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List of abbreviations  

µg   Microgram  

µM  Micrometer  

A   Absorbance  

A280 UV  Absorbance at 280 nm    

AAV  Adeno -associated Virus   

ACS  Acute coronary syndrome   

ACTH  Adrenocorticotropic hormone    

ADA   Anti -drug antibodies   

ADCC   Antibody -dependent cell -mediated cytotoxicity  
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AEX  Anion exchange chromatography  
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AMD  Automated mini doser (formerly referred to as LVI [larger volume injector] and 3.5  

  mL personal injector)   
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max   Maximum  
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mL   Milliliter  

mm   Mil limeter  

mM   Millimolar  

MMRM  Mixed -effect model with repeated measures    

MMV   Murine (Mouse) Minute Virus  

mOsm   Milliosmole   

MRC-5   Human diploid lung cell  

MS   Mass spectrometry  

N   Newtons  

N   Theoretical plate number  

N/A   Not applicable  

Nab   Neutra lizing antibody    

NaCl   Sodium chloride  

NCEP  National Cholesterol Education Program  

ND  Not detected  

NDS  New drug submission   

NF  National Formulary  

NGHC   Non -glycosylated heavy chain  

NHP  non -human primate   

NK   Natural killer  

NKC  Natural Killer Cel ls  

nM   Nanomolar  

NMAR:   Not -missing -at - random   

NOAEL   No observed adverse effect level  

NOEL  No observed effect level   

non HDL -C Non high density lipoprotein cholesterol   
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non -FH  Non - familial hypercholesterolemia    

NOR  normal operating range  

NR   No re duction  

NR   Not required  

NS   No significant effect  

NT   Not tested  

OD   Optical density  

OLE  Open label extension   

OOL  Outside of action limit  

OOS  Out of specification  

PA5  Process area 5  

PA6  Process area 6  

PAR  proven acceptable range  

pCQA  Prelimin ary critical quality attributes  

PCR   polymerase chain reaction  

PCSK9   Proprotein convertase subtilisin/kexin type 9  

PCSK9hum/hum  Genotype for humanized PCSK9 mice, which express human PCSK9 in place of  mouse  

  PCSK9  

PD  Pharmacodynamic(s)   

PFMEA   Process failure modes and effects analysis  

PFP  Pre Filled Pen   

PFS  Pre- filled syringe    

pH   Hydrogen potential  

PhEur   European Pharmacopeia  

pI   Isoelectric point  

PK  Pharmacokinetic(s)    

PMM  Pattern -Mixture Model   

PO   Oral  

POP PK  Population pharmacoki netic   

ppb   Parts per billion  

PPD  Post partum day   

ppm   Parts per million  

PPQ  Process performance qualification  
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PQA   Product quality attribute  

ProtA   Protein A  

PRV   Pseudorabies virus  

PT  Preferred term   

Q2W  Every 2 weeks   

Q4W  Every 4 weeks   

QC   Quality control  

QP  Qualified person  

qPCR   Quantitative polymerase chain reaction  

qs   Quantum sufficit  

QTcF  QT interval using Fridericiaôs correction  

RBC  Red blood cells   

rDNA   Recombinant deoxyribonucleic acid  

REO3   Reovirus type 3  

RES  Reticuloendo thelial system   

RNA   Ribonucleic acid  

RP-HPLC  Reverse phase -  high pressure liquid chromatography   

rpm   Rotations per minute  

RS   Reference standard  

RSD   Relative standard deviation  

RT-PCR  Reverse transcriptase polymerase chain reaction  

S/N   Signal t o noise  

SAE:   Serious adverse event   

SC  Subcutaneous(ly)   

SCORE  Systematic Coronary Risk Estimation   

SD  Standard deviation   

SDS-PAGE Sodium dodecyl sulfate -polyacrylamide gel electrophoresis   

SE  Standard error    

SEC   Size exclusion chromatography  

SE-HPLC  Size exclusion -high performance liquid chromatography   

SHBG  Sex hormone binding globulin   

SME   Subject matter expert  
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SoC  Standard of care   

SOC  System organ class    

SPB:   Systolic blood pressure   
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t or T   Time  
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TEAE  Treatment -emergent adverse event    
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1.  Background information on the procedure  

1.1.  Submission of the dossier  

The applicant sanofi -aventis groupe submitted on 2 December 2014 an application for Marketing 

Authorisation to the European Medicines Ag ency (EMA) for Praluent, through the centralised procedure 

falling within the Article 3(1) and point 1 of Annex of  Regulation (EC) No 726/2004. The eligibility to 

the centralised procedure was agreed upon by the EMA/CHMP on 24 October 2013.  

The applicant a pplied for the following indication :  

Praluent is indicated, as adjunct therapy to diet, for long - term use  in adult patients with primary 

hypercholesterolaemia (non - familial and heterozygous familial) or mixed dyslipidaemia to reduce  low -

density lipoprotein  cholesterol (LDL -C).  

Praluent also decreases other atherogenic lipid parameters, such as tota l cholesterol, non -high -density 

lipoprotein cholesterol (non -HDL-C), triglycerides (TG), and lipoprotein (a) [Lp(a)]. Praluent also 

increases  high -density lipopro tein cholesterol (HDL -C).  

Praluent is indicated in combination with a statin (HMG -CoA reductase inhibitor), with or without other  

lipid -modifying therapy (LMT), in patients not appropriately controlled with a statin.  

Praluent is indicated as monotherapy, o r as add -on to other non -statin LMT, in p atients who cannot 

tolerate statins.  

The effect of Praluent on cardiovascular morbidity and mortality has not been determined.  

The legal basis for this application refers to:  

Article 8.3 of Directive 2001/83/EC -  complete and independent application. The applicant indicated 

that  alirocumab  was considered to be a new active substance.  

The application submitted is composed of administrative information, complete quality data, non -

clinical and clinical data based on ap plicantsô own tests and studies and/or bibliographic literature 

substituting/supportin g certain tests or studies . 

Information on Paediatric requirements  

Pursuant to Article 7 of Regulation (EC) No 1901/2006, the application included EMA Decision 

P/0297/201 3 for the condition ñTreatment of elevated cholesterolò on the agreement of a paediatric 

investigation plan (PIP) and EMA Decision P/0100/2014 on the granting of a (product -specific) waiver 

for the condition ñTreatment of mixed dyslipidaemiaò.  

At the time  of submission of the application, the PIP P/0297/2013 was not yet completed as some 

measures were deferred.  
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Information relating to orphan market exclusivity  

Similarity  

Pursuant to Article 8 of Regulation (EC) No. 141/2000 and Article 3 of Commission Regu lation (EC) No 

847/2000, the applicant did not submit a critical report addressing the possible similarity with 

authorised orphan medicinal products because there is no authorised orphan medicinal product for a 

condition related to the proposed indication.  

Applicant ôs request for consideration 

New active Substance status  

The applicant requested the active substance  alirocumab  contained in the above medicinal product to 

be considered as a new active substance in itself, as the applicant claims that it is not  a constituent of 

a product previou sly authorised within the Union.  

Scientif ic Advice  

The applicant received Scientific Advice  from the CHMP on 19/05/2011, 19/04/2012,  19/09/2013 and 

23/01/2014 . The Scientific Advice pertained to quality, non -clinical and cli nical aspects of the dossier.  

Licensing status  

The product was not licensed in any country at the time of submission of the appli cation.  

1.2.  Steps taken for the assessment of the product  

The Rapporteur and Co -Rapporteur appointed by the CHMP were:  

Rapporte ur: Pieter de Graeff   

Co-Rapporteur:  Alar Irs  

Å The application was received by the EMA on 2 December 2014.  

Å The procedure started on 24 December 2014.  

Å The Rapporteur's first Assessment Report was circulated to all CHMP members on 13 March 2015. 

The Co -Rapporteur's first Assessment Report was circulated to all CHMP members on 16 March 

2015.  

Å PRAC RMP Advice and assessment overview, adopted by PRAC on 10 April 2015 . 

Å During the meeting on 23 April 2015, the CHMP agreed on the consolidated List of Ques tions to 

be sent to the applicant. The final consolidated List of Questions was sent to the applicant on 23 

April 2015 . 

Å The applicant submitted the responses to the CHMP consolidated List of Questions on 22 May 

2015 . 

Å The Rapporteurs circulated the Join t Assessment Report on the applicantôs responses to the List 

of Questions to all CHMP members on 24 June 2015 . 
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Å PRAC RMP Advice and assessment overview, adopted by PRAC on 9 July  2015 . 

Å During the meeting on 23 July 2015, the CHMP, in the light of the ov erall data submitted and the 

scientific discussion within the Committee, issued a positive opinion for granting a Marketing 

Authorisation to Praluent.  

2.  Scientific discussion  

2.1.  Introduction  

This application supports the following indications  for alirocumab :  

ñPraluent is indicated in adults with primary hypercholesterolaemia (heterozygous familial and non -

familial) or mixed dyslipidaemia, as an adjunct to diet:  

 in combination with a statin or statin with other lipid lowering therapies in patients unable to 

reac h LDL -C goals with the maximum tolerated dose of a statin or,  

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

intolerant, or for whom a statin is contraindicated.  

The effect of Praluent on cardiovascular morbidity and  mortality has not yet been determined. ò 

A large body of epidemiological evidence exists demonstrating a strong positive correlation and causal 

relationship between serum low density lipoprotein cholesterol (LDL -C), and the risk of coronary heart 

disease ( CHD). Other clinical manifestations of atherosclerosis also appear linked to plasma LDL -C 

levels such as cerebrovascular disease (i.e. stroke) or peripheral vascular disease. In addition, clinical 

trials have shown that LDL lowering therapy with HMG -Co A r eductase inhibitors (and possibly 

ezetimibe) reduces the risk for CHD. The relationship between LDL -C levels and CHD risk is present 

over a broad range of LDL levels. Epidemiologic data indicate a continuous ly  increasing risk from very 

low to ñnormalò and high levels of LDL -C (EMA/CHMP/748108/2013).  

A number  of interventions to achieve LDL -C control in patients with elevated LDL -C and with high 

cardiovascular risk are available, such as statins and other lipid - lowering therapies. Often , however , 

these are n ot sufficiently effective or their use is limited by toxicity. There fore, there  is a medical need 

for new effective and well tolerated treatments of lipid disorders.  

The primary goal of treating lipid disorders is to prevent cardiovascular morbidity and mo rtality 

associated with disturbed lipid levels and ideally this effect should be demonstrated pre -approval.  

When this cannot be met  for medicinal products acting on LDL -C, at least a detrimental effect on 

mortality and morbidity should be excluded prior to  registration. Until relevant clinical trial data are 

available, it is considered appropriate to mention  in section 4.1 of the SmPC  that beneficial effects on 

mortality and morbidity have not yet been evaluated.  

