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MEMORANDUM 

DATE:	 12 May 2015 

FROM:	 James P. Smith, MD, MS 
Deputy Director 
Division of Metabolism and Endocrinology Products (DMEP) 
Office of Drug Evaluation II 
Center for Drug Evaluation & Research 
U.S. Food & Drug Administration 

TO:	 Members and Consultants, 
Endocrinologic & Metabolic Drugs Advisory Committee (EMDAC) 

SUBJECT:	 09 June 2015 EMDAC meeting for alirocumab (Praluent) 

Thank you for agreeing to participate in the June 9, 2015 advisory committee meeting. This meeting is 
being held to discuss the safety and efficacy of alirocumab, a member of a new class of lipid-altering 
drugs. 

Alirocumab is a human monoclonal antibody (mAb), administered subcutaneously, that binds to 
proprotein convertase subtilisin kexin type 9 (PCSK9), a circulating negative regulator of the LDL 
receptor (LDLR). Upon binding to the LDLR, PCSK9 initiates internalization and lysosomal degradation 
of the LDLR/PCSK9 complex. By inactivating PCSK9, therefore, alirocumab upregulates LDLR, 
especially on the surface of hepatocytes, leading to increased uptake of circulating LDL-C and the 
consequent reduction of in plasma LDL-C concentration. 

The efficacy of alirocumab to lower LDL-C has been evaluated in a phase 3 program consisting of ten 
double-blind, randomized controlled trials involving 5296 patients (3188 of whom received alirocumab). 
All trials evaluated the percent change in LDL-C from baseline to week 24 as the primary endpoint, 
although patients remained in their blinded treatment groups for 12 to 18 months total. Five trials were 
placebo-controlled, and five were active (ezetimibe)-controlled. All patients in the placebo-controlled 
trials either had heterozygous familial hypercholesterolemia (HeFH) or high CV risk and were already 
taking a maximally tolerated dose of a high-potency statin (with or without other lipid-altering drugs) yet 
required additional LDL-C lowering based on NCEP/ATP III treatment guidelines. Among the ezetimibe
controlled trials, one trial attempted to identify patients who were “statin-intolerant,”and one enrolled 
patients with moderate CV risk who were not taking any background lipid-modifying therapy. Eight of 
these trials used a starting dose of 75 mg Q2W, which was uptitrated to 150 mg Q2W at week 12 if the 
patient needed further LDL-C lowering generally based on their individual target as determined by their 
CV risk and ATP III guidelines; two trials used 150 mg Q2W from the onset without uptitration. 
Although I will not summarize the results of each phase 3 trial here, alirocumab significantly lowered 
LDL-C from baseline relative to the comparators 

The safety of alirocumab has been evaluated in four phase 2 trials in addition to the ten phase 3 trials 
mentioned above, yielding a total of 3340 patients exposed to alirocumab (3451 patient-years) as of the 
cut-off date for the submission of this biologic licensing application (BLA). Nine trials compose a 
placebo-controlled pool, which includes 2476 alirocumab-treated patients, 81% of whom were exposed 
for at least 1 year and 23% for at least 1.5 years (median duration, 65 weeks). The five additional trials 
compose an ezetimibe-controlled pool, which includes 864 alirocumab-treated patients, 47% of whom 
were exposed for at least 1 year and 7% for at least 1.5 years (median duration, 27 weeks). There were no 
marked disparities in deaths, serious adverse events(SAEs), or adverse events leading to discontinuation, 



      
    

  
    

  

   
 

     
   

      
  

  
  

   
 

   
   

   

    
     

  
   

     
   

    

    
   

  
   

   
  

    
    

  
 

   
 

   
 

       
     

 
   

                                                           
     

  

    

which Dr. Roberts describes in detail in her review. In addition, Dr. Roberts provides details for multiple 
additional safety-related topics. 

The central issue regarding this application revolves around the following question: For what 
population(s), if any, does the LDL-C-lowering benefit of alirocumab exceed its risks to support 
approval? 

It may be useful to briefly review FDA’s policy on the use of surrogate endpoints, such as LDL-C, to 
support demonstration of efficacy. FDA has defined a surrogate endpoint as a marker such as “a 
laboratory measurement or physical sign that is used in therapeutic trials as a substitute for a clinically 
meaningful endpoint that is a direct measure of how a patient feels, functions, or survives and is expected 
to predict the effect of therapy.” 1 In addition, FDA has described its approach for determining whether the 
available scientific evidence supports use of a marker as a surrogate endpoint: 

“Depending on the strength of the evidence supporting the ability of a marker to predict clinical 
benefit, the marker may be a surrogate endpoint that is known to predict clinical benefit (a 
validated surrogate endpoint that could be used for traditional approval), a surrogate endpoint that 
is reasonably likely to predict a drug’s intended clinical benefit  (and that could therefore be used 
as a basis for accelerated approval), or a marker for which there is insufficient evidence to 
support reliance on the marker as either kind of surrogate endpoint (and that therefore cannot be 
used to support traditional or accelerated approval of a marketing application).”2 

For more than two decades, FDA has used a reduction in LDL-C as a surrogate for CV risk reduction for 
several lipid-altering drugs to support traditional approval. Certainly, at least for statins, the validity of a 
reduction in LDL-C as a surrogate for reduced CV risk has been confirmed through numerous 
randomized controlled trials involving multiple drugs in the class and a variety of patient populations with 
varying degrees of baseline risk and LDL-C values. Accelerated approval – i.e., a regulatory pathway that 
allows approval based on a surrogate that is only “reasonably likely” to predict clinical benefit and, 
therefore, requires confirmatory evidence after approval – has never been used for a lipid-altering drug. 

Leaving aside the recent approvals of Juxtapid (lomitapide) and Kynamro (mipomersen) for the rare 
disorder HoFH, the use of LDL-C as a surrogate endpoint for a first-in-class LDL-C-lowering drug 
intended for a large patient population has not been publicly discussed by an FDA advisory committee in 
many years. The most recent approval for a first-in-class LDL-C-lowering drug intended for broad use 
was not discussed with an advisory committee: Zetia (ezetimibe) was approved in October 2002 on the 
basis of the drug’s effect on LDL-C. 

The lack of cardiovascular outcomes data at the time of Zetia’s approval became the subject of a great 
deal of controversy, fueled by the publication of the ENHANCE trial in 2008 and, six months later, the 
SEAS trial. In ENHANCE, the addition of ezetimibe to simvastatin was not shown to reduce the 
progression of atherosclerosis as measured by carotid intima-media thickness (CIMT) among patients 
with HeFH. In SEAS, the combination of simvastatin/ezetimibe did not reduce the risk of a composite 
endpoint of CV events among patients with asymptomatic aortic stenosis, compared with placebo. 
Furthermore, the SEAS trial raised a concern that active therapy was associated with cancer-related 
events. In a January 2009 Drug Safety Communication, FDA stated that upon review of the ENHANCE 
trial, the results did not change FDA’s position that “an elevated LDL cholesterol is a risk factor for 
cardiovascular disease and that lowering LDL cholesterol reduces the risk for cardiovascular disease.” 
Furthermore, in a Drug Safety Communication in December 2009, the FDA communicated that it was 
unlikely that Vytorin (simvastatin/ezetimibe) or Zetia increase the risk of cancer or cancer-related death. 

1 FDA, “New Drug, Antibiotic, and Biological Drug Product Regulations: Accelerated Approval” Proposed Rule, 57 FR 13234, 
13235 (15 April 1992). 
2 See “Guidance for Industry: Expedited Programs for Serious Conditions – Drugs and Biologics,” May 2014, p. 17. 



 
  

       
       

  
   

    
    

   

  
  

  
    

   
  

  
   

     
    

    
  

      
   

  
  

      
 

   
   

  
   

   
   

    
    

  
    

  
  

    
 

   
       

                                                           
    

   
 

However, despite FDA’s conclusions, the lack of CV outcomes data for ezetimibe remained a highly 
controversial topic.3 

It should be emphasized that the approval of ezetimibe – or any of the statins, for that matter – did not 
require the conduct of a post-approval CV outcomes trial. Given the Agency’s historical acceptance of 
LDL-C as a validated surrogate endpoint for traditional approval, reductions in LDL-C have been 
accepted as a substitute for a demonstration of reducing CV risk. Sponsors who have chosen to conduct 
CV outcomes trials after approval, which we certainly have encouraged, have voluntarily done so to seek 
additional claims. With such a traditional approval, FDA does not have a regulatory mechanism to require 
any further efficacy trials. 

In December 2012 and January 2013, FDA approved two first-in-class LDL-C-lowering drugs for the 
rare, life-threatening disease HoFH. Individuals with HoFH have absent or severely dysfunctional LDL 
receptors, leading to extraordinarily high LDL-C and premature, aggressive cardiovascular disease that 
often manifests in childhood, resulting in CV mortality within the first few decades of life if untreated. 
These drug approvals were based on changes in LDL-C. When these drugs were discussed at October 
2012 meetings of the EMDAC, however, some of our advisors emphasized that the position of LDL-C as 
a surrogate may be context-dependent; the case of HoFH, which is a severe phenotype that results directly 
from deranged LDL metabolism, presents an especially compelling example of a situation in which 
reducing LDL-C would be expected to impact the clinical syndrome. Furthermore, it was recognized that 
a CV outcomes trial would be infeasible given the rarity of the disease. 

It is worth noting that we have seen drugs that lower LDL-C yet do not reduce CV events. Consider the 
CETP inhibitor torcetrapib, for example, which increased the risk of CV events by 25% and increased the 
risk of all-cause mortality by 58% in a ~15,000-patient CV outcomes trial despite a 25% reduction in 
LDL-C and a 72% increase in HDL-C. While it is believed that off-target effects may have been 
responsible for this, we should also remember that it sometimes takes an unexpected result to make us 
recognize the presence (or severity) of off-target effects. Estrogen provides another example of a drug 
with salutary effects on the lipid profile that failed, eventually, to demonstrate the expected reduction of 
CV risk. 

Taken together, regardless of how confident we may be in the “LDL hypothesis,” we must remember that 
LDL-C remains a surrogate and not a clinical outcome that reflects how patients feel, function, or survive. 
This seems particularly relevant now that statins are widely regarded as first-line therapy, owing to their 
repeated successes in demonstrating benefit on CV outcomes, and now that the conduct of a CV outcomes 
trial is no longer considered the infeasible endeavor that it was when our advisory committee last 
discussed issues related to the pre-approval assessment of lipid-altering drugs approximately 25 years 
ago. I note that high-intensity statins (atorvastatin 40-80 mg; rosuvastatin 20-40 mg) yield LDL-C 
reductions ranging from -48% to -64%, according to their prescribing information, and some of these 
doses have proven benefit in CV outcomes trials. Alirocumab has not been tested (with respect to LDL-C 
lowering) against such statin doses. Even if it had been, however, the Division has expressed concern 
regarding an indication for monotherapy before benefit has been demonstrated on clinical outcomes in 
some population (e.g., patients already treated with statins). 

One clinical scenario that may seem practical for monotherapy is the use in patients who cannot tolerate 
statins. Although the Division acknowledges that there are patients who will not take statins for any 
number of reasons, presenting frustration for many healthcare providers who recognize the need for such 
patients to receive therapy to reduce CV risk, we have struggled with whether use of the description 
“statin-intolerant” is warranted in labeling. Certainly, many patients who are not able to take statins are 

3 I note that the first glimpse of CV outcomes data for ezetimibe was presented at the November 2014 American Heart 
Association Scientific Sessions, 12 years after the drug was approved. This trial has not yet been published and the Division has 
not reviewed its results. 



   
    

  
   

  
   

   
 

     
 

   

  
   

    
  

    
   

 

    
    

  

not truly intolerant of the pharmacological class. As demonstrated in this program, when patients who met 
what was thought to be a rigorous clinical definition of statin intolerance were randomly assigned to 
receive atorvastatin 20 mg daily in a blinded fashion, 70% completed a 24-week trial. Preceding the 
randomized portion of this trial, 361 “statin-intolerant” patients entered a single-blind placebo run-in 
period, during which 23 (49%) of 47 run-in failures discontinued because of skeletal muscle-related 
adverse events that occurred while taking placebo. Thus, one must consider whether labeling that 
specifically indicates a drug for “statin-intolerant patients” could promote a condition that is not well-
understood and encourage some patients to prematurely abandon statins, a class that has robustly 
established benefits on CV outcomes Alternatively, language that indicates use in combination with 
“maximally tolerated statin therapy” would recognize that, for some patients, maximally tolerated statin 
therapy may be no statin therapy at all. 

Throughout development, the Division has emphasized that we would be willing to consider approval 
based on LDL-C, but that this possibility and the validity of this approach for approval of alirocumab in 
the contemporary context would be the focus of an advisory committee meeting. As you review the extent 
to which the applicant has characterized the efficacy and safety of alirocumab, we ask that you carefully 
consider whether the LDL-C lowering benefit of alirocumab exceeds its risks to support approval in one 
or more patient populations in the absence of a regulatory requirement to demonstrate benefit in a CV 
outcomes trial. 

We sincerely thank you for the time and thought that you have committed to consider this application. 
With a target patient population potentially measured in the millions, we highly value your advice 
regarding the potential approval of alirocumab. 
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DRAFT DISCUSSION POINTS 

1.	 Discuss the safety of alirocumab as observed in the clinical development program. 

a.	 Discuss your interpretation of the safety data with respect to any adverse effects related to 
diabetes, liver-related safety, muscle, neurological / neurocognitive events, hypersensitivity, 
immunogenicity, as well as any other concerns you may identify. 

b.	 Discuss the adequacy of the current clinical database to characterize the safety of alirocumab. 
Consider the extent of drug exposure (i.e., number of patients and duration of exposure), the 
strengths/limitations of the study designs themselves, and the generalizability of the trial 
populations to the target patient population(s), if approved. 

c.	 Discuss your level of concern regarding the safety of achieving very low levels of LDL-C induced 
by alirocumab. 

2.	 The goal of LDL-C-lowering therapy is to reduce the risk for cardiovascular (CV) disease. Historically, a 
change in LDL-C has been considered sufficient to establish the effectiveness of a lipid-altering drug 
intended for use to reduce cardiovascular risk, without any regulatory requirement to demonstrate evidence 
for benefit in a CV outcomes trial, provided the reduction is sufficiently robust and the product (or its class) 
does not have safety issues that raise concern that risk exceeds benefit. 

Discuss whether alirocumab-induced LDL-C lowering is sufficient to substitute for demonstrating its effect 
on clinical outcomes (i.e., investigation in a CV outcomes trial) in one or more populations (e.g., different 
degrees of CV risk, familial vs. non-familial etiologies of hyperlipidemia, use with or without concomitant 
statins, etc.). 

3.	 Do you believe that the applicant has sufficiently established that the LDL-C-lowering benefit of 
alirocumab exceeds its risks to support approval in one or more patient populations? We would like you to 
consider your response in the context of an absence of a regulatory requirement to demonstrate benefit in a 
CV outcomes trial, if approved based on changes in LDL-C. 

a.	 If yes, please explain your rationale and describe the patient population(s) for whom you believe 
that benefit/risk is favorable.  

b.	 If no, please describe what further studies you believe the applicant must conduct to establish a 
favorable benefit/risk to support approval. 
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BLA 125559 Animal Toxicology Summary – C. Lee Elmore, PhD 

Advisory Committee Briefing Document 
Nonclinical Pharmacology and Toxicology Summary 

Drug: Alirocumab (PRALUENT®, REGN727, SAR236553) 
Drug class: PCSK9 (Proprotein Convertase Subtilisin Kexin Type 9) inhibitor antibody 
Indication: Treatment of adult patients with primary (non-familial) and heterozygous familial 
hypercholesterolemia 

Introduction: 
Proprotein convertase subtilisin kexin type 9 (PCSK9) is a negative regulator of the low-density 
lipoprotein receptor (LDLR). When PCSK9 binds to cell surface LDLR, the complex is 
internalized and undergoes lysosomal degradation (see Figure 1). Expression of hepatic LDLR 
and its function in removing low-density lipoprotein cholesterol (LDL-C) from circulation is 
dependent on two factors: intracellular cholesterol levels and serum PCSK9 concentrations. 
Therefore, any modulators that affect activity of PCSK9 will affect liver LDLR density and its 
capacity to remove LDL-C from circulation. 

Figure 1: PCSK9 mediates degradation of LDLR and regulates plasma LDL-C 

A complex of LDL-C, LDLR and PCSK9 is internalized into hepatocytes into clathrin-coated pits and 
subsequently undergoes lysosomal degradation. 
(Adapted from Lambert G, et al.1) 

1 Lambert G, et al. “The PCSK9 decade” J Lipid Res 2012; 53:2515-2524. 

1
 





                                                      
 

 
 

      

 
       

     
    

    
    
  

 
   
   

 
     

   
  

  
 

   
                                                           
     
    

    

BLA 125559 Animal Toxicology Summary – C. Lee Elmore, PhD 

Figure 3: Alirocumab inhibits PCSK9, increases LDLR, and decreases LDL-C 

Alirocumab bound to PCSK9 (represented here by mAb, monoclonal antibody) prevents the association 
between PCSK9 and the LDLR. The LDLR binds the LDL particle and is internalized. The LDL particle is 
degraded in the lysosome, but the LDLR is recycled back to the plasma membrane. SREBP, sterol 
regulatory element binding protein. ASO, antisense oligonucleotides and siRNA, small interfering RNAs 
are alternate mechanisms for targeting PCSK9 at the transcriptional level. 
(Adapted from Lambert G, et al.3) 

PCSK9 and LDLR pharmacology: 
Transcription of PCSK9 and LDLR genes share a common regulatory mechanism mediated by 
sterol regulatory element-binding protein 2 (SREBP2). SREBP2 interacts with another 
membrane protein, SREBP cleavage-activating protein (SCAP), which functions as a sterol 
sensor. Intracellular sterols inhibit LDLR and PCSK9 gene transcription by suppressing the 
processing and release of SREBP2. In the presence of sterols, inactive SREBP2 remains bound 
to the endoplasmic reticulum after synthesis.4 

In the sterol-depleted state, SCAP escorts the SREBP2 to the Golgi where it is proteolytically 
cleaved, which releases the mature SREBP2 capable of transcriptional activation. Mature 
SREBP2 enters the nucleus and binds to the sterol regulatory element 1 (SRE-1) site of LDLR 
and PCSK9 promoters, leading to increased transcription and translation of both proteins. 

3 Lambert G, et al. “The PCSK9 decade” J Lipid Res 2012; 53:2515-2524.
 
4 Dong B, et al. “CETP inhibitors downregulate hepatic LDL receptor and PCSK9 expression in vitro and in vivo
 
through a SREBP2 dependent mechanism” Atherosclerosis 2014; 235:449-462.
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BLA 125559 Animal Toxicology Summary – C. Lee Elmore, PhD 

Alirocumab pharmacodynamics in animal models: 
Evidence of the intended pharmacology included marked dose-related reductions in total 
cholesterol and LDL-C in rats and monkeys, and reductions of high-density lipoprotein 
cholesterol (HDL-C) in rats, which was evident in all general toxicity and reproductive 
toxicology studies. Rats lack cholesteryl ester transfer protein (CETP, a protein involved in 
transfer of cholesteryl esters and triglycerides between HDL and LDL). In the absence of CETP 
activity, HDL is the primary circulating lipid particle in rats. In contrast to that observed with 
humans and monkeys, a significant portion of rat HDL contains apolipoprotein E (ApoE)5 , 
which is capable of binding the LDLR. This leads to significant reductions in HDL-C in rats 
administered alirocumab. Humans express high levels of CETP and HDL containing ApoE in 
humans is negligible6, which is consistent with clinical trial data showing a lack of an effect of 
alirocumab on HDL-C levels. HDL particles are a heterogeneous population postulated to have a 
variety of functions outside of lipid transport, including anti-inflammatory, anti-oxidative, 
cytoprotective, antithrombotic, anti-infectious, and vasodilatory activities.7 These data indicate 
that the monkey is the more pharmacologically relevant model for humans, because human and 
monkey HDL-C levels are resistant to alirocumab, while rat HDL-C is greatly reduced. 
It is notable that HDL-C levels can be driven lower in monkeys, but only with co-administration 
of alirocumab at 100-fold the maximum recommended human dose of 150 mg Q2W plus 
atorvastatin at 8-fold the maximum recommended human dose of 80 mg QD atorvastatin, based 
on plasma exposure (AUC). These suprapharmacologic levels of alirocumab and atorvastatin in 
the monkeys induced reductions in plasma LDL-C of up to 99% and led to reductions in plasma 
HDL-C of up to 70%. Compensatory increases in the presence of ApoE on HDL particles would 
explain the observed decreases in HDL-C in monkeys in the absence of any available LDL-C. 
Indeed, modest levels of HDL containing ApoE (6-10% of total HDL) have been identified in 
humans with very low LDL-C concentrations due to a lack of CETP activity, in contrast to 2-3% 
of HDL expressing ApoE in normal subjects.8 

Toxicological assessment of alirocumab: 
The areas of particular toxicological concern for the evaluation of alirocumab in animals include: 
1) direct induction of toxicity due to PCSK9-inhibition and/or reductions of plasma cholesterol 
that were previously unattainable with existing pharmaceuticals, and resulting theoretical 
concerns for extremely low plasma cholesterol, and 2) immunogenicity upon administration of a 
human immunoglobulin to rats and monkeys that could cause production of neutralizing anti
drug antibodies that might prevent sufficient drug exposures in animals, and lead to inadequate 
toxicological evaluation of the drug. Section I, below, describes the outcomes and implications 
of general toxicity studies conducted with alirocumab, which are then qualified based on the 
results of immunogenicity evaluations in the test species. Section II describes the theoretical 
mechanisms by which chronic extreme cholesterol lowering might be secondarily detrimental, 
along with an assessment of these hypothetical risks. 

5 Danielsson B, et al. “Isolation of a high density lipoprotein with high contents of arginine-rich apoprotein (apoE)
 
from rat plasma” FEBS let 1978; 86(2):299-302.
 
6 Weisgraber KH and Mahley RW “Subfraction of human high density lipoproteins by heparin-Sepharose affinity 

chromatography” J Lipd Res 1980; 21:316-325.
 
7 Camont L, et al. “Biological activities of HDL subpopulations and their relevance to cardiovascular disease”
 
Trends Mol Med 2011; 17(10):594-603.
 
8 Yamashita S, et al. “Accumulation of apolipoprotein E-rich high density lipoproteins in hyperalphalipoproteinemic
 
human subjects with plasma cholesteryl ester transfer protein deficiency” J Clin Invest 1990; 86(3):688-695.
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BLA 125559 Animal Toxicology Summary – C. Lee Elmore, PhD 

Section I – Toxicity with alirocumab in rats and monkeys: 
Overall, alirocumab was well tolerated in rats and monkeys with chronic dosing at up 50 
mg/kg/week and 75 mg/kg/week, which represents 11-fold and 103-fold, respectively, the 
maximum recommended human dose of 150 mg Q2W based on plasma exposure (AUC). In rats, 
the 50 mg/kg/week dose produced reductions in total cholesterol, LDL-C and HDL-C of up to 
59, 75, and 64%, respectively. In monkeys, the 75 mg/kg/week dose produced reductions of total 
cholesterol and LDL-C of 44 and 77%, respectively. HDL-C was not affected by alirocumab 
exposure in monkeys.  
Liver sinusoidal cell hypertrophy/hyperplasia occurred early in the time-course of administration 
in rats (≤5 weeks). The severity of these changes peaked early (moderate severity at ~2 weeks), 
subsequently declined (minimal to mild severity at 5 weeks), and was absent in 3 and 6 month rat 
toxicology studies. Sinusoidal cell hypertrophy is therefore considered a reversible exaggerated 
pharmacologic response. In studies >5 weeks, alirocumab was well tolerated in rats, without 
apparent liver effects. No similar alirocumab-related effects were observed in livers of monkeys 
at any duration of study at exposures up to 103-fold the maximum recommended human dose. 
Dose-related minimal to mild adrenal cortical (zona fasciculata) hypertrophy/hyperplasia 
occurred with administration of alirocumab in rats. The primary function of the zona fasciculata 
is production of glucocorticoids (primarily cortisol in humans); therefore it is heavily dependent 
on cholesterol. With six months of once-weekly dosing, the highest doses of alirocumab (50 
mg/kg/week administered subcutaneously; 11-fold the maximum recommended human dose) 
produced minimal to mild cortical hypertrophy and increased mean adrenal weights by 30% 
compared to controls. This finding is considered likely to be an exaggerated pharmacologic 
response to sudden onset and prolonged duration of markedly decreased circulating LDL-C and 
HDL-C in rats, which is the primary source of cholesterol for steroidogenesis in this species.9 

Underscoring the importance of HDL-C in rodents, mice that lack scavenger receptor BI (SR-BI) 
due to gene deletion (and therefore have reduced ability to absorb cholesterol from HDL) suffer 
glucocorticoid deficiency under fasting conditions.10 However, no effects on corticosterone 
production were measured in rats administered alirocumab for up to 6 months. No adrenal effects 
were observed in monkeys administered alirocumab only, which is consistent with the lack of 
HDL-lowering observed in this species with alirocumab administered alone. 

Combination with statins: 
Alirocumab (up to 75 mg/kg/week, intravenous; 100-fold the maximum recommended human 
dose based on plasma AUC) was co-administered with atorvastatin (40 mg/kg/day; 8-fold the 
maximum recommended human dose by plasma AUC) to monkeys for 3 months. While there 
was an additive effect of the two drugs on LDL-C (decreased up to 99%) with unexpected effects 
on HDL-C (decreased up to 71%), there were no additive or synergistic increases in statin
induced toxicity observed for any endpoints in the study, including immune endpoints 
(immunophenotyping, T-cell dependent antibody response, natural killer cell activity) and bile 
acid quantification. Moderate to marked decreased adrenal vacuolation was observed in 
monkeys, which correlated with significant HDL-C reductions in the presence of marked (~99%) 
reductions in LDL-C caused by suprapharmacologic does of both alirocumab and atorvastatin. 

9 Andersen JM and Dietschy JM “Kinetic parameters of the lipoprotein transport systems in the adrenal gland of the
 
rat determined in vivo” J Biol Chem 1981 256(14):7362-7370.
 
10 Hoekstra M, et al. “Absence of HDL cholesteryl ester uptake in mice via SR-BI impairs an adequate adrenal
 
glucocorticoid-mediated stress response to fasting” J Lip Res 2008 49:738-745.
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BLA 125559 Animal Toxicology Summary – C. Lee Elmore, PhD 

Adrenal effects in monkeys were only observed in the presence of markedly reduced serum 
concentrations of HDL-C, which indicates this finding is unlikely to be clinically relevant. 

Genetic toxicity and carcinogenicity: 
Under the ICH-S6 guidance document for biological product development, genotoxic evaluation 
of alirocumab, a monoclonal antibody with no reasonable expectation of interacting with DNA, 
is not recommended. The Applicant requested a waiver of the requirement for carcinogenicity 
studies. The waiver request was supported following evaluation in consultation with CDER’s 
Executive Carcinogenicity Assessment Committee. There were no drug-related tumors or 
increased pre-neoplastic lesions in the 6 month rat and monkey toxicity studies, and no change in 
intestinal bile acids or immune suppression were noted in adult monkeys. Based on the weight of 
evidence indicating a lack of carcinogenic concern, studies designed to directly assess the 
tumorigenicity of alirocumab were not required. 

Reproductive risks:
 
During drug development, reproductive toxicity is evaluated from before mating through 

weaning. For biologics, where the primate is the most relevant species, fertility endpoints can be
 
collected in a repeat dose monkey toxicity study, per the ICH-S6 guidance document, due to 

restrictions on primate availability and use. No effects of alirocumab on fertility endpoints were
 
observed in the 6-month monkey toxicity study with administration of up to 103-fold the plasma
 
exposures measured in humans at 150 mg Q2W. 

There is concern for the chronic treatment of high-cholesterol with alirocumab during pregnancy, 

based on the anticipated risk to the rapidly developing fetus with high demands for cholesterol. 

The Applicant performed an embryo-fetal development toxicity study (treatment throughout the
 
period of organogenesis) in rats, where deaths (4/25 animals from Gestational Days 15 to 20, 

where total gestation in rats is approximately 22 days) were observed in high-dose maternal
 
females administered 75 mg/kg once-weekly (12-fold the maximum recommended human dose, 

by plasma AUC) by the subcutaneous route. Gross pathology evaluations in 2/4 maternal deaths
 
showed pale liver with accentuated lobular pattern. No maternal deaths and no visible toxicities
 
were noted at the 15 mg/kg once-weekly dose, which establishes a no-observed adverse effect
 
level corresponding to 2.6-fold the maximum recommended human dose of 150 mg Q2W, based 

on maternal mortality. Liver pathologies indicate deaths may have been treatment-related,
 
although this finding was not present in previous repeat-dose rat toxicity studies. No effects on
 
embryo-fetal development were observed at the highest dose (75 mg/kg/week), which establishes
 
a no-observed adverse effect level for the developing fetus at 12-fold the maximum 

recommended human dose of 150 mg Q2W, based on plasma AUC.
 

