementia).
Ophthalmological disorders
Overall, 45 patients (2.9%) in the alirocumab group and 15 patients (1.9%) in the placebo group experienced TEAEs related to ophthalmological disorders. A higher percentage of patients had ophthalmological TEAEs in alirocumab compared with the placebo group for the following AEs: retinal disorders (2.3% versus 1.5%) and optic nerve disorders (1.2% versus 0.4%). All ophthalmological AEs for retinal disorder and optic nerve disorder occurred with an incidence < 0.5%.
Selected sites participated in an ophthalmologic sub-study. Ophthalmologic assessments (including colour vision testing, best corrected visual acuity, slit lamp ophthalmoscopy, intraocular pressure assessment, dilated lens and fundus examination, or optic disc and fundus photographs) were performed periodically throughout the study as per the usual practice of the ophthalmologist/optometrist involved in this sub-study. Abnormalities identified during the ophthalmological assessments were reported as AEs.
Among the 139 patients who participated in the ophthalmological sub-study, 7 patients had an ophthalmological TEAE (5 patients (5.7%) in the alirocumab group and 2 patients (3.9%) in the placebo group). In the alirocumab group the following ophthalmological TEAEs were reported in one patient each: age related macular degeneration, corneal abrasion, demyelination, detachment of the retinal pigment epithelium, and retinal haemorrhage. In the placebo group, one patient each had diabetic retinopathy and macular degeneration.
Adjudicated cardiovascular events
A total of 112 patients had treatment emergent CV events (AEs and procedures) that were confirmed by adjudication, including 72 patients (4.6%) in the alirocumab group and 40 patients (5.1%) in the placebo group. The most frequently reported CV event was ischemia driven coronary revascularisation procedure, reported for 48 patients (3.1%) in the alirocumab group and 24 patients (3.0%) in the placebo group. A lower percentage of patients in the alirocumab group experienced a nonfatal MI compared with the placebo group (0.9% versus 2.3%), and a lower percentage of patients in the alirocumab group experienced CHD death compared with the placebo group (0.3% versus 0.9%).
[bookmark: _Toc479948145]Table 21: Study LTS11717: Summary of cardiovascular TEAEs according to adjudication; Safety population
[image: ]
A post hoc analysis of MACE and other CV composite endpoints was conducted and found that the incidence of patients with MACE composite endpoint was lower in the alirocumab group compared with the placebo group (1.7% versus 3.3%). The hazard ratio was 0.523 (95% CI: 0.305 to 0.897) for alirocumab compared with placebo.
Hepatic disorders
A total of 36 patients (2.3%) in the alirocumab group and 14 patients (1.8%) in the placebo group experienced TEAEs related to hepatic disorders. The most frequently occurring hepatic disorder PT was ALT increased, which occurred in 15 patients (1.0%) in the alirocumab group compared with 5 patients (0.6%) in the placebo group. The percentage of patients with a TEAE of γGT increased was also higher in the alirocumab group (6 patients (0.4%) in the alirocumab group versus no patients in the placebo group).
Clinical laboratory evaluations and vital signs
There were no relevant changes with regard to haematology, electrolytes, liver enzymes, renal function, cortisol, gonadal hormones (in men), or vitamins A and D. Vitamin E decreased post Baseline in the alirocumab group compared with the placebo group.
Overall, none of the clinical laboratory parameters evaluated or the vital signs showed a clinically relevant difference between treatment groups. No safety concerns were identified by ECG.
Anti-alirocumab antibodies
Twenty-four patients in the alirocumab group (1.6%) and 8 patients in the placebo group (1.1%) had positive ADA status at Baseline, with titres ranging from 30 to 480 for the alirocumab group and from 30 to 120 for the placebo group, and none of them developed a treatment emergent positive ADA response during the study.
A total of 81 patients developed a treatment emergent positive ADA response: 72 patients in the alirocumab group (4.8%) and 9 in the placebo group (1.2%). The time to onset of ADA response for most patients in the alirocumab group was between 4 and 12 weeks, with a median time to ADA response of 4.93 weeks. Among these 72 patients in the alirocumab group with a treatment emergent positive ADA response, 18 patients had a response classified as persistent, 53 patients had a transient response, and 1 patient had an indeterminate response. Among the 1,489 patients in the alirocumab group of the ADA population, 19 patients (1.3%) had at least 1 positive neutralising status.
Overall, a treatment emergent ADA positive response was observed in 4.8% of patients treated with alirocumab. This ADA response did not appear to impact the LDL-C effect or safety profile of alirocumab, with the possible exception of injection site reaction, which occurred with a higher incidence in ADA-positive patients compared with ADA negative patients (11.3% versus 5.6%). In most patients, the ADA response was transient and was not associated with any safety concern apart from mild increase in the incidence of injection site reactions. Nineteen patients, all from alirocumab treatment group, had a positive neutralising status.
Evaluator commentary
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290888526][bookmark: _Toc416353742][bookmark: _Toc421005285][bookmark: _Toc432079162][bookmark: _Toc432080735]This is a large study of 2,341 patients at high CV risk (with a history of CHD or CHD risk equivalents or HeFH) who were exposed to alirocumab for a total of 78 weeks.
The frequency of TEAEs, SAEs, and TEAEs leading to death were similar between treatment groups. Seven TEAEs occurred in the alirocumab group with a higher incidence than the placebo group (with an incidence of ≥ 2.0% and a difference ≥ 0.5% versus placebo): injection site reaction, myalgia, muscle spasms, cough, musculoskeletal pain, contusion, and angina unstable.
Eleven patients in the alirocumab group and 10 patients in the placebo group died during the on-study period. None of the deaths on study were considered related to the IMP.
The frequency of injection site reaction was higher in the alirocumab group compared with the placebo group (5.9% versus 4.2%, respectively) but they were mostly mild and of short duration and rarely led to treatment discontinuation.
[bookmark: _Toc469041442][bookmark: _Toc529883230]Patient exposure
The sponsor provided two Summaries of Clinical Safety and so exposure is presented for Q4W and Q2W separately.
Q4W
[bookmark: _Toc479948146]Table 22: Exposure to alirocumab in Study R727-CL-1308; all randomised subjects
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[bookmark: _Toc479948147]Table 23: Study R727-CL-1308: details of dosing titration
[image: ]
[bookmark: _Toc479948148]Table 24: Exposure to alirocumab in Study EFC13786; double blind period; Safety population
[image: ]
Q2W
[bookmark: _Toc479948149]Table 25: Studies included in the Summary of Clinical Safety; Q2W
[image: ]
The safety data has been organised into two data pools; the placebo controlled pool and the ezetimibe controlled pool.
[bookmark: _Toc479948150]Table 26: Exposure to alirocumab; Injection (Safety population); pool of placebo controlled studies and pool of ezetimibe controlled studies
[image: ]
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290888527][bookmark: _Toc416353743][bookmark: _Toc421005286][bookmark: _Toc432079163][bookmark: _Toc432080736][bookmark: _Toc469041443][bookmark: _Toc529883231]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290888528][bookmark: _Toc416353744][bookmark: _Toc421005287][bookmark: _Toc432079164][bookmark: _Toc432080737]All adverse events (irrespective of relationship to study treatment)
Integrated safety analyses
Q4W
Not applicable.
Q2W
In both treatment pools, the incidences of TEAEs across treatment pools were generally similar.
[bookmark: _Toc479948151]Table 27: Overview of adverse event profile: TEAE (Safety population); Pool of placebo controlled studies and pool of ezetimibe controlled studies
[image: ]
Placebo controlled pool
TEAEs (PT) reported in a higher proportion of patients in the alirocumab group compared with placebo (that is, incidence ≥ 2.0% in the alirocumab group and difference ≥ 0.5% versus placebo) were: nasopharyngitis (12.2% in the alirocumab group versus 11.5% in the placebo group), injection site reaction (6.9% versus 4.9%), influenza (5.9% versus 4.9%), myalgia (4.5% versus 3.7%), contusion (2.3% versus 1.3%), and musculoskeletal pain (2.3% versus 1.6%).
Compared with the analysis submitted in the initial application, new TEAEs reported in ≥ 5% of patients in any group included urinary tract infection, diarrhoea, and back pain, with no meaningful differences between alirocumab and placebo groups. New TEAEs reported at an incidence ≥ 2.0% in the alirocumab group and with a difference ≥ 0.5% versus the placebo group included nasopharyngitis. Muscle spasms no longer meet these criteria compared with the initial analysis.
In summary, compared with the initial analysis, oropharyngeal pain was no longer identified as being reported at a significantly higher rate with alirocumab as compared with placebo. Injection site reactions, pruritus, and upper respiratory tract signs and symptoms remain common AEs.
Ezetimibe controlled pool
TEAEs (PT) reported in a higher proportion of patients in the alirocumab group compared with the ezetimibe group (incidence ≥ 2.0% in the alirocumab group and difference ≥ 0.5% versus ezetimibe) were: upper respiratory tract infection (7.2% in the alirocumab group versus 6.5% in the ezetimibe group), accidental overdose (6.3% versus 3.9%), headache (5.0% versus 3.9%), arthralgia (4.9% versus 4.2%), influenza (4.3% versus 3.7%), fatigue (3.2% versus 1.5%), injection site reaction (2.9% versus 2.1%), fall (2.5% versus 1.8%), constipation (2.3% versus 1.8%), and insomnia (2.1% versus 1.5%).
Compared with the initial analysis submitted in the initial application, new TEAEs reported in ≥ 5% of patients in any group included accidental overdose and headache, which were both most frequently reported in the alirocumab group as compared to the ezetimibe group. Upper respiratory tract infection, arthralgia, fall, and insomnia are new TEAEs reported at a higher incidence with alirocumab as compared to ezetimibe since the initial analysis.
In summary, compared with the initial analysis, fatigue was newly identified as a common AE reported at a significantly higher rate with alirocumab as compared with ezetimibe; bronchospasm and obstruction (HLT) was no longer identified as being reported at a significantly higher rate with alirocumab as compared with ezetimibe.
Effect of up titration
A total of 228 patients whose dose of alirocumab was up-titrated and 432 patients whose dose of alirocumab was not up-titrated were identified in the placebo controlled pool, and 180 patients with dose up-titration and 606 patients with no dose up-titration in the ezetimibe controlled pool.
No TEAEs were consistently reported at higher rates in patients with dose up-titration as compared with patients with no dose up-titration, in both placebo and ezetimibe controlled pools. Influenza, upper respiratory tract infection, and dizziness were reported at higher rates in patients with no dose up-titration, consistently in both pools.
Local injection site reactions
Overall, the percentages of patients who reported local injection site reactions were 6.3% and 4.3% in the alirocumab and pooled control groups, respectively. The incidence rate was higher in the alirocumab group compared with the pooled control group (4.9 and 3.5 per 100 patient years, respectively), with HR (95% CI) of 1.47 (1.14 to 1.91). Compared with the analysis submitted in the initial application, the incidence rates decreased in both the alirocumab and placebo groups (respectively, 6.0 and 4.2 per 100 patient-years in the initial analysis), and the HR remained stable (1.50 (95%CI: 1.15 to 1.95)).
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See Section 8.2
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
The percentage of patients who experienced TEAEs was higher in the 300 Q4W/Up 150 Q2W alirocumab treatment group (80.6%) than the placebo group, and was similar in the placebo group (74.7%) and 75 Q2W/Up 150 Q2W group (74.8%). The AE profiles for the population of patients receiving concomitant statin therapy and the population not receiving concomitant statin therapy were similar to the overall safety population and to each other.
[bookmark: _Toc479948152]Table 28: Study R727-CL-1308: overview of adverse event profile; TEAEs; patients regardless of concomitant statin therapy; Safety Population
[image: ]
[bookmark: _Toc479948153]Table 29: Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
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Table 29 (continued): Number (%) of patients with TEAEs that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT, and PT; patients regardless of concomitant statin therapy; Safety Population
[image: ]
Q2W
See integrated analysis.
Other studies
Other efficacy studies.
Q4W
Study EFC13786
During the double blind period, TEAEs were reported by 45 patients (77.6%) in the alirocumab 150 Q4W/Up 150 Q2W group, 84 patients (73.0%) in the alirocumab 75 Q2W/Up 150 Q2W group, and 37 patients (63.8%) in the placebo group.
[bookmark: _Toc479948154]Table 30: Study EFC13786: Overview of adverse event profile: Treatment emergent adverse events; Double blind period; Safety population
[image: ]
The SOCs with a notably high frequency in the alirocumab 150 Q4W/Up 150 Q2W group were:
Musculoskeletal and connective tissue disorders:
Arthralgia was reported in seven patients (12.1%) in the alirocumab 150 Q4W/Up 150 Q2W group, seven patients (6.1%) in the alirocumab 75 Q2W/Up 150 Q2W group and two patients (3.4%) in the placebo group
Muscle spasms were reported in the alirocumab groups only, with three patients (5.2%) in the alirocumab 150 Q4W/Up 150 Q2W group, eight patients (7.0%) in the alirocumab 75 Q2W/Up 150 Q2W group, and no patient in the placebo group.
General disorders and administration site conditions:
Injection site reactions were reported in the alirocumab groups only, with eight patients (13.8%) in the alirocumab 150 Q4W/Up 150 Q2W group, four patients (3.5%) in the alirocumab 75 Q2W/Up 150 Q2W group, and no patient in the placebo group
Fatigue was reported in the alirocumab groups only, with four patients (6.9%) in the alirocumab 150 Q4W/Up 150 Q2W group, five patients (4.3%) in the alirocumab 75 Q2W/Up 150 Q2W group, and no patient in the placebo group.
Skin and subcutaneous tissue disorders:
Rash was reported in the alirocumab groups only, with 3 patients (5.2%) in the alirocumab 150 Q4W/Up 150 Q2W group and one patient (0.9%) in the alirocumab 75 Q2W/Up 150 Q2W group. Of note, rash maculopapular was reported only in the placebo group by one patient (1.7%).
[bookmark: _Toc479948155]Table 31: Study EFC13786: Number (%) of patients with TEAE(s) that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Double blind period; Safety population
[image: ]
Table 31(continued): Study EFC13786: Number (%) of patients with TEAE(s) that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Double blind period; Safety population
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Table 31(continued): Study EFC13786: Number (%) of patients with TEAE(s) that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Double blind period; Safety population
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Table 31(continued): Study EFC13786: Number (%) of patients with TEAE(s) that occurred with HLT ≥ 2% in any treatment group by primary SOC, HLT and PT; Double blind period; Safety population
[image: ]
Only HLT with frequency > =2% in at least one treatment group are presented Source: Study EFC1378 CSR Table 50.
About 1 quarter of patients (25.2%) entering the open label extension period experienced at least 1 TEAE. The most common AE reported was myalgia.
A full tabulation of the AEs reported during the open label population was provided.
Q2W
Not applicable.
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290888529][bookmark: _Toc416353745][bookmark: _Toc421005288][bookmark: _Toc432079165][bookmark: _Toc432080738]Treatment related adverse events (adverse drug reactions)
Integrated safety analyses
Q4W
Not applicable.
Q2W
The percentage of patients who experienced any TEAE leading to permanent treatment discontinuation was similar between the alirocumab and placebo groups and between the alirocumab and ezetimibe groups.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See results for integrated analyses.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
In the overall safety population, 194/802 patients (24.2%) experienced at least one TEAE that was considered by the Investigator to be related to study drug. The proportion of patients reporting treatment-related TEAEs was higher in the 300 Q4W/Up 150 Q2W group (122/458 or 26.6%) than in the placebo group (47/229 or 20.5%) and in the 75 Q2W/Up 150 Q2W group (25/115 or 21.7%). This imbalance was primarily due to an increased incidence in the HLT of Injection Site Reactions (72/458 or 15.7% in the 300 Q4W/Up 150 Q2W group versus 17/229 or 7.4% in the placebo group). The incidence of treatment-related Injection Site Reactions in the 75 Q2W/Up 150 Q2W group was 10/115 patients (8.7%).
Adverse Events from patients with two consecutive LDL-C < 25 mg/dL (0.65 mmol/L)
AEs were analysed in the subset of patients who had two or more consecutive LDL-C values < 25 mg/dL (0.65 mmol/L). 118/802 (14.7%) patients had two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L): 5/115 patients (4.3%) in 75 Q2W/Up 150 Q2W group, 113/458 patients (24.7%) in the 300 Q4W/Up 150 Q2W group, and 0/229 patients in the placebo group. The majority of these patients (109/118) were in the population receiving concomitant statin therapy, all 5 in the 75 Q2W/Up 150 Q2W group and 104 of the 113 were in the 300 Q4W/Up 150 Q2W group. Of the 118 patients with two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L), 81 (68.6%) experienced at least one TEAE that occurred, worsened, or became serious after the first of the two low LDL-C values The most commonly occurring PTs were upper respiratory tract infection and injection site reaction.
Other studies
Other efficacy studies
Q4W
Study EFC13786
TEAEs were considered to be related to the IMP injections by the Investigator for 14 patients (24.1%) in the alirocumab 150 Q4W/Up 150 Q2W group, 14 patients (12.2%) in the alirocumab 75 Q2W/Up 150 Q2W group and 9 patients (15.5%) in the placebo group.
Injection site reactions, which were reported only in the alirocumab groups, were all considered to be related to the IMP by the Investigators and occurred in 8 patients (13.8%) in the alirocumab 150 Q4W/Up 150 Q2W group and 4 patients (3.5%) in the alirocumab 75 Q2W/Up 150 Q2W group. TEAEs considered to be related to the IMP with an incidence of > 3% in either of the alirocumab groups were reported by 1 to 3 patients (1.7% to 5.2%) in the alirocumab 150 Q4W/Up 150 Q2W group versus 0 to 1 patient (0.0% to 1.7%) in the placebo group.
Two consecutive LDL-C values < 25 mg/dL (0.65 mmol/L) were reported by 3/113 patients (2.7%), all in the alirocumab 75 Q2W/Up 150 Q2W group. None of these patients required up-titration. Among these patients, only one patient reported TEAEs after the first of the two low LDL-C values: nasopharyngitis (onset day: Day 50) and headache (onset day: Day 111). These TEAEs were considered resolved on Day 65 and Day 111 respectively.
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290888530][bookmark: _Toc416353746][bookmark: _Toc421005289][bookmark: _Toc432079166][bookmark: _Toc432080739]Deaths and other serious adverse events
Integrated safety analyses
Q4W
Not applicable.
Q2W
The incidence of on-study death was 0.8% (26 or 3182) in the alirocumab group compared with 1.1% (20 of 1792) in the control groups. Compared with the analysis submitted in the initial application, six additional deaths were observed in the alirocumab group and three additional deaths in the control group. As noted in the initial analysis, the primary causes of death were CV events. The sponsor states that ‘the current data are insufficient to draw any conclusion on the effect of alirocumab on the incidence of death. A large ongoing study (OUTCOMES) is powered to investigate the potential benefit of alirocumab on CV mortality and morbidity.’
[bookmark: _Toc479948156]Table 32: Summary of deaths adjudication results (Safety population); Global pool of Phase III studies
[image: ]
The overall incidence of treatment emergent SAEs were similar in the alirocumab and placebo groups: 387 (15.6%) versus 205 (16.1%), respectively and in the alirocumab and ezetimibe groups: 147 (17.0%) versus 86 (13.9%), respectively. No relevant difference between the treatment groups was observed for any individual SOC. As compared to the initial analysis, no changes in the pattern of SAEs were observed.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W: Not applicable.
Q2W: see Section 8.2
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
A total of three patients died during the study (one in the placebo group (myocardial infarction) and one in each of the active treatment groups (one patient in the 75 Q2W/Up 150 Q2W developed pneumonia on Day 211 and died on Day 234; one patient in the 300 Q4W/Up 150 Q2W committed suicide by intentional overdose of tramadol, hydrocodone and diphenhydramine on Day 383) and one patient died post treatment (due to cardiac failure on Day 340).
The incidence of treatment emergent SAEs was similar among treatment groups (11.3% (75 Q2W/Up 150 Q2W), 11.6% (300 Q4W/Up 150 Q2W), and 14.4% (placebo)).