Alirocumab is a fully human monoclonal IgG1 antibody that binds to PCSK9. PCSK9 binds to the low -

density lipoprotein receptors (LDLRs) on the surface of hepatocytes. The LDLR is the major pathway 

through which cholesterol - rich low -density lipoprotein (LDL) particles are cleared from the circulation 

and hepatic LDL uptake is a major determinant of circulating LDL -C levels. When an internalized LDLR 

is bound to PCSK9, this promotes the degradation of the LDLR, preventing its recycling to the cell 

surface. By inhibiting the binding of PCSK9 to LDLR, ali rocumab increases the number of LDLRs 

available to clear LDL particles, thereby lowering LDL -C levels.  
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Alirocumab is intended for long - term use and was  developed as a SC treatment for 

hypercholesterolemia and mixed dys lipidaem ia. The clinical program was d esigned to assess the 

efficacy of alirocumab as add -on to statins, with or without other lipid modifying therapies ( LMTs) , in 

patients with primary heFH and non -FH, including patients with mixed dys lipidaem ia and diabetic 

patients, either as monotherapy or  as add -on to their existing non -statin LMT, including patients with 

statin intolerance. The alirocumab clinical development program included 11 clinical pharmacology 

studies (10 completed and 1 ongoing), 7 phase 2 studies (5 completed double -blind and 2 o ngoing 

open - label) and 17 phase 3 studies (5 completed double -blind studies, 9 ongoing double -blind studies, 

and 3 ongoing open - label studies  at the time of the assessment of this application ).  

The studies  included in the clinical content of the dossier were, unless mentioned otherwise, performed  

in line with the CHMP guidelines on the investigation of medicinal products in the treatment of lipid 

disorders and with the requirements of exposure for safety assessment.  

2.2.  Quality aspects  

2.2.1.  Introduction  

The active substance of Praluent is alirocumab, a fully human monoclonal antibody (IgG1 isotype) that 

targets proprotein convertase subtilisin kexin type 9 (PCSK 9).  

PCSK9 binds to the low -density lipoprotein receptors (LDLRs) on the surface of hepatocytes and this 

promotes the degradation of the LDLR. By inhibiting the binding of PCSK9 to LDLR, the number of 

LDLRs available to clear LDL particles increases, thereby lowering LDL -C levels.  

The product is supplied as clear, colourless to pale yellow solution for inject ion with dosage strengths 

of 75 mg/mL and 150 mg/mL. The solution for injection is filled into a 1 mL single -use pre - filled pen or 

into a 1 mL single -use pre - filled syringe.  

2.2.2.  Active Substance  

General information  

The active  substance is produced by recombina nt DNA technology in Chinese Hamster Ovary (CHO) 

cell suspension culture and is manufactured by Regeneron Pharmaceuticals Inc., New York , USA. 

Frozen active substance  is shipped to the finished  product manufacturer, Sanofi Winthrop Industrie in 

Le Trait, F rance, where it is either filled directly or diluted to 75 mg/mL prior to filling. The general 

information provided on nomenclature, structure and general properties of the active substance, 

alirocumab, is considered sufficient.  

Alirocumab is a covalent h eterotetramer consisting of two disulfide - linked human heavy chains, each 

covalently linked through a disulfide bond to a fully human kappa light chain. The heavy chain 

comprises 448 and the light chain 220 amino acids. The alirocumab heavy chain has an Ig G1 isotype 

constant region. There is a single N - linked glycosylation site (Asn298) in each heavy chain, located 

within the CH2 domain of the Fc constant region in the molecule. The antibody, based on the primary 

sequence (in the absence of N - linked glycosy lation), possesses a molecular weight of 145,983.8 Da  

and comprises 16 disulfide bonds.  The variable domains of the heavy and light chains combine to form 

complementarity -determining regions (CDRs) for the binding of alirocumab to its target, proprotein 

convertase subtilisin -kexin type 9 (PCSK9).  
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The active  substance corresponds to alirocumab solution at 150 mg/mL formulated with an aqueous 

buffered solution, containing histidine, polysorbate 20, and sucrose.   

Manufacture, characterisation and process contr ols  

The formulated active substance, referred to as FDS,  is manufactured by Regeneron Pharmaceuticals, 

NY, USA. The manufacture of alirocumab active substance corresponds to a conventional monoclonal 

antibody production process (fermentation, recovery, pur ification including viral  inactivation/filtration).   

Upstream processing begins with thawing of a frozen vial of the working cell bank  (WCB) , and re -

suspen ding  the cells  into a shake flask . The cell culture is expan ded  in  a series of  cell bags and  

bioreac tors of increasing volume  until reaching sufficient density for inoculation into the production 

bioreactor . Downstream  processing consists of several chromatography steps ( rProtein A affinity 

chromatography, anion exchange chromatography, hydrophobic inter action chromatography ) as well 

as viral inactivation and  filtration  steps to purify and clear potential adventitious viral agents from the 

product.  Concentration and diafiltration of alirocumab creates pre - formulated active  substance. The 

material is then compounded to 150 mg/mL resulting in alirocumab FDS. The FDS is dispensed into  

containers and stored frozen . 

Control of materials  

Sufficient information on compendial and non -compendial raw materials has been provided. The quality 

of all raw materials used  in the alirocumab manufacturing process, from construction of the WCB 

through dispensing of the FDS, are controlled. Alirocumab is manufactured without the direct use of 

animal -derived raw materials and sufficient information on analysis of materials of b iological origin has 

been provided.  

A two tiered cell banking system  us ing  Alirocumab Master Cell Bank  and Working Cell Bank is in place . 

The stability of the stored cell banks is monitored over time to ensure retention of production capacity 

during stor age. Virus safety of WCB and cell substrate stability was also demonstrated through end of 

production cells (EPC) testing. The MCB and current WCB, including end of production cells  (EPC)  and 

cells at the limit of the in vitro cell age have been extensivel y tested. Test results confirm the 

sequences of the expressed genes, indicate no large insertions or deletions, demonstrate one 

integration site for the heavy and two integration sites for the light chain genes, and the expression of 

a single major transcr ipt for the heavy and light chain.  

Control of critical steps and intermediates  

The overall manufacturing control strategy includes control of raw materials, production process, 

adventitious agents, facilities and equipment (including environmental monitor ing) as well as control of 

critical steps and intermediates (the latter through a formal IPC program). The unit operations that are 

designed to be free of, or function to eliminate potential contamination by viral or other microbial 

agents, have been desig nated as critical steps in the FDS manufacturing process.  

The IPC program provides a framework of process monitoring that includes i) verification that 

operational and performance parameters and attributes are maintained within justified and/or 

validated limits or ranges, and ii) trending of performance over time via statistical process control.  

Process validation  

An interrelated series of laboratory scale and full scale studies, guided by a predetermined master 

plan, were conducted to evaluate and validat e the alirocumab bulk FDS commercial manufacturing 

process. Proven acceptable range (PAR) studies were performed to evaluate robustness within normal 



 

 

 

Assessment report    

EMA/CHMP/392430/2015  Page 19 / 134  

 
 

operating ranges and to provide indications for consequences when operating outside normal operating 

range s.  Validation of the commercial process has been satisfactorily conducted.  

Process performance qualification (PPQ) lots originating from three consecutive production  bioreactor 

harvests were produced using normal operating ranges with normal processing tim es for all purification 

steps. Each of the lots met the proposed commercial specifications. Time limits for production were 

validated through the manufacture of consecutive full -scale PPQ hold time batches.  

Manufacturing Process development  

Three productio n processes have been used to produce alirocumab for clinical studies. The main 

objectives of the process change s were  to increase  production scale , develop the dosage form , and 

improve productivity and process yields. All materials used for phase 3 clinic al trials have been 

manufactured with the process intended for commercial production.  

Characterisation  

Alirocumab has a predicted protein molecular weight of 145,983.8 Da and contains a single, conserved 

N-glycosylation site (Asn298) in the Fc portion of e ach heavy chain sub unit. Extensive analytical 

characterization was performed to provide a detailed understanding of the chemical properties of the 

alirocumab protein. Results from these analytical, biochemical, and biophysical characterization assays 

were also used to assess lot to lot comparability.  

Size and charge heterogeneity was investigated by suitable analytical techniques revealing that 

alirocumab exists predominantly as an intact monoclonal antibody and that comparable charge variant 

distribution profiles are exhibited. All expected disulfide bonds were correctly formed with no 

occurrence of mis -paired cysteines. Alirocumab inhibited PCSK9 mediated decreased LDL uptake in a 

cell -based assay. Binding of alirocumab to recombinant soluble PCSK9 protei n did not induce Fc 

effector function activity, ADCC and CDC or the formation of complement activating immune 

complexes.  

Specification  

Each FDS batch will be tested for identity by peptide map and imaged Capillary Isoelectric Focusing 

( iCIEF) , total protei n content by A280, potency by a cell -based bioassay, molecular size integrity and 

purity of the full length protein under reducing and non - reducing conditions by Capillary 

Electrophoresis Sodium Dodecyl Sulfate  (CE-SDS) , low -  and high molecular weights imp urities by Size 

Exclusion -High Performance Liquid chromatography ( SE-HPLC) , charge variants by iCIEF, 

oligosaccharide profiling by glycan analysis, residual host cell proteins, residual DNA, bioburden, 

endotoxin, general characteristics color, clarity and pH of the solution. Most of the methods are 

standard for monoclonal antibodies. The choice of the test methods is adequate to verify the identity, 

heterogeneity, protein content, purity, microbial quality and formulation of the active  substance. 

Acceptance  criteria are properly based on safety concerns per regulation, clinical experience, process 

capability, manufacturing history and accumulated stability data.  

Analytical methods:  

Analytical procedures used for release or to test in -process samples and anal ytical procedures used 

during process performance qualification studies were validated or qualified to show that they are 

suitable for their intended purpose. Compendial assays were rather qualified than validated.  

Reference Standards:  



 

 

 

Assessment report    

EMA/CHMP/392430/2015  Page 20 / 134  

 
 

A primary reference standard links all future reference standards to clinically qualified material.  

The same reference material is used both for active substance and finished product in analytical testing 

and is sufficiently described.  

Stability  

Stability studies were perform ed to evaluate the effects of long term storage, temperature stress and 

light exposure on protein quality. Additional forced degradation studies were also performed to 

evaluate the stability indicating capabilities of the analytical procedures used for rou tine release and 

stability testing and gain insight into possible alirocumab degradation pathways.  

The primary stability studies were performed using FDS manufactured as part of process performance 

qualification. Results show minimal alirocumab FDS degrada tion and no changes observed in any of the 

attributes monitored after 18 -24 months of storage at the recommended long - term storage condition 

of -30 °C ± 10 °C. On the basis of these results, the following shelf life and storage conditions for the 

FDS is de emed justified: 24 months when at  -30 °C ± 10 °C.  

2.2.3.  Finished Medicinal Product   

Description of the product and pharmaceutical development  

Composition  

The drug product is a solution for injection consisting of L -histidine  and L -histidine monohydrochloride 

and monohydrate, sucrose, polysorbate 20 and water for injection.  

Alirocumab drug product is  presented as either a 1 mL prefilled pen (PFP), or a 1 mL prefilled syringe 

(PFS)  with two dosage strengths (75 mg /mL  and 150 mg /mL ) . The pre - filled syringe and the prefilled 

pen use the same bulk pre - filled syringe prior to be assembled.  

Compliance with ISO 11608 has been sufficiently demonstrated.  

Pharmaceutical development  

Alirocumab active  substance is provided as the FDS which is an aqueous buffered solution, co ntaining 

150 mg/mL purified alirocumab protein, histidine, sucrose, and  polysorbate 20. The alirocumab active 

substance  formulation is identical to the formulation for alirocumab finished product at 150 mg/mL and 

is diluted for manufacturing of 75 mg/mL.  

The formulation excipients were selected to meet the desired pH, osmolality, and stability 

requirements established during formulation development. All excipients are compendial.  