The Applicant performed an enhanced pre/postnatal developmental toxicity study (treatment 
from Day 20 of gestation to parturition) in pregnant monkeys with administration of alirocumab 
at 15 and 75 mg/kg once-weekly by the subcutaneous route. No maternal deaths occurred in 
pregnant monkeys. Infants were exposed to alirocumab in utero; drug levels at birth were similar 
to those measured in maternal plasma. Infants were raised by their mothers until 6 months of age. 
LDL-C was reduced by as much as 25% (not statistically significant) compared to offspring of 
concurrent controls in the month after birth; LDL-C returned to baseline levels by approximately 
3 months of age. While alirocumab was well tolerated in maternal animals, the ability of infant 
monkeys (ages 4 to 6 months) to mount an adaptive immune response to KLH (an established 
antigen) was compromised, as measured in a T-cell dependent antibody response (TDAR) assay. 
The TDAR is a measure of immune function that is dependent upon the effectiveness of multiple 
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immune processes, including antigen uptake and presentation, T-helper and B-cell lymphocyte 
activation, and antibody production (see Figure 4).11 

Figure 4: Schematic representation of a T-cell dependent antibody response 
(TDAR) assay 

TDAR response can be affected at any step in the process. APC = antigen presenting cell, TDA = T-
dependent antigen, MHC = major histocompatibility complex, TFH = follicular T helper 
(Adapted from Lebrec, et al.) 11 

Peak production of anti-KLH IgM trended lower in offspring born to dams administered 15 
mg/kg/week (mean decrease of 23%, p=0.32) and dams administered 75 mg/kg/week (mean 
decrease of 61%, p=0.16) alirocumab from Gestational Day 20 until parturition, compared to 
controls (see Figure 5). 

11 Lebrec, H, et al. “The T-cell-dependent antibody response assay in nonclinical studies of pharmaceuticals and 
chemicals: Study design, data analysis, interpretation” Regul Toxicol Pharmacol 2014; 69:7-21. 
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Figure 5: Infant anti-KLH IgM response in a TDAR assay conducted during an 
enhanced pre/postnatal development study in monkeys 

REGN727 = alirocumab, Offspring were challenged with KLH on DB120 and DB150. 
(Applicant) 

Peak anti-KLH IgG production trended lower (mean decrease of 49%, p=0.06) for those 
offspring born to dams administered 15 mg/kg weekly, and anti-KLH IgG production was 
statistically significantly decreased in offspring (mean decrease of 72%, p<0.01) born to dams 
administered 75 mg/kg/week alirocumab (see Figure 6). 
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Figure 6: Infant anti-KLH IgG response in a TDAR assay conducted during an 
enhanced pre/postnatal development study in monkeys 

REGN727 = alirocumab, Offspring were challenged with KLH on DB120 and DB150. 
(Applicant) 

Total cholesterol and LDL-C levels were not statistically significantly different between 
offspring born to females administered alirocumab and those born to control females during the 
timeframe in which the TDAR assay was conducted (data not shown). Immunophenotyping of 
peripheral blood lymphocytes did not show biologically significant differences in immune cell 
types (e.g., T-lymphocytes, B-lymphocytes and natural killer cells) at any time point. No other 
toxicity was apparent in infant monkeys. A no-observed adverse effect level was not established 
for this finding in the study. It is of interest that HDL particles containing ApoE are a major class 
of lipoproteins in the plasma of human neonates and that LDL-C is typically low in newborns 
(~40% of total cholesterol)12; therefore human neonates may be particularly sensitive to previous 
in utero alirocumab exposure. It is unclear what level of inhibition of adaptive immunity would 
be considered non-adverse for human infants. 

Immunogenicity: 
Maximal pharmacologic effects of alirocumab were maintained in the majority of test animals in 
the nonclinical program. Overall, rates of production of neutralizing antidrug antibodies were 
low in rats and negligible in monkeys, and did not compromise the toxicological assessment of 
alirocumab in any study. 

12 Innerarity T L, et al. “Receptor binding activity of high density lipoproteins containing apoprotein E from 
abetalipoproteinemic and normal neonate plasma” Metabolism 1984; 33: 186-195. 
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Toxicokinetics and determination of safety margins: 
Administration of alirocumab generally led to predictable and dose-proportional increases in 
exposure in all toxicity studies in animals. Ctrough was 66% of Cmax at the highest subcutaneous 
dose in rats (50 mg/kg/week) at the end of 26 weeks of dosing and Ctrough was 72% of Cmax in 
monkeys administered the highest subcutaneous dose of alirocumab of (75 mg/kg/week) at the 
end of 26 weeks of dosing, indicating the drug was consistently present during the chronic 
toxicity studies. These data, combined with robust pharmacodynamic lowering of cholesterol, 
confirmed adequate drug exposures throughout the toxicity studies. Safety margins are shown in 
Table 1, below. 

Summary of toxicity with alirocumab in rats and monkeys: 
Alirocumab was subcutaneously administered for 6 months to rats at up to 50 mg/kg/week and to 
monkeys at up to 75 mg/kg/week; no evidence of dose-limiting test item-related toxicity was 
observed at plasma exposure multiples (by AUC) of up to 11-fold and 103-fold at the maximum 
recommended human dose of 150 mg Q2W in rats and monkeys, respectively. The highest doses 
tested in repeat-dose toxicity studies for both species are considered to be the no-observed 
adverse effect level doses. The maximum tolerated dose in pregnant rats was 15 mg/kg/week 
(2.6-fold the maximum recommended human dose of 150 mg alirocumab Q2W), based on 
maternal mortality. No effects were observed in offspring at doses that caused maternal mortality 
in rats. Administration of alirocumab in pregnant monkeys was well tolerated at the highest dose 
administered (75 mg/kg/week, corresponding to 81-fold the maximum recommended human 
dose of 150 mg Q2W, based on plasma AUC exposure). However, inhibition of the adaptive 
immune response to a known antigen occurred in infant monkeys exposed to alirocumab in 
utero, and a no-observed adverse effect level was not established in that study. 
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Section II – Theoretical concerns for alirocumab exposure: 
The marked plasma LDL-C lowering attainable with clinical administration of alirocumab with 
or without a statin could be expected to secondarily impact other cholesterol-related processes, 
including bile acid formation, cholesterol-dependent hormone production, cholesterol-dependent 
tissue regeneration, and myriad others. These hypothetical concerns and the perceived human 
risks will be discussed below. 

Increased intestinal bile acids: 
Bile acids are synthesized from cholesterol in the liver.13 The presence of cholesterol up-
regulates production of bile acids.14 High levels of bile acids have been demonstrated in rodent 
models to promote tumor formation.15 It is presumed that inhibition of PCSK9 would increase 
the flow of cholesterol into the liver. Therefore, the potential for increased concentrations of 
intestinal bile acids was identified as a possible concern for alirocumab therapy. The Applicant 
addressed the Agency’s concern in monkeys administered alirocumab for 3 months at 100-fold 
and 8-fold the maximum recommended human doses of 150 mg alirocumab Q2W and 80 mg 
atorvastatin QD, respectively, based on plasma exposure (AUC). No effects on bile acid 
regulation in the liver (cyp7a1 mRNA levels) or indicators of bile acid formation in serum (7α
hydroxy-4-cholesten-3-one concentrations), or actual amounts of bile acids in feces (total bile 
acids, primary bile acids, cholic acid, chenodeoxycholic acid, secondary bile acids, deoxycholic 
acid, and others) were observed. Fecal cholesterol concentrations were not increased at any time 
point, although there was a tendency towards a non-dose-related decrease in fecal cholesterol in 
animals administered atorvastatin. Based on these data, alirocumab is not anticipated to pose a 
risk for induction of intestinal tumors through increased bile acid production. 

Hepatitis C virus (HCV) infectivity: 
A study by Labonte et al. identified regulation of CD81 cell-surface protein expression by 
PCSK9 as a potential pathway by which PCSK9 inhibitors might cause increased susceptibility 
to HCV infection and associated liver tumors.16 CD81 is a co-receptor for hepatitis C infection in 
humans. Labonte showed that expression of PCSK9, especially a modified non-secretable form, 
reduced CD81 and LDLR levels in immortalized human cells and provided resistance to HCV 
infection in vitro. Alirocumab may therefore increase CD81 expression resulting in greater 
infectivity of HCV. The Applicant completed experiments with the more physiologically 
relevant soluble form of PCSK9. No regulation of CD81 was observed in vitro. The Applicant 
also evaluated CD81 expression in vivo in PCSK9-/- mice and in hyperlipidemic mice expressing 
human PCSK9 with reduced LDLR expression (PCSK9hum/hum/LDLR+/-) administered 
alirocumab; no changes in total CD81 levels were observed. No effects on HCV infectivity or 
replication kinetics were observed with addition of extracellular PCSK9 in the presence/absence 
of alirocumab in vitro. Based on conflicting data, the scientific database is currently considered 
inadequate to conclusively address the potential impact of alirocumab on HCV infectivity. It 
should be noted that increased cell-surface LDLR has also been postulated to modulate HCV 
infectivity; statins, like alirocumab, increase cell-surface LDLR. 

13 Russell DW “The enzymes, regulation, and genetics of bile acid synthesis” Annu Rev Biochem 2003 72:137–174.
 
14 Russell DW “Bile acid biosynthesis.” Biochemistry 1992; 31(20):4737-4749.
 
15 Weisburger JH, et al. “Bile acids, but not neutral sterols, are tumor promoters in the colon in man and in rodents” 

Env Health Perspect 1983; 50:101-107
 
16 Labonte, P et al. “PCSK9 impedes hepatitis C virus infection in vitro and modulates liver CD81 expression”
 
Hepatology 2009; 50(1):17-24.
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Adrenal (cortical)-derived hormones: 
The adrenal glands are heavily dependent on cholesterol for hormone production, and 
alirocumab might be expected to affect adrenal function. Adrenal cortex hypertrophy was 
observed with the onset of reduced total cholesterol (associated with marked decreases in both 
HDL-C and LDL-C) in rats administered alirocumab. Adrenal effects were observed in monkeys 
only with co-administration of high doses of alirocumab (100-fold the maximum recommended 
human dose of 140 mg Q2W based on plasma AUC) and atorvastatin (8-fold the maximum 
recommended human dose of 80 mg QD based on plasma AUC) that caused ~99% reductions in 
LDL-C and significant reductions in HDL-C. Effects in the adrenal glands of monkeys consisted 
of moderate to marked decreased vacuolation, without any additional correlative toxicity. 
Adrenal effects in both rats and monkeys were considered exaggerated pharmacologic responses 
to low cholesterol, due to the high demand for cholesterol in that organ. No effects on 
corticosterone were observed with maximal cholesterol reductions in rats administered 
alirocumab and hormone levels were not measured in monkeys. Adrenal effects observed were 
not considered toxicologically significant. No effects on the adrenal were observed in rats or 
monkeys in the absence of reductions in HDL-C. Significant HDL-C reductions have not been 
observed in the clinic, which may indicate that adrenal effects observed in animal models are not 
clinically relevant. 

Impaired liver regeneration: 
A concern for liver injury and alirocumab treatment comes from a published study conducted 
with the PCSK9 knockout mouse.17 When compared to littermates, PCSK9-null mice (but not 
PCSK9+/- mice) were markedly delayed in their ability to regenerate liver tissue following partial 
hepatectomy. Furthermore, the regenerating liver tissue exhibited necrotic foci. In these foci, the 
liver architecture was disrupted with swollen hepatocytes undergoing ballooning degeneration. 
Infiltration of red blood cells and leukocytes was also observed at the border of the necrotic 
areas. Whether this deficit is likely to be associated only with catastrophic liver injury (e.g., 
partial hepatectomy) or would also manifest following other liver injury (e.g., acetaminophen 
toxicity) is unknown. Of particular theoretical concern is the often transient, but sometimes 
severe liver injury induced by statins, which could theoretically be worsened by 
pharmacologically-induced loss of PCSK9 analogous to the PCSK9-/- mouse phenotype. 
However, liver toxicity was not exacerbated in a 3-month combination toxicity study with 
alirocumab when co-administered with atorvastatin in monkeys at doses that produced modest 
ALT increases and caused minimal to mild diffuse portal chronic inflammation, periductal 
chronic inflammation, and biliary ductular proliferation, but in the absence of severe toxicity. It 
is unknown whether recovery from more serious liver damage would be impacted by PCSK9 
inhibitor therapies, including alirocumab. 

One possible explanation for the failure of liver to properly regenerate in PCSK9 knockout mice 
owes to the discovery that HDL-C concentrations regulate bone marrow-derived endothelial 
progenitor cells18, including the precursors of liver sinusoidal cells. Upon significant liver 
damage, liver regeneration is dependent upon endothelial progenitor cells to migrate from the 
bone marrow to the liver, where they are responsible for directing repair of damaged hepatic 

17 Zaid A, et al. “Proprotein Convertase Subtilisin/Kexin Type 9 (PCSK9): Hepatocyte-specific Low-Density 
Lipoprotein Receptor Degradation and Critical Role in Mouse Liver Regeneration” Hepatology 2008; 48:646. 
18 Noor R, et al. “High-density lipoprotein cholesterol regulates endothelial progenitor cells by increasing eNOS and 
preventing apoptosis” Atherosclerosis 2007; 192:92-99. 
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blood vessels and tissues. This process is required for proper liver repair after partial 
hepatectomy. 19 It is tempting to speculate that low HDL-C impaired the production and 
migration of progenitor cells to direct liver regeneration in PCSK9-/- mice. Rats administered 
alirocumab had low HDL and sinusoidal cell defects were observed in the liver. This 
phenomenon was not observed in the monkey with alirocumab, even where HDL-C levels were 
greatly reduced. HDL-C was not reduced in humans administered alirocumab, which may argue 
that defects in liver regeneration observed in partially hepatectomized PCSK9 knockout mice 
have limited clinical relevance. 

Immune modulation in adult animals: 
Inhibition of PCSK9 produces profound lowering of circulating cholesterol. The immune system 
is dependent on cholesterol for proper function. Clonal expansion of rapidly dividing immune 
cells (e.g., B-cells, T-cells, etc.) and cell-cell signaling are heavily dependent on cholesterol and 
cholesterol derivatives.20 However, no effects on immune cell populations, T-cell dependent 
antibody response, natural killer cell activity, or cytotoxic T-cell activity were observed in adult 
monkeys administered alirocumab or a combination of alirocumab and atorvastatin. No studies 
designed specifically to challenge the immune system (e.g., introduction of an infectious agent) 
were conducted, although no imbalances for infections were observed in general toxicity studies 
in monkeys or rats. Overall, these data indicate that alirocumab is unlikely to affect the immune 
system in adult patients. 

Insulin sensitivity: 
A signal for increased transition from pre-diabetes to type 2 diabetes mellitus has been identified 
in clinical studies with statins.21 Decreased insulin sensitivity was observed in PCSK9 knockout 
mice compared to wild-type mice.22 Compared to wild-type mice, PCSK9 knockout mice were 
hypoinsulinemic, hyperglycemic and glucose-intolerant. Pancreatic islets of PCSK9 knockout 
mice exhibited signs of dysfunction. The authors hypothesized that the observed pancreatic islet 
cell inflammation and apoptosis could be the result of sterol accumulation in beta-cells or a 
failure of beta-cell replacement and renewal. However, no effects on plasma glucose or pancreas 
structure/function were observed in studies with healthy monkeys and rats administered high 
doses of alirocumab. The absence of significant alirocumab-related effects on glucose 
homeostasis in nonclinical toxicology studies is reassuring. 

Neurocognitive assessments: 
Adverse neurocognitive events (e.g., transient confusion and memory loss) have been described, 
primarily through patient reporting in adults on chronic statin therapy. Cholesterol and other 
sterols are important for nerve function in both the central and peripheral nervous system. The 
brain is a cholesterol-rich organ, which depends almost completely on de novo cholesterol 
biosynthesis for its sterols; peripheral blood lipids are unavailable to the CNS, due to blockade 
by the blood-brain-barrier. PCSK9 is highly expressed in brain tissues, although its function 

19 DeLeve L “Liver sinusoidal endothelial cells and liver regeneration” J Clin Invest 2013 123:1861-1866.
 
20 Norata GD, et al. “Emerging role of high density lipoproteins as a player in the immune system” Atherosclerosis
 
2012; 220:11-21.
 
21 Van de Woestigne AP, et al. “Effect of statin therapy on incident type 2 diabetes mellitus in patients with
 
clinically manifest vascular disease” Am J Cardiol 2015; 115(4): 441-446.
 
22 Mbikay M, et al. “PCSK9-deficient mice exhibit impaired glucose tolerance and pancreatic islet abnormalities” 

FEBS Letters 2010; 584:701-706.
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there is uncertain.23 Alirocumab is a 150 kDa immunoglobulin, with very low access to the brain. 

Therefore, it is considered unlikely that alirocumab could directly affect the structure or function 

of the CNS, but this leaves the possibility of effects on peripheral neurons. No significant
 
alirocumab-related effects on peripheral neurons were observed in toxicity studies of up to 6 

months duration in rats and monkeys. The lack of neurological symptoms in animal models is
 
reassuring.
 

Summary of theoretical concerns for alirocumab exposure:
 
Areas of particular theoretical concern for chronic administration of alirocumab were identified
 
based on the very low plasma cholesterol levels attainable with PCSK9 inhibitor therapy, 

especially with coadministration of statins. These included possible increases in bile acid
 
concentrations in the intestine that could cause tumors, increased risk of HCV infection, 

modulation of cholesterol-derived hormones, immune suppression (in adults), and similar to
 
statins, risks for increased progression to type 2 diabetes and neurocognitive events. Overall, 

studies in animals administered alirocumab were reassuring regarding these theoretical concerns. 


23 Liu M, et al. “PCSK9 is not involved in the degradation of LDL receptors and BACE1 in the adult mouse brain” J 
Lipid Res 2010; 51:2611-2618. 
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1 Executive Summary 

Alirocumab, a monoclonal antibody, is a member of a new class of lipid-modifying 
therapies that inhibit the proprotein convertase subtilisin kexin type 9 (PCSK9), a serine 
protease that is secreted with the low density lipoprotein receptor (LDL-R) and promotes 
its degradation. By inhibiting PCSK9, alirocumab enhances recycling of LDL-R, which 
leads to clearance of LDL cholesterol (LDL-C) from the circulation and lower LDL-C 
concentrations. 

Alirocumab was evaluated for efficacy in ten multicenter phase 3 trials that randomized 
5296 patients: nine out of the 10 trials enrolled patients with heterozygous familial 
hypercholesterolemia (HeFH) and/or patients at high or very high cardiovascular (CV) 
risk. Five trials were placebo-controlled and five were active-controlled.  Two dose 
regimens were evaluated: eight trials utilized a starting dose of 75 mg by subcutaneous 
injection every 2 weeks (Q2W) with up-titration at week 12 to 150 mg Q2W if LDL-C 
goals (consistent with ATP III) were not met, and two trials started all patients on 150 
mg Q2W. Eight trials administered alirocumab in patients who were on background 
statin therapy (most trials enrolled patients who were taking the maximally tolerated 
dose of statin), and two trials administered alirocumab as monotherapy [one trial in 
patients with moderate CV risk (MONO), and one trial in patients identified with pre-
specified criteria as “statin-intolerant” (ALTERNATIVE)].  The OPTIONS I and II trials 
were block-randomized based on background moderate doses of atorvastatin and 
rosuvastatin, respectively, and patients were randomized to addition of alirocumab or 
ezetimibe, statin dose up-titration, or in the case of the OPTIONS I atorvastatin 40 mg 
regimen, a switch to rosuvastatin 40 mg. All ten phase 3 trials utilized the same primary 
endpoint: percent change in LDL-C from baseline at week 24.  A summary of the phase 
3 trials is shown below: 
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Table 1. Phase 3 Trials 

Trial Primary 
endpoint 

Population/design feature Size Control Dose 

FH I % change in 
LDL-C at 24 
wks 

HeFH on maximally tolerated statin 486 placebo 75/150 

FH II % change in 
LDL-C at 24 
wks 

HeFH on maximally tolerated statin 249 placebo 75/150 

HIGH FH % change in 
LDL-C at 24 
wks 

HeFH with LDL-C > 160 mg/dL on 
maximally tolerated statin 

107 placebo 150 

LONG TERM 
(LTS11717) 

% change in 
LDL-C at 24 
wks 

HeFH or high CV risk on maximally 
tolerated statin 

2341 placebo 150 

COMBO I % change in 
LDL-C at 24 
wks 

High CV risk on maximally tolerated 
statin 

316 placebo 75/150 

COMBO II % change in 
LDL-C at 24 
wks 

High CV risk on maximally tolerated 
statin 

720 ezetimibe 75/150 

OPTIONS I % change in 
LDL-C at 24 
wks 

On 20 or 40 mg atorvastatin, 
randomized to alirocumab, ezetimibe, 
up-titration of statin, or higher potency 
statin 

355 ezetimibea 75/150 

OPTIONS II % change in 
LDL-C at 24 
wks 

On 10 mg or 20 mg rosuvastatin, 
randomized to alirocumab, ezetimibe, 
or up-titration of statin 

305 ezetimibea 75/150 

ALTERNATIVE % change in 
LDL-C at 24 
wks 

Statin-intolerant population 
(randomized after placebo run-in to 
alirocumab, ezetimibe, or atorvastatin) 

314 ezetimibeb 75/150 

MONO % change in 
LDL-C at 24 
wks 

Moderate CV risk, on no background 
lipid modifying therapy 

103 ezetimibe 75/150 

a additional control: up-titration of current statin, or switch to higher potency statin (OPTIONS I) 
b additional control: atorvastatin 20 mg QD 
75/150 = starting dose of 75 mg Q2W with up-titration to 150 mg Q2W at week 12 if not meeting LDL-C 
goal 

The sponsor’s primary analysis, which utilized a mixed effect model with repeated 
measures on the intent-to-treat population in all trials, demonstrated that alirocumab 
was associated with decreases in calculated LDL-C of 36 to 61 percent from baseline, 
and statistically significant treatment differences of 39 to 62 percent as compared to 
placebo (all p-values <0.0001) and 24 to 36 percent as compared to ezetimibe (p-value 
<0.01 for all except the background rosuvastatin 20 mg regimen within the OPTIONS II 
trial that did not reach statistical significance based on the pre-specified method for 
controlling type I error, p=0.014).  Maximal LDL-C-lowering efficacy was observed at 
week 4 and persisted for the duration of the trials.  A forest plot illustrating the primary 
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endpoint results by trial is shown below (note that OPTIONS background statin 
regimens are pooled, demonstrating statistical significance): 

Figure 1. Percent Change in LDL-C from Baseline at Week 24, Phase 3 Trials 

Source: Clinical Overview, Figure 2 

LDL-C efficacy was supported by other analyses, including absolute change in LDL-C at 
week 24, percent change in LDL-C at other time points, including weeks 12 and 52 
(where applicable), percent change in directly measured LDL-C, and the proportions of 
patients meeting individual LDL-C treatment goals (defined as LDL-C less than 70 
mg/dL in patients at very high CV risk, and less than 100 mg/dL for all others), as well 
as percent changes in week 24 in total cholesterol, apolipoprotein B, and non-high 
density lipoprotein cholesterol (non-HDL-C). By contrast, only three of the five placebo-
controlled trials were statistically significant for percent changes in triglycerides at week 
24 (treatment effect ranged from -0.6 to -17 percent), and four of the five for HDL-C 
(treatment effect ranged from +4 to +8 percent). 

As alirocumab is a biologic therapy, anti-drug antibodies (ADA) can develop and could 
potentially impact efficacy (as well as safety).  Treatment-emergent positive ADA 
responses were observed in 4.8% of patients in the alirocumab group and in 0.6% of 
patients in the control group. Most of these responses were of low-titer, non-
neutralizing, and/or transient. Upon review of patient-level data, there were several 
patients in whom neutralizing or high-titer antibodies appeared to be associated with 
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loss of efficacy. There is not enough information at this time to fully characterize this 
effect. 

The assessment of risk associated with alirocumab treatment is formed from an 
evaluation of four phase 2 trials and ten phase 3 studies encompassing a total of 3340 
patients exposed to alirocumab as of the application cut-off date of August 31, 2014.  
The safety database is divided into two main safety pools based on the control 
employed – placebo or ezetimibe.  The two alirocumab doses were combined as review 
of the data did not suggest dose-related safety signals. The placebo-controlled pool 
includes patients with heterozygous familial hypercholesterolemia or non-familial 
hypercholesterolemia on maximally tolerated background statin therapy.  The 
ezetimibe-controlled pool consists of patients with non-familial hypercholesterolemia 
who may have not been receiving statin therapy or were at less than maximal doses of 
statin therapy. Within the placebo and ezetimibe-controlled pools, 1999 (81%) and 409 
(47%) patients were exposed to alirocumab for at least 1 year, respectively.  

Treatment groups within the placebo-controlled (alirocumab versus placebo) and 
ezetimibe-controlled pools (alirocumab versus ezetimibe) were well matched for 
demographics and baseline characteristics.  The majority of patients in both the 
placebo-controlled and ezetimibe-controlled pools had a history of CHD (60 to 70%) – 
with almost half of patients in both the placebo-controlled pool and ezetimibe-controlled 
pool reporting a coronary revascularization procedure and approximately a third of 
patients reporting a history of a myocardial infarction.  In both of the main safety pools, 
approximately 70% reported a history of hypertension and an estimated 30% reported a 
history of diabetes mellitus. 

In the global pool of phase 3 studies combined (placebo and ezetimibe controlled), 
there were a total of 37 on-study deaths:  17 deaths (0.9%) in the control group and 20 
deaths (0.6%) in the alirocumab group.  The majority of these deaths were adjudicated 
as cardiovascular, which is not unexpected given the high cardiovascular risk profile of 
the population studied.  Of import, the numbers are too small to draw any conclusions 
regarding the effect of alirocumab on reduction of risk of overall mortality.   

In the pool of placebo-controlled studies, treatment-emergent serious adverse events 
(SAEs, fatal and non-fatal combined) were reported in 13.7% and 14.3% of patients in 
the alirocumab-treated and placebo-treated groups, respectively.  Within the pool of 
ezetimibe-controlled studies, a slightly higher incidence of SAEs occurred in the 
alirocumab-treated (13.1%) versus the ezetimibe-treated (11.2%) groups.  The highest 
percentage of patients reporting a SAE occurred in the “Cardiac disorders” system 
organ class (SOC) in both the placebo-controlled pool (4.5% placebo, 4.4% alirocumab) 
and ezetimibe-controlled pool (4.0% ezetimibe, 5.6% alirocumab). 

Within the placebo-controlled pool, a similar proportion of patients permanently 
discontinued treatment due to a treatment-emergent adverse event (TEAE): 5.1% 
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patients in the placebo group and 5.3% patients in the alirocumab group.  The greatest 
absolute difference between treatment groups in discontinuations was noted in the “Skin 
and subcutaneous disorders” SOC.  Ten (0.4%) alirocumab-treated patients compared 
with zero placebo-treated patients discontinued treatment due to adverse events within 
this category, mostly associated with pruritus and rash-related events. In the ezetimibe
controlled pool, the overall incidence of discontinuation due to a TEAE was 9.7% in the 
ezetimibe and 8.8% in the alirocumab group. The TEAEs with the highest incidence 
leading to treatment discontinuation within this pool were muscle-related, with 3.6% and 
5.5% of alirocumab and ezetimibe-treated patients, respectively, reporting an event 
within the “Musculoskeletal and connective disorders” SOC.  This is primarily a 
reflection of the ALTERNATIVE study, which included a patient population considered 
statin intolerant because of a history of muscle-related symptoms.  Alirocumab-treated 
patients had a higher incidence of TEAEs leading to discontinuation compared to 
ezetimibe-treated patients in the SOC “Investigations” (0.2% ezetimibe, 0.7% 
alirocumab) mostly related to abnormalities in liver enzymes. 

Based on theoretical or identified concerns about PCSK9 inhibition or therapeutic 
protein products in general, or about alirocumab specifically, several adverse events of 
special interest (AESI) were prespecified for potential additional monitoring and 
reporting requirements. AESIs evaluated were local injection site reactions, general 
allergic events, neurologic events, neurocognitive events, diabetes mellitus, hepatic-
related disorders, muscle-related disorders, and cardiovascular events. 

In the global pool (phase 2/3 studies), higher incidences of local injection site reactions 
were reported in patients receiving alirocumab injection (6.1%) versus placebo 
injections (4.1%). Most injection site reactions were transient and of mild intensity and 
few patients discontinued treatment due to an injection site reaction (n=8, 0.2% 
alirocumab; n=6, 0.3% control).  In alirocumab-treated patients, those with treatment-
emergent anti-drug antibodies (ADA) reported a higher incidence of local injection site 
reactions (10.2%) compared to ADA-negative patients (5.9%).   