Consistent with these patients’ Baseline CV risk status, the only SOC for which ≥ 2% of patients in all groups reported treatment emergent SAEs was the SOC of cardiac disorders (3.9% for the placebo group, 3.5% for the 75 Q2W/Up 150 Q2W group, and 2.4% for the 300 Q4W/Up 150 Q2W group). At the PT level, all treatment emergent SAEs were reported in < 2% of patients in any treatment group. Most treatment emergent SAEs (PT) occurred in only 1 or 2 patients in the combined alirocumab or placebo groups. There was no pattern at the PT level among treatment groups and there was no evidence for a dose dependent effect of alirocumab.
A tabulated list of SAEs was provided.
Q2W
Not applicable.
Other studies
Other efficacy studies
Study EFC13786
There were no deaths during the double blind period or the open label extension period.
During the double blind period, treatment emergent SAEs were reported by seven patients (12.1%) in the alirocumab 150 Q4W/Up 150 Q2W group, six patients (5.2%) in the alirocumab 75 Q2W/Up 150 Q2W group and four patients (6.9%) in the placebo group. Individual PTs were generally reported at low frequency with no particular clinical pattern.
[bookmark: _Toc479948157]Table 33: Study EFC13786: Number (%) of patients with treatment emergent SAE(s) by Primary SOC and PT; Double blind period; Safety population
[image: ]
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290888531][bookmark: _Toc416353747][bookmark: _Toc421005290][bookmark: _Toc432079167][bookmark: _Toc432080740]Discontinuations due to adverse events
Integrated safety analyses
Q4W
Not applicable.
Q2W
Placebo controlled group
The overall incidence of TEAEs leading to treatment discontinuation was similar in the alirocumab (148 (6.0%)) and placebo (71 (5.6%)) groups. In the alirocumab group, the most frequently reported (in at least three patients) TEAEs (PTs) that led to treatment discontinuation were myalgia (6 (0.2%)), injection site reaction, alanine aminotransferase (ALT) increased, and nausea (5 (0.2%) each); fatigue (4 (0.2%)), and anaemia, vertigo, diarrhoea, acute MI, chronic kidney disease, and pruritus (3 (0.1%) each); other TEAEs were isolated cases reported in one or two patients.
Ezetimibe controlled group
The overall incidence of TEAEs leading to treatment discontinuation was similar in the alirocumab (84 (9.7%)) and ezetimibe (66 (10.7%)) groups. In the alirocumab group, the most frequently reported (in at least three patients) TEAEs (PTs) that led to treatment discontinuation were myalgia (21 (2.4%)), headache, diarrhoea, and injection site reaction (three (0.3%) each); other TEAEs were isolated cases reported in one or two patients. In the ezetimibe group, the most frequently reported (in at least three patients) TEAEs (PTs) that led to treatment discontinuation were myalgia (23 (3.7%)); arthralgia (4 (0.6%)), headache, and muscular weakness (3 (0.5%) each); other TEAEs were isolated cases reported in one or two patients.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W: not applicable.
Q2W: see Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
The incidence of TEAEs leading to treatment discontinuation was similar among the treatment groups; 6.1% (75 Q2W/Up 150 Q2W), 6.8% (300 Q4W/Up 150 Q2W) and 7.4% (placebo).
Three patients discontinued due to hepatic disorders. All three were in the 300 Q4W/Up 150 Q2W group; one patient developed Hepatitis C but the other two were considered drug related:
A 64 year old White female in the 300 Q4W/UP 150 Q2W group, reported AE of increased hepatic enzymes on Day 35 (six days after last administration of study drug) which was subsequently permanently discontinued. No other cause was found and Hepatitis antibody tests were negative. The values returned to normal by Day 70. The patient had a mild intensity increase on study Day 253 (post dose) which did not resolve and was not considered drug related.
A 68 year old White male in the 300 Q4W/Up 150 Q2W group receiving concomitant statin therapy, reported an AE of increased hepatic enzymes of moderate intensity on study Day 253. The study drug was discontinued. The patient was also taking Diclofenac. Both increased transaminases subsequently declined to within normal limits on Day 263 but were elevated again on Day 307 but were within normal limits at Day 349 and thereafter.
Q2W
See integrated analysis.
Other studies
Other efficacy studies
Q4W.
Study EFC13786
There were four patients (6.9%) in the alirocumab 150 Q4W/Up 150 Q2W group, two patients (1.7%) in the alirocumab 75 Q2W/Up 150 Q2W group and two patients (3.4%) in the placebo group) with TEAEs leading to permanent discontinuation of study treatment. No specific clinical pattern was noted among the TEAEs leading to permanent treatment discontinuation, with most individual PTs reported at single occurrence.
[bookmark: _Toc479948158]Table 34: Study EFC13786: Number (%) of patients with TEAE(s) leading to permanent IMP discontinuation during the double blind period by Primary SOC and PT; Double blind period; Safety population
[image: ]
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290888532][bookmark: _Toc416353748][bookmark: _Toc421005291][bookmark: _Toc432079168][bookmark: _Toc432080741][bookmark: _Toc469041444][bookmark: _Toc529883232]Evaluation of issues with possible regulatory impact
[bookmark: _Toc272414669][bookmark: _Toc290888533][bookmark: _Toc416353749][bookmark: _Toc421005292][bookmark: _Toc432079169][bookmark: _Toc432080742]Liver function and liver toxicity
Integrated safety analyses
Q4W
Not applicable.
Q2W
No relevant changes in liver function tests have been identified due to the long term exposure to alirocumab, as compared to the initial submission.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
In all 3 populations evaluated (the overall safety population and the concomitant statin (Yes/No) populations), there were no clinically relevant changes in liver function parameters from Baseline to Week 12, Week 24, Week 36, or Week 48.
In the overall safety population, increases in ALT meeting the prespecified criteria were reported for five of 562 (0.9%) patients in the combined alirocumab group (all in the 300 Q4W/Up 150 Q2W group) and for three of 225 (1.3%) patients in the placebo group.
Other studies
Other efficacy studies
Q4W
Study EFC13786
There were no relevant changes across the treatment groups during the double blind period.
Q2W
Not applicable.
[bookmark: _Toc272414670][bookmark: _Toc290888534][bookmark: _Toc416353750][bookmark: _Toc421005293][bookmark: _Toc432079170][bookmark: _Toc432080743]Renal function and renal toxicity
Integrated safety analyses
Q4W: Not applicable.
Q2W: No changes in renal function have been identified in relation to the long term exposure to alirocumab, as compared to the initial submission.
Main/pivotal studies that assessed safety as the sole primary outcome.
Q4W: Not applicable.
Q2W: See Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
There were no clinically meaningful trends regarding changes in renal function parameters observed from Baseline to Week 12, Week 24, Week 36 or Week 48 value in any treatment groups.
Q2W
See Integrated analysis.
Other studies
Other efficacy studies
Q4W
Study EFC13786
Renal function was investigated based on both creatinine and eGFR categories for renal impairment based on US FDA guidelines. There were no relevant changes across the treatment groups during the double blind period.
[bookmark: _Toc272414671][bookmark: _Toc290888535][bookmark: _Toc416353751][bookmark: _Toc421005294][bookmark: _Toc432079171][bookmark: _Toc432080744]Other clinical chemistry
Integrated safety analyses
Q4W: Not applicable.
Q2W: No changes in metabolic parameters (albumin, creatine kinase, total protein), electrolytes or cortisol and adrenal function have been identified in relation to the long term exposure to alirocumab, as compared to the initial submission.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W: Not applicable.
Q2W: See Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
Metabolic parameters include fasting glucose, albumin, protein, and creatine kinase were measured during the study. No meaningful changes from Baseline in mean HbA1c were observed during the treatment period in any treatment group. There were no clinically meaningful trends concerning changes in metabolic parameters observed cross treatment groups from Baseline to Week 12, Week, 24, Week 36, or Week 48 on treatment values.
Two SAEs of hyperglycaemia were reported during the study. Both were also receiving concomitant statin therapy. One patient receiving 75 Q2W/Up 150 Q2W had ongoing Type 2 diabetes and had hyperglycaemia on two occasions which was considered related to treatment with steroids for an allergic reaction; and one patient receiving 300 Q4W/Up 150 Q2W with a history of diabetes but not receiving anti-diabetic treatment at Baseline, had an episode of stress hyperglycaemia on the same day as being hospitalised for an acute myocardial infarction and congestive cardiac failure.
The incidence of diabetes mellitus or diabetic complications TEAEs in patients with diabetes at Baseline was 15/152 (9.9%) in the combined alirocumab group (4/26 or 15.4% in the 75 Q2W/Up 150 Q2W group and 11/126 or 8.7% in the 300 Q4W/Up 150 Q2W group) and 9/67 (13.4%) for the placebo group. In patients without diabetes at Baseline, the incidence was 9/421 (2.1%) in the combined alirocumab groups (0 in the 75 Q2W/Up 150 Q2W group and 9/332 or 2.7% in the 300 Q4W/Up 150 Q2W group) and 2/162 (1.2%) in the placebo group.
Q2W
See integrated analysis.
Other studies - other efficacy studies
Q4W
Study EFC13786
Metabolic parameters included fasting glucose, albumin and creatinine kinase. There were no relevant differences across the treatment groups in the descriptive statistics for metabolic function during the double blind period.
No meaningful change from Baseline in mean HbA1c was observed during the double blind treatment period, with a mean absolute change (SD) from Baseline at Week 24 of ‑0.02% (0.26) in the alirocumab 150 Q4W/Up 150 Q2W group and of ‑0.00% (0.36) in the alirocumab 75 Q2W/Up 150 Q2W group versus 0.01% (0.19) in the placebo group.
Q2W
Not applicable.
[bookmark: _Toc272414672][bookmark: _Toc290888536][bookmark: _Toc416353752][bookmark: _Toc421005295][bookmark: _Toc432079172][bookmark: _Toc432080745]Haematology and haematological toxicity
Integrated safety analyses
Q4W
Not applicable.
Q2W
No changes in haematological parameters have been identified in relation to the long term exposure to alirocumab, as compared to the initial submission.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
There were no clinically meaningful trends in changes from Baseline to Week 12, Week 24, Week 36, or Week 48 in any haematology parameter in any treatment groups.
Q2W
See integrated analysis.
Other studies - other efficacy studies
Q4W
Study EFC13786
There were no relevant changes across the treatment groups during the double blind treatment period.
Q2W
Not applicable.
[bookmark: _Toc272414675][bookmark: _Toc290888539][bookmark: _Toc416353754][bookmark: _Toc421005297][bookmark: _Toc432079174][bookmark: _Toc432080747]Electrocardiograph findings and cardiovascular safety
Integrated safety analyses
Q4W
Not applicable.
Q2W
No effects of alirocumab on ECG parameters were identified during the clinical development.
Main/pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See Section 8.2.
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
There were no differences in the incidence of patients with abnormal ECG interpretations between the combined alirocumab group (63/231 (27.3%) patients with normal/missing Baseline ECG data) and the placebo group (31/99 (31.3%) patients). Three patients, two in the 300 Q4W/Up 150 Q2W group and not receiving concomitant statin therapy and one in the 75 Q2W/Up 150 Q2W group and receiving statin, experienced SAEs that were associated with abnormal ECGs but none were considered related to study drug.
Q2W
See integrated analysis.
Other studies - other efficacy studies
Q4W
Study EFC13786
Electrocardiogram variables were assessed as normal/abnormal and there were no relevant differences across the treatment groups during the treatment period of the double blind period. None of the ECGs reported as abnormal were considered clinically significant by the Investigator.
[bookmark: _Toc272414676][bookmark: _Toc290888540][bookmark: _Toc416353755][bookmark: _Toc421005298][bookmark: _Toc432079175][bookmark: _Toc432080748]Vital signs and clinical examination findings
Integrated safety analyses
Q4W
Not applicable.
Q2W
No clinically meaningful changes in systolic blood pressure, diastolic blood pressure, heart rate, weight or physical examination were observed in any of the treatment groups.
Pivotal studies that assessed safety as the sole primary outcome
Q4W
Not applicable.
Q2W
See Section 8.2
Pivotal and/or main efficacy studies
Q4W
Study R727-CL-1308
There were no clinically significant changes in systolic blood pressure, diastolic blood pressure, heart rate, measurements ECG or physical examination during the study in any treatment groups.
Other studies - other efficacy studies
Q4W
Study EFC13786
Across treatment groups, mean changes from Baseline were generally similar for DBP, SBP, and HR. None of the changes from Baseline in DBP, SBP, HR, or weight over the treatment period or at follow-up were relevant across treatment groups.
Q2W
Not applicable.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290888550][bookmark: _Toc416353765][bookmark: _Toc421005308][bookmark: _Toc432079179][bookmark: _Toc432080752][bookmark: _Toc469041445][bookmark: _Toc529883233]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290888551][bookmark: _Toc416353766][bookmark: _Toc421005309][bookmark: _Toc432079180][bookmark: _Toc432080753]Safety in special populations
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290888552][bookmark: _Toc416353767][bookmark: _Toc421005310][bookmark: _Toc432079181][bookmark: _Toc432080754]No new clinical relevant changes were identified, as compared to the initial submission.
Safety related to drug-drug interactions and other interactions
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290888543][bookmark: _Toc416353758][bookmark: _Toc421005301][bookmark: _Toc432079182][bookmark: _Toc432080755]Alirocumab is a monoclonal antibody and as such, it was not anticipated to interact with cytochrome P450 (CYP) or transporters. Therefore, drug-drug interactions between alirocumab and other drugs were not anticipated.
No new data on drug interaction data was presented.
Neurocognitive events
Q4W
In Study R727-CL-1308 no meaningful difference was identified for neurological or neurocognitive events.
Q2W
In the integrated safety analysis neurocognitive impairment was reviewed in detail. In the placebo controlled pool, neurocognitive events were reported at an incidence rate (per 100 patient-years) of 0.7 and 0.5 in the alirocumab and the placebo groups, respectively (HR: 1.24 (95% CI: 0.57 to 2.68)). In the ezetimibe controlled pool, neurocognitive events were reported at incidence rate (per 100 patient-years) of 0.9 and 1.2 in the alirocumab and the ezetimibe groups, respectively (HR: 0.81 (95% CI: 0.32 to 2.08)). Compared with the initial application, the incidences of neurocognitive events in the alirocumab group, as compared with the control groups remain unchanged. In the initial application, the HR (95% CI) was 1.18 (0.54 to 2.58) and 0.94 (0.32 to 2.74) in the pool of placebo controlled studies and the pool of ezetimibe controlled studies, respectively.
Diabetes
Q4W
In Study R727-CL-1308 no meaningful difference was identified for diabetes reported as AEs. The number of patients reporting diabetes as AEs was 20 (4.4%) on alirocumab 300 Q4W/ Up150 Q2W and 11 (4.8%) on placebo.
Q2W
In the integrated safety analysis, diabetes mellitus and diabetic complications TEAEs were infrequent events, reported at similar incidence rates in the alirocumab group versus control in the placebo controlled and ezetimibe controlled pools. In the placebo controlled pool, the incidence rates per 100 patient-years were 3.4 and 3.7 in the alirocumab and placebo groups, respectively, (HR (95% CI): 0.91 (0.67 to 1.25)) and the incidence rate per 100 patient-years were 3.7 in the alirocumab group and 4.6 in the ezetimibe group, with HR (95% CI) versus control of 0.80 (0.49 to 1.30). In the initial application (addendum dated on 03 April 2015) the incidence rate per 100 patient-years was 3.7 and 3.4 in the alirocumab and placebo groups, respectively (HR (95% CI): 1.07 (0.76 to 1.50)). In the ezetimibe controlled pool, the incidence rate per 100 patient-years was 3.5 in the alirocumab group and 4.8 in the ezetimibe group (HR: 0.71 (0.40 to 1.26)).
Similar to the initial application, the new analysis of the TEAEs and the changes in fasting glucose and HbA1c during the treatment period, suggested no safety concern with regard to a potential risk of diabetes mellitus or diabetic complications was associated with the use of alirocumab, either in patients defined as diabetic or nondiabetic at Baseline.
Immunogenicity
Q4W
Alirocumab 150 mg Q4W or 300 mg Q4W was associated with a low level of immunogenicity. Treatment emergent ADA positive results were observed in 4.7% of patients in the 300 Q4W/150 Q2W group and in 2.6% of patients in the placebo group in Study R727-CL-1308. In Study EFC13786, 5.4% exhibited treatment emergent ADA positive responses in the 150 Q4W/150 Q2W group versus none in the placebo group. In both studies, most of the ADA positive samples exhibited low titres (≤ 240).
Overall, the incidence of neutralising antibody (NAb) was low, with only 2 patients positive in the 300 mg Q4W/150 mg Q2W group. The data in these patients do not suggest a correlation between NAb and alirocumab exposure, LDL-C lowering efficacy.
Q2W
The data on the development of ADA in the integrated analysis confirmed the results provided in the initial application. Treatment emergent ADAs were reported in 5.1% of patients in the alirocumab group. This corresponds to only eight new treatment emergent ADA positive results over the additional period of the five completed studies. Compared with patients who were ADA negative, patients with an ADA positive status did not exhibit any difference in alirocumab efficacy. NAb were observed in few (38 patients; 1.3%) patients as compared to 36 patients in the initial dossier. Only 11 patients (0.4%) had 2 or more NAb positive samples. The data in these patients do not suggest a correlation between the presence of NAb and LDL-C lowering efficacy.
[bookmark: _Toc469041446][bookmark: _Toc529883234]Post marketing experience
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290888555][bookmark: _Toc416353770][bookmark: _Toc421005312][bookmark: _Toc432079183][bookmark: _Toc432080756]No post marketing data is presented for Q4W as it is not approved in any market.
No post marketing experience data is presented in the Summary of Clinical Safety; 2QW.
One PSUR was included in the submission. It covered the period from 23 September 2015 to 24 July 2016. The International Birth Date was 24 July 2015. Cumulative, from 1 July 2015 to 31 March 2016, mean patients exposure to marketed alirocumab was estimated to be 9,842 patients per month (corresponding to 177, 170 alirocumab single units (syringe/pre-filled pen) whatever the strength.
The sponsor has made no changes to the AE profile based on the spontaneous reports and no actions were taken for safety reasons during the period covered by this PSUR. Based on the new data received during the period covered by this PSUR, the sponsor considers that no new safety signals were noted and that no change to the risk minimisation strategy is deemed necessary.
The PSUR notes that in addition to the routine pharmacovigilance activities currently in place, the sponsor is planning to undertake four post-authorisation safety studies:
to evaluate safety of long-term use of alirocumab (exceeding 5 years)
to further characterise the potential risk of neurocognitive disorders
to evaluate the effectiveness of dosing recommendation for the two currently approved dosages (75mg bi-weekly and 150 mg bi‑weekly) in avoiding very low LDL-C, and
to gather relevant safety data in patients infected human immunodeficiency virus.
[bookmark: _Toc469041447][bookmark: _Toc529883235]Evaluator’s overall conclusions on clinical safety
The safety database or patients treated with the Q2W dose regimen is substantial; 5,234 patients with hypercholesterolemia (3,340 alirocumab, 1,276 placebo and 618 ezetimibe) with a treatment duration of up to 18 months. Patient exposure was 2,142 in alirocumab treated for at least 76 weeks and 378 for at least 102 weeks.
No new safety issues were identified that had not been previously seen in the initial application. The most frequently reported AEs are injection site reactions, pruritus and upper respiratory tract infections. The additional safety data did not identify any relationship for neurologic events, neurocognitive events or diabetes. The safety concerns identified for statin therapy (musculoskeletal, liver function, diabetes, neurocognitive AEs) were not observed with alirocumab treatment.
Treatment with 300 mg Q4W did not appear to be associated with an increased risk of increased AEs and no new safety issues were identified.
From the final results of the Q2W studies it was found that treatment emergent ADA were observed in 5.1% of patients in the alirocumab group, corresponding to only eight new treatment emergent ADA assay responses over the additional follow-up period of the five completed studies. Compared with patients who were ADA negative, patients with an ADA positive status did not exhibit any difference in alirocumab efficacy. NAb were observed in few (38 patients; 1.3%) patients as compared to 36 patients in the initial dossier. Only 11 patients (0.4%) had 2 or more NAb positive samples. The data in these patients do not suggest a correlation between the presence of NAb and LDL-C lowering efficacy.
The issue of cardiovascular outcomes was not addressed in this submission as the study (Study EFC11570) to address this issue is still ongoing.
[bookmark: _Toc529883236]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290888557][bookmark: _Toc416353772][bookmark: _Toc421005314][bookmark: _Toc432079185][bookmark: _Toc432080758][bookmark: _Toc469041449][bookmark: _Toc529883237]First round assessment of benefits
Table 35: First round assessment of benefits
	Indication