The formulation development was conducted in three main steps:  

¶ Initial formu lation studies  

¶ Development of a high concentration liquid finished  Product for pivotal clinical trial studies and 

commercial use  

¶ Proven Acceptable Ranges  

Container closure system functionality and drug delivery were evaluated during development according 

to the appropriate ISO standard respectively for pre - filled syringe and auto - injector. The container 
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closure system has performance features which function properly. The pre - filled pen meets the 

relevant essential requirements of Annex I to Directive 93/42/ EC as far as safety and performance 

related device features are concerned.  

Manufacture of the product and process controls  

The alirocumab finished product  manufacturing process including process controls is adequately 

described. The manufacturing process i s supported by a continued manufacturing process verification 

program of in -process controls and process parameter monitoring.  Validation data support the CPPs 

and critical IPCs (e.g. holding times), or the CPPs  and critical IPCs are in line with current guidance and 

common practice (e.g. bioburden). Other parameters (e.g. mixing speed/mixing time) and associated 

ranges are in general sufficiently justified by the studies described in the section on manufacturing 

process development.   

The bulk PFS, PFS an d PFP validation batches were successfully manufactured and support that the 

finished product  manufacturing process is able to consistently manufacture a product which meets its 

specifications.  

Bulk PFS manufacture  

Manufacture of the bulk PFS (syringes wit hout a plunger which can be manufactured into either a PFS 

with a plunger or a PFP) is a straightforward process typical for a biopharmaceutical. DS is either used 

directly (150 mg/ml presentation), or diluted first to 75 mg/ml with dilution buffer. The so lution is filter 

sterilised and filled into syringes.  

The CPPs (critica l process parameters) and cIPCs  are stated together with the description of the 

manufacturing process. In addition, the bulk PFS is controlled before further manufacture.   

PFS manufac ture  

The finishing steps of pre - filled syringes manufacturing include plunger rod insertion, labelling and 

packaging.  

PFP manufacture  

The production of alirocumab pre - filled pen consists of the assembly of bulk pre - filled syringes (bulk 

PFS) with auto - inje ctor (AI) subassemblies, the labelling and packaging. It is a serial production 

process where all pre - filled pens are produced following the same sequence of process steps on 

automatic assembly/packaging lines.  

Process validation: bulk PFS and PFS  

The appl icant manufactured three validation batches of bulk PFS for each strength; in addition a 

comparative batch has been manufactured. The validation batches were manufactured with maximum 

processing (i.e. holding times); other process parameters were apparentl y at set point. The validation 

batches were successfully manufactured. Additional validation information is provided regarding sterile 

manufacture, shipping, and PFS validation (Plunger rod assembly).  

Process validation: PFP  

Validation of the bulk PFS asse mbly with auto - injector was assessed through review of in process and 

final quality results for three consecutive batches of each strength. Each validation run was processed 

correctly. All results obtained during the validations runs complied with the spec ifications and no 

observations or deviations occurred.    
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The performance of the manufacturing process after the scale -up was evaluated by comparison of 

release testing results and stability data of pre - filled syringe process performance qualification lots  to 

historical batches and in a side by side stability study. The comparability exercise data (release testing 

and stability comparison with historical data) indicate that the batches filled on the industrial line were 

highly similar to those of the batche s filled previously.  

Product specification  

The tests identified for control by drug product specifications were in general considered appropriate.  

Testing for sterili t y and endotoxin content is routinely performed at release.  

As for the drug substance, the  purity is tested by reduced and non - reduced  CE-SDS, size exclusion 

HPLC while charge heterogeneity is monitored by iCIEF analysis. The potency is determined using cell -

based bioassay. Total protein content is assessed by UV spectrophotometry for each conc entration.  

Performance tests for each presentation have been adequately set.  The p roduct meets pharmacopoeial  

standards for visible and subvisible partic les . 

Brief descriptions of both compendial and non -compendial analytical procedures used at release and  

for stability are provided. Several procedures used to test alirocumab PFS are also used for testing of 

alirocumab bulk PFS and alirocumab FDS. Validation or qualification reports have been prepared for 

each analytical procedure. Results of batch release testing for 75 mg/ml and 150 mg/ml alirocumab 

bulk PFS and assembled PFS manufactured are provided. The data demonstrate that the specifications 

which were effective at the time of testing were met. Levels are controlled via the validated 

manufacturing pro cess and release and stability specifications.  

Acceptance criteria for all tests were set based on safety concerns per regulation, clinical experience, 

and process capability and manufacturing history.  

A complete overview of all batches manufactured and used in clinical studies has been provided and 

data complied with the respective specifications.  

The s ame reference standard as for the drug substance is used for testing of the drug product.  

Stability of the product  

Stability data are provided for prima ry stability batches of alirocumab in bulk PFS for each 

concentration (150 mg/mL and 75 mg/mL) under long term (5° ± 3°C ) and accelerated storage 

conditions . In addition, supporting stability data are provided on the finished prefilled syringes and 

prefill ed pens . Statistical comparative analysis and linear regression analyses of the primary stability 

data indicate that the results from PFS primary lots will remain within the stability acceptance criteria 

for at least 24 months. There are no meaningful diff erences in finished  product stability between bulk 

PFS and finished PFS or between bulk PFS and finished PFP. Therefore the bulk PFS stability data can 

support the shelf life of the finished PFS and PFP. Considering all results, a shelf life of 24 months i s 

deemed acceptable.  

The applicant claims in the SPC that the product (both PFS and PFP) may be stored at 25°C for 24 

hours .  
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Adventitious agents  

Cell banks have been extensively tested for adventitious as well as endogenous agents. Cell culture is 

perform ed under serum free conditions using media that contain no compo nents of animal or human 

origin . 

Multiple levels of control have been established throughout the alirocumab manufacturing process to 

minimize the risk of contamination of the finished product with adventitious viruses. Cell banks have 

been extensively tested for adventitious as well as endogenous agents.  

Relevant process steps have been investigated in virus validation studies.  

These studies provide evidence that the production process could r emove adventitious virus 

contamination and the overall inactivation/removal capacity is regarded as sufficient.  

Information on materials of animal origin used directly or indirectly in the manufacture of Alirocumab, 

solution for injection is provided  and alirocumab  finished  products comply with BSE/TSE and viral 

safety regulation . 

2.2.4.  Discussion on chemical, pharmaceutical and biological aspects  

The overall standard of the Module 3 Quality dossier presented in support of this application for 

alirocumab is high , with the descriptions of the manufacture and control of the active substance and 

finished product containing sufficient detail to permit an in depth assessment of the marketing 

authorisation application.  

Information on development, manufacture and contr ol of the active substance and finished product has 

been presented in a satisfactory manner. The results of tests carried out indicate consistency and 

uniformity of important product quality characteristics, which leads to the conclusion that the product 

should have a satisfactory and uniform performance in clinical use.  

The manufacturing, characterisation and control of both active substance and finished product are 

considered well established and appropriate.  

No Major Objections but a number of Other Co ncerns had been raised as regards the Quality 

documentation.   

Some classifications of process parameters and quality attributes potentially affecting the viral safety 

of the product were reconsidered and reclassified, respectively.  

The applicant committed  to undertake the development of a binding assay as a complimentary 

characterisation test to the bioassay.  

Further discussions on charge variants as well as the strategy of their control were provided and 

further justification of proposed specification li mits was presented. Some limits for specifications were 

suggested for tightening or justification, including potency acceptance criterion for which (additional 

data and analysis have been presented) review after manufacture of at least 30 DP batches was 

re commended.  

Additional real time stability data for substantiation of the 24 month shelf life were presented and 

taken together with results of supporting stability studies, a 24 month shelf life was deemed 

acceptable.  

Cell bank testing had been undertaken  according to ICH guidelines (ICH Q5A, ICH Q5B and ICH Q5D) . 
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2.2.5.  Conclusions on the chemical, pharmaceutical and biological aspects   

The quality of this product is considered to be acceptable when used in accordance with the conditions 

defined in the SPC. Phys icochemical and biological aspects relevant to the uniform clinical performance 

of the product have been investigated and are controlled in a satisfactory way. Data has been 

presented to give reassurance on viral/TSE safety .  

2.2.6.  Recommendation(s) for future qu ality development  

In the context of the obligation of the MAHs to take due account of technical and scientific progress, 

the CHMP recommend ed four points for investigation . 

2.3.  Non - clinical aspects  

2.3.1.  Introduction  

Binding  of alirocumab  to PCSK9 prevents the inter nalization of the LDL receptor (LDLR) and as a result, 

maintains the turnover of LDL -C. To support the registration of alirocumab, the applicant has supplied 

a non -clinical package, in which the pharmacology of alirocumab has been investigated in multiple 

species including mouse, rat, hamster and Cynomolgus monkey. Toxicological evaluations with 

alirocumab and alirocumab in combination with atorvastatin have been conducted in both rats 

(Sprague Dawley) and Cynomolgus monkeys. In addition, an embryo foetal  development study was 

conducted in rats, and an enhanced PPND study was conducted in Cynomolgus monkeys. The pivotal 

toxicology studies supporting the safety of alirocumab were conducted in compliance with Good 

Laboratory Practice (GLP) regulations.  

The rod ent cholesterol pool composition and LDL cholesterol turnover differs from that of NHP or 

humans. In a testing program where both rat and NHP were used as animal models for RDT studies, 

this may result in a reduced relevance for rat data from safety studie s, since they do not adequately 

represent the physiology in humans and NHP are a more elegant model.  

In a program where rodent was the single test species in long term studies, and this was adequately 

justified, for example by taking into account lower bi nding affinity to establish a dosing regimen, this 

may have been acceptable as a single test species in long term studies. The option to use a single 

species was also suggested by the CHMP in the scientific advice obtained by the applicant.  

2.3.2.  Pharmacology  

In  vitro p rimary pharmacology  

Alirocumab is designed to bind with high specificity and affinity to human Proprotein convertase 

subtilisin/kexin type 9 (PCSK9). PCSK9 is a soluble protein and a member of the subtilisin serine 

protease family. It is produced i n and secreted by the liver and acts by shuttling hepatocyte cell -

surface LDL receptors to the lysosome for degradation. Lack of cell -surface LDLR on hepatocytes 

therefore results in decreased LDL turnover. Alirocumab is intended to inhibit the interaction  of PCSK9 

with LDLR, preventing LDLR internalization and degradation. Alirocumab was shown to bind human and 

Cynomolgus monkey PCSK 9 with comparable affinity and lower affinity, but in nanomolar range to 

mouse, hamster, and rat PCSK9. The amino acid seque nce homology between human PCSK9 and 
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cynomolgus monkey PCSK9 was 96.7% and decreases for other species. Binding assays showed that 

alirocumab competes with the native receptor for binding to PCSK9 in the (sub)nanomolar range and 

inhibits binding of PCSK9 w ith LDLR. LDL uptake is restored by increasing concentrations of 

alirocumab. Alirocumab did not activate complement, nor did it induce ADCC or CDC in vitro. 

Alirocumab was shown to restore LDLR expression in human dermal fibroblasts (HDF) from either non -

familiar hypercholesterolaemia (FH) subjects, heterozygous FH and homozygous receptor defective 

patients. However, no modulation of receptor null FH fibroblasts was achieved with either PCSK9 or 

alirocumab. This provides an in vitro proof -of -concept that in hibition of PCSK -9 by alirocumab may 

restore LDLR expression in patients with and without a partially defective LDLR allele.  