General allergic events occurred with a higher incidence in alirocumab-treated patients 
in both the pool of placebo-controlled studies and pool of ezetimibe-controlled studies 
(7.8% placebo versus 8.6% alirocumab; 5.3% ezetimibe versus 6.8% alirocumab).  The 
proportion of patients with treatment-emergent SAEs was low and similar across 
treatment groups within both the placebo-controlled and ezetimibe-controlled pools.  
The most commonly reported treatment-emergent adverse events were rash and 
pruritus. However, there were several allergic events of note, including cases of 
angioedema, leukocytoclastic vasculitis, and hypersensitivity.  Patients with a medical 
history of allergy were more likely to report an allergic event compared to patients 
without a history of allergy. However, a similar proportion of patients with or without 
treatment-emergent positive ADA reported a general allergic event (8.8% positive ADA, 
8.2% negative ADA). 
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Neurologic events related to myelin-sheath disorders or neuropathies were collected 
based on theoretical concerns that low LDL-C levels may impair myelination.  Within the 
pool of placebo-controlled studies, the incidence of patients with a neurologic event of 
special interest was similar. There were four alirocumab-treated patients that reported 
serious events that warrant mention – a case of Miller-Fisher syndrome (a variant of 
Guillain-Barre), optic neuritis, demyelination (multiple sclerosis), and transverse myelitis.  
With the exception of the Miller-Fisher syndrome case, none of the patients had two 
consecutive LDL-C levels less than 25 mg/dL or treatment-emergent anti-drug 
antibodies. After review of these cases a causal link with either alirocumab or low LDL
C levels cannot be confirmed, based on potential alternative etiologies and the very 
small number of cases. 

The number of patients reporting a neurocognitive event was low, with similar 
frequencies between treatment groups in the pool of placebo-controlled studies (0.7% 
placebo, 0.8% alirocumab) and in the pool of ezetimibe-controlled studies (1.0% 
ezetimibe, 0.9% alirocumab). No alirocumab-treated patient discontinued due to an 
adverse neurocognitive event.  Memory impairment was reported with greater incidence 
in alirocumab-treated patients compared to either placebo-treated or ezetimibe-treated 
patients. Memory impairment was not characterized as serious in the 8 alirocumab
treated patients reporting this event, no patient discontinued due to the event, and it did 
not appear to be coincident with persistent very low LDL-C levels (2 consecutive LDL
C<25 mg/dL). Serious neurocognitive events occurred in very few patients and were 
associated with pre-existing medical conditions and other confounders. 

On background of maximally tolerated statin therapy in placebo-controlled studies, 
treatment with alirocumab was associated with a higher percentage of patients reporting 
hepatic-related events (1.8% placebo, 2.5% alirocumab).  These events were primarily 
associated with abnormal hepatic laboratory values.  Evaluation of pre-specified 
categorical changes in ALT defined as ≥3x ULN (if baseline ALT < ULN) or twice 
baseline (if baseline ALT ≥ULN) demonstrated a slightly higher percentage of 
alirocumab-treated patients with this shift in ALT versus either placebo or ezetimibe
treated patients, however larger increases in (ALT >5x ULN or >10x ULN) were similar 
between treatment groups. There were 3 cases in alirocumab-treated patients that met 
the biochemical criteria for Hy’s Law – however all had alternative etiologies (hepatitis 
A, cholecystitis, and cholangitis, respectively). 

Based on non-clinical observations of optic nerve degeneration and chorioretinal lesions 
in rats and monkeys, respectively, eye disorders were assessed in the overall safety 
population and with an ophthalmologic sub-study in a subset of patients in the placebo-
controlled LONG TERM study.  There were numerically higher incidences of 
ophthalmological TEAEs in alirocumab-treated (1.8%) versus placebo-treated patients 
(1.4%) and alirocumab-treated (0.8%) versus ezetimibe-treated patients (0.5%).  
However, the TEAEs reported were varied and did not demonstrate any specific pattern.  
An ophthalmological sub-study evaluated 139 patients (5.9% of LONG TERM study 
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population) with additional ophthalmologic testing.  Four (4.5%) patients in the 
alirocumab sub-study group had an event, however 1 case of “demyelination” was 
considered more consistent with a neurological event of interest.  Two (3.9%) placebo-
treated patients in this sub-study reported an event (diabetic neuropathy and macular 
degeneration). 

In the placebo-controlled safety pool in which all patients were on statin therapy, 15.1% 
patients in the alirocumab group versus 15.4% patients in the placebo group 
experienced a musculoskeletal-related TEAE.  Two cases of rhabdomyolysis in 
alirocumab-treated patients were reported; 1 occurring in a 81-year-old patient on 
atorvastatin 80 mg who experienced a fall and concurrent diagnosis of pneumonia; the 
other case was later downgraded to myositis.  Muscle-related AEs were less common in 
patients considered statin intolerant treated with alirocumab compared to patients 
treated with atorvastatin or ezetimibe. 

Approximately 31% of patients in the global safety pool (combined phase 2 and 3 
studies) at baseline were normoglycemic, 37% had impaired fasting glucose, and 32% 
were diabetic. Distribution according to these glycemic categories was comparable 
between treatment groups in both the placebo-controlled and ezetimibe-controlled pools 
at baseline.  Mean change in fasting glucose and HbA1c over time did not demonstrate 
meaningful differences between treatment groups by baseline glycemic status.  
However, in exploratory analyses of shifts in glycemic status during the TEAE period 
using adverse events, HbA1c, and fasting plasma glucose values, a higher proportion of 
normoglycemic alirocumab-treated patients versus placebo or ezetimibe-treated 
patients met the criteria for impaired fasting glucose at least once during the treatment 
period. However, it should be noted that there were also patients in both the alirocumab 
and comparator groups with impaired fasting glucose at baseline that shifted to the 
more favorable normal glucose control category at least once.  The proportion of 
patients meeting the criteria for the diabetes category diagnosed either by adverse 
event or laboratory value was 3.2% in the alirocumab group and 2.2% in the placebo 
group, with most diagnosed by laboratory data only.  In a post-hoc, unadjusted analysis 
of alirocumab-treated patients considered normoglycemic at baseline, 57 of 162 (35%) 
patients with two consecutive LDL-C levels less than 25 mg/dL met the criteria for 
impaired fasting glucose compared with 210 of 779 (27%) patients without these LDL-C 
values during the treatment period. However analyses based on post-randomization 
LDL-C values must be interpreted with substantial caution as differences in the patient 
characteristics (both known and unknown) who achieve very low LDL-C may confound 
alirocumab’s association with an adverse event, and residual confounding is likely to be 
present even in “adjusted” analyses.  Overall, for the majority of patients, glucose 
control remained stable and serious diabetes-related adverse events were few.  It is 
uncertain whether the observed shifts represent a true risk for worsening glycemic 
control with alirocumab treatment. Glycemic control is monitorable and treatable, 
factors which should be considered when evaluating the benefits and risks associated 
with alirocumab. 
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Within the “Cardiac disorders” SOC, treatment-emergent cardiac disorders were 
reported in 8.0% of alirocumab-treated patients and 9.0% of placebo-treated patients.  
Serious TEAEs were similar in frequency between treatment groups (4.4% alirocumab, 
4.5% placebo). In the global pool of phase 3 studies, adjudicated MACE events defined 
as CHD death, nonfatal MI, fatal or nonfatal ischemic stroke, and unstable angina 
requiring hospitalization occurred in 52 (1.6%) patients in the alirocumab group and in 
33 (1.8%) patients in the control group.   

Approximately 20% and 40% of patients treated with alirocumab had at least one 
calculated LDL-C value less than 15 mg/dL and 25 mg/dL, respectively compared to 
less than 1% of control treated patients. The majority of patients were receiving 150 mg 
of alirocumab every two weeks at the time of these LDL-C values.  As expected, 
significant prognostic factors for patients that achieved LDL-C less than 25 mg/dL 
include baseline LDL-C and dose of alirocumab.  As mentioned previously, conclusions 
generated from comparisons of groups defined by factors post-randomization are 
extremely limited and subject to bias. In addition, the duration of exposure is on 
average 1 year and therefore, it is uncertain what, if any, adverse effects of prolonged 
exposure to very low levels of LDL-C will be.  However, at this time review of adverse 
events divided by levels of LDL-C achieved did not demonstrate a safety signal. 

Because the potential for increased HCV infectivity in alirocumab-treated participants is 
a theoretical possibility, analyses were performed to assess potential cases of hepatitis 
C. Within the primary safety database at the application cut-off date there were no 
cases of RNA confirmed hepatitis C.   

In summary, alirocumab demonstrates early and sustained LDL-C lowering from 
baseline across patient populations, regardless of background lipid-modifying therapies, 
and is generally well-tolerated. LDL-C has been considered a surrogate endpoint for 
cardiovascular (CV) risk for decades; however, in light of new data and other 
considerations, we seek the input from EMDAC on whether the alirocumab-induced 
changes in LDL-C alone provide sufficient evidence that its benefit exceeds risk for one 
or more patient population(s). Approval on the basis of a reduction in LDL-C would 
indicate that, for the indicated population, the effect of alirocumab on LDL-C can 
“substitute” for an assessment of its effect on CV outcomes. The unexpected and 
disappointing results from CV outcomes trials for fenofibrate,1,2 cholesteryl ester transfer 
protein (CETP) inhibitors,3,4 and niacin5,6, although most involved drugs with modest 

1 Keech A, et al. Effects of long-term fenofibrate therapy on cardiovascular events in 9795 people with 
type 2 diabetes mellitus (the FIELD study): randomized controlled trial. Lancet. 2005; 366(9500): 1849
61. 

2 ACCORD Study Group.  Effects of combination lipid therapy in type 2 diabetes mellitus.  N Engl J Med, 

2010; 362(17): 1563-74.
 
3 Barter PJ, et al. Effects of torcetrapib in patients at high risk for coronary events.  N Engl J Med, 2007; 

357: 2109-22.
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effects on LDL-C, should at least give us pause as we consider the use of lipid 
biomarkers in the assessment of benefit/risk for various patient populations, especially 
in light of the strong evidence of CV benefit and excellent safety profile established for 
the statins. Indeed, new lipid-lowering guidelines issued by the American College of 
Cardiology (ACC) and the American Heart Association (AHA)7 focus on statins as first-
line cholesterol-lowering therapy for primary and secondary prevention of 
atherosclerotic cardiovascular disease.  However, much discussion has been made of 
statin-intolerance in recent years, increasing the likelihood that alternative therapies for 
lowering LDL-C will be sought. We have concerns that many patients who have 
symptoms that may be entirely unrelated to statins could prematurely discontinue their 
statins and turn, instead, to a PCSK9 inhibitor, which will lack long-term safety data and 
CV outcomes. (One might consider the atorvastatin arm in the ALTERNATIVE trial to 
be informative in this context.8) 

Notably, the results from Improved Reduction of Outcomes: Vytorin Efficacy 
International Trial (IMPROVE-IT),9 which were presented at the American Heart 
Association Scientific Sessions in November, 2014,10 have provided preliminary 
information regarding the association between non-statin LDL-C reduction (on a 
background of statin) and cardiovascular outcomes.  If confirmed, the results from this 
trial suggest that ezetimibe/simvastatin was modestly more effective than simvastatin 
alone in reducing CV events in a very high-risk population, and would provide some 
reassurance that the LDL-C lowering observed with ezetimibe is associated with the 
expected effects on atherosclerotic CV events.  (Note that the Division has not reviewed 
the results of the IMPROVE-IT trial; it is possible that the Division will reach different 
conclusions than the trial’s investigators.)   

4 Schwartz GG, et al.  Effects of dalcetrapib in patients with a recent acute coronary syndrome.  N Engl J 
Med, 2012; 367: 2089-99. 
5 Boden WE, et al. Niacin in patients with low HDL cholesterol levels receiving intensive statin therapy.  
N Engl J Med, 2011; 365: 2255-67. 
6 The HPS2-THRIVE Collaborative Group.  Effects of extended-release niacin with laropiprant in high-risk 
patients. N Engl J Med, 2014; 371: 203-12.  
7 Stone NJ, et al. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce 
atherosclerotic cardiovascular risk in adults: a report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines.  Circulation, 2014; 129(25 Suppl 2): S1-45. 
8 ALTERNATIVE enrolled patients who could not tolerate, due to muscle symptoms, at least two statins, 
one at the lowest approved dose.  Patients who did not experience a musculoskeletal adverse event 
during a 4-week placebo run-in were randomized to alirocumab, ezetimibe, or atorvastatin 20 mg.  
Approximately 70% of patients randomized to atorvastatin completed 24 weeks of the double-blind 
treatment period (i.e., exposed for at least 22 weeks and attended the week 24 visit). 
9 Cannon CP, et al. IMPROVE-IT Investigators. Rationale and design of IMPROVE-IT (IMProved 
Reduction of Outcomes: Vytorin Efficacy International Trial): comparison of ezetimbe/simvastatin versus 
simvastatin monotherapy on cardiovascular outcomes in patients with acute coronary syndromes. Am 
Heart J. 2008;156(5):826-32. 
10 Cannon CP, et al.  IMPROVE-IT Trial: A Comparison of Ezetimibe/Simvastatin versus Simvastatin 
Monotherapy on Cardiovascular Outcomes After Acute Coronary Syndromes.  American Heart 
Association Scientific Sessions, Late Breaking Clinical Trials.  Abstract presented 17 Nov 2014. 
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Given these considerations, FDA requests input from EMDAC on the approval of 
alirocumab for LDL-C-lowering in the absence of CV outcomes data. 

2 Introduction and Regulatory Background 

2.1 Product Information 

Alirocumab is a fully human monoclonal antibody (IgG1 isotype) that targets proprotein 
convertase subtilisin kexin type 9 (PCSK9). Alirocumab consists of two disulfide-linked 
human heavy chains, each covalently linked through a disulfide bond to a fully human 
kappa light chain. A single N-linked glycosylation site is located in each heavy chain 
within the CH2 domain of the Fc constant region of the molecule.  Alirocumab has an 
approximate molecular weight of 146 kDa. 

The drug product is presented as a subcutaneous injection at doses of 75 mg/mL or 150 
mg/mL solution for injection in a single-use pre-filled pen or single-use pre-filled syringe. 

2.2 Tables of Currently Available Treatments for Proposed Indications 

Table 2. Drugs Currently Approved in the U.S. for the Treatment of Primary 
Hyperlipidemia and Mixed Dyslipidemia 

Drug Mechanism of Action Relevant Indication Other Indications 
Colestipol hydrochloride 
(Colestid granule, Colestid 
tablet) 

Bile acid sequestrant adjunctive therapy to diet 
for the reduction of 
elevated serum total and 
low-density lipoprotein 
(LDL) cholesterol in 
patients with primary 
hypercholesterolemia 
(elevated low density 
lipoproteins [LDL] 
cholesterol) who do not 
respond adequately to diet 

none 

Lovastatin (Mevacor, 
Altoprev) 

HMG-CoA reductase 
inhibitor 

adjunct to diet for the 
reduction of elevated total-C 
and LDL-C levels in patients 
with primary 
hypercholesterolemia 
(Types IIa and IIb) 

primary prevention of 
coronary heart disease 

slow the progression of 
coronary atherosclerosis in 
patients with coronary heart 
disease 

adolescent patients with 
heterozygous familial 
hypercholesterolemia 

Pravastatin (Pravachol) HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated Total-C, 
LDL-C, ApoB, and TG levels 

reduce the risk of MI, 
revascularization, and 
cardiovascular mortality in 
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Drug Mechanism of Action Relevant Indication Other Indications 
and to increase HDL-C in hypercholesterolemic patients 
patients with primary without clinically evident CHD 
hypercholesterolemia and 
mixed dyslipidemia reduce the risk of total 

mortality by reducing 
coronary death, MI, 
revascularization, stroke/TIA, 
and the progression of 
coronary atherosclerosis in 
patients with clinically evident 
CHD 

reduce elevated serum TG 
levels in patients with 
hypertriglyceridemia 

treat patients with primary 
dysbetalipoproteinemia who 
are not responding to diet 

treat children and adolescent 
patients ages 8 years and 
older with HeFH after failing 
an adequate trial of diet 
therapy 

Simvastatin (Zocor) HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated total-C, 
LDL-C, Apo B, TG and 
increase HDL-C in patients 
with primary hyperlipidemia 
(heterozygous familial and 
nonfamilial) and mixed 
dyslipidemia 

reduce the risk of total 
mortality by reducing CHD 
deaths and reduce the risk of 
non-fatal myocardial 
infarction, stroke, and the 
need for revascularization 
procedures in patients at high 
risk of coronary events 

reduce elevated TG in 
patients with 
hypertriglyceridemia and 
reduce TG and VLDL-C in 
patients with primary 
dysbetalipoproteinemia 

reduce total-C and LDL-C in 
adult patients with 
homozygous familial 
hypercholesterolemia 

reduce elevated total-C, LDL
C, and Apo B in boys and 
postmenarchal girls, 10 to 17 
years of age with HeFH after 
failing an adequate trial of 
diet therapy 
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Drug Mechanism of Action Relevant Indication Other Indications 
Fluvastatin (Lescol, 
Lescol XL) 

HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated TC, LDL-C, 
Apo B, and TG and increase 
HDL-C in adult patients with 
primary hyperlipidemia and 
mixed dyslipidemia 

reduce elevated TC, LDL
C, and Apo B levels in boys 
and post-menarchal girls, 
10 to 16 years of age, with 
HeFH after failing an 
adequate trial of diet 
therapy  

reduce the risk of 
undergoing 
revascularization 
procedures in patients with 
clinically evident CHD 

slow the progression of 
atherosclerosis in patients 
with CHD 

Cholestyramine Bile acid sequestrant adjunctive therapy to diet for relief of pruritus associated 
(Prevalite) the reduction of elevated 

serum cholesterol in 
patients with primary 
hypercholesterolemia 
(elevated low-density 
lipoprotein [LDL] 
cholesterol) who do not 
respond adequately to diet 

with partial biliary obstruction 

Atorvastatin (Lipitor) HMG-CoA reductase 
inhibitor 

adjunct therapy to diet to 
reduce elevated total-C, 
LDL-C, apo B, and TG 
levels and increase HDL-C 
in adult patients with 
primary hyperlipidemia 
(heterozygous familial and 
nonfamilial) and mixed 
dyslipidemia 

reduce the risk of MI, stroke, 
revascularization procedures, 
and angina in patients without 
CHD, but with multiple risk 
factors 

reduce the risk of MI and 
stroke in patients with type 2 
diabetes without CHD, but 
with multiple risk factors 

reduce the risk of non-fatal 
MI, fatal and non-fatal stroke, 
revascularization procedures, 
hospitalization for CHF, and 
angina in patients with CHD 

reduce elevated TG in 
patients with 
hypertriglyceridemia and 
primary 
dysbetalipoproteinemia 

reduce total-C and LDL-C in 
patients with HoFH 

reduce elevated total-C, LDL
C, and apo B levels in boys 
and postmenarchal girls, 10 
to 17 years of age, with HeFH 
after failing an adequate trial 
of diet therapy 
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Drug Mechanism of Action Relevant Indication Other Indications 
Extended release niacin 
(Niaspan) 

Niacin to reduce elevated TC, LDL
C, Apo B and TG, and to 
increase HDL-C in patients 
with primary hyperlipidemia 
and mixed dyslipidemia 

to reduce the risk of 
recurrent nonfatal 
myocardial infarction in 
patients with a history of 
myocardial infarction and 
hyperlipidemia 

in combination with a bile 
acid binding resin:  
 slows progression or 

promotes regression of 
atherosclerotic disease in 
patients with a history of 
coronary artery disease 
(CAD) and 
hyperlipidemia 

 as an adjunct to diet to 
reduce elevated TC and 
LDL-C in adult patients 
with primary 
hyperlipidemia 

to reduce TG in adult patients 
with severe 
hypertriglyceridemia 

Colesevelam 
hydrochloride (Welchol 
tablet, Welchol for oral 
suspension) 

Bile acid sequestrant adjunct to diet and exercise 
to reduce elevated low-
density lipoprotein 
cholesterol (LDL-C) in adults 
with primary hyperlipidemia 
as monotherapy or in 
combination with a statin 

reduce LDL-C levels in boys 
and postmenarchal girls, 10 
to 17 years of age, with HeFH 
as monotherapy or in 
combination with a statin after 
failing an adequate trial of 
diet therapy 

improve glycemic control in 
adults with type 2 diabetes 
mellitus 

Ezetimibe (Zetia) Intestinal cholesterol 
and phytosterol 
absorption inhibitor 

adjunct to diet to reduce 
elevated total-C, LDL-C, 
Apo B, and non-HDL-C in 
patients with primary 
hyperlipidemia, alone or in 
combination with a statin 

reduce elevated total-C, LDL
C, Apo B, and non-HDL-C in 
patients with mixed 
hyperlipidemia in combination 
with fenofibrate 

reduce elevated total-C and 
LDL-C in patients with HoFH, 
in combination with 
atorvastatin or simvastatin 

reduce elevated sitosterol 
and campesterol in patients 
with homozygous 
sitosterolemia 
(phytosterolemia) 

Rosuvastatin (Crestor) HMG-CoA reductase 
inhibitor 

adjunct to diet to reduce 
elevated total-C, LDL-C, 
ApoB, nonHDL-C, and TG 
levels and to increase HDL
C in patients with primary 

patients with 
hypertriglyceridemia 

patients with primary 
dysbetalipoproteinemia (Type 
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Drug Mechanism of Action Relevant Indication Other Indications 
hyperlipidemia and mixed 
dyslipidemia 

III hyperlipoproteinemia) 

patients with HoFH to reduce 
LDL-C, total-C, and ApoB 

slowing the progression of 
atherosclerosis as part of a 
treatment strategy to lower 
total-C and LDL-C 

pediatric patients 10 to 17 
years of age with HeFH to 
reduce elevated total-C, LDL
C and ApoB after failing an 
adequate trial of diet therapy 

risk reduction of MI, stroke, 
and arterial revascularization 
procedures in patients without 
clinically evident CHD, but 
with multiple risk factors 

Ezetimibe, simvastatin 
(Vytorin) 

Intestinal cholesterol 
absorption inhibitor and 
HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated total-C, 
LDL-C, Apo B, TG, and non-
HDL-C, and to increase 
HDL-C in patients with 
primary (heterozygous 
familial and non-familial) 
hyperlipidemia or mixed 
hyperlipidemia 

reduce elevated total-C and 
LDL-C in patients with HoFH, 
as an adjunct to other lipid-
lowering treatments 

Fenofibrate (Tricor, 
Antara, Triglide, Lipofen, 
Fenoglide) 

PPAR-α activator adjunct to diet to reduce 
elevated LDL-C, Total-C, 
TG and Apo B, and to 
increase HDL-C in adult 
patients with primary 
hypercholesterolemia or 
mixed dyslipidemia 

to reduce TG in adult patients 
with severe 
hypertriglyceridemia 

Choline fenofibrate 
(Trilipix) 

PPAR-α activator adjunct to diet to reduce 
elevated LDL-C, Total-C, 
TG and Apo B, and to 
increase HDL-C in patients 
with primary 
hypercholesterolemia or 
mixed dyslipidemia 

to reduce TG in patients with 
severe hypertriglyceridemia 

Pitavastatin (Livalo) HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated TC, LDL-C, 
Apo B, TG, and to increase 
HDL-C in patients with 
primary hyperlipidemia or 
mixed dyslipidemia 

none 

Fenofibric acid (Fibricor) PPAR-α activator adjunct to diet to reduce 
elevated TC, LDL-C, TG 
and Apo B, and to increase 
HDL-C in adult patients with 
primary 
hypercholesterolemia or 
mixed dyslipidemia 

to reduce TG in adult patients 
with severe 
hypertriglyceridemia 
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Drug Mechanism of Action Relevant Indication Other Indications 
Atorvastatin calcium, 
ezetimibe (Liptruzet) 

Intestinal cholesterol 
absorption inhibitor and 
HMG-CoA reductase 
inhibitor 

adjunctive therapy to diet to 
reduce elevated total-C, 
LDL-C, Apo B, TG, and non-
HDL-C, and to increase 
HDL-C in patients with 
primary (heterozygous 
familial and non-familial) 
hyperlipidemia or mixed 
hyperlipidemia 

reduce elevated total-C and 
LDL-C in patients with HoFH, 
as an adjunct to other lipid-
lowering treatments 

Source: Individual drug prescribing information 
(http://www.accessdata.fda.gov/scripts/cder/drugsatfda/index.cfm) 

2.3 Availability of Proposed Active Ingredient in the United States 

Alirocumab is not currently available in the United States. 

2.4 Important Safety Issues With Consideration to Related Drugs 

Alirocumab is first-in-class. 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

Table 3. Regulatory History 

Date Event 
12 Nov 2009 US IND opened (105574) 

 IND placed on partial clinical hold for doses > 3 mg/kg due to insufficient 
information to assess risks to human subjects based on findings of liver 
sinusoidal cell hyperplasia and inflammation with sporadic hemorrhage, 
congestion, vacuolation, degeneration, and/or necrosis of adjacent 
hepatocytes that was only partially reversible after a 4-week recovery 

5 Feb 2010 Submission of complete response to clinical hold 
3 Mar 2010 Clinical hold removed 
11 June 2010 Partial clinical hold for duration exceeding 92 days (inadequate duration of 

toxicological data in rats) 
3 Dec 2010 Submission of complete response to clinical hold 
23 Dec 2010 Clinical hold removed 
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Date Event 
12 Apr 2011 Correspondence re: LTS (long-term safety study) 

 Provide # of US sites and est. # of US subjects planned to enroll 
 Provide plans to ensure racial/ethnic diversity 
 Provide plans to ensure adequate representation of males and females as 

well as subjects > 65 yrs 
 Provide plan for completion of thorough QT study 
 Provide plan for addressing LDL < 25 mg/dL 
 Provide rationale for not maximizing statin dose 
 Provide assurance that 26 wk rat and monkey tox data will be provided 

prior to exceeding 13 wks in the clinic 
 Submit embryo-fetal data prior to enrolling WOCBP for greater than 12 wks 
 Submit study reports for completed 5 and 13 wk combination (+ Lipitor) tox 

studies in monkeys  
6 Sep 2011, 27 Oct 
2011, 17 Nov 2011 

Correspondence re: LTS 
 Recommended changing open-label extension phase to a DB, PC 

extension (sponsor agreed) 
 Recommended using measured instead of calculated LDL-C (sponsor 

agreed for key time points) 
 Recommended monitoring adrenal function and neuro exams (sponsor 

made proposal that FDA agreed with) 
 Vit E testing at certain visits deemed acceptable 
 Recommended testing for hepatitis C at end of trial (sponsor agreed) 
 Recommended ophtho exams and preclinical eye findings be included in 

the ICF (sponsor proposed ophtho substudy; FDA agreed) 
 Recommended that all CV SAEs be adjudicated 

9 Mar 2012 End-of-Phase 2 meeting minutes 
 FDA agreed with proposed phase 3 patient populations 
 Agreement on the 2 dosing regimens for the phase 3 program 
 Agreement on the design of ALTERNATIVE, including addition of a statin 

re-challenge arm 
 Agreement on assessment of LDL-C, including use of calculated and 

measured LDL-C 
 FDA informed the sponsor that alirocumab vs ezetimibe or vs statin up

titration would not be considered for the label before the CV outcomes trial 
was completed and provided a robust assessment of long-term safety and 
efficacy 

 Requirement for a minimum 25% of MACE from OUTCOMES be accrued 
prior to BLA submission (requirement was later removed; see below) 

 Planned safety database at the time of BLA submission acceptable 
 Agreement that the phase 3 program would provide adequate clinical data 

to support the S&E of the PFS and PFP 
 Planned pop PK/PD approach was reasonable 
 Approach to evaluating the effect of renal impairment and age in pop PK 

analysis was reasonable 
 Nonclinical and clinical programs appropriate to assess DDI potential 
 QT study considered unnecessary 

27 Apr 2012 Agency Advice Letter 
 Agreement on definition of “statin intolerance” 
 The sponsor was informed that it would be a review issue whether FDA 

would include data from a statin intolerant trial in labeling before the CV 
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Date Event 
outcomes trial was completed and provided a robust assessment of long-
term safety and efficacy 

5 Aug 2013 Type C meeting (written guidance) re: LTS interim analysis 
 FDA disagreed with proposal to unblind and analyze (and publically 

disclose) 6 mos of interim LTS data in order to inform dosing for the 
ongoing CVOT 

9 Sep 2013, 3 Mar 
2014, 19 May 2014, 15 
Jul 2014 

Statistical feedback on accounting for missing data, and SAPs, electronic data 
presentation, and ISS/ISE pooling 

9 May 2014 Type C meeting (written responses) 
 If submitting prior to reaching the 25% of MACE in CVOT, include: 

o number (%) of primary endpoint events that have been accrued 
o number (%) that have been adjudicated 
o number accepted as endpoints vs. rejected 
o number (%) of subjects who have been randomized at time of BLA 

submission 
4 Sep 2014 Pre-BLA meeting 

 Agreed with investigator financial disclosure information 
 Made recommendations regarding reviewer guides 
 Acknowledged planned use of priority voucher; in lieu of using the voucher, 

any decisions regarding priority review would be made after BLA 
submission 

 Recommended that different configurations (PFS, PFP) be submitted 
under a single application 

 Nonclinical program acceptable 
 Data presentation for 4-mo safety update agreed upon 
 Sponsor confirmed that CVOT would not be unblinded 
 Sponsor agreed to provide narratives for SAEs and deaths for ongoing OL 

studies 
 No determination was made on the need for a REMS 
 Agreed on approach for ISS/ISE 
 Conducting pediatric studies as described in the agreed iPSP should 

satisfy PREA, pending review of the full protocols 
 Formulation in phase 3 is identical to the to-be-marketed 
 Sponsor agreed to provide minutes of all DSMB and steering committee 

mtgs 
 Sponsor agreed to provide definitions for primary hypercholesterolemia 

and mixed dyslipidemia and justification for each lipid parameter proposed 
for labeling 

 The sponsor proposed to provide additional requested data related to the 
adjudication process within 30 days of the BLA submission; FDA agreed 

 Sponsor confirmed that lipid levels were never provided to adjudicators 
 The sponsor agreed to provide a study evaluating for needle stick 

prevention within the first 30 days of BLA submission 
24 Nov 2014 BLA submitted 
Source: Reviewer generated from information in Clinical Overview and meeting minutes 
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2.6 Other Relevant Background Information 

PCSK9 Inhibition 

The proprotein convertase subtilisin kexin type 9 (PCSK9) gene encodes a serine 
protease that binds to and down-regulates LDL receptors (LDL-R) in the liver.  
Overexpression of PCSK9 (via “gain-of-function” mutations) leads to an autosomal 
dominant hypercholesterolemia phenotype11 and increases risk for atherosclerotic 
CVD.12  Conversely, single nucleotide polymorphisms encoding sequence variations 
that lead to missense or nonsense mutations of the PCSK9 gene are associated with 
increases in LDL-R and decreased circulating LDL-C concentrations.  A population 
study found that the moderate decrease in LDL-C in individuals with these DNA-
sequence variations was associated with a substantial reduction in the incidence of 
coronary events, even in populations with a high prevalence of non-lipid-related 
cardiovascular risk factors.13 

We are aware of three cases of individuals homozygous (or compound heterozygous) 
for loss-of-function PCSK9 alleles with very low LDL-C concentrations that have been 
reported in the literature:  

1. 	  a 21-year-old African woman with an LDL-C of 15 mg/dL; no further information 
about this patient was provided, except that she was identified for genotyping at a 
postnatal clinic,14 

2. a 32-year-old African American woman with an LDL-C of 14 mg/dL; she is an 
apparently healthy, normotensive, fertile, college-educated individual with normal 
liver and renal function tests,15 and 

3. a 49-year-old French white man who was found to have extremely low LDL-C (7 
mg/dL) on admission for rapid-onset of an insulin-requiring diabetes mellitus of 
unknown etiology; LDL-C not during acute illness was reported to be 16 mg/dL.  This 
patient was shown to have moderate liver steatosis on abdominal ultrasound with 
normal hepatic enzymes and liver function tests.  He had no reported history of 
diarrhea, eye, or neurological abnormalities related to any vitamin deficiency.  His 

11 Abifadel M, et al. Mutations in PCSK9 cause autosomal dominant hypercholesterolemia.  Nat Genet. 

2003; 34(2): 154-6. 