	Benefits
	Strengths and Uncertainties

	300 mg Q4W as starting dose with optional up titration to 150 mg Q2W provided clinically meaningful reduction in LDL-C versus placebo similar to that seen with 75 Q2W/Up 150 Q3W.
	Result at 12 weeks for percent change from Baseline (mmol/L): ‑55.3% (statin) and ‑58.4% (no statin)
Strength is persistent effect to Week 24: ‑58.7% (statin) and ‑52.5% (no statin) and Week 48 ‑51.9% (statin) and ‑45.7%(no statin)
Strength is consistent results were found for other lipid parameters; that is, reduced concentrations of Apo B, non HDL-C, total-C, Lp(a) and fasting triglycerides (TGs), and increased concentrations of HDL-C, at Weeks 12 and 24, up to Week 48 in both groups. Reduction in ApoA1 was seen in the no statin group but not in the statin group.
Uncertainty is only one study.
Uncertainty is that only 80.7% (statin) and 85.3% (no statin) of patients could be maintained on Q4W. Other patients had to be dose adjusted to 150 mg Q2W.


[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290888558][bookmark: _Toc416353773][bookmark: _Toc421005315][bookmark: _Toc432079186][bookmark: _Toc432080759][bookmark: _Toc469041450][bookmark: _Toc529883238]First round assessment of risks
Table 36: First round assessment of risks
	Risks
	Strengths and Uncertainties

	AE for Q4W are similar as for Q2W identified in initial application.
Common AEs were injection site reaction, pruritus and upper respiratory tract signs and symptoms.
Injection site reactions were only AE reported more frequently in patients positive for treatment emergent ADA.
Rare and sometimes serious allergic reactions (nummular eczema, urticaria, hypersensitivity vasculitis) were reported.
	Strength is large safety database for Q2W – 3340 patients treated with alirocumab at the 75 mg or 150 mg Q2W doses.
Strength is no safety signal in patients who had at least 2 consecutive values of LDL-C < 25 or 15 mg/dL (0.65 or 0.39 mmol/L), particularly with regard to neurological or other adverse effects that could potentially be related to low LDL-C.
Strength is the updated integrated safety database suggests alirocumab is not associated with hepatic effects or muscle related AEs, which are commonly seen with statins.
Strength is low rate of ADA reported in the additional follow up period; total of 5.1%. There does not appear to be a correlation between the presence of Nab and LDL-C lowering efficacy or safety.
Uncertainty is the effect of alirocumab on cardiovascular outcomes is still unknown (Study EFC11570 is ongoing).