In vivo primary pharmacology  

In vivo, mice injected with increasing concentrations of alirocumab prior to injection with exogenous 

mPCSK9 to elevate cholesterol and LDL -C, showed a significant and dose dependent reduction in LDL -C 

compared to control. In Gold Syrian hamsters, circulating Total -C and LDL -C in hamsters remained 

significantly and dose -dependently reduced one week after a  single injection with a single dose of 

alirocumab compared to controls. Administration of alirocumab to a hyper lipae mic ApoE - / -  mouse 

model, which was also fed a modified diet, profoundly reduced serum LDL -C concentrations as a result 

of binding to murine  PCSK-9. One mouse study not only evaluated the effects of alirocumab on lipid 

turnover, but also the effects of alirocumab to prevent cardiovascular adverse events. Alirocumab, 

atorvastatin, or alirocumab/atorvastatin combination therapy was administered to A POE*Leiden.CETP 

mice fed a western diet. Mice showed dose dependent reductions in total cholesterol and triglycerides. 

Alirocumab increased hepatic LDLR protein levels but not hepatic cholesterol and triglyceride, and 

atorvastatin or the combination re sulted in reduced liver cholesteryl esters. Alirocumab dose 

dependently decreased atherosclerotic lesion size and severity, which was enhanced by co -

administration of atorvastatin. Alirocumab was shown to improve markers of plaque stability. Three 

explorat ory PK/PD studies were conducted in Cynomolgus monkey. In these models, SC or IV 

administration of a single dose of alirocumab reduced LDL -C and total cholesterol levels in serum of 

Cynomolgus monkey. LDL is more profoundly decreased after IV injection and  was accompanied by 

decreased triglyceride levels. This was also observed in clinical trials and was not expected to have 

adverse effects.  

Secondary pharmacology  

No secondary pharmacology studies were conducted, which is accepted.  

Safety pharmacology  

Safety pharmacology endpoints were integrated in toxicology studies in both rats and Cynomolgus 

monkeys. There were no adverse effects of alirocumab on cardiovascular function in monkeys, and 

there was no physical or anatomic evidence of cardiovascular or res piratory effects in monkey or rats.  

The applicant ruled out an increased risk of susceptibility to hepatitis C virus (HCV) infection after 

treatment with alirocumab due to interaction of PCSK9 with HCV entry complexes, which was 

suggested in literature.  

Pharmacodynamic drug - drug interactions  

Pharmacodynamic drug interactions were investigated for alirocumab in combination with atorvastatin 

in  APOE*Leiden.CETP mice and Cynomolgus monkeys. In both animal models, LDL -C reductions were 

increased compared to either treatment alone in animals which received the combination.  
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2.3.3.  Pharmacokinetics  

All assays developed to measure alirocumab, anti -alirocumab antibodies or atorvastatin and its 

metabolites were validated and considered sensitive, specific and robust. Abso rption of alirocumab 

after SC administration in Cynomolgus monkeys is relatively fast. An ELISA was developed for 

detection of alirocumab in serum and was appropriately validated for use in Cynomolgus and rat 

serum. Serum samples were acid - treated prior to  analysis in order to dissociate alirocumab:PCSK9 

complexes to measure total alirocumab. Acidification to pH 3.2 allows the alirocumab:PCSK9 

complexes completely dissociate and the assay is not a free drug assay, but is a total drug assay.  

An ECL-based bri dging immunoassay was used for detection of anti -alirocumab antibodies in serum 

and was adequately validated for use in rat and cynomolgus serum. Serum samples were acid - treated 

prior to analysis in order to dissociate alirocumab:ADA complexes. The assay i s considered sufficiently 

sensitive and drug - tolerant. The detection of atorvastatin and its metabolites o -hydroxy -  and p -

hydroxy -atorvastatin in cynomolgus plasma, a LC/MS/M/S method was validated.  

After IV administration, the plasma concentration increas es in an approximately dose proportional 

manner from 3 mg/kg to 15 mg/kg but is greater than proportional from 1 mg/kg to 3 mg/kg (6 fold) 

and from 1 mg/kg to 15 mg/kg (32 fold). However, after SC administration, serum concentrations 

increase in a larger t han dose proportional manner (30 fold). Increases in Cmax were approximately 

dose proportional after both IV and SC administration. The Cmax increased with dose after SC or IV 

administration and ranged from 11.2 -179 and 28.8 -509 ȉg/mL. After SC administration of alirocumab, 

Tmax increases dose proportionally. Similarly, in rats alirocumab concentrations increase dose 

proportionally and exposure increases dose proportionally from 5 mg/kg to 15 mg/kg but greater than 

dose proportionally from 1 mg/kg to 5 mg/k g and 1 mg/kg to 15 mg/kg.  

Bioavailability after SC administration ranged from 73 -76% in NHP and between 44% and 64% in rats. 

For both species, the total serum concentration has a non - linear, bi -phasic decline with a concentration 

dependent half - life, sugg esting a saturable, target -mediated drug disposition. Half - life ranges between 

60 and 150 hours for NHP and between 98 and 111 hours for rats. The pharmacokinetic profile of 

alirocumab follows a target mediated drug disposition. The clearance of alirocumab  varied between 

0.257 and 0.650 mL/h/kg in Cynomolgus monkeys. There was no apparent effect of gender on 

pharmacokinetic parameters of alirocumab. The volume of distribution at steady state after IV 

administration of alirocumab to Cynomolgus monkeys ranged  from approximately 19 to 73 mL/kg. The 

volume of distribution at steady  state in rodent ranged from 71  to 85  mL/kg  

TMDD kinetics of alirocumab are apparent, particularly at lower doses although alirocumab targets a 

soluble protein. However, PCSK9 is a sol uble protein that targets LDLR for lysosomal degradation and 

PCSK9 is involved in a novel lysosomal transport complex that would allow it to degrade multiple 

targets, including anti -PCSK9 blocking antibodies, by the same mechanism as with LDLR. In vivo, 

ph armacokinetics of alirocumab are characterized by a terminal target -mediated elimination phase 

predominant at lower concentrations which is again explained by increased binding affinity of 

alirocumab and PCSK9 in the acidic endosome environment, which like ly contributes to the target -

mediated clearance of alirocumab via intracellular trafficking of the complex to the lysosome and 

subsequent degradation of alirocumab rather than recycling back to the systemic circulation through 

an FcRn dependent mechanism.  

Pharmacokinetic profiles of process lots from production method C1 (used for non -clinical, Phase I and 

Phase II studies) and C2 (used for Phase III studies) were comparable..  

The absence of  formal distribution and biotransformation studies is justified and  acceptable. 

Alirocumab is expected to be degraded to amino acids by the RES after typical IgG binding to FcRn. A 
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tissue cross - reactivity study was performed and showed comparable staining between species in the 

brain cerebrum and cerebellum. Staining in m ost tissues was localized to the cytoplasm and/or 

cytoplasmic structures. Because monoclonal antibodies do not cross the blood brain barrier  or can 

enter the cytosol, these findings are of limited relevance.  

2.3.4.  Toxicology  

Repeat dose toxicity  

Repeat dose toxi city studies were conducted in rats and Cynomolgus monkeys.  

Cynomolgus toxicology studies  

In monkeys, IV and SC doses of alirocumab up to 75  mg/kg were well tolerated at all doses and 

virtually devoid of adverse effects up to 26 weeks and after recovery. There were no treatment related 

deaths, effects on body weight, food intake, body temperature, heart rate, blood pressure, ECG, 

respiratory system, clinical signs, behaviour, reproductive organ function, immune system, 

haematology, and macroscopic or micro scopic findings. There were also no gender related effects. 

While the applicant has noted some adrenal vacuolation as a result of alirocumab treatment, this was 

only observed in a few animals. Nevertheless, a treatment related effect could not be ruled out . 

Administration of alirocumab to non -human primates ( NHP)  up to 26 weeks profoundly reduced serum 

cholesterol levels and LDL -C in serum. This could be accompanied by slight  reductions in triglycerides 

and VLDL. Cholesterol, LDL, VLDL and triglyceride leve ls could remain low at the end of the recovery 

period, which is likely a result of alirocumab remaining in circulation due to its long half - life. The 

decrease observed for HDL -C in animals is absent in clinical trials with alirocumab. The effect of 

alirocu mab on the interference with immune surveillance through inhibition of activation and 

proliferation of immune cells by lowering cholesterol was evaluated in adult Cynomolgus monkeys and 

did not suggest any such effect in adult animals.  

Rat toxicity studie s 

Repeat dose administration up to 26 weeks of alirocumab to rats resulted in a profound and reversible 

depletion of LDL -C and HDL -C. In contrast to findings in monkeys, triglyceride concentrations were 

increased. VLDL was also increased but showed high in ter -animal variability. Also in contrast to repeat 

dose studies in monkeys, adrenal glands of rats were increased in weight in animals treated with 50 

mg/kg or 75 mg/kg without a corresponding macroscopic or microscopic finding, which was considered 

to be the result of exaggerated pharmacology and non -adverse.  

Combination studies of alirocumab with atorvastatin in Cynomolgus monkeys  

Co-administration of alirocumab with atorvastatin was evaluated in a 5 and 13 -week repeat dose 

toxicity study. While symptoms  of gastrointestinal haemorrhaging were observed in the 5 -week 

atorvastatin -alirocumab combination study, these observations included control animals and no 

bleeding was seen in the 13 week study. This effect is therefore not likely to be drug related. In both 

studies reductions of total cholesterol, LDL, VLDL and triglyceride levels were observed. In addition, in  

animals receiving atorvastatin or the combination reductions in serum HDL were also observed, which 

is the expected effect of atorvastatin. A foc used investigation of the influence of alirocumab and/or 

atorvastatin on intestinal bile acid load in the 13 -week combination study did not reveal any changes.  

Reproductive and developmental toxicity  

Embryo foetal  development study in rats  



 

 

 

Assessment report    

EMA/CHMP/392430/2015  Page 28 / 134  

 
 

Embryo foetal  dev elopment was evaluated in rats. Maternal toxicity in the form of mortality was limited 

to 4 females in the 75mg/kg group and included red vaginal discharge, pale liver with accentuated 

hepatolobular pattern and decreased clinical signs. The maternal toxici ty was observed at an exposure 

which was approximately 5 - fold higher than the exposure in humans at the proposed alirocumab dose. 

Maternal toxicity was not observed in the cynomolgus ePPND study at an exposure level approx. 80 -

fold higher than exposure in humans. There were no adverse effects in offspring due to alirocumab 

exposure apart from an increased incidence of incomplete ossification of the 5th sternebra  in offspring 

at the 75 mg/kg dose. This finding was within historical controls and therefore of limited significance.  

Enhanced PPND study in Cynomolgus monkeys  

In mated Cynomolgus dams treated with alirocumab, there were no changes in gestation length, 

embryo foetal  loss, stillbirth or prematurity. There were no overt signs of toxicity and no treatme nt 

related changes were observed. Total cholesterol, LDL and triglycerides were decreased in pregnant 

female animals in all groups during gestation. There were virtually no adverse effects on alirocumab 

treatment in offspring. The F1 -offspring has been exp osed to alirocumab in utero and through colostral 

milk.  There appeared to be a dose dependent decrease in IgG and, to a lesser extent, IgM in the TDAR 

in the F1 -offspring without any other immunological changes. Based on a weight of evidence approach, 

whi ch included comparisons with historical control data, species differences, high exposure, absence of 

biological response or the lack of a plausible mechanism of action the applicant has shown that the 

effect is not likely to be adverse. However, the histor ical control data were considered highly variable 

and immature for use in comparisons at this time.   

Genotoxicity  

In accordance with ICH S6(R1), genotoxicity studies with alirocumab were not performed.  