12 Abifadel M, et al. Mutations and polymorphisms in the proprotein convertase subtilisin kexin 9 

(PCSK9) gene in cholesterol metabolism and disease.  Hum Mutat. 2009; 30(4): 520-9.
 
13 Cohen JC, et al.  Sequence variations in PCSK9, low LDL, and protections against coronary heart 

disease.  New Engl J Med. 2006; 354(12): 1264-72. 

14 Hooper AJ, et al.  The C679X mutation in PCSK9 is present and lowers blood cholesterol in a 

southern African population. 2007; 193(2): 445-8.
 
15 Zhao Z, et al. Molecular characterization of loss-of-function mutations in PCSK9 and identification of a 

compound heterozygote. Am J Hum Genet. 2006; 79: 514-23. 
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mother was deceased at age 66 from dementia, whereas his father was healthy at 
age 79. His grandparents died at the ages of 79, 87, 91, and 94 years.16 

At this time there are too few cases to provide conclusive data about loss-of-function 
PCSK9 polymorphisms and the risk of human disease, although given the association 
of statins with diabetes risk,17 the development of diabetes in the 49-year-old man 
discussed above is of interest. (See Dr. Roberts’ safety review for further discussion of 
alirocumab and glycemic parameters.) 

Theoretical risks have been identified with the PCSK9 inhibitors as a class.  The 
following issues of potential (theoretical) concern have been identified; please refer to 
Dr. Elmore’s review for further information: 

	 Immunosuppression, especially when co-administered with HMG Co-A reductase 
inhibitors (statins). Immune cells (especially lymphocytes) are critically dependent 
on adequate membrane cholesterol concentrations.  Co-administration of statins, 
which inhibit intracellular synthesis of cholesterol and are themselves 
immunomodulatory,18 could theoretically exacerbate the immunosuppressive 
potential of PCSK9 inhibitors. 

	 Increased susceptibility to hepatitis C virus (HCV) infection. CD81, a critical 
component of the HCV receptor, is under negative regulation by PCSK9.  Therefore, 
inhibition of PCSK9, by upregulating CD81 expression, might increase the 
availability of the HCV receptor, thereby increasing susceptibility to HCV infection. 

	 Increased risk of colorectal cancer via increased intestinal bile acid load. 
Alirocumab, by increasing the expression of LDL-R, increases hepatic uptake of 
cholesterol.  Given that the primary route of elimination of cholesterol by hepatocytes 
is conversion to bile acids, treatment with alirocumab may increase the load of bile 
acids delivered to the intestines, especially in hypercholesterolemic patients.  
Increased intestinal secondary bile acid load has been shown to increase intestinal 
cancer risk in rodents. 

LDL Cholesterol as an Endpoint 

The goal of lipid-lowering therapy is to reduce the risk for cardiovascular disease.  The 
link between LDL-C and cardiovascular disease is exemplified by the prototypical 
hypercholesterolemic condition, homozygous familial hypercholesterolemia (HoFH).  

16 Cariou B, et al.  PCSK9 dominant negative mutant results in increased LDL catabolic rate and familial 

hypobetalipoproteinemia.  Arterioscler Thromb Vasc Biol (2009); 29: 2191-7. 

17 Reviewed in: Robinson JG.  Statins and diabetes risk: how real is it and what are the mechanisms?  

Curr Opin Lipidol (2015).  Published online ahead of print. 

18 Greenwood J, et al.  Statin therapy and autoimmune disease: from protein prenylation to 

immunomodulation.  Nat Rev Immunol, 2006; 6(5): 358-70. 
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These patients have a distinctive phenotype of extremely high LDL-C from birth, 
cutaneous or tendinous xanthomas, and the onset of CV disease in early childhood.19 

Untreated patients with HoFH often die by 20 years of age, although recent advances in 
LDL-C lowering therapy (e.g., statins and LDL apheresis) have delayed CV events and 
prolonged survival in these patients.19 

Historically, the National Cholesterol Education Program Adult Treatment Panels 
(NCEP-ATP), appointed by the NHLBI, have recommended various LDL-C cut-offs to 
reduce cardiovascular risk.  For example, the most recent ATPIII update recommended 
that in high-risk persons, the LDL-C goal is less than 100 mg/dL, but when CV risk is 
very high, an LDL-C goal of less than 70 mg/dL is “a reasonable clinical strategy.”20 

Furthermore, for moderately high-risk persons, the recommended LDL-C goal is less 
than 130 mg/dL, with an LDL-C goal less than 100 mg/dL being a therapeutic option.  
However, in 2013, the NCEP-ATP cholesterol guidelines were updated by an expert 
panel from the American College of Cardiology (ACC) and the American Heart 
Association (AHA).7  These guidelines have changed the paradigm of cholesterol 
treatment from LDL-C “goals” to the identification of patients most likely to benefit from 
cholesterol-lowering statin therapy.  This is because the only strategy that has been 
utilized in cardiovascular outcomes trials conducted over the last 20 years has been the 
use of fixed doses of cholesterol-lowering drugs to reduce atherosclerotic CV risk, as 
opposed to treating to a specific LDL-C goal.  Furthermore, because the overwhelming 
body of evidence for CV risk reduction has derived from statin trials, the guidelines, and 
standard-of-care medical practice focus on statins as first-line cholesterol-lowering 
therapy for primary and secondary prevention of atherosclerotic cardiovascular disease. 

Two drugs that have been recently approved for HoFH (but notably have serious safety 
concerns that would preclude studying or approving for the general patient population) 
were evaluated based on changes in LDL-C. This is similar to the approval pathway for 
older LDL-C lowering drugs (e.g., ezetimibe); in the past, reduction of LDL-C alone has 
been viewed favorably as a surrogate outcome if the reduction was sufficiently robust 
and if the investigational product did not have safety signals raising concern that risk 
exceeded benefit.  However, given new concerns about utilizing lipid biomarkers as a 
CVD surrogate with failed CV outcomes trials for fenofibrate,1,2 cholesteryl ester transfer 
protein (CETP) inhibitors,3,4 and niacin5,6 as well as the strong evidence of CV benefit 
and excellent safety profile established for the statins, new lipid-altering drugs for 
broader patient populations face a high level of scrutiny prior to approval. 

Notably, the results from Improved Reduction of Outcomes: Vytorin Efficacy 
International Trial (IMPROVE-IT),21 which were presented at the American Heart 

19 Raal FJ, et al.  Reduction in mortality in subjects with homozygous familial hypercholesterolemia 
associated with advances in lipid-lowering therapy.  Circulation, 2011; 124: 2202-7. 
20 Grundy SM, et al. Implications of recent clinical trials for the National Cholesterol Education Program 
Adult Treatment Panel III Guidelines.  Circulation, 2004; 110: 227-39. 
21 Cannon CP, et al. IMPROVE-IT Investigators. Rationale and design of IMPROVE-IT (IMProved 
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Association Scientific Sessions in November, 2014,22 have provided preliminary 
information regarding the association between non-statin LDL-C reduction (on a 
background of statin) and cardiovascular outcomes.  (Note that the Division has not 
reviewed the results of the IMPROVE-IT trial; it is possible that the Division will reach 
different conclusions than the trial’s investigators.)  IMPROVE-IT evaluated 
ezetimibe/simvastatin 10/40 mg combination compared to simvastatin 40 mg 
monotherapy in over 18,000 patients with stabilized high-risk acute coronary syndrome 
with a composite primary outcome of cardiovascular death, myocardial infarction, 
nonfatal stroke, rehospitalization for acute coronary syndrome, or revascularization.  
According to the results that the investigators have presented, baseline mean LDL-C 
was 95 mg/dL in both groups and the mean LDL-C at one year was 53.2 mg/dL in the 
ezetimibe/simvastatin group and 69.9 mg/dL in the simvastatin group.  The hazard ratio 
of the primary endpoint of first event has been reported to be 0.94 (95% CI 0.89, 
0.99).22  Thus, the preliminary IMPROVE-IT results, if confirmed, suggest that 
ezetimibe/simvastatin was modestly more effective than simvastatin alone in reducing 
CV events in a very high-risk population. 

In the absence of CV outcomes data, FDA’s considerations regarding the approval of 
novel LDL-lowering therapies such as alirocumab include the direction and magnitude 
of drug-induced changes in LDL-C, the effects of the drug on other markers of 
cardiometabolic risk, and characterization of the drug’s safety profile. 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

This submission was of high quality, well-organized, and reasonably complete.  The 
sponsor has been responsive to information requests by providing additional information 
in a timely fashion during the review. 

3.2 Compliance with Good Clinical Practices 

The clinical trials described in this application were conducted as part of a global clinical 
program in compliance with Good Clinical Practice (GCP), and met the requirements of 
the Declaration of Helsinki, standard operating procedures for clinical investigations and 
documentation of the sponsor, all applicable international laws and regulations, and 
national laws and regulations of the countries in which the trials were conducted. 

Reduction of Outcomes: Vytorin Efficacy International Trial): comparison of ezetimbe/simvastatin versus 
simvastatin monotherapy on cardiovascular outcomes in patients with acute coronary syndromes. Am 
Heart J. 2008;156(5):826-32. 
22 Cannon CP, et al.  IMPROVE-IT Trial: A Comparison of Ezetimibe/Simvastatin versus Simvastatin 
Monotherapy on Cardiovascular Outcomes After Acute Coronary Syndromes.  American Heart 
Association Scientific Sessions, Late Breaking Clinical Trials.  Abstract presented 17 Nov 2014. 
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Violations related to GCP non-compliance led to the closure of several clinical sites.   

A Russian site that randomized 14 patients in FH I and 7 patients in HIGH FH was 
terminated. During a monitoring visit, the monitor discovered that several kits had been 
listed as being dispensed and recorded as having been injected (in either case report 
forms or patient diaries), but these were discovered to be at the site unopened, 
indicating that the injections had not actually been performed. 

A U.S. site that randomized 1 patient in FH I, 6 patients in HIGH FH, 5 patients in 
OPTIONS I, 5 patients in OPTIONS II, and 6 patients in ALTERNATIVE was terminated. 
The Principal Investigator reportedly failed to maintain adequate records of the 
investigation and failed to ensure that the investigation was conducted in accordance 
with the investigational plan. 

In trial COMBO I, one U.S. site was terminated due to violations related to GCP non
compliance due to protocol adherence and investigator oversight.  A total of 5 patients 
were randomized at this site. 

In trial LONG TERM, one U.S. site was terminated as the investigator failed to maintain 
adequate records of the investigation, including failure to ensure compliance with regard 
to the maintenance of medical records to confirm patient eligibility, inadequate 
documentation of informed consent, lack of maintenance of drug inventory logs, and 
lack of oversight by the investigator. One patient was randomized at this site. 

Sensitivity analyses for efficacy were conducted by the sponsor excluding these sites; 
see section 6.1.4. 

Additional comments regarding GCP compliance await FDA inspection reports. 

3.3 Financial Disclosures 

The sponsor has adequately disclosed financial arrangements with clinical investigators.  
Disclosed interests or lack of disclosure despite due diligence do not raise significant 
questions about the integrity of the data.  These were large, randomized controlled trials 
with objective endpoints and many investigators.  It is unlikely the relatively small 
number of investigators with disclosed interests would impact the overall results.  The 
total number of investigators with disclosed interests was 7, out of 3070 total 
investigators who screened at least one patient in the 12 covered phase 2 and 3 trials.  
The number of patients potentially impacted was small, 42 out of 5296 (0.8%) 
randomized in phase 3. 
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4.3 Preclinical Pharmacology/Toxicology 

See Dr. Elmore’s briefing document for a review of non-clinical data. 

4.4 Clinical Pharmacology 

The pharmacokinetic (PK), and pharmacodynamic (PD) properties of alirocumab were 
assessed in ten clinical pharmacology phase 1 studies conducted in healthy individuals 
(including Japanese individuals), special populations (patients with hepatic impairment), 
and in patients with familial and non-familial hypercholesterolemia.  The PK of 
alirocumab and its effects on PCSK9 were also assessed in five phase 2 and four 
phase 3 trials. Population pharmacokinetic (pop PK) studies were conducted using data 
from pre-specified phase 1, 2, and 3 trials.  Clinical pharmacology assessments were 
evaluated in the trials outlined in Table 5: 

Table 5. Pharmacokinetic and Pharmacodynamic Assessments in Clinical Trials 
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Source: Summary of Clinical Pharmacology, Table 1
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Two devices were evaluated in phase 3, a pre-filled syringe (PFS) only used in the 
LONG TERM trial, and a pre-filled pen (PFP) used in all other phase 3 trials. 

4.4.1 Mechanism of Action 

Alirocumab is a fully humanized monoclonal antibody that binds to PCSK9 and inhibits 
its function. PCSK9 is a serine protease that is secreted from cells and internalized in 
the hepatic endosome with the LDL receptor (LDL-R), promoting the degradation of 
LDL-R.23  As the LDL-R is the major pathway through which LDL-C is cleared from the 
circulation, PCSK9 increases circulating LDL-C.  By inhibiting the binding of PCSK9 to 
the LDL-R, alirocumab increases available LDL-R to clear LDL particles, thereby 
lowering LDL-C. 

4.4.2 Pharmacodynamics 

Total (complexed and free) and free (not complexed) PCSK9 concentrations represent 
the molecular target of alirocumab.   

When alirocumab is in excess and free PCSK9 is depleted (target saturation), then any 
newly formed PCSK9 is immediately complexed.  The elimination of the PCSK9
alirocumab complex is slow relative to formation, therefore over time, the concentration 
of total PCSK9 plateaus. Total PCSK9 is therefore a marker of target saturation.  Once 
target binding is saturated, further increases in dose no longer result in further increases 
in total PCSK9 concentrations, but rather a prolongation of the plateau in total PCSK9 
concentrations. 

Once the concentrations of alirocumab are no longer sufficient to complex all newly 
synthesized free PCSK9, the concentrations of total PCSK9 decline along with the 
return of detectable concentrations of free PCSK9. 

As Figure 2 demonstrates, alirocumab decreases free PCSK9 to zero in a non-dose
dependent manner. Different doses appear to affect duration of free PCSK9 
suppression, with increasing doses prolonging the effect. 

23 Lamber G, et al.  Molecular basis of PCSK9 function.  Atherosclerosis (2009).  203(1): 1-7. 
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Figure 2. Free PCSK9 Concentrations by Alirocumab Dose, Pooled Phase 1 
Studies 

Source: Summary of Clinical Pharmacology, Figure 6 

In the dose-ranging phase 2 trial, DFI11565, the largest decrease in free PCSK9 was 
seen in the 150 mg Q2W group. Doses higher than 150 mg did not result in higher total 
PCSK9 concentrations, indicating that saturation was achieved at 150 mg Q2W. 

Figure 3. Free (Left) and Total (Right) PCSK9 by Alirocumab Dose, Trial DFI11565 

Source: Summary of Clinical Pharmacology, Figure 8
 

Dose response for efficacy is discussed further in section 6.1.8.   
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4.4.3 Pharmacokinetics 

The pharmacokinetics of alirocumab were assessed after subcutaneous administration 
in healthy individuals, as demonstrated in Figure 4. 

Figure 4. Mean Alirocumab Serum Concentrations in Healthy Subjects, Phase 1 
Studies 

Source: Summary of Clinical Pharmacology, Figure 2 

Absorption 

At steady state, median Cmax was observed to be 3 days.  The absolute bioavailability 
after SC administration is approximately 85%. 

Injection in the thigh or arm resulted in a slightly lower mean Cmax and AUC values 
compared to injection in the abdomen (Table 6); however population PK analysis did not 
find injection site to be a significant covariate. 
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Table 6. PK Ratio Estimates by Injection Site 

Source: Summary of biopharmaceutic studies and associated analytic methods, Table 4 

Based on pop PK, alirocumab exposure was similar when administered by PFS or PFP, 
see Table 7. 

Table 7. Alirocumab Steady State Exposures at 150 mg Q2W by Drug Product 
Presentation, Phase 3 Trials 

Source: Summary of Clinical Pharmacology, Table 6 

Distribution and Metabolism 

Alirocumab has a small volume of distribution (0.04 to 0.05 L/kg).  Specific metabolism 
studies were not conducted as alirocumab is a monoclonal antibody. 

Excretion and Elimination 

In monotherapy after 75 mg and 150 mg Q2W dosing regimens, the median apparent 
half-life of alirocumab over the dosing interval was 17 to 20 days. 

Statin co-administration is thought to shorten alirocumab half-life by increasing 
production of PCSK9 and thus increasing the target-mediated clearance of alirocumab.  
In patients receiving statins co-administered with alirocumab at 75 mg and 150 mg 
Q2W, alirocumab median steady state apparent half-life over the dosing interval was 12 
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days. The effects of background statins (including on PK and LDL-C) are discussed 
further in section 6.1.10. 

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials 

Phase 2 and 3 trials are summarized in section 6.1.1 (Table 9 and Table 10).  Clinical 
Pharmacology trials are summarized in Table 5. 

5.2 Review Strategy 

Dr. Julie Golden reviewed alirocumab for efficacy, which included reviewing the lipid 
endpoints in the 10 pivotal phase 3 trials. Dr. Bradley McEvoy from the Office of 
Biostatistics provided statistical support.  Dr. Mary Roberts reviewed alirocumab for 
safety, including adverse events, and laboratory, vital sign, and ECG parameters.  
Methods used in the safety review are detailed in section 7.1.  The clinical reviewers 
collaborated on the preliminary assessment of adjudicated MACE and with Dr. Amy 
Rosenberg from the Office of Biotherapeutic Products on the review of alirocumab 
immunogenicity. 

5.3 Discussion of Individual Studies/Clinical Trials 

Information from individual trials is presented as appropriate in sections 6 (efficacy) and 
7 (safety). 

6 Review of Efficacy 

Efficacy Summary 

Alirocumab was evaluated for efficacy in ten multicenter phase 3 trials that randomized 
5296 patients: 9 out of the 10 trials enrolled patients with heterozygous familial 
hypercholesterolemia (HeFH) and/or patients at high or very high cardiovascular (CV) 
risk. Five trials were placebo-controlled and five were active-controlled.  Two dose 
regimens were evaluated: 8 trials utilized a starting dose of 75 mg by subcutaneous 
injection every 2 weeks (Q2W) with up-titration at week 12 to 150 mg Q2W if LDL-C 
goals (consistent with ATP III) were not met, and 2 trials started all patients on 150 mg 
Q2W. Eight trials administered alirocumab in patients who were on background statin 
therapy (most trials enrolled patients who were taking the maximally tolerated dose of 
statin), and two trials administered alirocumab as monotherapy [one trial in patients with 
moderate CV risk (MONO), and one trial in patients identified with pre-specified criteria 
as “statin-intolerant” (ALTERNATIVE)].  The OPTIONS I and II trials were block-
randomized based on background moderate doses of atorvastatin and rosuvastatin, 
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respectively, and randomized to addition of alirocumab or ezetimibe, statin dose up
titration, or in the case of the OPTIONS I atorvastatin 40 mg regimen, switch to 
rosuvastatin 40 mg. All ten phase 3 trials utilized the same primary endpoint: percent 
change in LDL-C from baseline at week 24.  A summary of the phase 3 trials is shown 
below: 

Table 8. Phase 3 Trials 

Trial Primary 
endpoint 

Population/design feature Size Control Dose 

FH I % change in 
LDL-C at 24 
wks 

HeFH on maximally tolerated statin 486 placebo 75/150 

FH II % change in 
LDL-C at 24 
wks 

HeFH on maximally tolerated statin 249 placebo 75/150 

HIGH FH % change in 
LDL-C at 24 
wks 

HeFH with LDL-C > 160 mg/dL on maximally 
tolerated statin 

107 placebo 150 

LONG TERM 
(LTS11717) 

% change in 
LDL-C at 24 
wks 

HeFH or high CV risk on maximally tolerated 
statin 

2341 placebo 150 

COMBO I % change in 
LDL-C at 24 
wks 

High CV risk on maximally tolerated statin 316 placebo 75/150 

COMBO II % change in 
LDL-C at 24 
wks 

High CV risk on maximally tolerated statin 720 ezetimibe 75/150 

OPTIONS I % change in 
LDL-C at 24 
wks 

On 20 or 40 mg atorvastatin, randomized to 
alirocumab, ezetimibe, up-titration of statin, or 
higher potency statin 

355 ezetimibea 75/150 

OPTIONS II % change in 
LDL-C at 24 
wks 

On 10 mg or 20 mg rosuvastatin, randomized 
to alirocumab, ezetimibe, or up-titration of 
statin 

305 ezetimibea 75/150 

ALTERNATIVE % change in 
LDL-C at 24 
wks 

Statin-intolerant population (randomized after 
placebo run-in to alirocumab, ezetimibe, or 
atorvastatin) 

314 ezetimibeb 75/150 

MONO % change in 
LDL-C at 24 
wks 

Moderate CV risk, on no background lipid 
modifying therapy 

103 ezetimibe 75/150 

a additional control: up-titration of current statin, or switch to higher potency statin (OPTIONS I) 
b additional control: atorvastatin 20 mg QD 
75/150 = starting dose of 75 mg Q2W with up-titration to 150 mg Q2W at week 12 if not meeting LDL-C goal 
Source:  Efficacy reviewer’s summary 

The sponsor’s primary analysis, which utilized a mixed effect model with repeated 
measures on the intent-to-treat population, demonstrated that, in all trials, alirocumab 
was associated with decreases in calculated LDL-C of 36 to 61 percent from baseline, 
and statistically significant treatment differences of 39 to 62 percent as compared to 
placebo (all p-values <0.0001) and 24 to 36 percent as compared to ezetimibe (p-value 
<0.01 for all except the background rosuvastatin 20 mg regimen within the OPTIONS II 
trial that did not reach statistical significance based on the pre-specified method for 
controlling type I error, p=0.014).  Maximal LDL-C-lowering efficacy was observed at 
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week 4 and persisted for the duration of the trials.  A forest plot illustrating the primary 
endpoint results by trial is shown below (note that OPTIONS background statin 
regimens are pooled, demonstrating statistical significance): 

Figure 5. Percent Change in LDL-C from Baseline at Week 24, Phase 3 Trials 

Source: Clinical Overview, Figure 2 

LDL-C efficacy was supported by other analyses, including absolute change in LDL-C at 
week 24, percent change in LDL-C at other time points, including weeks 12 and 52 
(where applicable), percent change in directly measured LDL-C, and the proportions of 
patients meeting individual LDL-C treatment goals (defined as LDL-C less than 70 
mg/dL in patients at very high CV risk, and less than 100 mg/dL for all others), as well 
as percent changes in week 24 in total cholesterol, apolipoprotein B, and non-high 
density lipoprotein cholesterol (non-HDL-C). By contrast, only three of the five placebo-
controlled trials were statistically significant for percent changes in triglycerides at week 
24 (treatment effect ranged from -0.6 to -17 percent), and four of the five for HDL-C 
(treatment effect ranged from +4 to +8 percent). 

As alirocumab is a biologic therapy, anti-drug antibodies (ADA) can develop and could 
potentially impact efficacy (as well as safety).  Treatment-emergent positive ADA 
responses were observed in 4.8% of patients in the alirocumab group and in 0.6% of 
patients in the control group. Most of these responses were of low-titer, non-
neutralizing, and/or transient. Upon review of patient-level data (which were somewhat 
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limited), there were several patients in whom neutralizing or high-titer antibodies 
appeared to be associated with loss of efficacy.  There is not enough information at this 
time to fully characterize this effect. 

6.1 Indication 

The applicant has proposed the following indications: 

PRALUENT is indicated for long-term treatment of adult patients with primary 
hypercholesterolemia (non-familial and heterozygous familial) or mixed dyslipidemia, 
including patients with type 2 diabetes mellitus, to reduce low-density lipoprotein 
cholesterol (LDL-C), total cholesterol (Total-C), non-high-density lipoprotein cholesterol 
(non-HDL-C), apolipoprotein B (Apo B), triglycerides (TG), and lipoprotein (a) [Lp(a)], 
and to increase high-density lipoprotein cholesterol (HDL-C) and apolipoprotein A1 (Apo 
A-1). 

PRALUENT is indicated in combination with a statin (HMG-CoA reductase inhibitor), 
with or without other lipid-modifying therapy (LMT). 

PRALUENT is indicated as monotherapy, or as add-on to other non-statin LMT, 
including in patients who cannot tolerate statins. 

The sponsor has also proposed a Limitation of Use: 

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

The sponsor considers the targeted patient populations to be as follows: 

	 Patients with heterozygous familial hypercholesterolemia (HeFH) 

	 Patients without familial hypercholesterolemia, but with elevated LDL-C and high or 
very high cardiovascular (CV) risk on statin therapy 

	 Patients who are “intolerant” of statins due to muscle-related adverse effects 

The alirocumab development program assessed these patient populations in a variety 
of trials, as discussed further. 

6.1.1 Methods 

Table 9 describes two dose-ranging phase 2 trials.  The results of these trials are 
discussed further in the discussion of data supporting dosing recommendations (section 
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6.1.8). The efficacy review focused on the 10 safety and efficacy phase 3 trials (Table 
10) that have either: 

	 been completed (COMBO I, OPTIONS I, OPTIONS II, ALTERNATIVE, and MONO), 
or 

	 are ongoing and have completed the “first-step analysis”; i.e., analysis of the primary 
endpoint at week 24 and all key secondary endpoints up to week 52 (FH I, FH II, 
HIGH FH, COMBO II, and LONG TERM). 