[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290888559][bookmark: _Toc416353775][bookmark: _Toc421005316][bookmark: _Toc432079187][bookmark: _Toc432080760][bookmark: _Toc469041451][bookmark: _Toc529883239]First round assessment of benefit-risk balance
Based on the clinical data submitted the overall benefit-risk balance remains favourable.
The sponsor has requested approval for a starting dose of 300 mg Q4W. Using this dose approximately 15 to 20% of patients need to have their dose adjusted to 150 mg Q2W to achieve optimal response. The sponsor cannot identify specific criteria to determine those patients who can be successfully started and maintained on Q4W dosing and those that need dose adjustment. A similar problem existed in the initial application for those patients who could be started on 150 mg Q2W rather than the 75 mg Q2W dose. No studies were conducted that started patients on the lower dose (75 mg Q2W) and then tried to lengthen the dosing regimen to Q4W, so it is not possible to know if this would be successful. Given that the 150 mg Q2W starting dose was not approved initially it is difficult to propose approval for 300 mg Q4W. The response achieved to the 300 Q4W/Up 150 mg Q2W was similar (but not superior) to the response achieved with 75 mg Q2W/Up 150 Q2W.
Approval was also sought for a monotherapy indication which had been declined in the initial application. The monotherapy claim was based on a single study (Study EFC11716). No new data on monotherapy was presented in this application and no argument in favour of approval for monotherapy is presented in the summaries. Monotherapy was previously declined as it was felt that it could not be approved until cardiovascular outcome data was available. As this is still awaited, there is no reason to include monotherapy at this stage.
[bookmark: _Toc529883240]First round recommendation regarding authorisation
The aim of Study R727-CL-1308 was to evaluate the dose regimen 300 mg Q4W as a starting dose. While the results demonstrated that 300 Q4W was an effective starting dose for some patients, a significant number of patients (15 to 20%) had to have their dose regimen up titrated to 150 mg Q2W. In the initial application for alirocumab a starting dose of 75 mg Q2W was approved rather than 150 mg Q2W because of concerns about lack of experience with the product and no outcome data. Cardiovascular outcome data is not yet available as the study specifically addressing outcomes (Study EFC11570) is still ongoing.
It would therefore not be prudent to approve a starting dose of 150 Q2W or 300 Q4W until the there is a better indication of those patients who can be started and maintained on this regimen. It is difficult to approve 300 Q4W as an ongoing maintenance dose as this was not addressed in any of the studies. It would be helpful to see a study which started patients on 75 mg Q2W and then lengthened the regimen to Q4W.
In the proposed PI submitted the sponsor has requested removal of the requirement ‘or clinical atherosclerotic cardiovascular disease’. No justification for the removal of this is included in the submission. The sponsor has also requested inclusion of use of alirocumab as monotherapy. Again no justification is provided in the submission and as outcome data is still not available monotherapy should not be approved and the requirement for clinical disease should remain.
Given that the studies submitted were based on the same patient groups as those in the initial application, there does not appear to be any basis for changing the wording of the indication. The additional data provided in the final reports demonstrates that the efficacy is persistent for at least 78 weeks with no new safety issues identified and some reassurance about the safety with regard to neurocognitive events and diabetes.
[bookmark: _Toc529883241]Clinical questions
There were no clinical questions from the first round report.
[bookmark: _Toc529883242]Second round evaluation of clinical data submitted in response to questions
The sponsor has provided further arguments for the 300 mg Q4W starting dose regimen and to change the indication to remove the requirement for clinical atherosclerotic disease and to include non-familial primary hypercholesterolaemia and mixed dyslipidaemia.
[bookmark: _Toc529883243]Starting dose regimens
It is understood that in the initial application for alirocumab a starting dose of 75 mg Q2W was approved rather than 150 mg Q2W because of concerns about lack of experience with the product and no outcome data. The studies submitted in this application do not address the issue of the outcome data as the study addressing this is still ongoing. The results of this study are still awaited.
In this application the sponsor is only seeking approval for the 300 mg Q4W starting dose and not for the 150mg Q2W starting dose. The only argument the sponsor offers for the monthly starting dose is patient convenience. The sponsor argues that:
‘Patients who represent suitable candidates for the 300 mg Q4W regimen are those who meet the approved indication and prefer the monthly dosing as being more convenient treatment option.’
The starting dose regimen of 300 mg Q4W was only able to be maintained in 80 to 85% of patients. Those patients who will respond cannot be identified and the sponsor argues it should be left to patient preference. It is noted that those patients who do not respond to the monthly dosing will need to be changed to Q2W dosing, in some as early as 8 weeks (after 2 injections).
The majority of patients can be initiated on 75 mg Q2W and can be maintained on this dose long term. If the patient does not respond sufficiently then the dose is increased to 150 mg Q2W. Up-titration was required in 42% and 36% of patients in the FH-I and FH-II studies and 43% in the Alternative study and in smaller percentages of patients in the other studies. Therefore it seems reasonable to commence at 75 mg Q2W and up-titrate to 150mg Q2W as required.
As stated previously, it seems more logical to start on Q2W dosing and if a satisfactory response it achieved to move to Q4W dosing, but unfortunately this was not tested and therefore there is no evidence to support this regimen.
However, the data submitted does support a 300 mg Q4W starting dose and in those patients who respond the efficacy is sustained for at least 48 weeks. If this should be approved, the patients should be warned that they may not be able to be maintained on a monthly dosing.
[bookmark: _Toc529883244]Indication
The approved indication is:
Praluent is indicated as an adjunct to diet and exercise in adults with heterozygous familial hypercholesterolaemia or clinical atherosclerotic cardiovascular disease:
in combination with a statin, or statin with other lipid-lowering therapies or,
in combination with other lipid-lowering therapies in patients who are statin intolerant.
The effect of Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
The sponsor is requesting the indication be amended to:
Praluent is indicated as an adjunct to diet and exercise in adults with primary hypercholesterolaemia (heterozygous familial and non-familial) or mixed dyslipidaemia:
in combination with a statin or statin with other lipid lowering therapies in patients unable to reach LDL-C goals or,
in combination with other lipid-lowering therapies in patients who are statin intolerant, or for whom a statin is contraindicated.
The effect of Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
The differences in the indications are highlighted in bold italics.
In support of the inclusion of non-FH and mixed dyslipidaemia the sponsor has provided the following breakdown of the data in the submission.
[bookmark: _Toc529883245]Non familial hypercholesterolaemia
The sponsor states that of the total Phase III population (n = 1,257 in specific studies, n = 1,377 overall) that approximately 25% had heFH and 75% non-FH.
[bookmark: _Toc529883246]Mixed dyslipidaemia
The sponsor has provided an analysis of the data from the 10 clinical studies by subgroup analysis of those patients with diabetes and those with mixed dyslipidaemia. The sponsor provided data on the LDL-C response but no information on triglycerides or the other lipid parameters.
Diabetes
Overall, 1,629 (31%) of the total study population in the 10 studies reported a history of Type 2 diabetes mellitus. The results by subgroup analysis showed similar results in lowering LDL-C.
[bookmark: _Toc479948230]Figure 16: Percent change from Baseline in calculated LDL-C at Week 24: Subgroup analysis according to diabetes (ITT analysis)
[image: ]
Mixed dyslipidaemia
Of the 5,296 randomised Phase III patients, 2,025 (38.2%) patients had mixed dyslipidaemia (defined as fasting TGs ≥ 150 mg/dL (1.7 mmol/L) in addition to hypercholesterolaemia). This proportion ranged from 21.3% in heFH patients to up to 52.2% in studies carried out in high/very high CV risk patients. History of Type 2 diabetes was reported in 39.2% of these patients, who also tended to be more obese and older than the general population.
A similar pattern in terms of effect on LDL-C was seen in patients with mixed dyslipidaemia as compared with the overall population, regardless of the evaluated population with dyslipidaemia (heFH or non-FH), the background therapy (statins/other LMTs) and the dose regimen of alirocumab (75/150 mg or 150 mg Q2W). The results are shown below for the subgroup with mixed dyslipidaemia and the whole group.
Clinically significant decreases in LDL-C were seen in all studies.
[bookmark: _Toc479948231]Figure 17: Percent change from Baseline in calculated LDL-C at Week 24: MMRM (ITT analysis in patients with mixed dyslipidaemia); Phase III studies
[image: ]
[bookmark: _Toc479948232]Figure 18: Percent change from Baseline in calculated LDL-C at Week 24: MMRM (ITT analysis); Phase III studies
[image: ]
While this new data provided evidence of efficacy for LDL-C, having defined mixed dyslipidaemia as increased triglycerides as well as increased cholesterol, a positive effect on TG would be expected to be seen with an effective product. This data was not provided. The sponsor appears to focus only on LDL-C as they have added, without explanation, the words ‘patients unable to reach LDL-C goals’ to the indication. However, the current practice is to move away from a simple focus on a target LDL-C value, but rather to focus on an approach that deals with the total lipid profile.
Therefore it does not seem appropriate to recommend approval for the indication of mixed dyslipidaemia for a product that only reduces one element of the dyslipidaemia, namely the LDL-C, without a documented effect on triglycerides and the other lipid parameters.
Therefore the indication should remain as previously approved.
Praluent is indicated as an adjunct to diet and exercise in adults with heterozygous familial hypercholesterolaemia or clinical atherosclerotic cardiovascular disease:
in combination with a statin, or statin with other lipid-lowering therapies or,
in combination with other lipid-lowering therapies in patients who are statin intolerant.
The effect of Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
[bookmark: _Toc529883247]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290888575][bookmark: _Toc416353792][bookmark: _Toc421005334][bookmark: _Toc432079207][bookmark: _Toc432080780][bookmark: _Toc469041466][bookmark: _Toc529883248]Second round assessment of benefits
After consideration of the responses provided, the benefits of alirocumab are unchanged from those identified in the first round assessment of benefits.
[bookmark: _Toc272414710][bookmark: _Toc290888576][bookmark: _Toc416353793][bookmark: _Toc421005335][bookmark: _Toc432079208][bookmark: _Toc432080781][bookmark: _Toc469041467][bookmark: _Toc529883249]Second round assessment of risks
After consideration of the responses provided, the risks of alirocumab are unchanged from those identified in first round assessment of risks.
[bookmark: _Toc272414711][bookmark: _Toc290888577][bookmark: _Toc416353794][bookmark: _Toc421005336][bookmark: _Toc432079209][bookmark: _Toc432080782][bookmark: _Toc469041468][bookmark: _Toc529883250]Second round assessment of benefit-risk balance
The benefit-risk balance of alirocumab, given the proposed usage is favourable.
The sponsor has clarified the request for the change in starting dose and that the only justification for the monthly dosing is patient preference. While it is acknowledged that it is not possible to identify the patient population who will respond to monthly compared to two weekly dosing the response rate were similar for the two regimens: (the LS mean difference over placebo in the percent change in calculated LDL-C from Baseline to Week 24 was ‑58.7% in the ‘statin’ stratum, and ‑52.4% in the ‘no statin’ stratum for the 300 mg Q4W / 150 mg Q2W and was ‑51.5% in the ‘no statin’ stratum and ‑49.8% in in the ‘no statin’ stratum for 75 mg Q2W / 150 mg Q2W).
The sponsor has provided a breakdown of patients and response for patients with mixed dyslipidaemia but no data on the effect on triglycerides. Having reviewed this data there is still insufficient data to approve the change of indication to include non-familial hypercholesterolaemia and mixed dyslipidaemia.
[bookmark: _Toc529883251]Second round recommendation regarding authorisation
Based on the original submission and the response to the TGA Section 31 request no change in the indication is recommended. The approved indication should remain:
Praluent is indicated as an adjunct to diet and exercise in adults with heterozygous familial hypercholesterolaemia or clinical atherosclerotic cardiovascular disease:
in combination with a statin, or statin with other lipid-lowering therapies or,
in combination with other lipid-lowering therapies in patients who are statin intolerant.
The effect of Praluent on cardiovascular morbidity and mortality has not yet been determined (see CLINICAL TRIALS).
No change in the indication is recommended based on the sponsor not providing data on effect of alirocumab on triglycerides in the subgroup analysis for the populations of non-FH and mixed dyslipidaemia. The dosing information is amended based on a reassessment of the efficacy data for the 300 mg Q4W starting dose.
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AUC Week 20-24

Cmax

Model Study Dose Statin n (mg.h/L) (mg/L)
Mean (SD) Mean (SD)
BAY0041 CHOICE | 300 mg Q4W Y 226 12500 (6080) 28.9(11.0)
150 mg Q2W (up-
FHI titrated from 75 mg Y 122 11280°* 19.9 (8.03)
Qw)
POHO0377 150 mg Q2W (up-
COMBO Il titrated from 75 mg Y 69 9400 * 16.9 (9.75)
Qw)
LONG TERM 150 mg Q2W Y 1437 10060 * 18.0 (8.37)

GAUC Week 22-24 estimatedat 150 mg Q2W X 2
Source: Module 2.7.2Table 9
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Placebo |75 2w/ Al
(N=230) | Up150 QW (N=803)
(N=115)
Randomisedand not treated 1(04%) 0 1(01%)
Reasonfornot treated
Subjectwithdraw consent 1 (04%) 0 0 0 1(01%)
Randomised andtreated 229 (39.6%) | 115 (100%) | 458 (100%) | 573 (100%) [;;ﬂ;%i
Completed 24 weeks of double
blind treatment period
(o laser 32 wesksof axposore | 195 (85250 | 99 (86:1%) | 405 (s8.a%) | 504 (68.0%) | 699 (87.2%)
and W24 visit performed)
Did not complete 24 weeks of
double biind treatment period
(o leost 22 weoks ot porore | 340148%) | 1629%) | s3016%) | 69 (120% | 103 12:8%)
and W24 visit performed)
Completedthe study treatment -
period (as perCRF)andendof | 182 (79.1%) | 4 (81.7%) | 375 (81.9%) | 469 (s1.8%)
(s1.1%)
studyvisit performed
Completedthe study treatment 553
oo (o percat) 2050 | o) | e | angeeas) | T
Did not complete the study 1
Destmentpenodisspercar) | 4% | masan) | mrmw | wewsw) | 8
Reasonfornot completing study
treatment period (as per CRF)
‘Adverse event 17 (74%) | 7(61%) | 31(e8%) | 38 (e6%) | 55 (68%)
Poorcompliance toprotocal | 5 (2.2%) | 4(3.5%) | 14(3a%) | 18(3a%) | 23(29%)
Protocol became inconvenient
oaririnte 0 0 4(0.5%) a7 | 4(0s%)
e events made continuing
e s2%) | 3(26%) s(L7%) | 11(1s%) | 16(20%)
Poor compliance to protocol-
Do 0 1(0.5%) 2(04%) 3(05%) | 3(04%)
Gtherreasons 25 (10.5%) | 10(e7%) | 36(75%) | 26(s.0%) | 71(33%)
Physician decision 1(04%) | 2(17%) | 1(0.%) 3(05%) | 4(05%)
Study terminated by sponsor o o 0 0 0
Subjectmoved 3 (1.9%) 0 3 (05%) G070 | 7(0.5%)
Subjectwithdraw consent 7(3.0%) | 1(05%) | 13 (28%) | 14(24%) | 21 (26%)
Related to IMP administration o 0 2 (0.4%) 2(03%) | 2(0.2%)
Did Not Like Injections o 0 2 (0.0%) 2(03%) | 2(0.2%)
Gtherreason- Gther 10 (6a%) | 7(61%) | 16(5%) | 23 (40%) | 37 (4.6%)
Patient’s decision 32(13.9%) | 13(11.3%] | 53 (11.6%) | 6 (11.5%) | 98 (12.0%)

Note: Percentages are calculoted SIng the number of patients randomized as Genominator
Only the main reason for stopping treatment was entered in &-CRF. For detailed reasons related to IMP autoinjector administration,

several reasons may be provides.