Carcinogenicity  

The carcinogenic potential has been assessed by evaluating the role of the target in cancer processes 

in a weight of evidence approach ; it is decided that alirocumab carcinogenic potential is acceptably 

low . The lack of antigenicity studies is accepted. In all repeat dose toxicity studies, a dequate exposure 

was maintained to evaluate safety and the high doses selected for the toxicity studies exceeded the 

human exposure at the intended clinical dose. Almost all animals remained exposed to alirocumab until 

the end of the study. In animals posi tive for anti -drug antibodies, serum alirocumab concentrations 

could be reduced. However, because the incidence of ADA was generally low, this did not influence the 

overall interpretation of the study. Rat appeared to have a slightly increased incidence of  ADA 

compared to Cynomolgus monkey.  

2.3.5.  Ecotoxicity/environmental risk assessment  

Alirocumab is a monoclonal antibody, therefore the product is not expected to pose a risk to the 

environment, in line with s ection 2 of the 2006 CHMP Guideline on the Environment al Risk Assessment 

of Medicinal Products for Human Use.  

2.3.6.  Discussion on non -clinical aspects  

Alirocumab is a monoclonal IgG1 antibody directed against human PCSK9. It binds with a comparable 

affinity to human and cynomolgus PCSK9, while its affinity for muri ne, hamster and rat PCSK9 is lower. 

The pharmacology of alirocumab and proof of concept were extensively demonstrated in vitro and in 
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vivo in various animal models. Alirocumab does not induce antibody -dependent cell -mediated 

cytotoxicity  or complement -depe ndent cytotoxicity  nor does it bind to complement, suggesting that 

cytotoxicity of alirocumab is low. There are no concerns regarding effects of alirocumab on 

cardiovascular, respiratory and CNS function. The potential risk of increased susceptibility of H CV 

infection was adequately evaluated in a series of studies, demonstrating that alirocumab (in the 

absence or presence of PCSK9) had no effect on the expression of CD81 in hepatocytes and did not 

affect the entry of HCV pseudoparticles, HCV genome replica tion or propagation.  

The PK characteristics of alirocumab in rats and cynomolgus monkeys were typical for a monoclonal 

antibody. Elimination was non - linear which is indicative of target -mediated disposition.  

Alirocumab was virtually devoid of toxicity in repeat dose toxicity studies in rats and Cynomolgus 

monkeys and all observed effects were related to the sometimes profound reduction of LDL -C and total 

cholesterol, the intended pharmacological effect.  

In mated cynomolgus dams treated with alirocumab, th ere were no changes in gestation length, 

embryo foetal  loss, stillbirth or prematurity. There were no overt signs of toxicity and no treatment 

related changes were observed. Total cholesterol, LDL -C and triglycerides were decreased in pregnant 

female animal s in all groups during gestation. There were virtually no adverse effects on alirocumab 

treatment in offspring.  

However, the F1 -offspring had been exposed to alirocumab in utero and through colostral milk and 

there appeared to be a decrease in IgG in the TDAR in the F1 -offspring. However, based on a weight of 

evidence approach, this single finding is considered not to be clinically relevant.  

2.3.7.  Conclusion on the non - clinical aspects  

An adequate non -clinical data package was provided in support of the applica tion. Based on these 

data , no concerns preclud ing a marketing authorisation did arise . 

2.4.  Clinical aspects  

2.4.1.  Introduction  

GCP 

The Clinical trials were performed in accordance with GCP as claimed by the a pplicant.  

The applicant has provided a statement to the ef fect that clinical trials conducted outside the 

community were carried out in accordance with the ethical stan dards of Directive 2001/20/EC.  

¶ Tabular overview of clinical studies  

The alirocumab clinical program consists of 11 clinical pharmacology studies ( 10 completed and 1 

ongoing), 7 phase 2 studies (5 completed double -blind and 2 ongoing open - label) and 17 phase 3 

studies (5 completed double -blind studies, 9 ongoing double -blind studies, and 3 ongoing open - label 

studies) ( Table 0 ).  

Table 0. Overview of the alirocumab clinical studies at CTD data cut - off date  
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Study  Subjects/Patients 

randomized a  

Type of control  Duration  Main objectives 

(background 

therapy if 

applicable)  

Phase 1  

Completed phase 1 studies  

CL-0902  40  Placebo  Single dose  Tolerability of 

ascending intravenous 

doses  

CL-0904  32  Placebo  Single dose  Tolerability of 

ascending SC doses  

CL-1001  72  Placebo  Single to 

multiple doses  

Tolerability of 

ascending SC doses 

(monotherapy or add -

on to atorvastatin)  

TDU12190  32  Placebo  Single dose  Safety, PK,  and PD of 

ascending SC doses  

PKD12010  24  Not applicable  Single dose  Safety, PK, and PD of 

SC doses  

PKD12011  24  Not applicable  Single dose  Safety, PK, and PD of 

SC doses  

PKD12275  36  Not applicable  Single dose  Safety, PK, and PD of 

SC doses  

BDR13362  60  Not applicable  Single dose  Relative bioavailability, 

PD, and safety at 3 

different injection sites  

PKD12910  72  Not applicable  8 weeks  PD and PK profiles of 

alirocumab 

(monotherapy or add -

on to ezetimibe or 

fenofibrate)  

POP12671  25 included  Not applicable  Single dose  Safety and PK in 

subjects with mild and 

moderate hepatic 

impairment  

Ongoing phase 1 studies at the CTD cut - off date  

PDY13670  21 planned  Placebo  10 weeks  PD effect on lipids and 

lipoprotein metabolism 

and kinetics  

Phase 2  
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Study  Subjects/Patients 

randomized a  

Type of control  Duration  Main objectives 

(background 

therapy if 

applicable)  

Completed phase 2  studies  

CL-1003  77  Placebo  12 weeks  Dose - finding study in 

HeFH (add -on to 

statins ± ezetimibe)  

DFI11565  183  Placebo  12 weeks  Dose - finding study 

(add -on to 

atorvastatin)  

DFI11566  92  Placebo  8 weeks  Safety and efficacy 

(add -on to 10 and 80 

mg of atorvast atin)  

DFI12361  100  Placebo  12 weeks  Dose - finding study 

(add -on to statins) in 

Japan  

GOF [CL -

1018]  

23  Placebo  14 weeks  Evaluate PD and safety 

in patients with gain of 

function mutations in 

PCSK9 gene or loss of 

function mutation in 

Apo B gene  

Ongoing pha se 2 studies at the CTD cut - off date  

CL-1032  58 included  Not applicable  Up to 4 years  Long - term safety and 

tolerability (open - label 

extension study of CL -

1003)  

Open - label 

extension of 

CL-1018  

21 included  Not applicable   Long - term safety and 

tolerability  

Phase 3      

Completed studies or ongoing studies with completed first step analysis period (*)  

FH I 

[EFC12492] 

(*)  

486  Placebo  78 weeks  Efficacy and safety in 

HeFH (add -on to MTD 

statins ± other LMT)  

FH II [CL -

1112] (*)  

249  Placebo  78 weeks  Efficacy an d safety in 

HeFH (add -on to MTD 

statins ± other LMT)  

HIGH -FH 

[EFC12732] 

107  Placebo  78 weeks  Efficacy and safety in 

HeFH# (add -on to 
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Study  Subjects/Patients 

randomized a  

Type of control  Duration  Main objectives 

(background 

therapy if 

applicable)  

(*)  MTD statins ± other 

LMT)  

COMBO I 

[EFC11568]  

316  Placebo  52 weeks  Efficacy and safety in 

high CV risk non -FH 

(add -on t o MTD statins 

± other LMT)  

COMBO II 

[EFC11569] 

(*)  

720  Ezetimibe  104 weeks  Efficacy and safety in 

high CV risk non -FH 

(add -on to MTD 

statins)  

LONG-TERM 

[LTS11717] 

(*)  

2341  Placebo  78 weeks  Long - term safety and 

efficacy in HeFH and in 

high CV risk non -FH 

(add -on to MTD statins 

± other LMT)  

OPTIONS I 

[CL -1110]  

355  Ezetimibe/atorvastatin 

titration/rosuvastatin  

24 weeks  Efficacy and safety in 

high CV risk patients 

(add -on to non -max 

atorvastatin ± other 

LMT)  

OPTIONS II 

[CL -1118]  

305  Ezetimibe/ 

rosuvastatin titration  

24 weeks  Efficacy and safety in 

high CV risk patients 

(add -on to non -max 

rosuvastatin ± other 

LMT)  

Double -blind 

period of 

ALTERNATIVE 

[CL -1119]  

314  Ezetimibe/atorvastatin  24 weeks  Efficacy and safety in 

statin intolerant 

patients (monotherapy 

or  add -on to non -

statin LMT)  

MONO 

[EFC11716]  

103  Ezetimibe  24 weeks  Efficacy and safety in 

moderate CV risk 

patients 

(monotherapy)  

Phase 3  

Ongoing double - blind studies and open - label extension studies/periods at the CTD cut - off 

date  

OLE 493  Not applicable  At least Long - term safety and 
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Study  Subjects/Patients 

randomized a  

Type of control  Duration  Main objectives 

(background 

therapy if 

applicable)  

[LTS13463]  2.years  efficacy (open - label 

extension study of FH 

I, FH II, HIGH -FH, and 

HeFH stratum of 

LONG-TERM) 

Open - label 

extension of 

ALTERNATIVE  

281 included  Not applicable  Approximately 

3 years  

Long - term safety and 

effi cacy (open - label 

extension)  

CHOICE I 

[CL -1308]  

803  Placebo  52 weeks  Efficacy and safety 

(monotherapy or add -

on to statins)  

CHOICE II 

[EFC13786]  

233  Placebo  24 weeks  Efficacy and safety 

(monotherapy or add -

on to non -statin LMT)  

EFC13672 

[EFC13672]  

216  Placebo  52 weeks  Efficacy and safety 

(add -on to statins ± 

other LMT)  

OUTCOMES 

[EFC11570]  

6527  Placebo  Up to 5 years  Occurrence of 

cardiovascular events 

in patients who had 

recently experienced 

an acute coronary 

syndrome  

Open - label 

extension of 

CHOICE 

41 i ncluded  Not applicable  Up to 2 years  Long - term safety and 

efficacy (open - label 

extension)  

a  Patients included for nonrandomized studies  

* Ongoing studies with primary (first -step analysis) double -blind treatment period completed  

#  HeFH patients with LDL -C Ó160 mg/dL (4.14 mmol/L) 

For ongoing double -blind studies, the CTD includes only blinded safety data from the 

pharmacovigilance database   

 HeFH: heterozygous familial hypercholesterolemia; LMT: lipid modifying therapy  

2.4.2.  Pharmacokinetics  

The pharmacokinetics  of alirocumab has been extensively evaluated. During phase 1 studies, an 

intensive blood sampling schedule was implemented to allow for non compartmental PK analysis of 

alirocumab. In addition, concentrations of free PCSK9 (not bound to alirocumab) and to tal PCSK9 (free 
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and bound to alirocumab) were also collected with dense sampling in phase 1 dose escalation clinical 

studies. Five phase 2 and four phase 3 studies included alirocumab PK and PCSK9 assessment using 

sparse sampling in the target populations.  The clinical pharmacology studies (except studies CL -1001 

and POP12671) were conducted in healthy volunteers with an LDL -C >100 mg/dL (>2.59 mmol/L) who 

were not indicated for LMT. Study CL -1001 assessed hyper lipidaem ic patients with LDL -C >100 mg/dL 

(>2. 59 mmol/L) on a stable dose of atorvastatin and hyper lipidaem ic patients with LDL -C >130 mg/dL 

(>3.36 mmol/L) on diet alone. Study POP12671 assessed subjects with mild or moderate hepatic 

impairment.  