Table 9. Phase 2 Trials 

Trial Design Patient Population Randomization 
DFI11565 Randomized, double-

blind, placebo-controlled, 
dose-ranging 

LDL-C ≥ 100 mg/dL on 
stable atorvastatin 

Alirocumab: 50 mg SQ Q2W for 12 wks, 30 
randomized patients 

Alirocumab: 100 mg SC Q2W for 12 wks, 31 
randomized pts 

Alirocumab: 150 mg SC Q2W for 12 wks, 31 
randomized patients 

Alirocumab: 200 mg SC Q4W for 12 wks, 
alternating with placebo SC Q4W (1 
injection Q2W), 30 randomized pts 

Alirocumab: 300 mg Q4W for 12 wks, 
alternating with placebo Q4W (1 injection 
Q2W), 30 randomized patients 

Placebo: SC Q2W for 12 wks, 31 
randomized pts 

CL-1003 Randomized, double-
blind, placebo-controlled, 
dose-ranging 

HeFH with LDL-C ≥ 100 
mg/dL on a stable statin 
dose ± ezetimibe 

Alirocumab: 150 mg SC Q4W for 12 wks, 
alternating with placebo SC Q4W (1 
injection Q2W), 15 randomized pts 

Alirocumab: 200 mg SC Q4W for 12 wks, 
alternating with placebo SC Q4W (1 
injection Q2W), 16 randomized pts 

Alirocumab: 300 mg SC Q4W for 12 wks, 
alternating with placebo SC Q4W (1 
injection Q2W), 15 randomized pts 

Alirocumab: 150 mg SC Q2W for 12 wks, 16 
randomized patients 

Placebo: SC Q2W for 12 wks, 15 
randomized pts 

Source: SCE Tables 61 and 62 
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Table 10. Phase 3 Trials 

Trial Design Patient Population Randomization 
FH I Randomized, HeFH not adequately controlled on stable Alirocumab:75 mg SC Q2W 
(EFC12492) double-blind, 

placebo-controlled 
maximally tolerated statin ± other LMT 
(LDL-C ≥ 70 mg/dL with documented 
CVD or ≥ 100 mg/dL w/o documented 
CVD) 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 78 
wksa, 323 randomized patients 

Placebo:SC Q2W for 78 wksa , 
163 randomized patients 

FH II (CL-1112) Randomized, 
double-blind, 
placebo-controlled 

HeFH not adequately controlled on stable 
maximally tolerated statin ± other LMT 
(LDL-C ≥ 70 mg/dL with documented 
CVD or ≥ 100 mg/dL w/o documented 
CVD) 

Alirocumab:75 mg SC Q2W 
with possible up-titration at wk 
12 to 150 mg SC Q2W for 78 
wksa, 167 randomized patients 

Placebo:SC Q2W for 78 wksa , 
82 randomized patients 

HIGH FH Randomized, HeFH and LDL-C ≥ 160 mg/dL despite Alirocumab:150 mg SC Q2W 
(EFC12732) double-blind, 

placebo-controlled 
stable maximally tolerated daily statin 
therapy ± other LMT 

for 78 wksa, 72 randomized 
patients 

Placebo:SC Q2W for 78 wksa , 
35 randomized patients 

LONG TERM Randomized, High CV risk with hypercholesterolemia Alirocumab:150 mg SC Q2W 
(LTS11717) double-blind, 

placebo-controlled 
not adequately controlled with a statin at 
a maximally tolerated daily dose ± other 
LMT 

for 18 mosb, 1553 randomized 
patients 

Placebo:SC Q2W for 18 mosb , 
788 randomized patients 

COMBO I Randomized, History of CVD and LDL-C ≥ 70 mg/dL, or Alirocumab:75 mg SC Q2W 
(EFC11568) double-blind, 

placebo-controlled 
moderate CKD or diabetes with additional 
risk factors and LDL-C ≥ 100 mg/dL on 
stable maximally tolerated daily statin 
therapy ± other LMT 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 52 
wks, 209 randomized patients 

Placebo:SC Q2W for 52 wks, 
107 randomized patients 

COMBO II Randomized, History of CVD and LDL-C ≥ 70 mg/dL or Alirocumab:75 mg SC Q2W 
(EFC11569) double-blind, 

ezetimibe
controlled, double-
dummy 

moderate CKD or diabetes with additional 
risk factors and LDL-C ≥ 100 mg/dL with 
statin therapy 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 104 
wksa, 479 randomized patients 

Ezetimibe:10 mg PO QD for 
104 wksa, 241 randomized 
patients 

OPTIONS I (CL- Randomized, High or very high CV risk with non-FH or Alirocumab:75 mg SC Q2W 
1110) double-blind, 

active-controlled 
heFH not adequately controlled with 
atorvastatin (20 mg or 40 mg) ± other 
LMT (excluding ezetimibe) 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 24 
wks, 104 randomized patients 

Ezetimibe:10 mg PO QD for 
24 wks, 102 randomized 
patients 

Atorvastatin: 40 mg or 80 mg 
PO QD for 24 wks, 102 
randomized patients 

Rosuvastatin: 40 mg PO QD 
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Trial Design Patient Population Randomization 
for 24 wks, 45 randomized 
patients 

OPTIONS II Randomized, High or very high CV risk with non-FH or Alirocumab:75 mg SC Q2W 
(CL-1118) double-blind, 

active-controlled 
heFH not adequately controlled with 
rosuvastatin (10 mg or 20 mg) ± other 
LMT (excluding ezetimibe) 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 24 
wks, 103 randomized patients 

Ezetimibe:10 mg PO QD for 
24 wks, 101 randomized 
patients 

Rosuvastatin: 10 mg or 20 mg 
PO QD for 24 wks, 101 
randomized patients 

ALTERNATIVE Randomized, Primary hypercholesterolemia and Alirocumab:75 mg SC Q2W 
(CL-1119) double-blind, 

double-dummy, 
active-controlled 

moderate, high, or very high CV risk 
intolerant to statins 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 24 
wksc, 126 randomized patients 

Ezetimibe:10 mg PO QD for 
24 wksc, 125 randomized 
patients 

Atorvastatin: 20 mg PO QD for 
24 wksc, 63 randomized 
patients 

MONO Randomized, LDL-C between 100 mg/dL and 190 Alirocumab:75 mg SC Q2W 
(EFC11716) double-blind, 

ezetimibe
controlled, double-
dummy 

mg/dL with moderate CV risk (10-yr risk 
of fatal CVD of ≥ 1% and < 5% using a 
Systematic Coronary Risk Estimation 
(SCORE)) 

with possible up-titration at wk 
12 to 150 mg SC Q2W for 24 
wks, 52 randomized patients 

Ezetimibe:10 mg PO QD for 
24 wks, 51 randomized 
patients 

a First-step analysis: Study ongoing, with all patients having completed the first 52 weeks (12 months) 
b First-step analysis: Study ongoing, with all patients having completed the first 52 weeks (12 months), and approx. 600 pts having 
completed the 18 mo double-blind treatment period 
c Patients completing the 24-wk treatment period entered into an ongoing 3-yr OL extension 
Note: HeFH patients from FH I, FH II, HIGH FH, and LONG TERM could enter into an OL trial 

Source: SCE Tables 63-72 

Among the phase 3 trials, the essential parameters of the trial designs were similar.  All 
trials included a screening and injection training period of 2 to 6 weeks duration (the 
OPTIONS trials and ALTERNATIVE also employed a separate 4-week run-in period; 
specific design issues for those trials are described further below), a double-blind 
treatment period of 6, 12, 18, or 24 months, and an 8-week follow-up period for those 
patients not entering into an open-label extension period.  The efficacy period was 
defined as the time from the first injection up to 21 days after the last injection. 

All phase 3 trials had the same primary efficacy endpoint: percent mean calculated LDL
C change from baseline at week 24. Other variables are summarized below: 
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Table 11. Summary of Efficacy Variables in Phase 3 Trials 

Source: SCE, Table 5
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Eight of the 10 trials utilized a dose up-titration scheme during the double-blind 
treatment period: FH I, FH II, COMBO I, COMBO II, OPTIONS II, ALTERNATIVE, and 
MONO (see Figure 6, below, for a schematic of the up-titration study design).  In these 
trials, all patients were initiated at an alirocumab dose of 75 mg SC Q2W, and were up
titrated to 150 mg at week 12 if they did not meet the following LDL-C targets at week 8 
(this design feature is discussed further in section 6.1.8): 

 LDL-C ≥ 70 mg/dL for patients at very high CV risk as defined as a history of CHD or 
CHD risk equivalent: 

 LDL-C ≥ 100 mg/dL for patients at high and moderate CV risk 

The definitions for the CV risk categories in the trials are presented below: 

Table 12. Definitions of CV Risk Categories 

52 




 

 

 

 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

Source: Information of Topics Requested on 19 Feb 2015, Agency Request Item No. 2, Table 2  

A summary of lipid criteria utilized for up-titration, including a comparison with criteria 
used for trial eligibility, is presented in the following table: 
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Table 13. LDL-C Threshold for Baseline Inclusion and Up-Titration, Phase 3 Trials 

CVD = cardiovascular disease; VH = very high CV risk patients; H = high CV risk patients; M = moderate CV risk 
patients 
* discussed in section 6.1.4 
Source: SCE, Table 4 

The study design for the trials that utilized the up-titration scheme (FH I, FH II, COMBO 
I, COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE, and MONO) is illustrated in the 
schematic below: 
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Figure 6. Study Design, Trials FH I, FH II, COMBO I, COMBO II, OPTIONS I, 
OPTIONS II, ALTERNATIVE, and MONO 

Source: SCE, Figure 1 

Two trials (HIGH FH and LONG TERM) started patients on 150 mg SC Q2W and 
continued them on this dose for the duration of the trial.  The study design for those two 
trials is outlined in Figure 7. 
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Figure 7. Study Design, HIGH FH and LONG TERM 

Source: SCE, Figure 2 

Placebo for alirocumab was used as comparator in the five trials where patients were 
receiving background statin at the maximally tolerated dose (FH I, FH II, HIGH FH, 
COMBO I, and LONG TERM). Patients in these studies could also concomitantly 
receive almost any other LMT, if previously received.  Patients must have been on 
stable maximally tolerated daily registered doses of statins with or without other LMT for 
at least 4 weeks (6 weeks for fenofibrate) before the screening visit.  From the 
screening visit until week 24 of the double-blind treatment period, the background LMT 
was not to be changed, with the exception of circumstances discussed in section 6.1.6. 

Ezetimibe 10 mg PO QD was the active comparator in the other five trials, with a 
background of statin therapy (COMBO II, OPTIONS I and OPTIONS II), or no statin 
(ALTERNATIVE and MONO). In COMBO II, alirocumab was compared to ezetimibe 
(EZE) in patients who were receiving background statin at the maximally tolerated dose, 
without any other LMT.  ALTERNATIVE included an atorvastatin rechallenge arm – as 
described below – to validate the definition of statin intolerance used for patients’ 
eligibility. In OPTIONS I and OPTIONS II, an additional comparison consisted of 
intensifying the pre-randomization statin therapy, as described below. 

Because of the differences in study designs for the ALTERNATIVE and OPTIONS trials, 
these design features are highlighted below. 
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ALTERNATIVE 

Primary Objective: To demonstrate the reduction of LDL-C by alirocumab in 
comparison to ezetimibe (EZE) after 24 weeks in patients with primary 
hypercholesterolemia who are intolerant to statins. 

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

Study Population: Patients with moderate, high, or very high CV risk who were 
intolerant to statins and met lipid inclusion criteria as outlined in Table 13 were eligible.  
Patients who reported a skeletal muscle-related AE other than those due to strain or 
trauma during the 4-week single-blind placebo (alirocumab placebo plus ezetimibe / 
atorvastatin placebo) run-in were excluded. 

Treatments: Patients were randomized in a 2:2:1 scheme to the following: 

 Alirocumab 75 mg Q2W + placebo atorvastatin/EZE (N=126) 
 (Over-encapsulated) EZE 10 mg PO QD + placebo alirocumab (N=125) 
 (Over-encapsulated) atorvastatin 20 mg PO QD + placebo alirocumab (N=63) 

Alirocumab dose titration at week 12 was conducted as described above. 

Reviewer comment: This study design was agreed upon with FDA during 
alirocumab development. 

OPTIONS I 

Primary Objective: To evaluate the reduction of LDL-C after 24 weeks of treatment with 
alirocumab plus atorvastatin vs. EZE plus atorvastatin vs. doubling the atorvastatin dose 
vs. switch from atorvastatin to rosuvastatin, in patients with hypercholesterolemia at 
high CV risk. 
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Study Population: Patients at high and very high CV risk with non-FH or HeFH who 
were not adequately controlled with atorvastatin 20 mg or 40 mg with or without other 
LMT (excluding EZE). 

Patients who had been on a stable atorvastatin 20 mg or 40 mg QD dose for at least 4 
weeks were screened for study eligibility, which included an injection training visit.  
Patients who had not been on a stable dose of atorvastatin 20 mg or 40 mg QD for 4 
weeks, were being switched from another statin to atorvastatin, or were not on a statin 
but should have been according to local guidance, were treated with atorvastatin 20 mg 
or 40 mg QD based on the medical judgment of the study physician during a 4-week 
open label run-in period prior to the screening period. 

Treatments: Patients were block-randomized to one of the seven study treatment arms 
as follows: 

Patients on a 20 mg atorvastatin regimen at baseline (randomized in a 1:1:1 ratio): 
 Alirocumab + atorvastatin 20 mg + placebo-EZE 
 Placebo-alirocumab + atorvastatin 40 mg + placebo-EZE 
 Placebo-alirocumab + atorvastatin 20 mg + EZE 10 mg 

Patients on a 40 mg atorvastatin regimen at baseline (randomized in a 1:1:1:1 ratio): 
 Alirocumab + atorvastatin 40 mg + placebo-EZE 
 Placebo-alirocumab + atorvastatin 80 mg + placebo-EZE 
 Placebo-alirocumab + rosuvastatin 40 mg + placebo-EZE 
 Placebo-alirocumab + atorvastatin 40 mg + EZE 10 mg 

Within each atorvastatin regimen (20 mg or 40 mg), randomization was stratified 
according to whether the patient had a prior history of MI or ischemic stroke (Yes/No). 

Alirocumab dose titration at week 12 was conducted as described above. 

OPTIONS II 

Primary Objective: To evaluate the reduction of LDL-C after 24 weeks of treatment with 
alirocumab plus rosuvastatin vs. EZE plus rosuvastatin vs. doubling the rosuvastatin 
dose, in patients with hypercholesterolemia at high CV risk. 

Study Population: Patients at high and very high CV risk with non-FH or HeFH who 
were not adequately controlled with rosuvastatin 10 mg or 20 mg with or without other 
LMT (excluding EZE). 

Patients who had been on a stable rosuvastatin 10 mg or 20 mg QD dose for at least 4 
weeks were screened for study eligibility, which included an injection training visit.  
Patients who had not been on a stable dose of rosuvastatin 10 mg or 20 mg QD for 4 
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weeks, were being switched from another statin to rosuvastatin, or were not on a statin 
but should have been according to local guidance, were treated with rosuvastatin 10 mg 
or 20 mg QD based on the medical judgment of the study physician during a 4-week 
open label run-in period prior to the screening period. 

Treatments: Patients were block randomized to one of the six study treatment arms as 
follows: 

Patients on a 10 mg rosuvastatin regimen at baseline (randomized in a 1:1:1 ratio): 
 Alirocumab + rosuvastatin 10 mg + placebo-EZE 
 Placebo-alirocumab + rosuvastatin 20 mg + placebo-EZE 
 Placebo-alirocumab + rosuvastatin 10 mg + EZE 10 mg 

Patients on a 20 mg atorvastatin regimen at baseline (randomized in a 1:1:1 ratio): 
 Alirocumab + rosuvastatin 20 mg + placebo-EZE 
 Placebo-alirocumab + rosuvastatin 40 mg + placebo-EZE 
 Placebo-alirocumab + rosuvastatin 20 mg + EZE 10 mg 

Within each rosuvastatin regimen (10 mg or 20 mg), randomization was stratified 
according to whether the patient had a prior history of MI or ischemic stroke (Yes/No). 

Alirocumab dose titration at week 12 was conducted as described above. 

6.1.2 Demographics 

Among the 10 trials, demographic and other baseline characteristics varied depending 
on the trial population (e.g., HeFH, a spectrum of CV risk, “statin intolerant”) and the 
country or countries that the respective trial was conducted in. 

As expected, patients enrolled in trials devoted to the HeFH population (FH I, FH II, and 
HIGH FH) were younger than those patients enrolled in the trials that predominantly 
enrolled a high CV risk patient population (COMBO I, COMBO II, LONG TERM, 
OPTIONS I, OPTIONS II, and ALTERNATIVE).  In general, the trials with patients with 
high CV risk had a higher representation of males than females.  Baseline body weight 
and BMI were similar among these patient populations.  (The MONO trial enrolled 
patients with moderate CV risk and is presented in the following table separately.) 
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Table 14. Demographic and Selected Baseline Characteristics among Phase 3 
Trials 

HeFH Only 
High/Very High CV 

Risk (± HeFH) 
Moderate CV Risk 

FH I 
FH II 

HIGH FH 

COMBO I 
COMBO II 

LONG TERM 
OPTIONS I 
OPTIONS II 

ALTERNATIVE 

MONO 

N=842 N=4351 N=103 
Age (years) 

Mean (SD) 52.1 (12.8) 61.3 (10.1) 60.2 (5.0) 
Min, Max 18, 87 18, 89 45, 72 

Age Group (years [n (%)]
 <45 232 (27.6%) 236 (5.4%) 0 
≥45 to <65 464 (55.1%) 2407 (55.3%) 84 (81.6%) 
≥65 to <75 128 (15.2%) 1324 (30.4%) 19 (18.4%) 
≥75 18 (2.1%) 84 (8.8%) 0 

Sex [n (%)] 
Male 462 (54.9%) 2785 (64.0%) 55 (53.4%) 
Female 380 (45.1%) 1566 (36.0%) 48 (46.6%) 

Weight (kg)
 Mean (SD) 84.3 (16.6) 87.9 (19.2) 85.5 (17.6)
 Min, Max 43, 151 38, 192 50, 131 

Weight Group (kg [n (%)] 
<50 7 (0.8%) 26 (0.6%) 0 
≥50 to <70 154 (18.3%) 663 (15.2%) 18 (17.5%) 
≥70 to <100 534 (63.4%) 2686 (61.7%) 63 (61.2%) 
≥100 147 (17.5%) 976 (22.4%) 22 (21.4%) 

BMI (kg/m2) 
Mean 29.0 (4.9) 30.5 (5.8) 29.3 (6.3) 
Min, Max 18, 50 16, 61 17, 50 

BMI Group (kg/m2 [n (%)] 
<25 165 (19.6%) 673 (15.5%) 30 (29.1%) 
≥25 to <30 380 (45.1%) 1654 (38.0%) 35 (34.0%) 
≥30 297 (35.3%) 2016 (46.3%) 38 (36.9%) 
Missing 0 8 (0.2%) 0 

Source: Reviewer created from sponsor datasets 

Demographics were fairly well matched between the groups.  Of note, in the HIGH FH 
trial, males represented 62.9% of the placebo-treated patients, but only 48.6% of the 
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alirocumab-treated patients (see section 6.1.4 for a discussion of efficacy in trial HIGH 
FH, and section 6.1.7 for a discussion of subgroups). 

There was considerable variability between the trials regarding regions represented, 
and this impacted racial and ethnic diversity among the trials.  Specifically, the trial 
conducted solely in the United States, COMBO I, demonstrated racial and ethnic 
diversity more representative of the U.S. population than the other trials.  Overall, most 
of the patients were white (90.1%), followed by black (4.8%) and Asian (2.1%) 
backgrounds. A total of 6.1% of patients were of Hispanic ethnicity. 

Overall, 38.1% of patients were from North America, 32.9% of patients were from 
Western Europe, 15.6% of patients were from Eastern Europe, and 13.5% of patients 
were from the rest of the world. 

Table 15. Regional, Racial, and Ethnic Diversity, Phase 3 Trials 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

Region  (%)
 N. America 29.0% 0 30.8% 23.4% 100% 32.5% 73.6% 47.6% 74.4% 65.9% 
W. Europe 32.3% 69.9% 10.3% 45.1% 0 15.1% 15.9% 52.4% 16.6% 23.3% 
E. Europe 14.0% 30.1% 27.1% 18.5% 0 30.6% 0 0 0 0 
Rest of World 24.7% 0 31.8% 13.0% 0 21.8% 10.5% 0 9.0% 10.8% 

Race  (%)  
White 91.4% 98.0% 87.9% 92.7% 81.6% 84.7% 93.9% 90.3% 86.2% 83.9% 
Black 1.0% 0.8% 1.9% 3.3% 16.1% 3.9% 3.8% 9.7% 10.7% 8.9% 
Asian 1.2% 1.2% 5.6% 0.8% 0.9% 7.4% 1.3% 0 1.7% 3.6% 
Other 6.4% 0 4.7% 3.2% 1.3% 4.0% 1.0% 0 1.4% 3.6% 

Ethnicity  (%)  
Hispanic 5.0% 0.4% 5.6% 5.2% 10.8% 2.8% 1.9% 1.0% 18.9% 13.4% 

HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
Source: ISE, Tables 2.1.1, 2.1.2, and 2.1.3 


A listing of the countries represented in the phase 3 trials is presented below:
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Table 16. Countries Represented by Region, Phase 3 Trials 

Region Country N 
North America United States 1855 
North America Canada 162 
Western Europe United Kingdom 572 
Western Europe Netherlands 225 
Western Europe Spain 191 
Western Europe Germany 159 
Western Europe Denmark 143 
Western Europe France 133 
Western Europe Norway 107 
Western Europe Italy 79 
Western Europe Belgium 40 
Western Europe Sweden 40 
Western Europe Finland 31 
Western Europe Austria 13 
Western Europe Portugal 8 
Eastern Europe Russian Federation 249 
Eastern Europe Poland 146 
Eastern Europe Hungary 143 
Eastern Europe Czech Republic 120 
Eastern Europe Bulgaria 78 
Eastern Europe Romania 44 
Eastern Europe Ukraine 44 
Rest of World South Africa 432 
Rest of World Israel 93 
Rest of World Mexico 81 
Rest of World Republic of Korea 42 
Rest of World Australia 34 
Rest of World Argentina 28 
Rest of World Chile 2 
Rest of World Colombia 2 
Source: Reviewer created from sponsor’s datasets 

Medical History 

The majority of the phase 3 trials focused on patient populations with HeFH and/or high 
CV risk (one trial, MONO, evaluated alirocumab as monotherapy in patients with 
moderate CV risk). Overall, 64% of patients had history of any coronary heart disease 
(CHD), 34% of patients had a prior myocardial infarction (MI), 45% of patients had prior 
revascularization procedures, and 8% of patients had prior ischemic stroke. 

Other diseases and risk factors reported overall in the phase 3 trials included diabetes 
mellitus (31%), hypertension (70%), and current tobacco smoking (19%). 

Table 17 and Table 18 summarize CV history and risk among the phase 3 trials. 
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Table 17. Cardiovascular Risk Factors, Phase 3 Trials with HeFH and/or High CV 
Risk Populations 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

Any CV history/risk factors 51.2% 38.6% 57.0% 90.6% 98.7% 99.7% 

Coronary heart diseasea 46.3% 35.3% 49.5% 68.6% 78.2% 90.1% 
Acute MI 23.5% 16.5% 22.4% 37.2% 41.1% 57.8% 
Silent MI 2.1% 1.2% 0.9% 2.9% 4.4% 2.1% 
Unstable angina 12.6% 9.2% 12.1% 12.4% 17.1% 21.1% 
Coronary revascularization 32.5% 28.1% 23.4% 46.2% 61.1% 68.8% 
Otherb 27.8% 17.7% 28.0% 29.0% 16.5% 36.9% 

CHD risk equivalentsa 16.3% 7.6% 16.8% 41.1% 43.0% 31.0% 
Ischemic stroke 3.3% 2.4% 3.7% 9.9% 8.5% 8.3% 

   Peripheral arterial disease 2.7% 2.4% 0.9% 5.2% 3.5% 4.9% 
Moderate chronic kidney disease 6.0% 1.2% 4.7% 13.9% 19.3% 11.7% 
DM + 2 or more risk factorsc 6.0% 2.8% 8.4% 20.6% 21.2% 12.5% 

CV risk per protocol definition 
Very high 51.2% 38.6% 57.0% 91.5% 100% 100% 
High 48.8% 61.4% 43.0% 8.5% 0 0 
Moderate 0 0 0 0 0 0 

HeFH 100% 100% 100% 17.7% 0 0 
HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
Note: A patient can be counted in several categories. 
a according to the items pre-listed in the e-crf 
b diagnosed by invasive or non-invasive testing 
c including ankle-brachial index ≤ 90, hypertension, nephropathy, retinopathy or family history of premature CHD 
Source: SCE, Tables 29 and 43 
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Table 18. Cardiovascular Risk Factors, Phase 3 Monotherapy and Options Trials 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

Any CV history/risk factors 100% 99% 100% 100% 

Coronary heart diseasea 46.5% 0 56.3% 58.0% 
Acute MI 13.7% 0 25.9% 27.5% 
Silent MI 3.5% 0 4.5% 3.6% 

   Unstable angina 8.6% 0 9.0% 13.1% 
   Coronary revascularization 32.5% 0 38.3% 42.6% 

Otherb 28.3% 0 40.3% 45.6% 

CHD risk equivalentsa 23.2% 0 28.2% 25.9% 
Ischemic stroke 9.2% 0 7.3% 5.2% 

   Peripheral arterial disease 1.9% 0 3.1% 3.9% 
   Abdominal aortic aneurysm 2.5% 0 2.3% 3.3% 
   Asymptomatic carotid artery occlusion > 50% 7.0% 0 0 0 
   Carotid endarterectomy or stent 3.5% 0 0.3% 0.7% 

Renal artery stenosis 0.3% 0 0 0 
Renal artery stent 0.3% 0 0 0 

   DM with target organ damage 3.5% 0 12.1% 10.5% 

Other risk factors 
   DM without target organ damage 20.4% 0 38.0% 31.5% 

Moderate chronic kidney disease 5.1% 0 10.4% 7.2% 

CV risk per protocol definition 
Very high 54.1% 0 60.3% 63.0% 
High 28.3% 0 39.7% 37.0% 
Moderate 13.7% 100% 0 0 

HeFH 15.0% 0 9.0% 13.4% 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
Note: A patient can be counted in several categories. 
Note: the MONO study excluded high-risk patients, CHD and CHD risk-equivalent items were not collected in this 
study. In this table, 0 cases were assumed for this study 
a according to the items pre-listed in the CRF 
b diagnosed by invasive or non-invasive testing 
Source: SCE, Tables 30, 31, 44, and 45 

In the phase 3 trials that enrolled patients with HeFH (FH I, FH II, HIGH FH, and LONG 
TERM), the diagnosis of HeFH was made either by genotyping or by clinical criteria.  
For those patients not genotyped, the clinical diagnosis was based on either the Simon 
Broome criteria24 with the criteria for ‘definite FH’ or the WHO/Dutch Lipid Network 
criteria24 with a score more than 8 points (diagnosis ‘certain’).  The following table 
summarizes HeFH diagnoses in the four trials that enrolled these patients: 

24 Described in: Marks D, et al. A review on the diagnosis, natural history, and treatment of familial 
hypercholesterolaemia. Atherosclerosis (2003); 168(1): 1-14. 
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Table 19. Summary of HeFH Diagnoses, Trials FH I, FH II, HIGH FH, and LONG 
TERM 

FH I 
N=486 

FH II 
N=249 

HIGH FH 
N=107 

LONG TERM 
N=2341 

HeFH 100% 100% 100% 17.7% 
Time from HeFH diagnosis (yrs), median 9.0 11.5 11.7 7.2 
Confirmation of HeFH diagnosis
 Genotyping 39.3% 73.9% 17.8% 40.2% 
Clinical criteria only 60.5% 26.1% 82.2% 59.8% 

Source: CSR EFC12492, Table 13; R727-CL-1112, Table 12; EFC12732, Table 15; LTS11717, Table 13 

Baseline Lipid Parameters 

Table 20 presents the baseline mean/median LDL-C, HDL-C, and TG among the 10 
phase 3 trials (mean values by group are described with the relevant efficacy analyses 
in sections 6.1.4 and 6.1.5). In most trials, the entry criterion for LDL-C was either ≥ 70 
mg/dL and/or ≥ 100 mg/dL depending on the individual patient’s CV risk at entry, with 
the exception of HIGH FH, which focused on an HeFH population with LDL-C ≥ 160 
mg/dL on maximally tolerated LMT.  Mean baseline LDL-C was higher in the HeFH trials 
(particularly HIGH FH) as well as in ALTERNATIVE, which was conducted in patients 
considered to be statin intolerant. 
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Table 20. Baseline Lipid Parameters, Phase 3 Trials 
 FH I 

N=486 
FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

Calculated LDL-C 
(mg/dL) 