‘Source: Study R727-CL-1308 CSR Table 5 (amended to remove minor redundancy)
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Alirocumab
Placebo 75 2w/ 300 Q4W/ _ Al
(N=73) Up150 Q2w Up150 Q2w C&’:;’:‘:f (N=256)
(N=37) (N=146)
Any statin 0 0 1(0.7%) 1(0.5%) 1(0.4%)
[Any LMT other than statins 33 (45.2%) 12 (32.4%) 67 (45.9%) 79 (43.2%) | 112 (43.8%)
Any LMT other than 20 (27.4%) 5(13.5%) 41(28.1%) 46(25.1%) | 66 (25.8%)
nutraceuticals
Ezetimibe 11(15.1%) 3(8.1%) 10 (6.8%) 13 (7.1%) | 24(9.4%)
Nutraceuticals 19 (26.0%) 8 (21.6%) 47 (32.2%) 55 (30.1%) | 74 (28.9%)
Source: Study R727-CL-1308 CSR Table 22
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Alirocumab

Placebo | 75Q2W/ | 300 QaW/ i Al
(N=157) | Up150 Q2W | Up150 Q2w m:;’g'::d (N=547) P-Value
(N=78) (N=312)
Any statin 157 (100%) | 78 (100%) | 311 (99.7%) | 389 (99.7%) | 546 (99.8%)
Taking high 101 (64.3%) | 60 (76.9%) | 205 (65.7%) | 265 (67.9%) | 366 (66.9%) | 0.1189
intensity statin
[Atorvastatin daily dose (me)
10 4(25%) 0 4(13%) | 4(10%) | 8(15%)
20 6(3.8% | 3(.8% | 12(3.8% | 15(38% | 21(3.8%)
40 35 (22.3%) | 25 (32.1%) | 89 (28.5%) | 114 (29.2%) | 149 27.2%)
80 26 (16.6%) | 12 (154%) | 41(13.1%) | 53 (13.6%) | 79 (14.4%)
Other doses 0 0 2(06% | 2(05% | 2(04%)
Rosuvastatin daily dose (mg)
5 405% | 206% | 702% | 9p3% | 1304%)
10 8(5.1% | 1(13%) | 14(a5%) | 15(38%) | 23(4.2%)
20 22 (14.0%) | 12 (15.4%) | 37 (11.9%) | 49 (12.6%) | 71(13.0%)
40 18 (11.5%) | 11(14.1%) | 35(11.2%) | 46 (11.8%) | 64 (11.7%)
Other doses 1006% | 1(1.3%) | 5(16% | 6(15% | 7(13%)
Simvastatin daily dose (mg)
10 4(5% | 1(13%) 0 1(03% | 5(05%)
20 3(19% | 3(3.8%) | 13(42%) | 16(41% | 19 3.5%)
40 10 (12.0%) | 4(5.1%) | 43 (13.8%) | 47 (121%) | 66 (12.1%)
80 6(38% | 2(6%) | 8(26% | 10(26% | 16(29%)
Other doses 1(06% | 1(13%) 0 103%) | 2(04%)
Any LT other
) 53(33.8%) | 21(269%) | 125 (40.1%) | 146 (37.4%) | 199 (36.4%) | 0.0689
than statins =
Any VT other
o traceaticals | 38 (24.2%) | 16 (20.5%) | 86 (27.6%) | 102 (26.2%) | 140 (25.6%)
Ezetimibe 22 (14.0%) | 9 (115%) | 43 (13.8%) | 52 (133%) | 74(135%)
Nutraceuticals | 24 (15.3%) | 12 (15.4%) | 62 (19.9%) | 74(19.0%) | 98 (17.9%)

Note: p-value comparing baseline data between treatment groups s provided for Gescriptive purpose, using Fisher exacttest.
2In combination with statins or not
‘Source: Study R727-CL-1308 CSR Table 23
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Alirocumab Alirocumab
Placebo 300 QAW 75 Q2wW/
Calculated LDL-Cholesterol (Ne71) Up10 qz‘g’ Up 150 Q2W
(N=144) (N=37)
Baseline (mmol/L)
Number 71 144 37
Mean (SD) 3362 (0.753) 3784 (0874) 3842 (0.953)
Median 3497 3587 3678
Min : Max 179:523 228:684 246:733
Baseline (mg/dL)
Number 71 144 37
Mean (SD) 1298 (29.1) 1461 (33.7) 148.4 (36.8)
Median 1350 1385 1420
Min : Max 69 : 202 88:264 95:283
Week 24 percent change from baseline (%)
LS Mean (SE) 03(27) 527 (19) 502 (3.7)
LS mean difference (SE) vs Placebo 524(33) 29.8 (4.6)
97.5%Cl (59.8t0 45.0) (-60.2 to -39.4)
p-value vs Placebo <0.0001* <0.0001%

Note: Least-squares (L) means, standard errors (SE) and p-value taken from MMRM (mixed-effect model with repeated measures)
analysis. The model includes the fixed categorical effects of treatment group, time point, treatment-by-time point interaction, as well
25 the continuous fixed covariates of baseline calculated LDL-C value and baseline value by time-point interaction.

The pvalue is followed by  *** if statistically significant according to the fixed hierarchical approach used to ensure a strong control of

the overall type-l error rate at the 0.025 level.

MMRM model and baseline description run on patients with  baseline value and a post-baseline value in at least one of the analysis

windows used in the model.

“ Nominal p value for comparison of alirocumab 75 mg versus placebo (provided for descriptive purposes only).

Source: Study R727-CL-1308 CSR Table 25 2nd 25
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Alirocumab Alirocumab
Placebo 300 QAW 75 Q2W,
Calculated LDL-Cholesterol (Ne71) Up150 qz‘v Up 150 qz/w
(N=144) (N=37)
Baseline (mmol/L)
Number 71 144 37
Mean (SD) 3362 (0.753) 3784 (0874) 3842 (0.953)
Median 3497 3587 3678
Min : Max 179:523 228:684 246:733
Baseline (mg/dL)
Number 71 144 37
Mean (SD) 1298 (29.1) 1461 (33.7) 148.4 (36.8)
Median 1350 1385 1420
Min : Max 69:202 88:264 95:283
Week 24 percent change from baseline (%)
LS Mean (SE) 16 (256) -56.99 (1.8) 54.0 (3.6)
LS mean difference (SE) vs Placebo 552 (3.1) 524(4.4)
97.5%Cl (62.3t0 42.4) (62.3t0-39.4)
p-value vs Placebo <0.0001% <0.0001%

Note: Least-squares (L) means, standard errors (SE) and p-value taken from MVRM (mixed-effect model with repeated measures)
analysis. The model includes the fixed categorical effects of treatment group, time point, treatment-by-time point interaction, as well as
the continuous fixed covariates of baseline calculated LDL-C value and baseline value by time-point interaction.

The pvalue s followed by 2 **' if statistically significant according to the fixed hierarchical approach used to ensure a strong control of
the overall type-l error rate at the 0.025 level.

MMRM model and baseline description run on patients with  baseline value and 2 post-baseline value in at least one of the analysis
windows used in the model.

“ Nominal p value for comparison of alirocumab 75 mg versus placebo (provided for descriptive purposes only).

‘Source: Study R727-CL-1308 CSR Table 26 and 30
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Alirocumab Alirocumab
Placebo 300 QAW 75 Q2w/
Calculated LDL-Cholesterol (Ne156) Up10 qz‘v Up 150 Q2W
(N=308) (N=76)
Baseline (mmol/L)
Number 156 308 76
Mean (SD) 2901 (0.958) 2915 (0850) 2989 (0.941)
Median 2668 2823 2823
Min : Max 145:7.04 150:759 150:5.75
Baseline (mg/dL)
Number 156 308 76
Mean (SD) 1120 (374) 1126 (32.8) 11154 (36.3)
Median 103.0 109.0 109.0
Min : Max 56:272 58:293 58:222
Week 24 percent change from baseline (%)
LS Mean (SE) 0.1(23) 588 (L6 516 (3.3)
LS mean difference (SE) vs Placebo 587 (2.8) 515 (4.0)
97.5%Cl (-65.0 to 52.4) (-60.4 to 42.6)
p-value vs Placebo <0.0001% <0.0001%

Note: Least-squares (L) means, standard errors (SE) and p-value taken from MVRM (mixed-effect model with repeated measures)
analysis. The model includes the fixed categorical effects of treatment group, randomisation strata s per IVRS, time point, treatment-
by-time point interaction, strata-by-time point interaction, s well a5 the continuous fixed covariates of baseline calculated LDL-C value

2nd baseline value by time-point interaction.

The pvalue is followed by 2 **' if tatistically significant according to the fixed hierarchical approach used to ensure a strong control of

the overall type-l error rate at the 0.025 level.

MMRM model and baseline description run on patients with  baseline value and 2 post-baseline value in at least one of the analysis

windows used in the model.

“ Nominal p value for comparison of alirocumab 75 mg versus placebo (provided for descriptive purposes only).

Source: Study R727-CL-1308 CSR Table 27 2nd 31
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placebo Alirocumab
Calculated LDL-Cholesterol (Ne156) 300 Q4W/Up150 Q2W
(N=308)
Baseline (mmol/L)
Number 156 308
Mean (SD) 2901 (0.958) 2915 (0850)
Median 2668 2823
Min : Max 145:7.04 150:759
Baseline (mg/dL)
Number 156 308
Mean (SD) 1120 (37.4) 1126 (32.8)
Median 103.0 109.0
Min : Max 56:272 58:293
Week 24 percent change from baseline (%)
LS Mean (SE) 08 (2.0) 658 (1.4)
LS mean difference (SE) vs Placebo 650 (2.4)
97.5%Cl (704 t0 59.5)
p-value vs Placebo <0.0001*

Note: Least-squares (L) means, standard errors (SE) and p-value taken from MVRM (mixed-effect model with repeated measures)
analysis. The model includes the fixed categorical effects of treatment group, randomisation strata s per IVRS, time point, treatment-
by-time point interaction, strata-by-time point interaction, s well a5 the continuous fixed covariates of baseline calculated LDL-C value

2nd baseline value by time-point interaction.
The pvalue is followed by 2 **' if tatistically significant according to the fixed hierarchical approach used to ensure a strong control of

the overall type-| error rate at the 0.025 level.
MMRM model and baseline description run on patients with  baseline value and a post-baseline value in at least one of the analysis

windows used in the model.
‘Source: Study R727-CL-1308 CSR Table 28




image12.png
LDL-C LS mean (+/-SE ) percent change from basehine (%)

Baseline 4 6 8 1012

16

220224

Time point (Week)

Source: Study R727-CL-1308 CSR Figure 3





image13.png
P-Value (300 QaW/Up 150 QZW.

Verss ixebo)

Key Secondory Endpoint nais [ Non<oncomitant | Concomiton
Satintherapy | stti thrapy
patents patents

T percentcrange m e (L Chrom

baslne to Wesk2¢ nthe Tpopulaton,

using all LDL-C values during the efficacy Onuestment peoooor peoooor

restment period

Thepercentchange mcoed LOUCHom -

baseline to Week12 peo peo

The percentchange n ke OLCTOM | o1 yestment | pe00001 peo000

The percentehangs 3508 FomEwlne

weskza e il peoo0n peooo

o pee—s s oy

The percentehange mnar ROLC o Ewine

towezs m peooo0n peoo

s pww—s oy

e percentehange I amEasene

e percentchunes m seo0001 s<o0001

The percentehange T Apo o Bmine

weskize e ” o000, 00001

Toe percenteRange e ROLC FamEwine

ezt m se00001 w0000t

Toe percentehange m I o Eeene

weskizs b o000 00001

The roporton o very g CY Tk s

rexchingcscusted DLC <T0 /e (181

i) ormoderate or high C ik patients m seo0001 seo0001

reschingcalcited DL <100meL (259

o) ot week2s

e praporton of vey g GV Tk bkt

rexchingcalcuted DLC <T0 /e (181

mmolf)ormoderate orhigh C ik patents | On-resment | p<00001 seo0001

Fexchingcolcuated DL <100meat (259

mmolf) o weekzs

T proportonaf paerts eseRnECHEIEd

LDL-C<70 mg/dL ot Week24 l peo000 pe0000

The roportonf patiens reschnEcakIRed

LDL-C<70 mg/dL ot Week24 Ontreatment peo peo

The percentehange i Lto) o Ewne &

The ercenkchangeia okl m sco0001 o001

The percentehange oo FomEwlne &

weskia: o ™ ki peoo

e = = -

T oL T = = Py

The percentchonge nfsing 16z Fombaseine | se00130 seo%0L

oweekat

The ercent hange T Tstng TG rom B

to Week12% . N m o pe00001

The percert ange s AR rom BRne 1

e b ™ 00001 00306

T s e A oA - = P

T ms oo e 3o Gom g sty
Source: Study R727-CL108CSA Table33





image14.png
anclysis ose Placebo ‘Alirocumab’ LS Mean difference
L5 Miean (56 L5 Mean (58) vs placebo (56)
The absolute change in calcuated LDL-C mmol/Lfrom baseline to week12 ©
g 300 Q4w 0163 0074) 2179 (0052) o loey
np<0.0001
g 75 Q2w 0163 (0074) 1886 (0102) aomlewn
np<0.0001
The absolute change fn calclated LDL-C mmol/Lfrom baseline foweek 24
N 300Qew/Up 150 Q2w | 0167 (0036) 1973 (0087) el
np<0.0001
m 75Q2W/Up 150Q2W | 0.167 (0.096) 1534 (0134) e el
np<00001
The sbsolute change in coleuated LDI-C mmol/Lfrom baseline to weekds
B 300 Q4W/Up 150 Q2w | 0197 (0.108) 1759 (0076) ey
np<0.0001
B 752W/Up15002W | 0197 (0.108) 1694 (0151) ey
np<0.0001
The absolute change In calcuated LDI-C me/dL from baselie to week12 '
g 300 Q4w 550291 4120 T
np<0.0001
g 75 Q2w 550291 72860 e
np<0.0001
The absolute change fn calclated LDL-C me/dL from baseline to week24
™ 3000aw/Up 15002W | 64(37) 762(26) s
np<0.0001
™ 75 Q2W/Up 150 Q2w 64(37) 708(52) e
np<00001
The percent change in calulated LDLC mg/dLfrom baseline toaveraged Weeks 21t 24
o 3000aw/Up 1502w | 15(19) 534(13) o
trestment np<0.0001
on 72032
O et | 7502WIUR 150 Q2W 15(19) 57(26) e 000t
The percent change in caleulated [DI-C me/dLfrom baseline o Week 4B
m 3000aw/Up15002W | -10(30) 457 (2) el
npe0.0001
B 75 Q2w/up 150 Q2w 10(20) “55(62) e
npe0.0001
o 3000aw/Up 1502w | 0.4(26) 553(18) e
trestment np<0.0001
o 75 Q2W/Up 150 Q2w -04(26) “401(34) ek
trestment np<0.0001
The absolute change in coleated LDI-C me/dL from baseline to weekds
%03 52)
m s00Qew/p1soczw | 76(62) 79(29) (705t0-50.1)
np<0.0001
<75(72)
m 75 Q2w/up 150 Q2w 75(62) 55.4(55) (720t0-43.5)
np<0.0001