In addition, POP PK and POP PK/PD models were developed for further estimation of PK parameters 

and to analyse the relationship between alirocumab concentrations and LDL -C concentrations in phase 

2 and phase 3 studies.  

Because alirocumab is a monoclonal antibody, there were no in vitro permeability, in vitro me tabolism, 

or in vitro metabolic drug -drug interaction studies that used human biomaterials in this program.  

Table  PK1. -  Clinical studies  

Study type  Study code  Alirocumab dose or dose range  Number 

enrolled  

Biopharmaceutical studies (phase 1 studies)  

Sing le SC dose of 

2 formulations  

PKD12010  SC 200 mg as 175 mg/mL or 150 mg/mL 

solution  

24  

Single SC dose of 

2 formulations  

PKD12011  SC 200 mg as 175 mg/mL solution produced 

by cell line C1 or C2  

24  

Single SC dose of 

2 formulations  

PKD12275  SC 300 mg as 175 mg/mL solution (1 injection 

of 1.71 mL) or as 150 mg/mL solution (2 

injections of 1 mL or 1 injection of 2 mL)  

36  

Single SC dose 

with 3 different 

injection sites  

BDR13362  SC 75 mg as 75 mg/mL solution  60  

Pharmacokinetics, pharmacodynamics, and initial tolerability in healthy subjects (phase 1 

studies)  

Single ascending 

dose (healthy 

subjects)  

CL-0902  IV 0.3, 1.0, 3.0, 6.0 or 12 mg/kg  40  

Single ascending 

dose (healthy 

subjects)  

CL-0904  SC 50, 100, 150 and 250 mg  32  

Pharmacokinetics, pharmacodynamics, and initial tolerability in patients (phase 1 studies)  

Single to multiple 

ascending dose  

CL-1001  SC 50, 100, and 150 mg, (Part A)  

200 mg (Part B)  

62  

10  

Intrinsic factors (phase 1 studies)  
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Study type  Study code  Alirocumab dose or dose range  Number 

enrolled  

Race (Japanese), 

single dose 

(healthy 

subjects)  

TDU12190  

(Japan)  

SC 100, 150, 250 and 300 mg,  32  

Hepatic 

impairment (mild 

and moderate), 

single dose  

POP12671  SC 75 mg  25 (17 with 

hepatic 

impairment)  

Pharmacodynamics and pharmacokinetics/pharmacodynamics in healthy subjects (phase 1 

studies)  

PD, PK, Safety  

Repeated  doses  

PKD12910  SC 150 mg Q4W (as add -on to ezetimibe, 

fenofibrate, or placebo)  

72  

Pharmacokinetics in patients (efficacy/safety studies) in phase 2 studies  

Dose finding study 

(non -FH) -  Efficacy, 

Safety, PK  

DFI11565  SC 

50 mg, 100 mg and 150 mg Q2W, and  200 

mg and 300 mg Q4W  

183  

Dose finding study 

(heFH) -  Efficacy, 

Safety, PK  

CL-1003  SC 

150 mg Q2W, and 150 mg, 200 mg, and 300 

mg Q4W  

77  

Dose finding study 

(non FH/Japan) 

Efficacy, Safety, PK  

DFI12361  SC 

50 mg, 75 mg and 150 mg Q2W  

100  

Efficacy, Safety , PK  DFI11566  SC 150 mg, Q2W  92  

Pharmacokinetics in patients (efficacy/safety studies) in phase 3 studies  

Monotherapy study 

-  Efficacy, Safety, 

PK 

MONO 

(EFC11716)  

SC 

 75 mg Q2W, (could be up - titrated to 150 mg 

Q2W at Week 12)  

103  

Long - term study -  

Safet y, Efficacy, PK  

LONG TERM  

(LTS11717)  

 

SC 150 mg Q2W  2341  

HeFH study 

Efficacy, Safety, PK  

FH I  

(EFC12492)  

SC  

75 mg Q2W (could be up - titrated to 150 mg 

Q2W at Week 12)  

486  

High CV risk study 

Efficacy, Safety, PK  

COMBO II  

(EFC11569)  

SC 

75 mg Q2W, (could b e up - titrated to 150 mg 

Q2W at Week 12)  

720  



 

 

 

Assessment report    

EMA/CHMP/392430/2015  Page 36 / 134  

 
 

Study type  Study code  Alirocumab dose or dose range  Number 

enrolled  

Population pharmacokinetics in efficacy/safety studies  

POP PK MM  

POP PK/PD 

POH0377  

POH0394  

Pooled data from phase 1 (CL -0902, CL0904, 

CL-1001, TDU12190 and PKD12910), phase 2 

(DFI11565, DFI11566, DFI12361 and CL-

1003) and phase 3 (MONO, COMBO II, FH I, 

LONG TERM) clinical studies  

Not applicable  

TMDD POH0400  Pooled data from phase 1, phase 2 

(DFI11565, DFI11566, DFI12361 and CL -

1003) and phase 3 (MONO) clinical studies  

Not applicable  

Apo B = apolipoprotein B; HeFH = heterozygous familial hypercholesterolemia; GOFm = gain of 

function mutation; IV = intravenous; LOFm  =  loss of function mutation; MM  =  Michaelis -Menten; 

PD =  pharmacodynamics; PK  =  pharmacokinetics; Q2W  =  every 2 weeks; Q4W  =  every 4 weeks; 

SC =  sub cutaneous; TMDD  =  target -mediated drug disposition  

 

Analytical methods  

During the development of alirocumab,  several analytical methods have been developed. Two enzyme -

linked immunosorbent assays (ELISA) were developed for determining total alirocumab and  ELISA 

methods were  developed to determine free PCSK9  and  total PCSK9 in human serum. Further, an anti -

alirocumab antibodies assay using electrochemiluminescence  was  developed to detect antidrug 

antibodies (ADA) in human serum and an electrochemilumines cence -based competitive ligand binding 

assay was developed to detect neutralizing anti -alirocumab antibodies (Nab) in human serum . These 

analytical methods were appropriately validated and had an acceptable precession, accuracy and 

sensitivity .  

Pharmacoki netic data analysis  

To estimate the pharmacokinetic properties of alirocumab non -compartmental parameters were 

calculated using WinNonlin (v. 5.2). In most studies the pharmacokinetic parameters were summarized 

by treatment using descriptive statistics.  

All single dose pharmacokinetic studies that compared different treatments had a parallel design. The 

statistical analyses compared the different treatments Test (T) and Reference (R) for log - transformed  

Cmax , AUC and when applicable also the concentration s at day 28, and AUC up to day 14 or 28 and 

t 1/2z , . The relative bioavailability between T and R was assessed using a linear fixed effects model. 

Estimate and 90% confidence interval (CI) for the ratio of geometric means between T and R 

treatments were pr ovided for each parameter.  

Population Pharmacokinetic studies  

The applicant presented the reports of two "classical" compartmental  population models, one POP PK 

model in study POH0377  and one POP PK/PD model in study POH0394  and also developed a 

mechanism -based PK model in study POH0400 . All Pop PK and Pop PK/PD analysis were performed 

with the NONMEM computer program (version 7.2).  

Study POH0377  and POH0394  both used the same data set, which included the data from 2799 

subjects, from five phase 1, all fou r phase 2 and from pre -specified phase 3 studies covering the 
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different patient populations. The data sets contained 13717 alirocumab concentrations and 14346 

LDL-C values. In this pooled dataset, alirocumab was administered as a single dose by IV or SC ro utes, 

and after repeated SC administration every 2 weeks (Q2W) or every 4 weeks (Q4W), alone or in 

combination with various LMTs.  

In both population studies the influence of demographic factors free and total PCSK9 levels, laboratory 

parameters, ADA forma tion, and concomitantly used other antihypercholesterol aemia drugs were 

tested as covariates. The results of these covariate analys es are discussed in the relevant paragraphs 

of the pharmacokinetic and pharmacodynamic sections of this overview.  

The company  also developed a Target -Mediated Drug Disposition (TMDD) Pop PK model in study 

POH0400 . The main objective of this TMDD model was to predict the alirocumab PK by integrating all  

of the information regarding the association/dissociation of alirocumab to/fr om the target PCSK9 and 

the clearance of alirocumab (linear clearance), PCSK9 (K deg ) as well as the clearance (internalization, 

Kint ) of the alirocumab -  PCSK9 complex. This analysis included the  data of 527 subjects/patients 

(9379 concentrations) enrolled  in 9 studies, a subset of the population included in the other population 

studies. The TMDD model was a 2 -compartment model with linear absorption and additional receptor -

ligand binding kinetics. As a full TMDD model requires many rate constants that were  not accessible 

from the collected data, a quasi -steady -state (QSS) approximation was used.  

The potential relationships between population parameters and demographic covariates, antibody drug 

status, disease status (healthy vs patients), administration si te and device and several relev ant 

biologic constants (albumin  levels) were explored. Other covariates included the type of disease and 

coadministration of other anti -hypercholesterolemia drugs and the (baseline free and total) PCSK9 

levels. In the final P op PK model only one covariate was included, disease status was relevant for the 

distribution volume of central compartment, Vc is estimated to be 1.56 - fold higher in patients (n=377, 

and mainly with statin comedication) compared to healthy subjects (n=150 , mainly without statins).  

The individual concentration versu s time curves were examined and  Visual Predictive Check (VPC) 

were performed to validate the TMDD Pop PK model.  Further the TMDD Pop PK model was compared 

to the "classical" PK model obtained in  study POH0377 (that included 2799 subjects/patients from 13 

Phase I/II/III studies) to determine the accuracy of the Michaelis -Menten POP PK model, in comparison 

with the TMDD model, and to predict alirocumab PK using the large dataset.   

Absorption  

The in tended route of administration for alirocumab is SC. Absolute bioavailability of alirocumab when 

administered SC was 85%, as determined by pop PK analysis. After single dose SC administration of 

50 mg to 300 mg to healthy subjects, alirocumab C max  was obse rved at a median time of 3 days to 7 

days. In patients at steady -state, alirocumab C max  was observed with a median time of 3 days at 75 

mg and 150 mg Q2W. The PK profile of alirocumab following single SC administration showed an initial 

absorption phase fo llowed by biphasic elimination. The mean maximum serum concentration C max  was 

dose -proportional over a dose range of 50 -250mg and the mean AUC last  was slightly greater than dose 

proportional (study CL -0904). Following IV administration, the mean C max was a lso dose proportional, 

however the mean AUC last  was greater than dose proportional when the dose was increased up to 3 

mg/kg, while dose -proportional kinetics were generally observed at doses higher than 3 mg/kg (study 

CL-0902).  

The analysis of the total a nd free and PCSK9 concentrations showed that Total PCSK9 level increased 

with the dose, and a plateau appears to be almost reached at the highest SC concentration (250mg), 

free PCSK levels decrease with the dose.  PCSK9 was almost completely bound to aliro cumab at IV 
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3mg/kg dose and above. Concentrations of free PCSK9 were below the LLOQ level when concentrations 

of alirocumab were above about 10 mg/L.  

In the population PK study POH0377 the absolute bioavailability of SC alirocumab was estimated to be 

0.862 . 