Number 486 249 106 2341 316 720 313 103 355 305 
   Mean (SD) 144.6 

(49.7) 
134.4 
(41.1) 

197.8 
(53.4) 

122.4 
(42.2) 

102.2 
(31.6) 

107.3 
(35.7) 

191.3 
(69.3) 

139.7 
(25.8) 

105.1 
(34.1) 

111.3 
(39.0) 

Measured LDL-C 
(mg/dL)a 

Number 412 219 NA 1999 208 642 265 NA 323 278 
   Mean (SD) 140.1 

(47.6) 
131.8 
(39.3)

 116.7 
(38.7) 

96.6 
(31.2) 

102.9 
(34.9) 

183.2 
(69.8)

 101.4 
(32.7) 

106.9 
(38.1) 

HDL-C  (mg/dL)  
Number 486 249 107 2341 316 720 314 103 355 305 

   Mean (SD) 49.8 
(15.3) 

53.1 
(15.7) 

48.1 
(13.3) 

49.9 
(12.3) 

48.5 
(13.8) 

47.3 
(13.4) 

50.0 
(14.3) 

57.1 
(17.8) 

48.7 
(13.4) 

50.0 
(13.1) 

Fasting TG 
(mg/dL) 

Number 486 249 107 2340 315 720 314 103 355 305 
Median 112.0 104.0 129.0 132.7 127.0 137.0 155.5 117.0 122.0 128.0

   Q1, Q3 83.0, 
152.0 

81.0, 
141.0 

94.0, 
171.0 

94.0, 
185.0 

92.0, 
186.0 

100.0, 
195.0 

108.0, 
229.0 

87.0, 
153.0 

89.0, 
175.0 

92.0, 
185.0 

HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
a LDL-C by ultracentrifugation not conducted in HIGH FH or MONO 

Source: SCE, Tables 47, 49, and 51 

Baseline Statin Use 

In the FH I, FH II, HIGH FH, COMBO I, COMBO II, and LONG TERM trials, patients 
were on maximally tolerated doses of atorvastatin, rosuvastatin, or simvastatin as 
background therapy by protocol.  Patients were to be on the high doses of these statins 
(atorvastatin 40 to 80 mg, rosuvastatin 20 to 40 mg, or simvastatin 80 mg) unless issues 
such as tolerability or local labeling prohibited use of these doses.  Of the 4219 patients 
enrolled in these six trials, 2497 (59.2%) entered the study on high doses of these 
statins, as defined above. Reasons for patients not receiving high doses are presented 
in Table 21. 
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Table 21. Baseline Statin Use, Phase 3 Trials in HeFH or High CV Risk 
Populations 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

Taking atorva 40 to 80 mg, rosuva 20 to 40 mg, or 
simva 80 mg daily at screening 

83.3% 88.0% 79.4% 46.8% 62.7% 68.6% 

Reasons for not taking high dose of statina

   Muscle symptoms and/or increase CPK 8.0% 8.8% 7.5% 17.2% 10.1% 8.2% 
   Liver disease or elevated LFTs 0.6% 2.8% 0 1.7% 0.9% 1.8% 
   Concomitant medications 0.2% 0.4% 0 2.1% 0.6% 1.0% 
   Advanced age 0 0.4% 0 1.9% 2.8% 1.5% 
   Low body mass index 0 0 0 0.4% 0.3% 0.1% 

IGT/IFG 0 0 0.9% 1.8% 4.7% 1.7% 
   Regional practice / local labeling 7.2% 0.8% 12.1% 28.0% 17.4% 16.5% 
   Anxious about potential cognitive impairment or AE 0.4% 0 0 0.5% 0 1.3% 

Other 1.4% 1.6% 0 3.3% 3.8% 1.8% 

Atorvastatin 36.4% 39.0% 29.9% 38.7% 32.9% 49.3% 
10 mg QD 0.8% 1.6% 0 4.3% 0.6% 1.5% 
20 mg QD 1.9% 3.2% 0 8.5% 2.8% 5.1% 
40 mg QD 9.5% 16.1% 12.1% 15.0% 18.0% 23.6% 
80 mg QD 23.7% 17.7% 16.8% 10.6% 11.4% 18.9% 
Other 0.6% 0.4% 0.9% 0.3% 0 0.1% 

Rosuvastatin 52.1% 56.2% 45.8% 24.0% 31.6% 29.4% 
5 mg QD 2.3% 0.8% 2.8% 1.2% 1.3% 1.5% 
10 mg QD 1.4% 2.4% 0 4.3% 1.9% 3.6% 
20 mg QD 13.0% 15.3% 10.3% 8.9% 15.5% 16.8% 
40 mg QD 35.2% 36.9% 32.7% 9.4% 12.7% 7.1% 
Other 0.2% 0.8% 0 0.2% 0.3% 0.4% 

Simvastatin 11.5% 4.8% 27.1% 37.3% 34.8% 21.4% 
10 mg QD 0.8% 0.4% 4.7% 2.7% 0.3% 1.3% 
20 mg QD 1.2% 1.6% 2.8% 10.0% 7.9% 6.1% 
40 mg QD 7.2% 1.2% 13.1% 20.9% 20.9% 11.5% 
80 mg QD 1.9% 1.6% 6.5% 2.9% 5.4% 2.1% 
Other 0.4% 0 0 0.7% 0.3% 0.4% 

HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
a A patient can be counted in several categories. 
IGT: impaired glucose tolerance; IFG: impaired fasting glucose 
Source: SCE, Tables 52 and 53 

MONO and ALTERNATIVE evaluated patients not on background statin, and the two 
OPTIONS trials evaluated patients on a less-than-maximal dose of statin (OPTIONS I: 
atorvastatin 20 mg 47.6%, 40 mg 52.4%; OPTIONS II: rosuvastatin 10 mg 47.5%, 20 
mg 52.5%). 
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Other LMTs were used to varying degrees in the phase 3 trials as well, and these are 
presented in the table below. 

Table 22. LMT Other Than Statins, Phase 3 Trials 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

LMT other than statinsa 62.8% 69.9% 27.1% 28.1% 42.1% 5.7% 47.8% 3.9% 22.2% 21.3%
   LMT other than 
dietary supplementsb 

61.1% 67.9% 26.2% 22.8% 36.1% 2.4% 38.2% 1.9% 18.0% 18.0%

      BA sequestrants 5.6% 12.0% 2.8% 1.4% 3.2% 0% ND ND ND ND
 Ezetimibe 57.0% 66.3% 24.3% 14.3% 8.2% NA ND ND ND ND
 Fibrates 4.7% 1.6% 0% 6.1% 11.1% 1.1% ND ND ND ND
 Fish oil 2.1% 0.4% 2.8% 1.1% 7.0% 0.3% ND ND ND ND

   Dietary supplementsc 5.8% 6.0% 0.9% 7.5% 7.6% 3.3% 9.6% 1.9% 4.2% 3.3% 
HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
BA = bile acid 
a in combination with statins or not 
b not described further for ALT, MONO, OI, or OII 
c included omega-3 fatty acids at daily doses < 1000 mg, plant stanols, flax seed oil, and psyllium 
NA=not applicable 
ND=not described 
Source: ISE, Tables 2.4.2, 2.4.3, and 2.4.4 

Proportions of patients on statins, high-potency statins, and other LMTs were fairly well-
balanced between groups in the individual trials. 

6.1.3 Subject Disposition 

Screening Period 

Table 23 enumerates the proportion of patients screened for the individual phase 3 trials 
and selected reasons for screening failure. For example, the most common reason for 
screen failure in the LONG TERM trial was LDL-C value at screening that was lower 
than the minimum required for study entry. 
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Table 23. Disposition of Screened Patients, Phase 3 Trials 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

Number screened 597 322 206 5142 640 1112 519 204 859 672 
% screen failures 18.6% 22.7% 48.1% 54.4% 50.6% 35.3% 30.4% 49.5% 58.7% 54.6% 

Reason for screening failurea

   LDL-C exclusion 5.9% 8.7% 38.8% 39.4% 24.7% 14.5% 2.3% 10.3% 38.0% 30.4%
   Safety laboratory 
exclusion or 
pregnancy 

4.7% 3.7% 6.8% 5.4% 9.1% 7.5% 17.9% 14.7% 9.5% 7.6%

   Newly dx or poorly 
controlled DM 

1.7% 0.3% 3.4% NAb 11.1% 5.6% 2.3% 0% 7.6% 8.5% 

HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
NA = not applicable
a Proportion of total screened; patients may have more than one reason 
b Not a separate exclusion criterion – HbA1c > 10% was excluded under the safety laboratory exclusion criterion 
Source: CSRs for individual trials and Inclusion/Exclusion datasets (SDTM) 

ALTERNATIVE 

In addition to a screening period, the ALTERNATIVE trial included a single-blind 
placebo run-in period.  Of 361 patients who completed the screening period, 314 
patients (87.0%) completed the single-blind placebo (placebo for alirocumab Q2W plus 
placebo for EZE/atorvastatin capsules PO QD) run-in period and were randomized into 
three treatment groups: 

 Alirocumab 75 mg Q2W + placebo atorvastatin/EZE (N=126) 
 (Over-encapsulated) EZE 10 mg PO QD + placebo alirocumab (N=125) 
 (Over-encapsulated) atorvastatin 20 mg PO QD + placebo alirocumab (N=63) 

Of the 47 placebo run-in failures, 23 (48.9%) reported at least one skeletal muscle-
related AE: 
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Table 24. Number (%) of Patients with Skeletal Muscle-related TEAEs During the 
Single-blind Placebo Run-in Period 

Run-in failures 
N=47 

Randomized patients 
N=314 

At least one run-in period skeletal muscle AE 23 (48.9%) 7 (2.2%) 
Myalgia 9 (19.1%) 1 (0.3%) 

   Muscle spasms 7 (14.9%) 0 
   Pain in extremity 3 (6.4%) 4 (1.3%) 
   Musculoskeletal stiffness 2 (4.3%) 0 
   Musculoskeletal pain 1 (2.1%) 2 (0.6%) 

Back pain 1 (2.1%) 0 
   Muscular weakness 1 (2.1%) 0 
Source: ALTERNATIVE CSR, Table 8 

Randomized Period 

In the 10 phase 3 trials, 5296 patients were randomized: 3188 to alirocumab, 1175 to 
placebo, 620 to ezetimibe, and 313 to statin.  Of these 5296 patients, nine patients 
(0.2%) were randomized but not treated, 5222 patients (98.6%) were included in the 
intent-to-treat (ITT, primary analysis) population, and 5180 patients (97.8%) were 
included in the modified ITT (mITT) population, defined below. 

In the phase 3 trials, the ITT population was defined as all randomized patients who had 
an evaluable primary efficacy endpoint. The primary efficacy endpoint was considered 
evaluable when the following conditions were met: 

	 Availability of a baseline calculated LDL-C value, and 

	 Availability of at least one calculated LDL-C value within one of the analysis windows 
up to week 24 

The mITT population was defined as all randomized patients who took at least one dose 
or part of a dose of the study drug and had an evaluable primary efficacy endpoint 
(defined above) during the efficacy treatment period, defined as: 

	 For trials versus placebo: the time period from the first double-blind injection up to 
the day of last injection +21 days 

	 For trials versus active control: the time period from the first double-blind treatment 
(capsule or injection, whichever comes first) up to the day of last injection +21 days 
or the day of last capsule intake +3 days, whichever comes first 
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Table 25. ITT and mITT Populations, Phase 3 Trials

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

ITT 99.8% 99.2% 99.1% 98.7% 98.4% 98.2% 98.7% 100% 97.2% 97.7% 
mITT 99.6% 99.2% 99.1% 98.2% 97.8% 97.1% 95.9% 98.1% 95.8% 96.1% 
HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
Source: SCE Tables 37, 38, and 39 

Disposition for the phase 3 trials are presented in Table 26.  Note that five trials are 
ongoing. In the five trials that have completed, between 15 and 30% of patients have 
prematurely discontinued according to a strict definition for ‘completers’ that requires 
that that the interval between the last injection and last visit (i.e., either week 24, week 
52, week 78, or week 104, depending on the trial) was no more than 21 days.  Patients 
outside of this window are captured in the ‘other’ category, below. 
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Table 26. Disposition, Phase 3 Trials 

 FH I 
N=486 

FH II 
N=249 

HFH 
N=107 

LT 
N=2341 

CI 
N=316 

CII 
N=720 

ALT 
N=314 

MONO 
N=103 

OI 
N=355 

OII 
N=305 

Ongoing 87% 94% 71% 58% NA 85% NA NA NA NA 
Completed 1% 0% 9% 22% 73% 0% 70% 85% 81% 80% 

Prematurely D/C 11% 6% 20% 20% 27% 15% 30% 15% 19% 20%
 AE 4% 2% 4% 6% 7% 7% 22% 9% 5% 6%

   Othera 3% 2% 9% 8% 11% 3% 7% 3% 11% 11%
   Phys. 
Decision 

<1% 0% 0% <1% 1% <1% 0% 0% 1% <1% 

Rel. to IMP 
Administration 

<1% <1% 0% 1% 1% 1% 0% 0% <1% 0%

 Subj. Moved 1% 0% 2% 1% 1% 1% 0% 1% 1% <1% 
W/D Consent <1 <1% 0% 0% 0% <1% 0% 1% 0% 0%

 Poor 
Compliance -
Other 

1% <1% 3% 1% 1% 1% 0% 0% 1% 1%

 Poor 
Compliance -
Life Events 

<1% 1% 2% 2% 4% 1% 0% 1% 1% 1%

 Poor 
Compliance -
Inconvenient 

1% 0% 0% 1% 1% 1% 1% 0% 1% 1% 

HFH = HIGH FH 
LT = LONG TERM 
CI = COMBO I 
CII = COMBO II 
ALT = ALTERNATIVE 
OI = OPTIONS I 
OII = OPTIONS II 
IMP = investigational medicinal product 
NA = not applicable
a patients who completed the study but whose Week 24/Week52/Week 78/Week 104 visit (visit depending on trial treatment 
duration) was outside the prespecified window were considered not to have completed the trial per eCRF and are accounted for in 
the "Other" category 
A patient was considered as having completed the planned treatment duration if he/she was exposed to treatment for at least 102 
weeks in study COMBO II, at least 76 weeks in studies FH I, FH II, HIGH FH, LTS17117, at least 50 weeks in study COMBO I, or at 
least 22 weeks in studies OPTIONS I, OPTIONS II, ALTERNATIVE and MONO with associated visit performed 

Source: Reviewer derived from BLA datasets 

A separate assessment of disposition in the ALTERNATIVE trial was undertaken, given 
the interest in the statin-intolerant population, particularly since these patients could 
have been randomized to receive a statin (in this case, atorvastatin 20 mg).  Among the 
314 randomized patients, one patient randomized to the ezetimibe treatment group did 
not receive study treatment. The sponsor utilized the strict definition of treatment 
completer, described above, as well as a more inclusive definition that considered 
patients to be completers as long as treatment duration was at least 22 weeks and they 
attended a week 24 visit, regardless of the time window of the visit.  Completers 
categorized by both definitions are as follows for the treatment groups: 
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Table 27. Patient Disposition, ALTERNATIVE Trial 

Source: CSR R727-CL-1119, Table 9 

Reviewer comment: Note that 69.8% of purportedly “statin-intolerant” patients 
who were treated with atorvastatin 20 mg in this trial completed the double blind 
24-week portion of the trial (at least 22 weeks of exposure and a visit at week 24 
performed). This is numerically similar to, or only slightly less than, the other 
groups’ proportions of completers in this trial as seen in Table 27.  Although this 
is a select statin-intolerant population (i.e., these are patients who agreed to be 
randomized to a statin), it is instructive that a majority of these patients were able 
to tolerate statin therapy, at least for the duration of this trial.  
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6.1.4 Analysis of Primary Endpoint 

The primary efficacy endpoint in all 10 phase 3 trials is the percent change in mean 
LDL-C at week 24 in the ITT patient population. In the eight trials that included an up
titration design feature, this endpoint includes the LDL-C results of patients who 
remained on 75 mg Q2W (63.4% to 85.4% of patients) as well as those who were up
titrated to 150 mg Q2W at week 12 and thereafter.  See section 6.1.8 for more details 
on LDL-C changes based on up-titration status. 

Primary analyses of efficacy endpoints included all lipid data collected within the pre-
specified window, regardless of whether the patient was continuing therapy or not.  The 
mixed effect model with repeated measures (MMRM) was used for the primary efficacy 
analysis.  Missing data were not explicitly imputed; the MMRM model relied on the 
“missing-at-random” assumption. See Dr. McEvoy’s review for FDA analyses that 
specifically address missing data utilizing other assumptions.  (Note that during pre-
submission discussions, FDA requested a pattern mixture model to account for possible 
non-random missingness in the data; the sponsor implemented this as a sensitivity 
analysis.) 

In all phase 3 trials, the MMRM included the fixed categorical effects of treatment group, 
randomization strata (see table below), time point, treatment-by-time point interaction, 
and strata-by-time point interaction, as well as the continuous fixed covariates of 
baseline LDL-C value and baseline value-by-time point interaction. 
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Table 28. Definition of Treatment Groups, Time Point, and Randomization Strata 
Used in the MMRM, Phase 3 Trials 
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Source: SCE, Table 11 

HeFH Trials 

FH I, FH II, and HIGH FH evaluated the effect of alirocumab in the HeFH-only 
population. 

FH I is a placebo-controlled 18-month trial to assess the effect of alirocumab (starting 
dose 75 mg Q2W with potential up-titration to 150 mg Q2W) in patients with HeFH not 
adequately controlled on LMT (stable, maximally tolerated statin ± other LMT).  The trial 
is ongoing, with a first-step analysis at the last patient’s week 52 visit conducted for the 
BLA. The week 24 primary analysis is shown in Table 29: 

Table 29. Percent Mean Change from Baseline in LDL-C at Week 24, Trial FH I 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a 322 144.7 (51.2) -48.8 (1.6) 

Pbo 163 144.4 (46.8) 9.1 (2.2) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. Pbo -57.9 (-63.3, -52.6) <0.0001 
a 135 (43.4%) of the 311 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR EFC12492, Table 21 

A sensitivity analysis that excluded the sites with serious GCP non-compliance resulted 
in a difference in LS means of -58.6 (95% CI -63.7, -53.5). 
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FH II has the same HeFH population and study design as FH I.  This trial was 
conducted 100% ex-U.S. The results of the week 24 primary analysis – reflected in 
both the percent change from baseline in the alirocumab group and the 
between-treatment difference – are similar to FH I as shown in Table 30: 

Table 30. Percent Mean Change from Baseline in LDL-C at Week 24, Trial FH II 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a 166 134.6 (41.3) -48.7 (1.9) 

Pbo 81 134.0 (41.6) 2.8 (2.8) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. Pbo -51.4 (-58.1, -44.8) <0.0001 
a 61 (38.6%) of the 158 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR R727-CL-1112, Table 20 

Trial HIGH FH has a similar design to FH I and FH II, with the exception that it enrolled 
patients whose LDL-C was poorly controlled (LDL-C ≥ 160 mg/dL at screening) while on 
maximally tolerated statin therapy ± other LMT.  [Of note, there were 18 patients who 
had LDL-C < 160 mg/dL at baseline, despite having LDL-C ≥ 160 mg/dL at screening. 
Two of these patients, both treated with alirocumab, had LDL-C < 100 mg/dL (89 and 99 
mg/dL) at baseline. The reason for the large discrepancy between screening and 
baseline is unclear.] All patients were treated with alirocumab at a dose of 150 mg 
Q2W throughout the treatment period (i.e., there was no dosing with 75 mg Q2W and 
therefore no up-titration).  Note that the percent LDL-C change from baseline was 
similar in this trial as compared to FH I and FH II, despite initiating therapy with a higher 
dose. 

Table 31. Percent Mean Change from Baseline at Week 24, Trial HIGH FH 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 150 71 196.3 (57.9) -45.7 (3.5) 

Pbo 35 201.0 (43.4) -6.6 (4.9) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. Pbo -39.1 (-51.1, -27.1) <0.0001 
Source: CSR EFC12732, Table 23 

Potential contributors to the apparent attenuated effect compared with other trials could 
include: (1) the trial’s small size (although the upper bound of the 95% CI does not 
overlap with the lower bound of the 95% CI of the LONG TERM treatment effect), (2) 
the “difficult-to-treat” patient population (notably, the subset of patients with baseline 
LDL-C ≥ 160 mg/dL and HeFH in LONG TERM more closely approximated the HIGH 
FH result in week 24 percent change in LDL-C; see section 6.1.7), (3) there were 
proportionally more females in this trial than in other trials, (4) a difference in device 
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used (LONG TERM = pre-filled syringe, HIGH FH = pre-filled pen), and/or (5) the 
activities of two clinical sites that were later detected to have significant GCP 
compliance issues.  A sensitivity analysis that excluded the sites with serious GCP non
compliance – site 643-710 (7 patients evaluable for LDL-C in the ITT population, of 
whom 5 were in the alirocumab group) and site 840-743 (6 patients evaluable for LDL-C  
of whom 4 were in the alirocumab group) – resulted in a difference in LS means of -48.0 
(95% CI -59.4, -36.6). 

Trials in Patients at High CV Risk (LONG TERM and COMBO Trials) 

The LONG TERM trial is a placebo-controlled 18-month trial that is evaluating the effect 
of alirocumab in patients with high and very high CV risk (as defined above in section 
6.1.1), with either HeFH or non-familial forms of hypercholesterolemia not adequately 
controlled (LDL-C ≥ 70 mg/dL) on maximally tolerated statin ± other LMT.  LONG TERM 
is one of two trials (HIGH FH being the other) that is treating patients with alirocumab 
150 mg Q2W throughout the treatment period.  The difference in the LDL-C percent 
change from baseline was greater (greater reduction) with alirocumab versus placebo in 
LONG TERM than in other placebo-controlled trials (Table 32 and Figure 8), even 
including HIGH FH, which also utilized only the 150 mg Q2W dose. 

Table 32. Percent Mean Change from Baseline at Week 24, Trial LONG TERM 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 150 1530 122.8 (42.7) -61.0 (0.7) 

Pbo 780 122.0 (41.6) 0.8 (1.0) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. Pbo -61.9 (-64.3, -59.4) <0.0001 
Source: CSR LTS11717, Table 21 

No sensitivity analysis excluding the site with serious GCP non-compliance was 
conducted as the site only contributed one patient. 

COMBO I is a 12-month, placebo-controlled trial conducted solely in the U.S. in patients 
at very high CV risk (see section 6.1.1) with hypercholesterolemia not adequately 
controlled on stable maximally tolerated statin therapy ± other LMT.  Alirocumab was 
initiated at 75 mg Q2W with potential up-titration to 150 mg Q2W at week 12.  The 24
week primary analysis is demonstrated in Table 33: 
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Table 33. Percent Mean Change from Baseline at Week 24, Trial COMBO I 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a 205 100.3 (29.7) -48.2 (1.9) 

Pbo 106 104.6 (32.3) -2.3 (2.7) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. Pbo -45.9 (-52.5, -39.3) <0.0001 
a 32 (16.8%) of the 191 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR EFC11568, Table 22 

A sensitivity analysis that excluded the site with serious GCP non-compliance resulted 
in a difference in LS means of -45.8 (95% CI -52.4, -39.2). 

COMBO II is a 24-month, active (ezetimibe)-controlled trial in patients at very high CV 
risk with hypercholesterolemia not adequately controlled on stable maximally tolerated 
statin therapy. Alirocumab was initiated at 75 mg Q2W with potential up-titration to 150 
mg Q2W at week 12. A first-step analysis was conducted for the BLA at 52 weeks; the 
primary analysis (as with the other trials) is at 24 weeks.  The results are presented in 
Table 34: 

Table 34. Percent Mean Change from Baseline at Week 24, Trial COMBO II 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a 467 108.3 (36.5) -50.6 (1.4) 

EZE 240 104.5 (34.1) -20.7 (1.9) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. EZE -29.8 (-34.4, -25.3) <0.0001 
a 82 (18.4%) of the 446 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR EFC11569, Table 24 

Non-Statin Trials 

ALTERNATIVE is a 24-week, active (ezetimibe)-controlled trial in patients at moderate, 
high, or very high CV risk with hypercholesterolemia who are “statin intolerant” (see 
section 6.1.1 for the definition of statin intolerance and other key design features).  The 
primary efficacy analysis evaluated the LDL-C-lowering effect with alirocumab (75 mg 
Q2W with potential up-titration to 150 mg Q2W at week 12) as compared to ezetimibe, 
as seen in Table 35. Note that there was also an atorvastatin “challenge” arm; 
however, formal statistical analyses evaluating the effect of atorvastatin versus the other 
comparators were not conducted. For completeness, the unadjusted mean percent 
LDL-C change from baseline at 24 weeks among the three different treatment arms is 
presented below (Table 35). 
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Table 35. Percent Mean Change from Baseline at Week 24, Trial ALTERNATIVE 

Treatment N Baseline Mean, mg/dL (SD) Mean (95% CI) % Change from Baseline 
[LS Mean (SE)] 

Aliro 75/150a 126 191.1 (72.7) -47.3 (-61.5, -37.9) [-45.0 (2.2)] 

EZE 122 194.2 (71.2) -15.2 (-27.1, -9.5) [-14.6 (2.2)] 

Atorva 62 188.4 (59.3) -31.9 (-50.5, -19.7) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. EZE -30.4 (-36.6, -24.2) <0.0001 
a 54 (49.5%) of the 109 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR R727-CL-1119, Table 26 and Table 11.6.1.7.3A 

A sensitivity analysis that excluded the site with serious GCP non-compliance resulted 
in a difference in LS means between alirocumab and ezetimibe of -30.7 (95% CI -36.9, 
-24.6). 

Reviewer comment: The clinical significance of any difference in LDL-lowering 
between the alirocumab and atorvastatin group, if one indeed exists (the 95% CIs 
overlap), is unknown. 

MONO is a 24-week, active (ezetimibe)-controlled trial in patients with moderate CV risk 
and LDL-C between 100 and 190 mg/dL not on background LMT.  All patients 
randomized to alirocumab were initially treated with 75 mg Q2W.  Those patients whose 
LDL-C remained ≥ 100 mg/dL after 8 weeks were to be up-titrated to 150 mg Q2W at 
week 12 (see discussion of the study design in section 6.1.1); however, there was an 
administrative error in the automated and blinded process (which was detected only 
after database lock) and all patients with LDL-C ≥ 70 mg/dL were up-titrated to 150 mg 
Q2W at week 12. Of the 14 patients up-titrated, 13 had an LDL-C between 70 mg/dL 
and 100 mg/dL at week 8. The results of the primary analysis are shown in Table 36: 

Table 36. Percent Mean Change from Baseline at Week 24, Trial MONO 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a 52 141.1 (27.1) -47.2 (3.0) 

EZE 51 138.3 (24.5) -15.6 (3.1) 

Between-treatment difference Difference in LS means (95% CI) p value 

Aliro vs. EZE -31.6 (-40.2, -23.0) <0.0001 
a 14 (30.4%) of the 46 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR EFC11716, Table 22 

Reviewer comments: Given that almost all patients who were up-titrated should 
not have been as per protocol, the week 12 data (i.e., prior to up-titration) could 
be considered more relevant to the efficacy in this population.  The week 12 
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results are presented in section 6.1.5; note that the percent change from baseline 
and treatment difference between groups is similar to week 24. 

Although this trial is supportive of the LDL-C-lowering effect observed in other 
phase 3 trials, the efficacy reviewer believes it is premature to conclude that 
monotherapy with alirocumab (i.e., first-line therapy in a moderate-risk 
population) is appropriate in the absence of CV outcomes data.  Note that the 
mean percent change in LDL-C from baseline for rosuvastatin in a hyperlipidemia 
patient population ranges from 45% (5 mg) to 63% (40 mg), as compared to 7% for 
placebo.25 

OPTIONS Trials 

OPTIONS I is a 24-week, active-comparator trial to assess alirocumab versus 
ezetimibe, atorvastatin up-titration, or switching atorvastatin to rosuvastatin, in high and 
very high CV risk patients with hypercholesterolemia not adequately controlled (LDL-C ≥ 
70 mg/dL or ≥ 100 mg/dL in patients with very high or high CV risk, respectively) on a 
less-than-maximal dose of atorvastatin (20 mg or 40 mg) ± other LMT excluding 
ezetimibe. See section 6.1.1 for details of the treatment arms.  The efficacy of add-on 
alirocumab was evaluated in five primary efficacy pairwise comparisons, two within the 
atorvastatin 20 mg regimen and three within the atorvastatin 40 mg regimen: 

Table 37. Primary Pairwise Comparisons, Trial OPTIONS I 

Source: SCE, Table 20 

The Bonferroni method was used to control multiplicity due to the multiple treatment 
groups. The statistical testing of the five primary pairwise comparisons was evaluated 
at the 2-sided significance level of 0.01 per comparison.  In addition, a hierarchy was 
assigned to the endpoints to control multiplicity within the treatment groups. 