05 nominal pvalus provided for decripve purposes o]
#Endpaints at week 12 comprisadata from patients before upitration.
Source: StudyR727-CL-1308 Tabla 36 tabl recrdersd byunis nd time) (smende it corrected datasccording o CSR arrts, page 2
‘and reference toPost textTables)





image15.png
oty o Placebo Rlrocumab | LS Mean difference
L5 Mean (se) L5 Mean (s€) vs Placebo (5E)
The absolute change in calculated LDL-C mmol/L from baseline to Week12 -
m 300 Qaw 0084 (0.061) 1612 (0023) asmloor)
np<0.0001
m 7502w 0084 (0.061) 1348 (0.087) s lores).
np<0.0001
The absolute change in calculated LDLC mmol/L from baseline to Week 24
m 300Q4W/Up150Q2W | -0.086 (0.067) 4713 (0.028) o008
np<0.0001
m 75 Q2W/Up 150 Q2W -0.086 (0.067) 1558 (0.096) anln
np<00001
The absolute change in calculated LDL-C mmol/L from baseline to Weekas
m 300Q4W/Up150Q2W | 0094 (0075) 1507 (0.053) eaziooea)
np<0.0001
m 75Qaw/Up150Q2W | 0094 (0.075) 1376 (0:108) ey
np<0.0001
The absolute change in calculated LDLC mg/dL from baseline to Week 127
m 300 Qaw ©5(29) 841(20) T
np<0.0001
m 7502w ©5(29) 728(40) sesles)
np<0.0001
The absolute change in caleulated LDLC me/dLfrom baseline to Week24
m 300 QaW/Up 150 Q2w 33026) 551 (18) w28l
np<0.0001
m 75 Q2W/Up 150 Q2W 33(26) 602(37) ]
np<00001
The percent change in calculated LDL-C mg/dL from baseline to averaged Weeks 21t0 24
Ontreatment | 300 Q4W/Up 150 Q2w 09 (15) €97(12) e
np<0.0001
Ontreatment | 75 Q2W/Up 150 Q2w 09 (15) 611(23) poztes
np<0.0001
The percent change in calculated LDLC mg/dL from baseline toWeek 4
=811
m 300 Q4W/Up 150 Q2w s2(25) s19(018) 2<00001
531(44)
m 75 Q2W/Up 150 Q2W s2(25) “70(35) nv00001
Ontreatment | 300 Q4W/Up 150 Q2w 54023) 580(15) o]
np<0.0001
Ontreatment | 75 Q2W/Up 150 Q2W 54(23) 520(33) gt
np<0.0001
The absolute change in calculated LDL-C mg/dL from baseline to Week 45
lud 300 Q4W/Up 150 Q2W 25(23) 622(17) peste
np<0.0001
295(41)
m 75 Q2W/Up 150 Q2W 25023) 521(33) aov00001

o3 nominal pvalus provided for decriptve purposes o]

#Endpoints at week 12 comprisadata from patients before upitation.

Source: tudyR727-CL-1308 Tabla 1 tabl ecrderad byunits and time and amanded for corraced values provided n CSR arata page 4and.
referance to Post text Tales]




image16.png
N LS mean &4l (97.5% CT)
ovennt N3 a4 (9R0450) [
Basele calcudated LOL-C
<100 g/l /<2 99 ol 15 BIARTeAS e
10010<1300R/AL/>-2 9940 <3 Tamcl 63 49 (42410-355) —-—t
=130 to<160mgdL/ >=3 3Tt <4 14mmol 88 513 (62410-40.2) -—
leOngiL A MmmdL 47 S33(TISI-3E) ——i
Baselwe HDL-C
AD gL <104 munol . B SATIL-8 ——i
oML -1 Okl 166 -306(59110421) o
Bascline Mt ing righycendes
<150 L /<1.7 mumolL 133 se2(s0ste-407) e
=150 ma/dL /> bl 90 SS5(6T.000-440) -
Busclne Licprotem ()
<SougiL/<03 g1. 137 2606160430 [
SO SOMBULI DI DSGL 35 -S0SCT0610-309) .
S0l 1505 $1 B 16060337 ——
—_ T
80 60 -40 20 0 20 40
Fvoes Alirocuneb $00mg Q4W-~ ~Faves Pl

Subgroup analyses according to lipids at baseline
Note: Least squares (LS) means and standard errors (SE) taken from MMRM (mixed effect model with repeated measures)analysis
Overall corresponds to primary analysis

N corresponds to number of patients with 2 baseline value and a post baseline value in atleast one of the analysis windows used in
the model.

‘Source: Study R727-CL-1308 CSR Figure 11
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<30medL/ <03 oL M 630(72810-50) ] |
=30t0<SOmydL(>=0310<0SgL S8  -519(709t0-329) —— |
0 mg/dL/ >=0.5 gL 151 555 (663t0-447) i |

B B e e e B

80 60 40 -20 0 20 40

Favors Alirocutmab 300mg Q4W-- —Favors Pla

Subgroup analyses according to lipids at baseline
Note: Least squares (LS) means and standard errors (SE) taken from MMRM (mixed effect model with repeated measures)
analysis

Overall corresponds to primary analysis

N corresponds to number of patients with a baseline value and a post baseline value in at least one of the analysis windows
used in the model.

Source: Study R727-CL-1308 CSR Figure 14
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Subgroup analyses according tolipids at baseline
Note: Least squares (LS) means and standard errors (SE) taken from MMRM (mixed effect model with repeated measures) analysis
Overall corresponds to primary analysis

N corresponds to number of patients with a baseline value and a post baseline value in at least one of the analysis windows
used in the model.

‘Source: Study R727-CL-1308 CSR Figure 15
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LS mean % change from baseline in calculated LDL-C

Dose regimen mmol/L

Week 24 Week 48
Patients not receiving concomitant statins
300 Q4W / Up 150 Q2W 527 457
75 Q2W / Up 150 Q2W 546 458
Patients receiving concomitant statins
300 Q4W / Up 150 Q2W 502
75 Q2W / Up 150 Q2W 516

‘Source: Study R727-CL-1308 CSR adapted from Post Text Tables 10.6.2.1.2.2A, 10.6.2.1.28, 10.
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Alirocumab

75 150
Placebo Q2W/Up150 Q4W/Up150 Combined
(N=58) Qw w (N=175)
(N=116) (N=59)
Randomised but not treated 0 1(0.9%) 1(1.7%) 2 (1.1%)
Randomised and treated 58 (100%) 115 (99.1%) 58 (98.3%) 173 (98.9%)
Completed the 24 weeks of double-blind
treatment period (at least 22 weeks of 54(93.1%) 108 (93.1%) 50 (84.7%) 158 (90.3%)
exposure and visit Week 24 performed)
Completed the double-biind study treatment | ("o~ o 107 (922% 50 @4.7%) 157 897%)
period (as per e-CRF)
Did not complete the double-blind study
treatment poriod (as per o.CRE) 4(6.9%) 8(6.9%) 8 (13.6%) 16 (9.1%)
Reason for not completing study treatment
period (as per CRF)
Discontinued due to AE 2(3.4%) 2(1.7%) 5 (8.5%) 7 (4.0%)
Discontinued due to poor compliance to o 2% 117% 3%
protocol
Life events made continuing too difficult ) 1(0.9%) 0 1(0.6%)
Other reasons ) 1(0.9%) 1(1.7%) 2 (1.1%)
Other reasons 2(3.4%) 4(3.4%) 2(3.4%) 6 (3.4%)
Physician decision ) 1(0.9%) ) 1(0.6%)
Other = 2(3.4%) 3 (2.6%) 2(3.4%) 5 (2.9%)
Patient’s decision for treatment 2 (3.4%) 2(1.7%) 4(6.8%) 6 (3.4%)
discontinuation
Patients entering the open-label extension S1(87.9%) 106 (91.4%) 18 (31.4%) 154 (88.0%)

period

Note: Percentages are calculated using the number of patients randomised as denominator.
Only the main reason for stopping treatment was entered in e-CRF.
2 Includes patients who completed the 24 weeks of double-blind treatment period (atleast 22 weeks of exposure and visit W24

performed) but did not meet the definition of 'completer per e-CRF'

Source: Study EFC13786 CSR Table 7
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Al
(N=202)
Treated in the open label period 202 (100%)
Completed the open label treatment period 0
Did not complete the open label treatment period 2 (2.0%)
Treatment ongoing in the open label treatment period 198 (98.0%)
Reason for open label treatment discontinuation
Discontinued due to adverse event 2 (2.0%)
Discontinued due to poor compliance to protocol 0
Other reasons 0
Patient’s decision for treatment discontinuation * 4(2.0%)

Note: Percentages are calculated using the number of patients treatedin the open-label period as denominator.
Only the main reason for stopping treatment was entered in e-CRF.

For detailed reasons related to IMP autoinjector administration, several reasons may be provided.

2 Additional information as regards study treatment discontinuation.

Source: Study EFC13786 CSR Table 8
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Alirocumab Alirocumab.
Placebo 150 QAW 150 Q2W/
Calculated LDL Cholesterol (Nes7) Up150 qz‘v Up150Q2W
(N=58) (N=115)
Baseline (mmol/L)
Number 57 58 115
Mean (SD) 4.059 (1.184) 4.259 (1.801) 4.016 (1.149)
Median 3833 3885 3781
Min : Max 176:847 2.15:13.08 194:8552
Baseline (mg/dL)
Number 57 58 115
Mean (SD) 156.7 (45.7) 164.4 (69.6) 155.1 (44.4)
Median 1480 150.0 146.0
Min : Max 68:327 83:505 75:329
Week 24 percent change from baseline (%)
LS Mean (SE) 4.7 (23) 517 (23) 53.5 (1.6)
LS mean difference (SE) vs placebo 564 (33) 582 (2.8)
95% Cl (62.9 t0 49.9) (63.8 10 52.7)
p-value vs placebo <0.0001* <0.0001

Note: Least-squares (L5) means, standard errors (SE) and pvalue taken from MMRM (mixed-effect model with repeated
measures) analysis. The model includes the fixed categorical effects of treatment group, randomisation strata s per IVRS, time
point, treatment-by-time point and strata-by-time point interaction, as well as the continuous fixed covariates of baseline
calculated LDL-C value and baseline calculated LDL-C value-by-time point interaction

MMRM model and baseline description run on patients with a baseline value and a post-baseline value in at least one of the

analysis windows used in the model.

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-l error rate at the 0.05 level
Source: Study EFC3786 Table 22 and 23
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Note: Least-squares (LS) means and standard errors (SE) taken from MMRM (mixed-effect model with repeated
measures) analysis.

The model includes the fixed categorical effects of treatment group, randomisation strata as per IVRS, time point,
treatment-by-time point interaction, strata-by-time point interaction as well as the continuous fixed covariates of
baseline LDL-C value and baseline LDL-C-by-time point interaction.