The pharmacokinetics and pharmacodynamics of alirocumab after SC administration at different 

injection sites was evaluated in study (study BDR13362) and in a  population PK study. In study 

BDR13362 the LDL -C profiles for abdomen and thigh injection site groups were nearly superimposable 

(mean % reduction on Day 15 of 48.4% and 45.6%; respectively, there was a trend for a slightly 

smaller PD effect in the upper arm injection site group observed at nadir values for LDL -C ( -39.5%), 

Apo B, and cholesterol, bu t not for the overall time course.  However the Cmax  of alirocumab was only 

slightly lower after injection in the upper arm compared to injection in thigh and abdomen  

The population PK study evaluated the effect of injection site on alirocumab pharmacokinet ics and 

pharmacodynamics in patients from the ODYSSEY program. The Pop PK analysis demonstrated that 

injection site was not a significant covariate, and that alirocumab steady -state exposure was 

comparable when administered into the abdomen, upper arm, or thigh. Furthermore, the efficacy of 

alirocumab was also comparable across the 3 injection sites demonstrating that alirocumab could be 

administered subcutaneously into the abdomen, upper arm or thigh.  

Bioequivalence  

The formulations applied for are devel oped as a liquid formulation containing alirocumab 75 and 150 

mg/mL, for subcutaneous (SC) injection. These formulations will be supplied as a pre - filled syringe 

(PFS) or assembled into a disposable pre - filled pen (PFP) to deliver doses of 75 and 150 mg, 

respectively.  

During clinical development several formulations were  tested in the clinical studies. The bioavailability 

of different alirocumab formulations and comparability of different manufacturing processes, cell lines , 

volumes of injection, or number of injections were assessed in a total of 3 clinical biopharmaceutical 

studies in healthy volunteers (study PKD12010, PKD12011 and  PKD12275).  These studies all 

evaluated alirocumab  pharmacokinetics, but pharmacodynamics, safety and tolerability, and 

immun ogenicity were also evaluated.  The pharmacokinetic comparability of the different formulations 

was tested by comparing the ratio of Cmax and AUC of alirocumab,  applying the standard 

bioequivalence criteria.  

Bioe quivalence between formulations has been dem onstrated and no meaningful differences in safety, 

tolerability or PD were observed between:  

¶ The 175 mg/mL and the 150 mg/mL formulations, tested in study PKD12010  

¶ Alirocumab derived from the C1 or C2 cell lines, evaluated in study PKD12011  

¶ Alirocumab 150 mg/mL2mL single SC dose, alirocumab 175 mg/mL1.71mL single SC dose and 

150 mg/mL1mL twice SC dose in study  PKD12275.  

Dosing regimen  

During the clinical development of alirocumab different dosing regimens were evaluated in study R727 -

CL-1003 in which aliroc umab 150mg Q2W, 150mgQ4W, 200mg Q4W, and 300mg Q4W were 

compared. The highest trough concentrations of total alirocumab and the greatest suppression of free 

PCSK9 at day 85 (week 12) were observed in the 150mg Q2Wand 300mg Q4W dose groups. 
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The150mg Q2W dos e regimen was selected for further development as the fluctuation in alirocumab 

levels, total PCSK9 levels and PD parameters was smaller.  

Distribution  

Alirocumab has a small volume of distribution of  0.04  -  0.05 L /kg after IV administration at a dose 

level of 3 to 12 mg/kg. For lower doses the apparent volume of distribution was greater probably due 

to distribution to the target PCSK (Study CL -0902).  

Metabolism  

Specific metabolism studies were not conducted because alirocumab is a protein. It is generall y 

recognized that antibodies are metabolized by degradation into small peptides and individual amino 

acids.  

Elimination  

Alirocumab clearance decreased by approximately 2 - fold from 0.00620 to 0.00317 L/day/kg after 

single IV administration of doses ranging between 0.3 mg/kg and 12 mg/kg. Mean t½z ranged fr om 

4.8 days to 8 days without meaningful dose effect (Study CL -0902). In all single SC dose PK studies 

the terminal elimination half life of 5 -8 days was observed which is in line with target mediated 

clear ance. In the multiple dose studies a mean re sidence time (MRT) of about 12 days with statins and 

about 17 -20 day for alirocumab monotherapy was observed. These MRTs are reflecting the half lif e of 

the beta elimination phase  dominated by the systemic cleara nce of alirocumab. Based on the POP PK 

analysis, elimination of alirocumab was characterized by  two elimination processes: by saturable target 

mediated clearance and linear clearance from the central compartment. While the target -mediated 

process predomina tes at lower alirocumab concentrations, the linear clearance predominates at higher 

alirocumab concentrations. At concentrations achieved over the dosing interval at therapeutic doses, 

the target -mediated clearance contributes to total clearance for about 50 -60%.  

Dose proportionality  

The  alirocumab exposure increased dose proportionally in the therapeutic range, between the 75mg 

and 150mg dose. At lower doses the alirocumab AUCs increased more than dose proportional and C max  

appeared to increase in a dose proportional manner. When the dose - response SC and IV profiles of 

alirocumab with free and total PCSK9 are considered together the data are consistent with saturation 

of the target -mediated elimination of alirocumab at a SC dose of 250mg and an IV dose of 3 mg/kg.  

Time dependency   

None of the studies conducted in healthy subjects were designed to assess steady state achievement 

and accumulation ratio. After SC administration of alirocumab 75 mg and 150 mg Q2W in patients, 

steady state is reached within 2 -3 doses. In patients the trough concentration of alirocumab did not 

change significantly over a period of 24 weeks. Based on post -hoc individual predicted PK parameters 

from the pop PK analysis, the median accumulation ratio was 1.7 and 1.9 after alirocumab 75 mg and 

150 mg Q2W dosing regimens, respectively, with no apparent difference when administered as 

monotherapy or in combination with other LMTs. This means that no unexpected accumulation occurs 

and the pharmacokinetics are not time dependent.  

Variabili ty  

The company presented single dose and multiple dose variability data. In healthy subjects the 

variability of alirocumab exposure ranged between 22.6% and 58.7% after single dose  administration , 

in patients the variability was similar, after the first d ose between 31.3 and 38.1% and at steady state 
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between 37.4% and 53.7% Comparable data were obtained in the population PK study Study 

POH0377. In this study the inter patient/subject variability in alirocumab linear clearance, the 

Michaelis -Menten constant , the distribution volume of central and peripheral compartments, and the 

total bioavailability was 48%, 55%, 77%, 27%, and 103%, respectively. The variability in the 

pharmacodynamic response at 75 mg and 150 mg Q2W dosing regimens was below 24% and 30% at  

maximum effect and at trough, respectively (Study POH0394).  

Pharmacokinetics in patients  

Pharmacokine tics in patients was evaluated in four phase II studies and four phase III studies (see 

table PK1).  No major differences in alirocumab PK were observed be tween healthy subjects and 

patients, or between heFH and non -FH patients. The disease status, FH versus non -FH, was not a 

significant covariate in the population analysis. The LDL -C lowering effects were similar in heFH and 

non -heFH patients.  

The mean ste ady state C max  levels and exposure over the dosing interval AUC 0-336 are different for 

patients using alirocumab monotherapy and in combination with other statins. The C max  levels and 

AUC0-336 are about 30% and 35% lower in patients using statins, respecti vely.   

The following pharmacokinetic parameters obt ained in the phase III studies should be tak en into 

account for the safety and efficacy evaluation:  

Table PK 2  - Alirocumab steady state through concentrations and AUC 0 - 336  in patients after 75 

mg and 150 m g Q2W  

 75 mg Q2W  75/150 mg Q2W or  

150 mg Q2W a 

Ctrough  (mg/L)  

 n Mean (SD)  n Mean (SD)  

Monotherapy :Study  EFC11716 

(MONO)  

30  6.99 (4.42)  10  14.8 (10.2)  

EFC12492 (FHI)  146  4.47 (2.47)  113  12.1 (8.94)  

EFC11569 (COMBO)  313  3.95 (2.73)  62  8.38 (10.9)  

AUC 0 - 336 (mg.day/L)  

 n Mean (SD)  n Mean (SD)  

Monotherapy: EFC11716 

(MONO)  

40  3080 (1450)  15  7660 

(3960)  

EFC12492/EFC11569/LTS11717  514  2150 (908)  1625  5050 

(2690)  

 

Special populations  

The applicant evaluated the pharmacoki netics in subjects with hepatic  impairment and in Japanese 

subjects in dedicated phase 1 studies . The influence of other intrinsic factors was evaluated through 

population PK analysis in study POH0377.  
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This POPPK study evaluated  the influe nce of the demographic factors body weight, BMI, age, sex race 

and renal function. Further , the effect of baseline PCSK9 levels and the concomitant use of statins was 

evaluated.  

The steady state AUC 0-336 (determined by POP PK analysis) observed in the target phase 3 patient 

population at 75 mg and 150 mg  Q2W, with or without intrinsic and extrinsic factors affecting 

alirocumab PK, is presented in Figure PK -1. The impact of these individual intrinsic and extrinsic factors 

is described in the following sections.  

Figure PK.1  Alirocumab steady state AUC 0 - 33 6 as function of several covariates in patients 

from phase 3 studies (Pop PK study POH0377)  

 

Renal impairment  

In the population PK study, the alirocumab exposure (AUC 0-336 ) at steady state was significantly higher 

in patients with mild and moderate renal  impairment. The alirocumab exposure (AUC 0-336 ) at steady 

state at both 75 and 150 mg Q2W dosing regimen increased by 22% -35%, and 49% -50% in patients 

with mild and moderate renal impairment, respectively. Despite this ,  renal function was not identified 

as a significant covariate impacting alirocumab population parameters. The observed higher exposere 

can probably be attributed to weight and age differences.  

Alirocumab is a monoclonal antibody and the size of the protein is larger than approximately 60kDa . 

Therefore the kidneys are not expected to play a significant role in the metabolism or clearance of 

alirocumab.  Therefore alirocumab PK is not expected to be affected by alterations in renal function.  

Severe renal impairment was an exclusion criterion fo r all phase 3 studies. Consequently, no 

conclusion could be drawn for this renal category based on the very low number of patients with 

sever e renal impairment included in the POP PK analysis, ie, 5 patients with a creatinine clearance 

range of 27 -29 mL/mi n.  

Hepatic impairment  

Compared with healthy subjects, subjects with mild and moderate hepatic impairment had mean 

AUClast  values that were 9% and 18% lower, respectively and mean C max  values and t max  values were 

comparable despite comparable baseline PCSK 9 levels between the groups. Also a longer suppression 

of mean free PCSK9 concentrations and lower mean concentrations of total PCSK9 were observed in 

normal hepatic function (control) subjects compared to HI subjects.  
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PCSK9  

Although the PCSK9 baseline co ncentrations were relevant for the single dose pharmacokinetics of 

alirocumab, PCSK9 baseline concentrations had a limited impact on the alirocumab exposure (AUC 0-336 ) 

at steady state ;  patients with high PCSK9 baseline concentrations had a 9% and 19% lower  exposure  

after 75 and 150 mg Q2W dosing regimen.  

Gender   

A 19% higher exposure was observed in females compared to male s. This small difference is likely 

explained by the body weight difference between genders (+13 kg in females compared to males). By 

contrast a slightly lower  reduction in LDL -C from baseline was observed in females as compared with 

males, the difference was in general less than 10% between genders (see clinical efficacy)  .  