The primary results are shown for patients on the atorvastatin 20 mg and 40 mg 
regimens in Table 38 and Table 39, respectively: 

25 Crestor (rosuvastatin) prescribing information. 
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Table 38. Percent Mean Change from Baseline at Week 24, Trial OPTIONS I, 
Atorvastatin 20 mg Regimen 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a + atorva 20 55 103.4 (34.9) -44.1 (4.5) 

EZE + atorva 20 53 101.4 (29.3) -20.5 (4.7) 

Atorva 40 53 100.5 (30.9) -5.0 (4.6) 

Between-treatment difference Difference in LS means (99% CI) p value 

Aliro vs. EZE -23.6 (-40.7, -6.5) <0.0004 

Aliro vs. atorva -39.1 (-55.9, -22.2) <0.0001 
a 4 (8.0%) of the 50 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR R727-CL-1110, Table 30 

A sensitivity analysis that excluded the site with serious GCP non-compliance resulted 
in a difference in LS means of -23.6 (95% CI -36.6, -10.6) versus ezetimibe and -39.1 
(95% CI -51.8, -26.3) versus atorvastatin up-titration. 

Table 39. Percent Mean Change from Baseline at Week 24, Trial OPTIONS I, 
Atorvastatin 40 mg Regimen 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a + atorva 40 46 117.2 (37.4) -54.0 (4.3) 

EZE + atorva 40 46 99.2 (29.4) -22.6 (4.3) 

Rosuva 40 45 109.8 (39.0) -21.4 (4.2) 

Atorva 80 47 108.6 (37.5) -4.8 (4.2) 

Between-treatment difference Difference in LS means (99% CI) p value 

Aliro vs. EZE -31.4 (-47.4, -15.4) <0.0001 

Aliro vs. rosuva -32.6 (-48.4, -16.9) <0.0001 

Aliro vs. atorva -49.2 (-65.0, -33.5) <0.0001 
a 9 (20.9%) of the 43 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR R727-CL-1110, Table 31 

A sensitivity analysis that excluded the site with serious GCP non-compliance resulted 
in a difference in LS means of -33.7 (95% CI -45.9, -21.5) versus ezetimibe, -33.7 (95% 
CI -45.8, -21.6) versus rosuvastatin 40 mg, and -51.3 (95% CI -63.4, -39.1) versus 
atorvastatin up-titration. 

OPTIONS II is a 24-week, active-comparator trial to assess alirocumab versus 
ezetimibe or rosuvastatin up-titration, in high and very high CV risk patients with 
hypercholesterolemia not adequately controlled (LDL-C ≥ 70 mg/dL or ≥ 100 mg/dL in 
patients with very high or high CV risk, respectively) on a less-than-maximal dose of 
rosuvastatin (10 mg or 20 mg) ± other LMT excluding ezetimibe.  See section 6.1.1 for 
details of the treatment arms. The efficacy of add-on alirocumab was evaluated in four 
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primary efficacy pairwise comparisons, two within the rosuvastatin 10 mg regimen and 
two within the rosuvastatin 20 mg regimen: 

Table 40. Primary Pairwise Comparisons, Trial OPTIONS II 

Source: SCE, Table 23 

The Bonferroni method was used to control multiplicity due to the multiple treatment 
groups. The statistical testing of the four primary pairwise comparisons was evaluated 
at the 2-sided significance level of 0.0125 per comparison.  In addition, a hierarchy was 
assigned to the endpoints to control multiplicity within the treatment groups. 

The primary results are shown for patients on the atorvastatin 20 mg and 40 mg 
regimens in Table 41 and Table 42, respectively. 

Table 41. Mean Percent Change from Baseline at Week 24, Trial OPTIONS II, 
Rosuvastatin 10 mg Regimen 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a + rosuva 10 48 107.8 (26.5) -50.6 (4.2) 

EZE + rosuva 10 47 102.0 (42.3) -14.4 (4.4) 

Rosuva 20 48 105.9 (36.0) -16.3 (4.1) 

Between-treatment difference Difference in LS means (98.75% CI) p value 

Aliro vs. EZE -36.1 (-51.5, -20.7) <0.0001 

Aliro vs. rosuva -34.2 (-49.2, -19.3) <0.0001 
a 7 (15.9%) of the 44 alirocumab on-treatment patients were up-titrated at week 12 

Source: CSR R727-CL-1118, Table 30 

A sensitivity analysis that excluded the site with serious GCP non-compliance did not 
have an impact on LS means differences (-36.1 (95% CI -48.1, -24.1) versus ezetimibe, 
and -34.2 (95% CI -45.9, -22.5) versus rosuvastatin up-titration). 

As seen in Table 42, the addition of alirocumab to rosuvastatin 20 mg did not result in 
statistically significant LDL-C lowering compared with either the addition of ezetimibe to 
rosuvastatin 20 mg or the up-titration of rosuvastatin 20 mg to 40 mg, although there 
was a numerical 20 to 25 percentage point difference in LS means. 
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Table 42. Mean Percent Change from Baseline at Week 24, Trial OPTIONS II, 
Rosuvastatin 20 mg Regimen 

Treatment N Baseline Mean, mg/dL (SD) LS Mean % Change from Baseline (SE) 

Aliro 75/150a + rosuva 20 53 118.1 (32.5) -36.3 (7.1) 

EZE + rosuva 20 50 119.4 (48.5) -11.0 (7.2) 

Rosuva 40 52 113.7 (43.3) -15.9 (7.1) 

Between treatment difference Difference in LS means (98.75% CI) p value 

Aliro vs. EZE -25.3 (-50.9, 0.3) 0.0136b 

Aliro vs. rosuva -20.3 (-45.8, 5.1) 0.0453b 

a 10 (20.8%) of the 48 alirocumab on-treatment patients were up-titrated at week 12 
b did not reach statistical significance at the 0.0125 level 

Source: CSR R727-CL-1118, Table 31 

A sensitivity analysis that excluded the site with serious GCP non-compliance resulted 
in a difference in LS means of -27.6 (95% CI -48.2, -7.0) versus ezetimibe and -23.4 
(95% CI -43.9, -3.0) versus rosuvastatin up-titration. 

Reviewer comment (applicable to the results of OPTIONS I and OPTIONS II):  
Although alirocumab demonstrates numeric ± statistical improvement in LDL-C 
as compared to the other regimens tested, the clinical significance (in terms of 
CV benefit) has yet to be settled. Higher doses of statins and higher potency 
statins have demonstrated CV benefit26,27 or a trend toward benefit28,29,30 as 
compared to lower doses of or lower potency statin.  Furthermore, as described 
in section 2.6, preliminary data suggest there may be benefit to the addition of 
ezetimibe to statin in patients with acute coronary syndromes (ACS).22  Therefore, 
in the efficacy reviewer’s opinion, superiority claims to these alternative regimens 
in the absence of CV outcomes data would be inappropriate. 

Integrated Summary of Primary Efficacy 

Figure 8 summarizes the primary efficacy results (versus placebo or ezetimibe 
comparator) for the 10 phase 3 trials. The sponsor has provided comparisons between 

26 Cannon CP, et al.  Comparison of intensive and moderate lipid lowering with statins after acute 

coronary syndromes. N Engl J Med (2004); 250: 1495-504. 

27 LaRosa JC, et al.  Intensive lipid lowering with atorvastatin in patients with coronary artery disease.  

N Engl J Med (2005); 352: 1425-35.
 
28 de Lemos JA, et al.  Early intensive vs a delayed conservative simvastatin strategy in patients with 

acute coronary syndromes: phase Z of the A to Z trial. JAMA (2004); 292: 1307–16. 

29 Pedersen TR, et al. High-dose atorvastatin vs usual-dose simvastatin for secondary prevention after 

myocardial infarction: the IDEAL study: a randomized controlled trial. JAMA (2005); 294: 2437–45.
 
30 Study of the Effectiveness of Additional Reductions in Cholesterol and Homocysteine (SEARCH) 

Collaborative Group.  Intensive lowering of LDL cholesterol with 80 mg versus 20 mg simvastatin daily in 

12 064 survivors of myocardial infarction: a double-blind randomised trial.  Lancet (2010); 376: 1658-69.
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trials that include similar comparator, populations of similar CV risk, similar background 
therapy, and similar dose used as initiation dose (75 mg or 150 mg Q2W).  The 
OPTIONS trials are shown by pooled background statin therapy.  

Although there are differences in treatment effect among the individual trials, pools of 
the placebo-controlled and ezetimibe-controlled trials demonstrate point estimates in the 
range of 30 to 60 percentage point lowering with overlapping 95% confidence intervals. 

As noted above, LONG TERM and HIGH FH were the only two trials that initiated with 
alirocumab 150 mg Q2W and continued that dose throughout the treatment period.  The 
LDL-C percent reduction from baseline (alirocumab versus placebo) was greater in 
LONG TERM than in HIGH FH; this finding is discussed elsewhere in this review. 

Figure 8. Percent Change from Baseline in LDL-C at Week 24, Phase 3 Trials (ITT 
Analysis) 

Source: SCE, Figure 17 

The sponsor conducted a number of sensitivity analyses to address missing data.  
These analyses were consistent with the primary analysis.  Please see Dr. McEvoy’s 
review for a comprehensive statistical evaluation of missing data, utilizing current best 
practices.31 

31 See: National Research Council Panel on Missing Data in Clinical Trials (2010) 
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6.1.5 Analyses of Secondary Endpoints 

A hierarchical testing procedure was defined to test the primary and the key secondary 
endpoints while controlling for multiplicity. For the majority of the trials, the first key 
secondary endpoint was the percent change in calculated LDL-C from baseline to week 
24 using an on-treatment approach. After this key secondary endpoint, the week 12 
percent change in LDL-C was assessed, followed by other lipid endpoints utilizing the 
LDL-C analyses, response rates using pre-defined LDL-C thresholds, and then other 
lipid parameters. See Table 43 for the testing approach used in the different phase 3 
trials. 

Table 43. Key Secondary Efficacy Endpoints, Phase 3 Trials 
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Source: SCE, Table 6
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The sponsor’s testing hierarchy is acknowledged; however, the secondary results 
presented here are focused primarily on various LDL-C analyses, since this variable is 
of greatest interest and clinical relevance.  The other lipid variables will then be 
described as supportive information. 

LDL-C Analyses 

On-treatment, Percent Change at Week 24 

Percent change from baseline in LDL-C was analyzed using the mITT population (as 
defined in section 6.1.3), utilizing LDL-C collected during the efficacy treatment period 
(the first double-blind injection up to the day of the last injection +21 days). 

As part of the discussion of calculated versus measured LDL-C, below, on-treatment 
LDL-C results are shown for the LONG TERM trial in Figure 10.  Because the on-
treatment analyses gave very similar results to the primary efficacy ITT analyses for all 
phase 3 trials, these results will not be discussed further. 

Absolute Change at Week 24 

Percent change is generally used to describe LDL-C lowering effects (with statins) 
across a wide range of populations. This is because percent LDL-C lowering is 
generally consistent across baseline LDL-C, suggesting that absolute change in LDL-C 
varies across baseline LDL-C categories.  (Subgroup analysis evaluating change in 
percent LDL-C across baseline LDL-C categories is discussed and shown in section 
6.1.7, specifically Figure 16.) Decreasing absolute LDL-C has been shown to correlate 
with lowering the risk of CV events.  For example, a meta-analysis of statin trials 
estimated that for each 1.0 mmol/L (~39 mg/dL) the rate of major vascular events – 
defined in the referenced publication as the first occurrence of any major coronary 
event, coronary revascularization, or ischemic stroke – was reduced by ~22%.32 

However, whether this relationship applies to PCSK9 inhibitors is unknown. 

In the alirocumab phase 3 trials, the following analyses of absolute LDL-C lowering 
demonstrate some variability between trials in absolute decreases from baseline.  
Baseline LDL-C is included in this table as well; some of the variability could be related 
to differences in baseline LDL-C among trials. (For example, the two trials with the 
highest mean baseline LDL-C, HIGH FH and ALTERNATIVE, were associated with the 
greatest absolute LDL-C change from baseline in the alirocumab group, as expected 
from the similar mean percent reduction in LDL-C observed among alirocumab-treated 
patients in these trials). 

32 Cholesterol Treatment Trialists’ (CTT) Collaborators. Efficacy and safety of more intensive lowering of 
LDL cholesterol: a meta-analysis of data from 170,000 participants in 26 randomised trials.  Lancet 
(2010); 376:1670-81. 
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Table 44. Absolute Change in LDL-C at Week 24, Phase 3 Trials 

 Baseline 
LDL-C 

(mg/dL) 

Control (abs 
change, 
mg/dL) 

Alirocumab 
(abs change, 

mg/dL) 

LS Means Difference 
(95% CI) 

p-value 

FH Ia 144.6 11.0 -73.3 -84.3 (-92.1, -76.5) <0.0001 
FH IIa 134.4 2.2 -66.7 -68.9 (-78.4, -59.3) <0.0001 
HIGH FHa 197.8 -15.5 -90.8 -75.3 (-98.4, -52.2) <0.0001 
LONG TERMa 122.4 -3.6 -74.2 -70.6 (-73.5, -67.7) <0.0001 
COMBO Ia 102.2 -3.9 -50.3 -46.4 (-53.2, -39.5) <0.0001 
COMBO IIb 107.3 -24.5 -55.4 -30.9 (-35.7, -26.2) <0.0001 
OPTIONS I (atorva 20)b 103.9c -20.8 -47.5 -26.7 (-40.0, -13.4) <0.0001d 

OPTIONS I (atorva 40)b 116.4c -23.6 -62.3 -38.6 (-51.6, -25.6) <0.0001d 

OPTIONS II (rosuva 10)b 107.3c -17.4 -52.2 -34.9 (-47.3, -22.4) <0.0001d 

OPTIONS II (rosuva 20)b 118.3c -25.4 -43.5 -18.1 (-34.2, -2.1) 0.0273d 

ALTERNATIVEb 191.1c -32.8 -84.2 -51.4 (-63.0, -39.8) <0.0001 
MONOb 139.7 -23.0 -66.9 -43.9 (-56.3, -31.5) <0.0001 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
d p-value not adjusted for multiplicity 
Source: CSR EFC12492-15-2-eff-data, table 7; CSR R727-CL-1112, table 31; LTS11717-15-2-eff-data, 
table 7; EFC11568-eff-data, table 8; EFC11569-15-2-eff-data, table 8; CSR R727-CL-1110, tables 43 and 
57; CSR R727-CL-1118, tables 44 and 58; CSR R727-CL-1119, table 36; CSR EFC11716, table 42 

Week 12 Percent Change in LDL-C 

Week 12 LDL-C changes are often used to assess efficacy of lipid-lowering drugs.  
Because alirocumab demonstrates its effect by the first LDL-C measurement (week 4), 
week 12 should provide a reasonable assessment of the 75 mg dose in the FH I, FH II, 
COMBO I, COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE, and MONO trials, 
since the 12-week time point is prior to alirocumab up-titration and also any alteration of 
background LMTs, per protocol. 

Percent LDL-C changes at week 12 are consistently greater than control, and despite 
the up-titration protocol, the magnitude is similar to week 24.  (The percent LDL-C 
change in the subsets of patients who underwent dose up-titration are presented in 
section 6.1.8) 
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Table 45. Percent Change from Baseline in LDL-C at Week 12, Phase 3 Trials 

 Baseline LDL-C 
(mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means 
Difference 
(95% CI) 

p-value 

Alirocumab 75 mg 
FH Ia 144.6 5.7 -43.5 -49.2 (-53.9, -44.5) <0.0001 
FH IIa 134.4 4.6 -43.5 -48.4 (-54.7, -42.2) <0.0001 
COMBO Ia 102.2 1.1 -46.3 -47.4 (-53.6, -41.3) <0.0001 
COMBO IIb 107.3 -21.8 -51.2 -29.4 (-33.7, -25.1) <0.0001 
OPTIONS Ib 109.7c -25.9 -49.3 -23.4 (-30.5, -16.3) <0.0001d 

OPTIONS IIb 113.2c -18.4 -40.7 -22.3 (-31.9, -12.6) <0.0001d 

ALTERNATIVEb 191.1c -15.6 -47.0 -31.5 (-36.9, -26.1) <0.0001 
MONOb 139.7 -19.6 -48.1 -28.5 (-35.7, -21.2 <0.0001 

Alirocumab 150 mg 
HIGH FHa 197.8 -6.6 -46.9 -40.3 (-51.4, -29.3) <0.0001 
LONG TERMa 122.4 1.5 -63.3 -64.8 (-67.2, -62.4) <0.0001 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
d p-value not adjusted for multiplicity 
Source: SCE, Figure 20, individual CSRs 

Proportions of Patients Achieving LDL-C Targets 

As discussed in section 2.6, the previous NCEP-ATP cholesterol guidelines 
recommended that in patients at high risk for CV events, the LDL-C goal should be 
< 100 mg/dL, and in those at very high risk, an LDL-C goal of < 70 mg/dL is “a 
reasonable clinical strategy,”20 although recent guideline updates in the U.S. focus less 
on goals and more on the patient populations likely to achieve benefit from statin-based 
lipid therapy.7  Nevertheless, it is useful to consider analyses of proportions of patients 
achieving various LDL-C goals, since in practice many physicians are likely to continue 
to follow this strategy, particularly in the highest risk patients.  Prespecified LDL-C 
targets (for up-titration) were defined as described in section 6.1.1, Table 13; for “very 
high” CV risk patients, the target was defined as < 70 mg/dL, and for “high” CV risk 
patients, the target was < 100 mg/dL. 

Table 46 and Table 47 demonstrate that a statistically significantly greater proportion of 
patients in the alirocumab groups, compared with control, met their individual goals as 
would be expected based on the mean LDL-C reduction observed and the baseline 
LDL-C values of the population.  The trials with lower proportions of patients reaching 
individual LDL-C targets (HIGH FH and ALTERNATIVE, 41 and 42%, respectively) had 
higher mean LDL-C at baseline. In the MONO trial, due to an administrative error, 
patients were up-titrated at week 12 if LDL-C was greater than 70 mg/dL (rather than 
100 mg/dL as specified in the protocol); therefore, in theory, the efficacy in this trial 
could be overestimated since the goal for these patients with moderate CV risk is less 
than 100 mg/dL. Nevertheless, the week 12 results in the MONO trial (proportion of 
patients achieving LDL-C < 100 mg/dL) were very similar to the week 24 results.  
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Table 46. Proportion of Patients Meeting LDL-C Targets at Week 24, Placebo-
Controlled Phase 3 Trials 

Trial Placebo Alirocumab p-value 
FH Ia 2.4% 72.2% <0.0001* 
FH IIa 11.3% 81.4% <0.0001* 
HIGH FHa 5.7% 41.0% 0.0016* 
LONG TERMa 8.5% 80.7% <0.0001* 
COMBO Ib 9.0% 75.0% <0.0001* 
a LDL-C < 70 mg/dL among very high risk patients or LDL-C < 100 mg/dL among moderate to high CV risk patients 
b LDL-C < 70 mg/dL (very high risk patients only) 
* P-values with an asterisk were formally tested based on the study-wise predefined hierarchical sequence and 
achieved statistical significance 
Source: CSR EFC12492, Table 28; R727-CL-1112, Table 26; EFC12732, Table 30; LTS11717, Table 
27; EFC11568, Table 29 

Table 47. Proportion of Patients Meeting LDL-C Targets at Week 24, Ezetimibe-
Controlled Phase 3 Trials 

Trial Statin (Atorva 20) Ezetimibe Alirocumab p-value 
COMBO IIb N/A 45.6% 77.0% <0.0001* 
ALTERNATIVEa 19.2%d 4.4% 41.9% <0.0001* 
MONOc N/A 32.2% 88.1% <0.0001* 
a LDL-C < 70 mg/dL among very high risk patients or LDL-C < 100 mg/dL among moderate to high CV risk patients 
b LDL-C < 70 mg/dL (very high risk patients only) 
c LDL < 100 mg/dL (moderate risk patients only) 
d methodology different for statin arm; no imputation of missing data 
* P-values with an asterisk were formally tested based on the study-wise predefined hierarchical sequence and 
achieved statistical significance (vs. ezetimibe) 
N/A=not applicable 
Source: CSR EFC11569, Table 31; R727-CL-1119, Table 32; Appendix Clinical Response, 23 Jan 2015, 
Table 61; EFC11716, Table 29 

In the OPTIONS trials, alirocumab was associated with numerically, but not necessarily 
statistically significant, greater proportions of patients achieving LDL-C goals versus 
comparators. 
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Table 48. Proportion of Patients Meeting LDL-C Targets at Week 24, OPTIONS 
Trials 

Trial Statin Up-
Titration 

More Potent Statin 
(Rosuva 40) 

Eze + Statin Aliro + Statin p-value 

OPTIONS I 
(atorva 20)a 34.5% N/A 68.4% 87.2% 

<0.0001* (vs. statin up
titration) 
0.0284b (vs. ezetimibe) 

OPTIONS I 
(atorva 40)a 18.5% 62.2% 65.1% 84.6% 

<0.0001* (vs. statin up
titration) 
0.0025* (vs. more 
potent statin) 
0.0011* (vs. ezetimibe) 

OPTIONS II 
(rosuva 10)a 45.0% N/A 57.2% 84.9% 

<0.0001* (vs. statin up
titration) 
0.0007* (vs. ezetimibe) 

OPTIONS II 
(rosuva 20)a 40.1% N/A 52.2% 66.7% 

0.0022 (vs. statin up
titration) 
0.1177 (vs. ezetimibe) 

a LDL-C < 70 mg/dL among very high risk patients or LDL-C < 100 mg/dL among moderate to high CV risk patients 
* P-values with an asterisk were formally tested based on the predefined hierarchical sequence and achieved 
statistical significance 
b The endpoint was formally tested based on the predefined hierarchical sequence, but did not achieve statistical 
significance at the 0.01 level 
Source: R727-CL-1110, Tables 39 and 53; R727-CL-1118, Tables 40 and 54 

In the most recent U.S. cholesterol guidelines, the use of high intensity statins is 
recommended in all high CV risk patients rather than specific LDL-C targets, to achieve 
at least a 50% LDL-C reduction, regardless of the LDL-C concentration.7  Therefore, the 
50% target is considered clinically relevant (although, notably, it is unknown whether 
achieving an additional 50% lowering on top of a statin provides a similar degree of CV 
protection). In the alirocumab program, the proportion of patients achieving a 50% 
greater reduction in LDL-C was evaluated in all trials, although it was not analyzed as 
part of the testing algorithm that controlled for type I error.  Results are presented 
below, by trial. 
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Table 49. Proportion of Patients Achieving at Least 50 Percent Reduction in 
Baseline LDL-C, Phase 3 Trials 

 Control Alirocumab 
FH Ia 0% 56.8% 
FH IIa 0% 60.2% 
HIGH FHa 8.7% 55.3% 
LONG TERMa 1.9% 75.7% 
COMBO Ia 3.3% 54.6% 
COMBO IIb 8.9% 62.2% 
OPTIONS Ib 9.1% 64.4% 
OPTIONS IIb 9.7% 56.2% 
ALTERNATIVEb 2.5% 57.9% 
MONOb 0% 61.5% 
a placebo-controlled 
b ezetimibe-controlled 
Note: This endpoint was not formally tested based on a predefined hierarchical sequence 
Source: ISE, Table 4.8.1.35 

Measured LDL-C 

Calculated LDL-C was selected as primary endpoint for the BLA, as the Friedewald 
equation (LDL-C = TC – HDL-C – TG/5)33 is typically used in clinical practice. Measured 
and calculated LDL-C tend to be highly correlated; this is supported by the following 
figure from the phase 3 trial data: 

33 Friedewald WT, et al.  Estimation of the concentration of low-density lipoprotein cholesterol in plasma, 
without the use of the preparative ultracentrifuge. Clin Chem, 1972. 18(6): 499-502. 
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Figure 9. Calculated LDL-C versus Measured LDL-C, Pool of Phase 3 Trials, All 
Treatment Groups Combined 

Source: ISE, Figure 4.10.1.1 

However, the Friedewald equation tends to underestimate LDL-C in the setting of high 
TG (historically ≥ 400 mg/dL, but perhaps as low as ≥ 150 mg/dL as suggested in a 
recent publication), and at low LDL-C (e.g., < 70 mg/dL).34  Because of the potential for 
overestimating the treatment effect with calculated LDL-C, directly measured LDL-C35 

was utilized at certain time points to support the calculated results. 

Measurement of LDL-C by ultracentrifugation was performed in LONG TERM at 
baseline and at key efficacy time points, after 12 weeks, 24 weeks, 12 months, and 18 
months of therapy. Directly measured LDL-C was added by protocol amendment at 
baseline and at Week 24 to most other phase 3 studies (FH I, FH II, COMBO I, COMBO 
II, OPTIONS I, OPTIONS II, and ALTERNATIVE), to support the data obtained with the 
Friedewald equation. However, in some trials there was a considerable amount of 
missing data: the proportions of randomized patients with available measured LDL-C 
values at baseline and during the week 24 analysis window were, for LONG TERM 
84%, FH I 72%, FH II 75%, COMBO I 61%, COMBO II 77%, OPTIONS I 91%, 
OPTIONS II 80%, and ALTERNATIVE 73%. 

34 Martin SS, et al. Friedewald-estimated versus directly measured low-density lipoprotein cholesterol 
and treatment implications.  J Am Coll Cardiol (2013).  62(8): 732-9. 
35 Quantitative LDL cholesterol by ultracentrifugation; LONG TERM: Covance Central Laboratory, all 
other phase 3 trials: Medpace Reference Laboratories 
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The LONG TERM trial had the highest proportion of patients who achieved very low 
LDL-C in the alirocumab program (< 25 mg/dL, 37.4% and <15 mg/dL, 14.8%), and 
therefore would presumably be most likely to overestimate the treatment effect with 
utilizing the calculated LDL-C values (indeed, a review of measured LDL-C results from 
the other seven trials supports this conclusion).  As shown in Figure 10, placebo-
subtracted percent change in calculated LDL-C in LONG TERM is about 3 to 4 
percentage points greater than that of measured LDL-C at each time point, for both ITT 
and on-treatment analyses. 

Figure 10. Summary of Percent Change in Calculated and Measured LDL-C, 
LONG TERM Trial 

Source: SCE, Figure 25 

Other Lipid Parameters 

Apolipoprotein B, non-HDL-C, and Total Cholesterol 

Apo B and non-HDL-C are considered biomarkers of CV risk that incorporate 
information not only about LDL particles (or LDL-C) but also other putatively atherogenic 
lipoproteins (or their cholesterol content), such as VLDL-C. These biomarkers are 
thought to enhance prediction of CV risk, particularly when triglycerides are elevated.  
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ATP III considered non-HDL-C as a secondary target of lipid-lowering drug therapy;36 

however, the most recent guidelines do not.7,37 The following tables demonstrate that, 
consistent with the LDL-C lowering, there is a robust and consistent effect on apo B, 
non-HDL-C, and total cholesterol as compared with either placebo or ezetimibe. 

Table 50. Summary of Apo B Changes at Week 24, Phase 3 Trials 

 Baseline Apo B 
(mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means Difference 
(95% CI) 

p-value 

FH Ia 114.1 4.7 -41.1 -45.8 (-49.8, -41.8) <0.0001 
FH IIa 107.9 -3.5 -42.8 -39.3 (-44.1, -34.5) <0.0001 
HIGH FHa 140.9 -8.7 -39.0 -30.3 (-39.7, -20.9) <0.0001 
LONG TERMa 101.7 1.2 -52.8 -54.0 (-56.3, -51.7) <0.0001 
COMBO Ia 91.0 -0.9 -36.7 -35.8 (-41.3, -30.3) <0.0001 
COMBO IIb 94.0 -18.3 -40.7 -22.4 (-26.0, -18.8) <0.0001 
OPTIONS Ib 93.1c -12.0 -37.3 -25.3 (-32.2, -18.4) <0.0001 
OPTIONS IIb 95.8c -10.8 -32.2 -21.4 (-29.0, -13.9) <0.0001 
ALTERNATIVEb 141.7c -11.2 -36.3 -25.1 (-29.8, -20.4) <0.0001 
MONOb 104.3 -11.0 -36.7 -25.8 (-32.3, -19.2) <0.0001 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
Source: SCE, Figure 35, individual CSRs 


36 Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, 

Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report.  

Circulation (2002); 106(25): 3143-421.
 