‘Source: Study EFC13786 CSR Figure 2
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Note: Least-squares (LS) means and standard errors (SE) taken from MMRM (mixed-effect model with repeated measures) analysis.
‘The model includes the fixed categorical effects of treatment group, randomization strata as per IVRS, subgroup factor, time point, and the
interactions treatment-by-time point, strata-by-time point, subgroup factor-by-time point, treatment group-by-subgroup factor, and
treatment group-by subgroup factor-by-time point, as wel as the continuous fixed covariates of baseline LDL-C value and baseline LDL-C

value-by-time point interaction

‘Overall corresponds to primary analysis
N corresponds to number of patients with a baseline value and a post-baseline value in at least one of the analysis windows used in the

‘model

Source: Study EFC13786 CSR Figure 7
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Note: Least-squares (LS) means and standard errors (SE) taken from MMIRM (mixed-effect model with repeated measures) analysis.
‘The model includes the fixed categorical effects of treatment group, randomization strata as per IVRS, subgroup factor, time point, and the
interactions treatment-by-time point, strata-by-time point, subgroup factor-by-time point, treatment group-by-subgroup factor, and
treatment group-by subgroup factor-by-time point, as well as the continuous fixed covariates of baseline LDL-C value and baseline LDL-C
value-by-time point interaction

‘Overall corresponds to primary analysis

N corresponds to number of patients with a baseline value and a post-baseline value in at least one of the analysis windows used in the
model

Source: Study EFC13786 CSR Figure 8
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Source: Study EFC13786 CSR Figure 11
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Alirocumab

n (%) (';\":’;;’;) 150 Q2w
(N=1550)
Patients with any TEAE 650 (82.5%) 1255 (81.0%)
Patients with any treatment emergent SAE 154 (19.5%) 290 (18.7%)
Patients with any TEAE leading to death 10 (1.3%) 8(0.5%)
Patients with any TEAE leading to permanent 16 (58%) 111 (7.2%)

treatment discontinuation

(%) = number and percentage of patients with at least one TEAE
‘Source: Study LTS11717 CSR Table 39
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PRIMIARY SYSTEM ORGAN CLASS HLT: Aliocumab
e Lovrtem po o
PreferredTerm n (%) (N=1550)
Any class 650 (82.5%) 1255 (81.0%)
INFECTIONS AND INFESTATIONS 383 (48.6%) 748 (48.3%)
HLT: Abdominal and gastrointestinal infections 29 (3.7%) 49 (3.2%)
Diverticulitis 6(0.8%) 6(0.4%)
Gastroenteritis 24 (3.0%) 40 (2.6%)
Gastrointestinal infection 1(0.1%) 2(01%)
Rectal abscess [} 1(<0.1%)
HLT: Bacterial infections NEC 14 (1.8%) 40 (2.6%)
Anorectal cellulitis [} 1 (<0.1%)
Arthritis bacterial [} 1 (<0.1%)
Bacterial vaginosis. [} 1(<0.1%)
Bronchitis bacterial [} 1 (<0.1%)
Cellulitis 10(1.3%) 22(1.4%)
Cystitis bacterial [} 1 (<0.1%)
Eye infection bacterial [} 2(01%)
Folliculitis [} 2(0.1%)
Injection site cellulitis [} 1 (<0.1%)
Lower respiratory tract infection bacterial [} 1(<0.1%)
Osteomyelitis bacterial [} 1 (<0.1%)
Pharyngitis bacterial [] 1 (<0.1%)
Respiratory tract infection bacterial 1(0.1%) 1 (<0.1%)
Sinusitis bacterial 1(0.1%) [
Skin bacterial infection [} 2(01%)
Upper respiratory tract infection bacterial [} 1(<0.1%)
Urinary tract infection bacterial 2(03%) 1(<0.1%)
Vaginitis bacterial [} 1(<0.1%)
HLT: Dental and oral soft tissue infections 25(3.2%) 38 (2.5%)
Gingival abscess [} 2(01%)
Gingivitis 5 (0.6%) 2(01%)
Oral infection 1(0.1%) [
Parotitis [} 1 (<0.1%)
Periodontitis 2(03%) 2(01%)
Pulpitis dental 2(03%) 4(0.3%)
Root canal infection [} 1(<0.1%)
Sialoadenitis [} 1(<0.1%)
Tooth abscess 10 (1.3%) 19 (1.2%)
Tooth infection 6(0.8%) 6(0.4%)
HLT: Infections NEC 23 (2.9%) 37 (2.4%)
“Abscess limb 101%) o
Device related fection 0 Tromm
Gentl abscess Torm o
Groin abscess [ 2(01%)
Groin infection [ 1 (<0.1%)
Incision site infection o 1(<0.1%)
Infected bites 2(0.3%) 3(0.2%)
Localised infection 2(0.3%) 8(0.5%)
Tymph gand infecton 1% 0
Post procedural nfection To1%) Troa
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PRIMIARY SYSTEM ORGAN CLASS HLT: Avocumab
HighLevelTerm 150 Q2w
Preferred Term n (%) (=1550)
Postoperative wound infection 203%) 203%)
Pyur 101%) T(<01%]
Respiratory ract nfection 5 (10%) 13 08%)
Stitchabscess 101%) o
Tickborne fever 101%) o
Wound abscess o 1014
Wound infection 3 04%) 203%)
HLT: Influenza viral nfecions 5 (57%) 88 (5.7%)
influenza 5 (57%) 88 (5.7%)
FILT: Lower respiratory tract and lung infections 5 (108%] 57 (1035
Bronchits 4 (52%) 83 (52%)
Bronchopneumonia o 302%)
Infecive exacerbation of bronchiectasis o 1<01%)
Infecive eacroaion of Gvonc cbst e s N 201
Lobar preumonia 0 101
Lower respiratory tract infection PIAEE:) 8 3.1%]
Lung infection 203%) o
Preumonia 16 (20%] 27 (17%)
LT Upper respiratory tract infections 713 (27.0%) 390 (2524]
‘Acute sinusitls & (L0%) 5 06%)
‘Acute tonsilits o T(<01%]
‘Chvonic sinusits FACEE) o
Langits +(05%) 5059
Nasopharyngitis 103 (13.1%) 205 (135%]
Pharyngitis 5 (10%) 20(13%)
Pharyngotonsiiits 10.5%) o
Rhinitis T 22%] 2159
Sinobronchits 10.3%) o
Sinusits 0 25% EYPE)
Tonsilits 2 03%) 6 0a%)
Tracheitis 1(0.3%) +(03%)
Upper respiratory tractinfection & (B5%) 135 (7.4%)
LT Urinary tractinfections & (79%) 108 (7.0%)
Cpsttis 0 (13%) 14 09%)
Pyelonepnits o 5 05%)
Pyelonephits scute T 201%)
Renalabscess o 1(<01%]
Urinary ract nfection ENEEA) S0(58%)
HLT- Viral infections NEC 21 7% 2 28%)
Conjunctiiis viral 101%) T(<01%)
Cpstitsviral 101%) o
Eye infection virsl. 101%) o
Gastroenterits ial Z(05%) 1 12%)
‘Gastrointestinalviral nfection 203%) 203%)
Laryngitis viral o T(<01%]
Lower respiratory tract infection virsl FACEE) T(<01%)
Respiatory tract nfection virsl 101%) 203%)
Viral garrhoea 101%) T(<01%]
Viralinfection 4 (05%) 203%)
Viral Iabyrinthitis 2 (03%) 0





image37.png
PRIVIARY SYSTEM ORGAN CLASS HIT: Rrocumab
HighLevelTerm priesd 150 QW
Prefered Term n %) n-1550)
Vil phoningits FICER) o
Virarrinis T(01%) 0
Virlupper respiratory Tract fecion T(01%) )
WETABOLISH AND NUTRITION DISORDERS 7 (534 156 (1025]
HLT-Diabetes melitus(nd subypes) EYo) 65 (a2%)
Dizbetes melitus o (13%] %1%
Disbetes melitus inagdequate contal 0% 506%)
Type 1 dabetes mellus T(01%) Tt
Type 2 dabetes melius FGED) 27(17%)
FSYCHIATRIC DISORDERS & (85%) 101 (6 5%
HLT: Anety symptoms T (20%) (15
Agiation o 7 01%)
ety ) IYEE)
Nervousness T01%) o
Stress 101 TRoTa
T Depressive Gisorders PELD) ETPED)
Depression PAEED) 3%
Depresion suidaal 1010 o
Wejor Gepression T(01%) TRoTa
I Disturbences in inGing and maireainng sleep 16 (20%] % (17%)
nital nsomnia o TR0t
nsomnia ) 25 (16%)
WERVOUS SYSTEN DSORDERS 155 (15 70 285 (1860
HLT-Disturbonces inconsciousness NEC 5 aow 31008
Aiterea stateof conscousness 1% 0
Hypoglycoemic unconsciousness FEES) 0
ethorgy 3084 064
Loss o consciousness 0 403%)
Somnoience T 405%)
Syncope & 10%) T4 05
LT Heacaches NEC % (57 78 (5.0%)
Heasscne 7 77 (5.0%)
Tension nezcache o TR0t
HIT Neurologica igns snd symproms NEC EXE) GYECD)
Dizaness 1 1% 500620
Diziness posural T05%) HED)
Myodonus o Tt
Presyncope Toa 6 (04%)
T Porsesthesias snd Bsaesthesias 17 22] EPEL)
Burning sensation 1(01%) 302%)
Fyposesthesia o (13%] T3 (050
Faraestnesia T 05%) 1513
EAR AND LABVRINTH DISORDERS EXELD) 3704
HLT Innr eor signs ond symproms 1o 2a%) 25(15%)
Wioion sickness o TR0t
Tinnitus FYCEES) 7 (05%)
Verigo % 20%] 15 (125]
Vertigo posiional 2 05%) 205%)
“CARDIAC DISORDERS 102 (299 1 (11091
HIT-schaemic coronary orery Gsorgers Si(e5%) 85 (55%)
“Acute coronary syndrome. % 05%) 2 10.4%)
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PRIMIARY SYSTEM ORGAN CLASS HLT: Avocumab
HighLevelTerm 150 Q2w
Preferred Term n (%) (=1550)
‘Acute myocardial infarction 1 (La%) 5 0&%)
‘Angina pectoris 23 29%) 32 0.0%)
‘Angins unstable. 5 (11 35023%)
Myocardial infarction T 05%) 203%)
Nyocardial schaemia 203%) 6 0a%)
Silent myocardial infarction o T<01%]
FLT: Supraventriculararhythmias FENERE) 006%)
‘Arthythmia supraventricular 10.3%) 0
Acialibriliation 0 25%) 7078
Aiallutter 101%) 1 03%)
Atial tachycardia o T01%]
Sicksinus syndrome T T(<01%)
Sinus bradycardia o 201%)
Sinus tachycordia 2039 o
Supraventricular exirasystoles 3 08%) 03]
Supraventricular tachycardia 1(0.3%) 302%)
VASCULAR DISORDERS 75 (100%] 133 (86%)
RLT-Vascular hypertensive disorders NEC 33 (6.2%) 80(39%)
Fypertension 33(4.2%) 50 (39%)
RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS 5 (126%] 182 (11.7%)
HLT: Bresthing sbormalities B 29%) 30(15%)
Dyspnoea 16 (20%) 13 08%)
Dyspnoes exertions! 308%) 6 0e%)
Fyperventiation 10.0%) o
Orthopnoea o L1
Sleep apnoes syndrome. EXE3] 10 (06%)
Tachypnoea 1(0.3%) o
LT Bronchospasm and obstruction 3 09%) EGPER]
Asthma 5 (10%) 13 08%)
Bronchits hroric. o 201%)
Bronchospasm o 2 01%)
‘Chvonic obstructive pulmonary disease T 9% 20 (13%)
Wheezing o (<015
FLT: Coughing and sssodiatedsymptoms OS] 56(3.6%)
Cough 16 (20%) 52 (34%]
Faemoptysis 101%) T(<01%)
Productive cough 101%) 3 (0.2%)
LT Upper respiratory ract signs and symptoms 5 (1% 32 21%]
Catarrh o 1(<01%)
Dysphonia 1034 3 (02%)
Increased upper simvay secretion o T(<01%]
Nasal iscomfort o T(<01%)
Orophanyngesal pain 5% 15 (12%)
Rhinorhoea 308%) 302%)
Sneezing o 201%)
Throat iritation 1.0 T(<01%]
Usper-sirway cough syndrome. o (<015
“GASTROINTESTINALDISORDERS 162 206%) 318 (205%]
HLT: Diarrhoea (exclnfective] 35 (57%) 50(58%)
Diarrhoea 35 (57%) S0(58%)
LT Gastrointestinal and abdominal pains (exd oral and. 24 (3.0%) 44 (28%)
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PRIMIARY SYSTEM ORGAN CLASS HLT: Avocumab
HighLevelTerm 150 Q2w
Preferred Term n (%) (=1550)
hroat)
‘Abdorninal pain FEIEY) FEIEELS]
‘Abdomina pain Iower 308%) 5 03%)
‘Abdominal pain upper 6 08%) 25 (15%)
‘Abdominal tenderness 103%) T(<01%)
LT, Satrontesinl staicand pameniy asorders Py Py
Constipation eI 3200
Duodenogastric refluc o (<01%)
Gastrooesophageal refluxdisease 6w 2 (15%)
HLT: Nauses and vomiting symptoms 35 (48%) 53(38%)
Nausea 28(30%) 39(25%)
Vomiting 15 (19%) 22(18%)
MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS 242 (3075 367 (30.1%]
HLT-Joint related signs andsymptoms 55 (7.0%) 53 (60%)
Arthralgia 52 (65%) 82 (53%]
Joint effusion o T(<01%)
Joint range of motion decressed o 205%)
Joint stiffness FACEE) 201%)
Joint swellng 3 02%) 5 (06%)
HLT- Muscle pains PYPE) 85 (5%
Fibromyaigia o 2 01%)
Niyaigia FENPEA) 84 (5.0%)
FILT: Muscle related signs and symptoms NEC = (57%) 63 a1%)
Muscle disorder o T(<01%)
Muscle fatigue ACEE) T(<01%)
Wuscle spasms 7 (%) E139%)
Musde tightness 2003%) 0
Muscle twitching o T
LT Muscdostleta s cornecive Tsuepainard P o5 11%)
Backpain BN B 5%
Flankpain o 2 015%)
Limb giscomfort. o T<01%]
Musculoskeletal chest pain FENEYE] 13 08%)
Musculoskeletal discomfort 110.0%) $03%)
Musculoskeletal pain 5 (19%] 38 (25%)
Neck pain 18 (18%) 5 06%)
Painin extemity 3% (a6%) 51(3.3%)
HLT- Osteoarthropathies S139%) 53 (34%]
‘Osteoarthiits 27 (3.4%) a106%)
Spinal osteoarthits $105%) 12 (08%)
RENALAND URINARY DISORDERS 52 (66%) 85 (55%)
HLT: Rena falure and impairment 5 2a%) 27(17%)
Rena falure 308%) 203%)
Renalfailure acute. §(10%) 5 06%)
Renal failure chronic 4+ (05%) S0&%)
Renalimpairment $05%) 705%)
“GENERAL DISORDERS AND ADMINISTRATION SITE
e raoms 140(17.8%) 250 (16.1%)
HLT: Asthenic conditions %6 (55%) EIEE)
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Primary cause of death as per adjudication n (%) (';\":’;;’;) 150 :‘]"z'x‘(‘"\":bss 0
Death on-study * 10 (1.3%) 11(0.7%)
CHD death 6 (0.8%) 6 (0.4%)
Any cardiovascular 6 (0.8%) 9(0.6%)
Acute myocardial infarction 0 2(0.1%)
Cardiovascular haemorrhage 0 2(0.1%)
Cardiovascular procedure 1(0.1%) 1 (<0.1%)
Heart failure or cardiogenic shock 1(0.1%) 1 (<0.1%)
Stroke - haemorrhagic 0 1 (<0.1%)
Sudden cardiac death 4(0.5%) 2(0.1%)
Any non-cardiovascular 3(0.4%) 2(0.1%)
‘Accidental (e.g. physical accidents or drug overdoses) o 1015
or trauma
Non-cardiovascular procedure or surgery 1(0.1%) [
Pancreatic 1(0.1%) 0
Pulmonary 0 1 (<0.1%)
Other non-cardiovascular 1(0.1%) 0
Non cardiovascular: Malignant 3(0.4%) 1 (<0.1%)
New malignancy 1(0.1%) 0
Worsening prior malignancy 2(0.3%) 1 (<0.1%)
Any undetermined 1(0.1%) [