Weight  

Weight was identified as a relevant covariate in the pop ulation analysis impacting alirocumab linear 

clearance. The linear clearance increased by 40% in patients weighing 100 kg compared to a typical 

patient weighing 82.9 kg (corresponding to medium body weight). This translated to a  29% and 36% 

decrease in al irocumab steady state exposure (AUC 0-336 ) after 75 mg and 150 mg Q2W administration, 

respectively, for patients weighing more than 100 kg compared to patients weighing between 50 kg 

and 100 kg (Table PK5).  Consistently, steady state exposure decreased by 23% (75 mg dose) and 

46% (150 mg dose) in patients with a BMI ֓30 compared to patients with a BMI <25. These results 

are in line with the finding that alirocumab has a small volume of distribution of 3.8 l.  

Table PK 3 . - Alirocumab steady state exposures by body weight and body mass index 

category in patients from phase 3 studies -  Study POH0377  

The applicant also investigated w hether weight and BMI are relevant for the pharmacodynamic effects 
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of alirocumab, and presented the statistics of percent change fro m baseline in calculated LDL -C at 

Week 12 and Week 24 by body weight category and BMI (see table PK6)  

Table PK 4 .  Percent change from baseline calculated in LDL - C (%)  by body weight and body 

mass index category in patients from phase 3 studies -  Study POH0 377  

Covariate  Percent change from baseline calculated in LDL - C (%)  

Alirocumab 75mg/ Up 150mg Q2W  Alirocumab 150mg Q2W  

 

  N  Mean  

To week 12  

N  Mean  

To week 24  

N  Mean  

To week 12  

Body weight  <50  5 -56.7  3 -53.0  6 -56.8  

 [50 -100[  547  -51.1  514  -52.1  979  -65.9  

 [100 -125[  125  -45.2  119  -51.2  193  -65.4  

 >125  22  -47.8  20  -56.4  51  -57.4  

BMI  <20  7 -63.6  5 -56.4  9 -51.7  

 [20 -25[  108  -53.0  108  -51.7  193  -64.9  

 [25 -30[  295  -52.1  279  -53.1  498  -66.7  

 [30 -35[  187  -48.0  173  -51.8  328  -66.9  

 >35  102  -43.6  91  -49.7  197  -60.7  

 

Age  

Age was identified as a relevant covariate in the population analysis. The impact of age on the 

pharmacokinetics is limited, small differences in alirocumab steady state exposure (AUC 0-336 ) were 

observed for both dosing regimens with  an increase of 8% in patients between 65 and 75 years 

compared to patients below 65 years, and an increase of 10% to 36% in patients older than 75 years 

compared to patient below 65 years.  

Race  

Based on the results of the pop PK study it can be concluded that race does not effect the 

pharmacokinetics of alirocumab in a clinical ly  significant way. The results of single dose and multiple 

dose studies in Japanese subjects  (study DFI12361 and TDU12190) are consistent with results in 

Caucasians (study CL -0904) . In both Caucasian and Japanese healthy subjects, alirocumab exposure 

increased in a more than dose proportional manner, which was similar between the 2 populations.  

Albumin  

Albumin has been tested as a potential covariate in the Pop PK analysis POH0377 , but was not 

identified as a significant covariate impacting alirocumab  
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Interactions  

No in vitro interaction studies were performed as no interactions on the level of CYP co -enzymes or 

transporters are expected as alirocumab is a human monoclonal immunog lobulin  

As alirocumab is not metabolised by specific enzymes, the potential for interaction is low. Alirocumab is 

partially eliminated through target -mediated clearance. Hence, statins or other LMTs that impact the 

concentration of PCSK9 are expected to a ffect alirocumab PK by alteration in target -mediated 

disposition of alirocumab. Therefore the interaction with statins or other lipid modifying therapies 

(LMTs) was evaluated in several studies.  

Statins do decrease the alirocumab exposure in a clinical ly  significant way. Fenofibrate and ezetimibe 

also decreased alirocumab exposure, to a lesser extent. These interactions may be caused by the 

higher basal levels of PCSK9 and consequently higher initial clearance of alirocumab. In steady state 

this effect is less pronounced, but still present  

After co administration with atorvastatin , the Alirocumab C max  was reduced by 25% and  AUC last by 

40%, irrespective of the atorvastatin dose (study CL -1001 and DFI11566).  

At steady state alirocumab co -administered with ezetimibe demonstrated similar C max  values, about 

15% lower alirocumab AUC 0-D28 , and a faster elimination compared to alirocumab alone  (s tudy 

PKD12910).  

A statistically significant difference in alirocumab PK parameters was found after the co administratio n 

with fenofibrate , the Alirocumab C max was reduced by 30% and  AUC 0-D28  by 35%. An analysis of t max 

showed no differences  (Study PKD12910).  

The pharmacokinetics of atorvastatin and its metabolites, rosuvastatin, ezetimibe, and fenofibrate was 

not signific antly affected by alirocumab (study CL -1001, PKD12910, and PKD12910)  

In the phase 3 studies only 40 and 15 patients received alirocumab 75 mg SC and 150 mg SC, 

respectively, without a statin. Number of patients who received alirocumab concomitantly with st atins 

was 514 (75 mg SC) and 1625 (150 mg SC). In the pop PK analysis, the systemic exposure of 

alirocumab was significantly higher in patients without a statin.  

Antidrug antibodies  

In the pop PK study POH0377 and pop PK/PD study POH0394 the presence of a ntidrug antibodies 

(ADA) was also evaluated. ADA assay results were reported either as negative (ñ0ò) or positive (ñ1ò), 

irrespective of the ADA titer. The presence of ADA's was not identified as a relevant covariate. The 

majority of subjects had low ADA t iters (below 240) and therefore the POPPK analysis confirms the 

applicants claim that an ADA titer below 240 had no impact on PK or PD.  

The company also evaluated the impact of a high ADA titer (>240) on the post hoc exposure at steady 

state. Only a few p atients (16) with high ADA tit res were identified. Despite the low number of patients 

with high ADA titres  it can be concluded that these patients appear to have slightly lower exposure to 

alirocumab compared to the ADA negative patients. However, th is dif ference did not result in  a 

meaningful impact on LDL -C reduction. Therefore it was concluded that also high ADA titers do not 

affect the alirocumab PK/PD in a significant way.  
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2.4.3.  Pharmacodynamics  

Mechanism of action  

Alirocumab is a fully human monoclonal IgG 1 antibody that binds to PCSK9. PCSK9 binds to the low -

density lipoprotein receptors (LDLRs) on the surface of hepatocytes. The LDLR is the major pathway 

through which cholesterol - rich low -density lipoprotein (LDL) particles are cleared from the circulatio n 

and hepatic LDL uptake is a major determinant of circulating LDL -C levels. When an internalized LDLR 

is bound to PCSK9, this promotes the degradation of the LDLR, preventing its recycling to the cell 

surface. By inhibiting the binding of PCSK9 to LDLR, a lirocumab increases the number of LDLRs 

available to clear LDL particles, thereby lowering LDL -C levels.  

Primary and Secondary pharmacology  

A single  IV dose  phase 1 proof -of -concept  first - in -human study conducted in 40 healthy subjects 

(Study CL - 0902 ), sho wed that the dose response for decrease in free PCSK 9 over time correlated 

well with dose responses for a decrease in LDL -C. Subsequent studies only used SC administration 

since SC injection is the proposed route of administration for alirocumab. In Study  CL- 0904 , a second 

in -human single SC dose  phase 1 proof -of -concept study conducted in 32 healthy subjects, a similar 

pattern was observed ( Figure PD01  and PD02 ). SC administration of alirocumab induced rapid and 

substantial reductions in LDL -C of 51.5% to  55.9% on Day 11 at doses of 100 mg to 250 mg. When 

PCSK9 was maximally bound, increasing the dose did not result in larger reduction in LDL -C, but 

prolonged the overall duration of maximal LDL -C reduction.  

Figure PD01. Mean (SD) concentrations of free PCS K9 vs. nominal day by dose group 

following a single SC infusion in normal healthy volunteers (Study CL - 0904)  
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Figure PD02. Mean percent change from baseline in serum LDL - C vs. nominal day by dose 

group following a single SC infusion in normal healthy vol unteers  (Study CL - 0904)  

 

 

A single - to -multiple  ascending dosing study ( Study CL - 1001)  in patients with elevated cholesterol 

(FH and non -FH) showed that multiple dosing with alirocumab resulted in dose -dependent decreases in 

PCSK9 and LDL -C on top of stati n treatment ( Figure PD03 and PD04 ). The free PCSK9 and LDL 

cholesterol response was similar for familial or non - familial hypercholesterolemia. Data of 150 mg 

alirocumab in non -FH patients showed that co -administration of atorvastatin (10 or 40 mg) resulted  in 

a greater maximal reduction in LDL -C, but decreased the duration of maximum LDL -C reduction. This 

is presumably due to increased PCSK9 levels and subsequently enhanced target mediated clearance of 

alirocumab.  

Also other lipid modifying therapies (LMT) , such as ezetimibe and fenofibrate affect the PK/PD profile of 

alirocumab, although this effect was less pronounced compared to statins.  
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Figure PD03. Mean concentrations of free PCSK9 vs time (nominal days) by treatment group 

following SC injections of alirocumab in FH and non - FH patients (Study CL - 1001)  
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Figure PD04. Mean percent change in calculated serum LDL - C from baseline vs study day by 

treatment group (Study CL - 1001: Part A)  

 

Relationship between plasma concentration and effect  

The PK/PD relati onship between systemic concentrations of alirocumab and LDL -C results in a 

clockwise hysteresis loop ( Figure PD05 ). A rapid decrease in free PCSK9 below LLOQ was observed 

within 1 day after a single SC administration of alirocumab, which subsequently retu rned to baseline 

after achievement of C max  of alirocumab ( Figure PD06 ). Reductions in LDL -C were directly observed 



 

 

 

Assessment report    

EMA/CHMP/392430/2015  Page 49 / 134  

 
 

(as early as day 2), however with a delayed maximum effect after 14 days. Additionally, a delayed 

return to baseline was observed for LDL -C in comparison to the alirocumab concentration.  

 

Figure PD05. Mean (SE) % change of LDL - C concentrations versus mean concentrations of 

alirocumab (healthy subjects)  
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Figure  PD06. Mean (+SE) % change of free PCSK9 concentrations versus mean 

con centrations of alirocumab (healthy subjects)  

 

2.4.4.  Discussion on clinical pharmacology  

Methods  

The analytical methods used for determination of the active substance and pharmacodynamic variables 

were  well described and validated. A ppropriate pharmacokinetic an d statistical methods were used to 

assess the pharmacokinetic characteristics of alirocumab.  

Population models  

The applicant developed two "classical" compartmental population models and one TMDD Pop PK 

model. Acceptable population PK development methods w ere used and the models were adequately 

validated.    

The applicant also developed a preliminary pop PK model in study POH0376, which was used as 

astarting point for the population PK analysis in study POH0377. This preliminary study contains a 

subset of t he patients included in study POH0377, without data from EFC11569, EFC12492, LTS11717 

and DFI12361 studies. For this preliminary study no report was submitted, however an adequate 

summary of main results and the methodology of this study have been provided .     

The population pharmacokinetic model POH0377 fitted the study data adequately. In the final PK 

covariate model, body weight, coadministration of any statin, free time -varying PCSK9 serum levels 

(FPCSK) and age emerged as statistically significant cov ariates on alirocumab pharmacokinetics.   

The POP PK/PD model POH0394 also fitted the study data adequately. In the final POP PK/PD model 

sex, age, weight, the free baseline PCSK9 serum levels (FBSPCSK), the total time -varying PCSK9 








































































































































