Note: Only the primry cause of death is adjudicated.
gincludes all deaths that occurred after the start of treatment up to the last protocol planned visit of the patient
Haemorrhage: excl. haemorrhagic strokes and bleeding in the setting of coronary revascularization

Accidental: e.g. physical accidents or drug overdose or trauma

Prescription drug error: e.g. prescribed drug overdose, use of inappropriate drug, or drug-drug interaction
Neurological process: neurological process that is not a stroke or haemorrhage

‘Source: Study LTS11717 CSR Table 43 (amended to include only death on study)
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Alirocumab

Category of adjudication n (%) (;':;::‘)’ 150 Q2w
(N=1550)
Any patients with treatment emergent cardiovascular events confirmed by 10(5.1%) 1206%
adjudication
CHD death (including undetermined cause) 7 (0.9%) 2(03%)
Non-fatal MI 18 (2.3%) 14 (0.9%)
Fatal and non-fatal ischemic stroke (indluding stroke not otherwise specified) 2 (03%) 9(0.6%)
Unstable angina requiring hospitalisation 1(0.1%) 0
Congestive heart failure requiring hospitalization 3(0.4%) 9(0.6%)
Ischemia driven coronary revascularization procedure 24 (3.0%) 48 (3.1%)

(%) = number and percentage of patients with at least one event
‘Source: Study LTS11717 CSR Table 57
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‘Alirocumab.
752w/ 300 QsW/ Combined
Upts0 Q2w | Up1so @zw .
(N-115) (N=458)
Duration of IMP injection exposure{weeks]
Number 5 B 5 575
Miean (sD] 4169 (1375) | 4191 (13.80) | 4270 (12.80) | 4254 (13.00)
Viedian 45.00 4800 4800 4800
Min - Max 20:500 20:489 20:500 20:500
Duration of IMP injection exposure by
category [n ()]
Number 229 115 458 573
= 1day to <dweeks 7(31%) 326% 12 (26%) 15 (2.6%)
> wecks to <8 weeks 8(35%) 5a3%) 1331 19 (5.3%)
= Bwesks to <12 weeks 5(26%) 3(26%) 7(15%) 10 (175
= 12 weeks to <16 weeks a(17%) 1(05% S(20%) 10 (L7%)
> 16 weeks to <24 weeks 7(31%) 2(35%) 10 225 14 (24%)
= 23 weeks to <36 weeks S(39% 2(35%) 12 (26% 16 (25%)
= 36 weeks to <46 weeks 5(26%) 1(05% 18 (3.5%) 19 (3.3%)
= a6wecks 182 (795% | 94(817% | 376(821% | 470(820%
Number of IMP injections.
Number 229 115 458 573
Mean (sD] 412(137) | a12(38) | 422(129) | 420(131)
Median 450 450 480 480
Min - Max 2:45 2:45 2:50 2:50
Location of IMP injections *
Number 229 115 = 573
Thigh 121(528% | 50(435% | 248(581% | 208(520%)
‘Abdomen 193(848%) | 105(013% | 408(89.1% | 513(s05%
Outer area upper arm 03(406%) | 37(322%) | 19a(a24%) | 231(403%)
Titration [n ()]
Patients up-titrated * NA 21/104 (20.2%]| 75/419 (17.9%)] 96/523 (18.4%)

& Pationts may appear n several categoris
b Up-titrted patient according toIVRS Week 12 transaction with st Isast one injaction of sliocumsb 150mg sftarwards, Denominstor
Corresponding to patients with st lesst ans injection post W22 VRS transaction

Note: Patients ar considarad intha trestment group they actually receved. T duraionof IMP injection exposure nwesks s definedas: st
1MP injection date 18 days- irt IVP injecion date), ragardies of intermitent discotinuations.

Source: StudyR727-CL-1308 CSR Table 81
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Starting dose 75 mg QZW
up titrated to 150 mg Q2W

Starting dose 300 mg Q4W.
down titrated to 150 mg Q2W

Not receiving concomitant statin

7/33 (21.2%)

19/129 (14.7%)

Receiving concomitant statin

14/71 (19.7%)

56/290 (19.3%)

Source: Study R727CL-1308 CSR Adaptedfrom textSecton 6.1
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Alirocumab

75 02w/ 150 aaw/, combined
Up150 Q2w Up150 Q2W
(N=115) (N=58)
Duration of IMP injection exposure.
(weeks)
Number ) 15 ) 173
Mean (sD] 2272(451) | 2337(321) 2199 (5.50) | 2291(a16)
Median 24.00 24.00 2200 24.00
Min : Max 20:250 50:255 20:246 20:259
Duration of IMP injection exposure.
by category [n (3]
Number ) 115 ) 173
>1day to <4 weeks 2 (3.4%) o 175 1(06%)
24 weeksto <Bweeks 1(17%) 36%) 3(52%) 6(35%)
28 weeksto <12 weeks 1(17%) o 1(17%) 1(06%)
212 weeks to <16 weeks o 1(05%) 1(17%) 2(12%)
216 weeks to <22 weeks o 2(17%) 2(34%) 4(23%)
222 weeks) 54(531%) 109 (94.8%) 50 (86.2%) 159 (91.9%)
Number of IMP injections.
Number ) 15 ) 173
Mean (sD] 11328 115 (17) 105 (28) 113 (21)
Median 120 120 120 120
Min : Max 112 2:13 11 113
Location of IMP injections *
Number ) 115 ) 173
Thigh 35 (603%) 65 (60.0%) 42 (712.4%) 111 (64.2%)
‘Abdomen 57 (638%) 62 (53.9%) 25 (a3.1%) 87 (503%)
Outer areaupperarm 15 (25.9%) 20 (17.4%) 15 (25.9%) 35 (202%)
Titration [n (3]
Patients up-titrated * NA 20111 (360%) | 26/53 (a91%) | 66/164 (402%)

& Pationts may appear n several categoris.

s, up-titrted patiants sccording oIVRS Wesk 12 ransactionwith st esst aninjacion of sliocumsb 150mg sterwards Denomirator
orresponding topatierts with st st one recton postWLZ VRS transction.

Note: Patients are considerad inthetrestmant group they actaly racsived

The duration o VP injection xposurain wesks s defined as a5 IV njectiondate + 14days— firstIVP injection date)7, regarlessof

intermientaisontinuatins.
‘Source: Study EFC13786 CSR Tble 48
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Treatment group.

phase Study Placebo | _Alirocumab
Phase 2
Placebo-controlled Rt = Tov
oR11s65 B 512
ORL1S66 5 )
oFi12361 2 S0°
Tl 102 158
Phase 3
Placebo-controlied Erc12a92 (1) &) E)
11tz () a 167
Erc12732 (HiGH Fr] 35 7
EFC11568 (COMBO 1) 107 207
(7511717 (LONG TERM] 758 1550
Total R 218
[Eetimibe-controlled | EFc11569 (COMBO 1] an 21
L1110 (OPTIONS ) 100 100
CL1118 (OPTIONS 1) 103 100
CL1119 (ATTERNATVE) 12 24
EFC11716 (MONO) 5 Bl
Total 2] 18
rand total PP 30 G

‘2Numbrof parants mcudedin the om0 mE QW Eraupany.

2 Numbsr ofpatiants ncldedin th sirocumab 75 me and 150me QW zroups.

‘Source: Module 274 Q2WTsblel
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Placebo-controlled pool
Placebo | Alirocumab
(N-2476) | (N=o18)
“Cumulative injection exposure
30391 s67.2 9899

(patient years)

Durstion of IMP njection exposure

(weeks)
Number 272 2455 B4 Y
Mean (sD) 6346 (25.14) | 64.33(24.38) | 47.97(39.00) | 59.99 (41.29)
Wedian 7800 7800 2400 730
i 70-851 70-840 | 20:1080 | 20:1073

Duration of IMP inection exposure

by category [n (%)]
Number 272 2455 B4 Y
21day to <4 weeks. 13 (1.0%) 24 (1.0%) 15 (2.4%) 21(2.4%)
24 weeks to <Bweeks 20 (1.6%) 54 (2.2%) 26 (4.2%) 27 (3.1%)
28 weeks to <12 weeks 47 (3.7%) 105 (4.3%) 18 (2.9%) 15 (1.7%)
212 weeks to <16 weeks. 93 (7.3%) 111 (4.5%) 18 (2.9%) 18 (2.1%)
216 weeks to <24 weeks 20 (1.6%) 41 (1.7%) 53 (8.6%) 59 (6.9%)
224 weeks to <36 weeks 40 (3.1%) 66 (2.7%) 277 (44.9%) 297 (34.5%)
236 weeks to <52 weeks. 39 (3.1%) 73 (3.0%) 1(02%) 15 (1.7%)
252 weeks to <64 weeks 91 (7-2%) 208 (8.4%) 5 (0.8%) 6(0.7%)
264 weeks to <76 weeks 17 (1.3%) 39 (1.6%) 7 (1.1%) 5 (0.6%)
276 weeks to <102 weeks 892 (70.1%) 1744 (70.8%) 10 (1.6%) 20 (2.3%)
2102 weeks [ [ 187 (30.3%) 378 (43.9%)

Placebo-cortolied studies phase3 (ITSTI7E7, FA 1, FH 11, HIGH 7, COVO ), phase 2 (DFI11565, D1 1588, CL-1003, OFIL2361)
Exstimibe-controlled studies: phase 3 (COMO I, MONO, OPTIONS |, OPTIONS I, ALTERNATIVE)

The duration o VP irjection xposurain wesks s definad s as IV injectiondate + 14 days- st IVPinjacton datel/7, regardliss
of ntermittent discontinutions.

Database updated fo al studies

Source: Module 2.7.4 Q2W Table 3




image49.png
Placebo-controlled pool

n%) Placebo | Alirocumab
(N-1276) | (N-2476)

Patient with any TEAE 1004 (78.7%] | 1942 (78.4%) | 457 (739%) | 647 (76.0%]

Patients with anv treatment emergentSAE| 205 (161%) | 387 (156%) | 86(139% | 1a7(170%)

Patients with any TEAE leading to death |13 (1.0%) 16 (06%) o(15%) 6007%)

Patients with any TEAE leading to
permanent treatment discontinuation
Placeno-controlled studies, phase 3 (LTS11717, FA |, P11, FIGA 7, COVEO 1, pnese 2 [DFI11565, DAIT1565, CL-1003, DAITZ361]
Exetimibe-contrllsd studies: phsse 3 (COVED I, MONO, OPTIONS |, OPTIONS I, ALTERRATIVE)

()= number and percentage of paiants with at least one TEAE

Database updated for sl tudies

Source: Module 2.7.4 Q2W Table 4

71(s6%) | 148(60% | e6(107%) | 84(07%)
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‘Alirocumab

Placebo. 752w/ | s00aaw/ | o
N-229) | uptsocaw | uptsocaw | T
(N=358) (N=115)

Patients with any TEAE 171(74.7%) | 86 (748%) | 369(80.6%) | 455 (79.4%]
Patients with any treatment emergent SAE | 33 (14.4%) | 13(113%) | 53(116%) | 66(115%)
Patients with any TEAE leading to death 1(04%) 1(09%) 1(02%) 2(03%)
Patients with any TEAE leading to

17 (7.45%) 7(61%) s1(68%) | 38(6.5%)

permanent treatment discontinuation

TEAE:Trestmant smergent sivrss event SAE-Sarius sveras 2vent
£ = number and percentageofpaientswih t s e TEAE

‘Source: StudyR727-CL-1308 Table 82
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PRIMARY SYSTEM ORGAN CLASS (SOC)

‘Alirocumab

Placebo | 7502w/ | 300 Qaw/ "
PetnedTem P51 s | wsoaaw | wsoaaw | R
(N-115) (N-a58)

Patients with ot least one TEAE 171 (7475 | 86 (745%) | 369 (s06%) | 455 (79.4%]
Infections and infestations 90 (39.3%) | 50 (43.5%) | 206 (45.0%) | 256 (44.7%)
HLT: Abdominal and gastromtestinal infections | 5 (22%) | 3 (2.6%) 18(o% | 2167w
Avpendicits o 1(09%) 1i02%) 2 (03%)
Diarrhoea infectious o T 09%) o Ti02%)
Diverticults o T 09%) D) 7(1.2%)
Gastric nfection o o 1(02%) T02%)

Gastroenterits SRow | 1% 10229 | 1109%]
FILT: Eor nfections 4(17% | a(3.5%) BR[| 17309
Far nfection Tioa% | 105% S (15%) 7(1.2%)
Otis externa T(04%) 0 T(02%) T02%)
Otits media 209% | 2078 5(10%) 7(1.2%)
Otits media scute 0 T09%) T02%) (0.3%)
HLT: Eye ond eyeld inections 7099 | 306w 2 (0.4%) 5(0%)
Conjunctvits Tioa% | 105% 0 T02%)
Eye infection Ti0a%) 0 T2 Ti02%)
Eyelid nfection o 0 T02%) T02%)
Hordeolum 0 T o 2 (0.3%)
FLT: Fungal nfections NEC 7099 | s3% T0a%) 7(1.2%)
Fungal Infection Tioaw | 207% 0 T(0.3%)
Fungal skin infection o o Tl029] T02%)
Onychomycosis Toaw | 2079 Ti0.2%) 3(05%)
Vulvovaginal mycotic infection o T09%) 0 T02%)
FLT: Ferpesviral infections A078 | a5 EET] 9(1.6%)
Genital herpes T(04%) 0 0 o
Herpes zoster 209% | 2079 T2 EICED]
‘Ophthalmic herpessimplex Ti0a%) 0 0 o
Oral herpes 0 FIEEE] EICEE] EICER]
Varicella o 0 T02%) T02%)
HLT: Infections NEC 7099 0 12(1% | 1824w
Abscess o o 1i02%) T02%)
‘Abscess imb o o 3 (0.4%) 2 03%)
implant site sbscess o o 102%) Ti02%)
incision ste infection o 0 T02%) T02%)
Infected bites o o T02%) T02%)
infection Tl o 0 0
Localsed infection o o ETCRE) 305%
Post proceduralnfection o o 1(02%) Ti02%)
Pyuria Tl o T(0.2%) Ti02%)
Respiratory tract nfection o o T(0.2%) T02%)
Wound nfection o o S(07%) 3(05%)
FLT: nfluenza viral nfections 5G5W | 36w e | 15069
nfivenza 5650 | 30269 e | 15069
LT :’z:;;?"mw tract and lung 17(74%) | 11(96%) 36 (7.9%) 47 (8.2%)
‘Atypical preumonta o o 1029 1029
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‘Alirocumab

" Placebo [ T5C2W/ | 300 Qaw/ "
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