37 The 2013 ACC/AHA cholesterol guidelines note, “One RCT…was identified that showed no additional 

ASCVD [atherosclerotic cardiovascular disease] event reduction from the addition of non-statin therapy to 

further lower non-HDL-C levels once an LDL-C goal had been reached. In AIM-HIGH (Atherothrombosis 

Intervention in Metabolic Syndrome With Low LDL/High Triglycerides and Impact on Global Health 

Outcomes), the additional reduction in non-HDL-C levels (as well as further reduction in apolipoprotein B, 

lipoprotein[a], and triglycerides in addition to HDL-C increases) with niacin therapy did not further reduce 

ASCVD risk in individuals treated to LDL-C levels of 40 to 80 mg/dL.”  
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Table 51. Summary of Non-HDL-C Changes at Week 24, Phase 3 Trials 

 Baseline Non-HDL
C (mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means 
Difference (95% CI) 

p-value 

FH Ia 170.1 9.6 -42.8 -52.4 (-57.2, -47.6) <0.0001 
FH IIa 158.5 3.1 -42.6 -45.7 (-51.8, -39.7) <0.0001 
HIGH FHa 226.4 -6.2 -41.9 -35.5 (-46.2, -24.9) <0.0001 
LONG TERMa 152.4 0.7 -51.6 -52.3 (-54.4, -50.2) <0.0001 
COMBO Ia 131.1 -1.6 -39.1 -37.5 (-43.5, -31.4) <0.0001 
COMBO IIb 138.3 -19.2 -42.1 -22.9 (-26.9, -18.9) <0.0001 
OPTIONS Ib 137.3c -17.6 -41.7 -24.1 (-31.8, -16.4) <0.0001 
OPTIONS IIb 142.1c -12.0 -36.7 -24.7 (33.7, -15.6) <0.0001 
ALTERNATIVEb 230.0c -14.6 -40.2 -25.6 (-30.4, -20.8) <0.0001 
MONOb 165.7 -15.1 -40.6 -25.5 (-33.5, -17.4) <0.0001 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
Source: SCE, Figure 36, individual CSRs 

Table 52. Summary of Total Cholesterol Changes at Week 24, Phase 3 Trials 

 Baseline Total-C 
(mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means Difference 
(95% CI) 

p-value 

FH Ia 219.9 7.3 -31.4 -38.7 (-42.4, -35.0) <0.0001 
FH IIa 211.6 2.1 -30.6 -32.8 (-37.4, -28.1) <0.0001 
HIGH FHa 274.4 -4.8 -33.2 -28.4 (-37.3, -19.6) <0.0001 
LONG TERMa 202.2 -0.3 -37.8 -37.5 (-39.1, -35.9) <0.0001 
COMBO Ia 179.7 -2.9 -27.9 -25.0 (-29.3, -20.7) <0.0001 
COMBO IIb 185.6 -14.6 -29.3 -14.7 (-17.7, -11.7) <0.0001 
OPTIONS Ib 185.5c -12.8 -30.0 -17.1 (-22.7, -11.5) <0.0001 
OPTIONS IIb 192.8c -9.9 -24.5 -14.6 (-21.0, -8.3) <0.0001 
ALTERNATIVEb 278.9c -10.9 -31.8 -20.8 (-24.7, -17.0) <0.0001 
MONOb 222.8 -10.9 -29.6 -18.7 (-24.7, -12.7) <0.0001 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
Source: SCE, Figure 37, individual CSRs 

HDL-C and Fasting Triglycerides 

Although low HDL-C and high TGs have been cited as independent risk factors for 
CVD, recent data from large clinical trials call into question whether increasing HDL-C 
and/or lowering fasting TGs with drugs in combination with statin therapy beneficially 
impacts risk of CV events.2,3,4,5  Furthermore, there are no generally accepted 
treatment-related changes in these parameters that have been established as clinically 
meaningful. Early trials with fenofibrate in patients with primary hyperlipidemia and 
mixed dyslipidemia, demonstrated mean TG changes of -24% and -36% (compared 
with TG changes in placebo of +12% and +1%) respectively, and mean HDL-C changes 
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of +10% and +15% (compared with placebo +3% and +2%), respectively.38  Niacin 2000 
mg/day decreased TG by approximately 28% and increased HDL-C by approximately 
22% as compared to placebo changes of 0% and +4%, respectively, in a similar patient 
population.39  In cross-study comparisons, alirocumab’s effects on these parameters as 
compared to placebo are generally less, and are variable, particularly for TG (only three 
of five trials were statistically significant).  Compared to ezetimibe, alirocumab’s effects 
on TG were not statistically significant. Statistically greater increases in HDL-C were 
observed in four of the five placebo-controlled trials and one of the five ezetimibe
controlled trials. The clinical significance of these changes is uncertain. 

Table 53. Summary of Triglyceride Changes at Week 24, Phase 3 Trials 

 Baseline TG 
(mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means Difference 
(95% CI) 

p-value 

FH Ia 127.8 6.3 -9.6 -16.0 (-21.3, -10.6) <0.0001 
FH IIa 121.0 0.5 -10.4 -10.9 (-17.5, -4.3) 0.0012 
HIGH FHa 149.8 -1.9 -10.5 -8.7 (-20.2, 2.8) 0.1386 
LONG TERMa 150.9 1.8 -15.6 -17.3 (-20.1, -14.6) <0.0001 
COMBO Ia 147.5 -5.4 -6.0 -0.6 (-8.3, 7.0) 0.8699 
COMBO IIb 155.7 -12.8 -13.0 -0.3 (-5.1, 4.6) 0.9117 
OPTIONS Ib 138.5c -8.1 -15.3 -7.2 (-14.6, 0.2) 0.0568 
OPTIONS IIb 142.2c -9.9 -10.1 -0.2 (-9.0, 8.5) 0.9632 
ALTERNATIVEb 186.2c -3.6 -9.3 -5.7 (-13.3, 1.9) 0.1426 
MONOb 129.9 -6.0 -10.3 -1.2 (-12.7, 10.3) 0.1827 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
Source: SCE, Figure 27, individual CSRs 

Table 54. Summary of HDL-C Changes at Week 24, Phase 3 Trials 

 Baseline HDL-C 
(mg/dL) 

Control (% 
change) 

Alirocumab (% 
change) 

LS Means Difference 
(95% CI) 

p-value 

FH Ia 49.8 0.8 8.8 8.0 (5.0, 11.0) <0.0001 
FH IIa 53.1 -0.8 6.0 6.8 (2.8, 10.7) 0.0009 
HIGH FHa 48.1 3.9 7.5 3.7 (-2.9, 10.2) 0.2745 
LONG TERMa 49.9 -0.6 4.0 4.6 (3.3, 5.9) <0.0001 
COMBO Ia 48.5 -3.8 3.5 7.3 (3.6, 11.0) 0.0001 
COMBO IIb 47.3 0.5 8.6 8.1 (5.4, 10.7) <0.0001 
OPTIONS Ib 47.7 1.0 6.2 4.8 (0.3, 9.3) 0.0306 
OPTIONS IIb 50.7c 0.8 8.1 7.3 (2.6, 12.0) 0.0026 
ALTERNATIVEb 48.9c 6.8 7.7 0.9 (-3.8, 5.6) 0.6997 
MONOb 57.1 1.6 6.0 4.4 (-1.0, 9.8) 0.1116 
a placebo-controlled 
b ezetimibe-controlled 
c alirocumab group only 
Source: SCE, Figure 38, individual CSRs 

38 Tricor (fenofibrate) prescribing information 
39 Niaspan (niacin extended-release) prescribing information 
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The sponsor separately evaluated the effect of alirocumab in patients with mixed 
dyslipidemia; the definition utilized in this BLA is patients with hypercholesterolemia and 
TG ≥ 150 mg/dL, although other definitions include patients with low HDL-C.40  A total of 
2025 patients (38.2% of randomized) were considered to have mixed dyslipidemia by 
the sponsor’s definition in the BLA. In this subgroup, effects on TG and HDL-C were 
similar to the overall population, and will not be described further. 

Other Secondary Endpoints 

Epidemiological studies suggest an independent association with Lp(a), an LDL particle 
with apoB-100 covalently modified by apolipoprotein(a), and atherosclerotic  disease.41 

Nevertheless, it is unclear if modifying Lp(a) with PCSK9 inhibitors will beneficially 
impact cardiovascular risk among patients with well-controlled LDL-C but elevated 
Lp(a). In the alirocumab groups, mean percent change at week 24 from baseline in 
Lp(a) ranged from -17 to -30% across the trials, whereas placebo ranged from -4 to 
-10%, and ezetimibe -5 to -12%. 

Apo A-1 is the main apolipoprotein associated with HDL, and epidemiological studies 
suggest that higher Apo A-1 is associated with lower CV risk.42  In the alirocumab 
groups, mean percent change at week 24 from baseline in Apo A-1 ranged from +3 to 
+7% across the trials, whereas placebo ranged from -2.5 to +2%, and ezetimibe -1 to 
+3%. 

6.1.6 Other Endpoints 

Changes to Concomitant Lipid Modifying Therapies 

All concomitant LMTs were to be at stable dose for at least 4 weeks before the 
screening visit, during the screening period, and throughout the study period.  The lipid 
results from blood samples obtained after the randomization visit were not 
communicated to the site. However in some circumstances, investigators were allowed 
to make changes as a result of two specific types of alerts from the central laboratory: 

40 National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III). Third Report of the National 
Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults (Adult Treatment Panel III): Final report. Circulation, 2002; 106: 3143-421. 
41 Emerging Risk Factors Collaboration. Lipoprotein(a) concentration and the risk of coronary heart 
disease, stroke, and nonvascular mortality. JAMA. 2009; 302(4): 412-23. 
42 Luc G, et al. Value of HDL cholesterol, apolipoprotein A-I, lipoprotein A-I, and lipoprotein A-I/A-II in 
prediction of coronary heart disease: the PRIME study.  Arterioscler Thromb Vasc Biol. 2002; 22(7): 1155
61. 
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	 In all trials regardless of the duration of the study, a notification to sites was 
communicated for TG value ≥ 500 mg/dL at any time after randomization.  For TG 
alert confirmed by repeat testing, investigators were allowed to modify the 
background LMT as per their medical judgment; as rescue LMT, only fenofibrate 
was allowed in the MONO study. 

	 In trials with a duration of at least 1 year, a notification to sites was communicated 
from the Week 24 visit and later for LDL-C increase >25%, as compared to 
randomization visit LDL-C, on two consecutive occasions.  Investigators were asked 
to ensure that no reasonable explanation existed for insufficient LDL-C control (such 
as an alternative medical cause like corticosteroid use, or lack of compliance with 
diet/background LMT). If no reason could be found or if appropriate action failed to 
decrease LDL-C under the alert value, change in the background LMT as per 
investigators’ medical judgment was allowed. 

Changes to background LMTs could have the potential to influence the efficacy results.  
However, as seen in the sections below, the proportions of patients with changes to 
background therapies were small, and therefore unlikely to have a major impact on the 
results. 

Dose Increase of Background LMT 

Among the nine phase 3 trials where a background LMT was required or allowed (all 
trials but MONO), no dose increase was reported in HIGH FH, OPTIONS I, OPTIONS II, 
and ALTERNATIVE. In the other trials, the proportion of patients with an increase in the 
dose of the background LMT ranged from 1.2% to 3.8% in the placebo group as 
compared with 0.3% to 1.0% in the alirocumab group.  In COMBO II, which was 
ezetimibe-controlled, the proportion was 0.6% and 0.4% for the alirocumab and 
ezetimibe groups, respectively. 
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Table 55. Proportion of Patients with Increase in Dose of Background LMT, 
Phase 3 Trials 

Control Alirocumab 
Placebo-controlled 
FH I 1.2% 0.3% 
FH II 1.2% 0.6% 
HIGH FH 0 0 
LONG TERM 1.9% 1.0% 
COMBO I 3.8% 1.0% 
Ezetimibe-controlled 
COMBO II 0.4% 0.6% 
OPTIONS I 0 0 
OPTIONS II 0 0 
ALTERNATIVE 0 0 
Source: Request of 03-Mar-2015 Item #1 – Appendix, Tables 3.1 to 3.10 

Addition of New LMT 

Among the nine phase 3 trials where a background LMT was required or allowed, there 
was no addition of new background LMT during the OPTIONS II and ALTERNATIVE 
trials. Also in the MONO trial, in which background therapy was not permitted, there 
was no addition of any LMT. In the other trials, the proportion of patients with addition 
of a new background LMT ranged from 0.8% to 2.9% in the placebo group as compared 
with 0% to 1.0% in the alirocumab group.  In COMBO II, which was ezetimibe
controlled, the proportion was 0.2% and 0% for alirocumab and ezetimibe groups, 
respectively. In one patient receiving rosuvastatin 40 mg in OPTIONS I, addition of 
ezetimibe was reported (not shown in the table below). 

Table 56. Proportion of Patients with Addition of a New LMT during the Trial, 
Phase 3 Trials 

Control Alirocumab 
Placebo-controlled 
FH I 1.2% 0.9% 
FH II 1.2% 0.6% 
HIGH FH 2.9% 0 
LONG TERM 0.8% 0.1% 
COMBO I 0.9% 1.0% 
Ezetimibe-controlled 
COMBO II 0 0.2% 
OPTIONS I 0 0 
OPTIONS II 0 0 
ALTERNATIVE 0 0 
MONO 0 0 
Source: Request of 03-Mar-2015 Item #1 – Appendix, Tables 4.1 to 4.10 
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Decrease or Discontinuation of LMT 

Among the nine phase 3 trials where a background LMT was required or allowed, the 
proportion of patients with decrease in dose or stopping background LMT ranged from 
0.6% to 2.9% in the placebo group as compared with 0.6% to 4.2% in the alirocumab 
group. In the ezetimibe-controlled studies COMBO II and ALTERNATIVE, the 
proportion ranged from 0.8% to 4.1%, respectively, in the ezetimibe group, as compared 
with 0.4% to 1.6% in the alirocumab group. In total, 11 patients decreased dose of or 
discontinued a statin; all other changes were to non-statin LMT. 

Table 57. Proportion of Patients who Decreased Dose of or Discontinued 
Background LMT, Phase 3 Trials  

Control Alirocumab 
Placebo-controlled 
FH I 0.6% 1.9% 
FH II 1.2% 0.6% 
HIGH FH 2.9% 4.2% 
LONG TERM 1.3% 1.7% 
COMBO I 1.9% 2.0% 
Ezetimibe-controlled 
COMBO II 0.8% 0.4% 
OPTIONS I 0 0 
OPTIONS II 1.0% 0 
ALTERNATIVE 4.1% 1.6% 
Source: Request of 03-Mar-2015 Item #1 – Appendix, Tables 5.1 to 5.10 

6.1.7 Subpopulations 

In this review, the subgroups were primarily assessed in the LONG TERM trial because 
of its large size, with some explorations in the other phase 3 trials.  The following figures 
present the primary analysis across subgroups defined by demographic or other 
baseline characteristics, including lipid values and background lipid therapies.  In LONG 
TERM, interaction p-values < 0.1 were identified for sex, ethnicity, region, baseline 
PCSK9 level (total and free), CKD status, diabetes, baseline LDL-C, and baseline HDL
C. All were quantitative interactions. 
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Figure 11. Demographic Subgroup Analyses of the Primary Efficacy Endpoint, 
Trial LONG TERM 

Interaction p-values: Race 0.2227, Sex 0.0014, Age 0.1313, Ethnicity 0.0324, BMI 0.3396, Region 0.0005 
Source: CSR LTS11717, Figure 7 

Race and ethnicity were explored further in the COMBO I trial, which was conducted 
solely in the United States, and might therefore be more relevant to the U.S. 
demographics. 
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Table 58. Percent Change from Baseline in LDL-C at Week 24 by Race, COMBO I 

Source: CSR EFC11568, Table 16.2.6.1.2.1 

Although the percent change from baseline in LDL-C was similar in the Hispanic and 
non-Hispanic subgroups treated with alirocumab, the percent change from baseline was 
-22.5% in the placebo group in the Hispanic subpopulation, which impacted the 
treatment difference. This finding is based on a small number of patients, however, so 
the clinical significance is unclear. 

Table 59. Percent Change from Baseline in LDL-C at Week 24 by Ethnicity, 
COMBO I 

Source: CSR EFC11568, Table 16.2.6.1.2.1 

The interaction for the sex subgroup in the LONG TERM trial was fairly consistently 
observed in the other phase 3 trials, with females demonstrating slightly less efficacy 
than males (Figure 12). There was no difference in alirocumab exposure by sex.   
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Figure 12. Primary Efficacy Endpoint by Sex Subgroup, Phase 3 Trials 

Source: ISE, Figure 4.9.1.2 

The reasons for this observed subgroup finding are unclear. As noted in Dr. McEvoy’s 
review, baseline LDL-C concentrations were not found to be systematically different for 
males and females across trials. A recent publication reported that mean PCSK9 
concentrations were actually higher in females than in males by 10% (which is 
supported three of the four phase 3 trials that measured total PCSK9 at baseline), and 
higher in postmenopausal than in premenopausal females by 22%.43  Women included 
in the LONG TERM trial were predominantly post-menopausal.  A subgroup analysis by 
menopausal status was explored in LONG TERM.  Although a slightly lower reduction in 
LDL-C was seen in pre-menopausal women (-47.3%) as compared with post
menopausal women (-54.8%) in the alirocumab group, the treatment difference (from 

43 Ghosh M, et al. Influence of physiological changes in endogenous estrogen on circulating PCSK9 and 
LDL cholesterol.  J Lipid Res, 2015. 56: 463-9. 
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placebo) was similar in these two categories (LS mean difference for alirocumab versus 
placebo -58.6% (95% CI -69.0, -48.2) and -56.3% (95% CI -61.2, -51.3), respectively). 

Other baseline characteristics subgroups were evaluated in LONG TERM.  According to 
Figure 13, potential subgroups of interest include baseline total and free PCSK9 above 
and below the median, baseline diabetes status, and moderate chronic kidney disease 
(CKD) versus none to mild CKD (patients with calculated creatinine clearance < 30 
mL/min were excluded from the trials).   

Figure 13. Other Baseline Characteristics Subgroup Analyses, Primary Efficacy 
Endpoint, Trial LONG TERM 

Interaction p-values: MI or stroke history: 0.2835, baseline total PCSK9 <0.0001, baseline free PCSK9 0.0076, 
moderate CKD 0.0210, diabetes 0.0957, HeFH 0.6038 
Source: CSR LTS11717, Figure 8 
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With respect to CKD, percent change from baseline in LDL-C was similar between the 
CKD subgroups in the alirocumab group (-62.0% and -60.9%, respectively); percent 
change from baseline in the placebo group was greater in the moderate CKD group as 
compared to the no to mild CKD group (+8.7% and 0%, respectively), which affected the 
apparent treatment difference. Interaction by CKD status was not consistent among the 
other phase 3 trials. 

Similarly, percent change in LDL-C from baseline was similar across diabetes status in 
the alirocumab group (diabetes -60.0% and no diabetes -61.6%).  In the other placebo-
controlled trials (Figure 14), point estimates for percent LDL-C change in patients with 
diabetes are consistently slightly less than those without diabetes; however, the 
confidence intervals substantially overlap. 

Figure 14. Percent Change from Baseline in LDL-C at Week 24 by Diabetes 
Status, Placebo-Controlled Phase 3 Trials 

Source: ISE, Figure 4.9.1.10 

Regarding baseline PCSK9 status, it is biologically plausible that a differential effect 
could be seen based on concentrations of the drug target.  Nevertheless, robust LDL-C
lowering was seen in patients with relatively lower or higher PCSK9 concentrations 
(total and free). 

Subgroup analyses were also conducted in LONG TERM by baseline lipid values 
(Figure 16). An apparent trend was observed in the baseline LDL-C subgroups, with 
the lowest baseline LDL-C associated with the greatest treatment effect.  This subgroup 
finding in LONG TERM was not observed in the other phase 3 trials.  Furthermore, the 
interaction appears entirely due to differences in the placebo group (with a mean 
increase observed in patients with the lowest LDL-C at baseline and vice versa), 
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possibly reflecting a regression to the mean phenomenon in the placebo group that 
might not be observed in the alirocumab group because maximal LDL-C lowering is 
achieved. Mean percent change from baseline in the alirocumab group ranged from 60 
to 62% among the groups, whereas in the placebo group the range was -18 to +14%.  
(However, In the subgroup of patients in LONG TERM with baseline LDL-C ≥ 160 
mg/dL and HeFH, mean percent change from baseline in LDL-C at week 24 was -51.8% 
in the alirocumab group – which mirrors more closely the LDL-C percent change in the 
alirocumab group from the HIGH FH trial – and -7.6% in the placebo group). 

Figure 15. Percent Change from Baseline in LDL-C at Week 24 by Baseline LDL-C 
Subgroup, Phase 3 Trials 

Source: ISE, Figure 4.9.1.15 

No interaction was observed for baseline TG or Lp(a) subgroups in LONG TERM.  An 
interaction p-value of 0.1 was observed for baseline HDL-C subgroups, but the 
quantitative difference between groups was small (see Figure 16, which also repeats 
the LDL-C subgroups from Figure 15). 
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Figure 16. Baseline Lipid Subgroup Analyses, Primary Efficacy Endpoint, Trial 
LONG TERM 

Interaction p-values: LDL-C in Figure 15, HDL-C 0.0989, TG 0.3431, Lp(a) 0.7622 
Source: CSR LTS11717, Figure 9 

One potentially important difference noted between the LONG TERM trial and other 
trials was that only 47% of patients were on high dose statin, as compared with 63 to 
88% of patients enrolled in the other trials on maximally tolerated background statin 
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therapy (FH I, FH II, HIGH FH, COMBO I, and COMBO II, see Table 21).  According to 
the subgroup analysis conducted, intensity of background statin did not appear to 
substantially impact the treatment effect in the LONG TERM trial (Figure 17).  

Figure 17. Background LMT Subgroup Analyses, Primary Efficacy Endpoint, Trial 
LONG TERM 

Interaction p-values: Statin treatment 0.7543, LMT 0.3210, Ezetimibe 0.3273, Atorvastatin 0.8370, Rosuvastatin 
0.6922, Simvastatin 0.9329 
Source: CSR LTS11717, Figure 10 
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6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Phase 3 dosing regimens were selected after analyzing the results from the two dose-
finding studies (DFI11565 and CL-1003) that evaluated 50, 100, 150 mg Q2W and 150, 
200, 300 mg Q4W for 12 weeks in patients taking alirocumab concomitantly with a 
statin. See Figure 18 and Figure 19 for a graphical representation of LDL-C-lowering by 
dose over time. Of the Q2W dose regimens, the 150 mg Q2W regimen resulted in the 
greatest efficacy, ranging from -67.9% to -72.4%.  Because the peak efficacy observed 
with 200 mg and 300 mg Q4W doses did not significantly exceed what was seen with 
150 mg Q2W, and the effect was not fully maintained over the 4-week inter-dosing 
interval in the Q4W regimens, the 150 mg Q2W dose was considered the optimal dose 
to bring forward to phase 3. 

Figure 18. LDL-C Mean Percent Change from Baseline, Phase 2 Trial DFI11565 

Source: SCE, Figure 3 
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Figure 19. LDL-C Mean Percent Change from Baseline, Phase 2 Trial CL-1003 

Source: SCE, Figure 4 

There has been concern, however, regarding LDL-C going “too low” (see Dr. Roberts’ 
review, section 7.3.5, for a discussion of low LDL-C and adverse events).  Since the 
magnitude of effect observed with the 150 mg Q2W dose may not be needed to achieve 
individual target LDL-C in all patients, a lower dose that would provide an approximate 
50% decrease in LDL-C from baseline was considered desirable.  (Treatment guidelines 
have identified 50% as a target reduction in LDL-C in those high risk patients that 
cannot achieve absolute LDL-C targets.7) Because the lower doses – 50 and 100 mg 
Q2W – assessed in the phase 2 studies did not provide either the desired magnitude of 
LDL-C-lowering, or were not substantially different from the 150 mg dose, respectively, 
dose-response modeling was used to estimate the dose that would provide a 50% 
decrease in LDL-C; i.e., 75 mg Q2W. 

The 75 mg and 150 mg Q2W doses were evaluated in the phase 3 trials. The use of an 
up-titration scheme was implemented in eight trials (FH I, FH II, COMBO I, COMBO II, 
OPTIONS I, OPTIONS II, ALTERNATIVE, and MONO).  The dose of 75 mg Q2W was 
selected to initiate therapy, with up-titration to 150 mg Q2W after 12 weeks of treatment 
in patients not achieving their individual LDL-C target, based on a week 8 LDL-C 
value.44 

44 As a result of differences in the week 8 and week 12 values, it was noted that there were patients who 
were up-titrated at week 12 who did not need to be, and conversely, some patients who were not up
titrated at week 12 who should have been.  For example, in COMBO I, 10/30 patients treated with 
alirocumab who were up-titrated in fact met their target LDL-C at week 12, and 19/152 patients who were 
not up-titrated because presumably they had reached their LDL-C target at week 8, were subsequently 
above their LDL-C target at week 12. 
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Because no trial randomized patients to 75 mg and 150 mg Q2W in parallel arms, a 
dose-response cannot be formally evaluated but rather only estimated from cross-study 
comparisons and post-hoc assessments of non-randomized groups.   

The placebo-controlled week 12 analyses allow for an approximate – cross-study – 
comparison of the 150 mg doses (LONG TERM and HIGH FH) and the 75 mg doses 
(FH I, FH II, and COMBO I). (The 150 mg Q2W HIGH FH trial is a notable outlier.  See 
section 6.1.4 for a discussion of this trial’s primary efficacy results.) 

Figure 20. Percent Change in LDL-C from Baseline at Week 12, Phase 3 Placebo-
Controlled Trials 

Note: LTS11717 = LONG TERM 
Source: SCE, Figure 20 

The figure below, by FDA statistician Dr. McEvoy, presents the LDL-C lowering over 
time in patients with and without up-titration in selected trials.  The LDL-C lowering in 
the 150 mg dose-only trials, LONG TERM and HIGH FH, is presented for comparison.   
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Figure 21. Change in LDL-C Over Time by Titration Status, Placebo-Controlled 
Trials that Utilized the Titration Regimen (Percent Change, Left Panels; Absolute 
Change, Right Panels) 

Source:  B. McEvoy, FDA OBII 

In patients who required up-titration, mean absolute and percent change in LDL-C did 
appear to decrease (improve) after up-titration (week 16 and thereafter).  Furthermore, 
these figures suggest that the trajectory of LDL-C lowering in patients who required 
dose titration was “different” than in those who did not.  Furthermore, patients who 
required up-titration were more likely to be female and have a higher LDL-C at baseline. 
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See Table 60, which outlines some demographic differences between those who did 
and did not up-titrate in the FH I and COMBO I trials (chosen as representative HeFH 
and high CV risk placebo-controlled trials, respectively, that utilized an up-titration 
scheme). 

Table 60. Demographic and Baseline Characteristics in Alirocumab-Treated 
Patients With and Without Up-Titration, Trials FH I and COMBO I 

FH I COMBO I 
Not up-titrated 

N=176 
Up-titrated 

N=135 
Not up-titrated 

N=159 
Up-titrated 

N=32 
Age, yrs 

Mean (SD) 53.9 (12.5) 50.0 (12.9) 63.3 (9.1) 61.6 (10.6) 
Sex, n (%) 

F 69 (39.2%) 68 (50.4%) 51 (32.1%) 18 (56.3%) 
M 107 (60.8%) 67 (49.6%) 108 (67.9%) 14 (43.8%) 

Race, n (%)
 White 165 (93.8%) 123 (91.1%) 135 (84.9%) 24 (75.0%) 
Black 1 (0.6%) 1 (0.7%) 21 (13.2%) 8 (25.0%) 
Other 10 (5.7%) 11 (8.1%) 3 (1.9%) 0 

Ethnicity, n (%) 
   Hispanic 10 (5.7%) 3 (2.2%) 21 (13.2%) 3 (9.4%) 
   Not Hispanic 163 (92.6%) 130 (96.3%) 138 (86.8%) 29 (90.6%) 
Weight, kg
 Mean (SD) 80.7 (14.6) 87.8 (17.2) 93.9 (20.7) 94.1 (20.2) 

BMI, kg/m2

 Mean (SD) 28.0 (4.0) 30.4 (4.9) 32.4 (6.3) 33.3 (6.5) 
Baseline LDL-C, mg/dL
 Mean (SD) 130.1 (42.5) 164.9 (55.1) 93.9 (23.2) 124.6 (39.8) 

Source: CSR EFC12492, Tables 16.2.4.4.1 and 16.2.4.4.3; CSR EFC11568, Tables 16.2.4.4.1 and 
16.2.4.4.3 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Trials with durations of at least 52 weeks were the FH I, FH II, HIGH FH, COMBO I, 
COMBO II, and LONG TERM trials (for ongoing trials, all data cut-off dates included the 
last patient’s week 52 visit). Results at weeks 12, 24, and 52 are shown below for these 
trials and demonstrate a persistence of response up to week 52. 
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Figure 22. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial FH I 


Source: SCE, Figure 7
 

Figure 23. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial FH II 


Source: SCE, Figure 8
 

Figure 24. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial HIGH FH 


Source: SCE, Figure 9
 

Figure 25. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial COMBO I 


Source: SCE, Figure 10
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Figure 26. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial COMBO II 

Source: SCE, Figure 12 

Figure 27. Percent Change in LDL-C at Weeks 12, 24, and 52, Trial LONG TERM 

Source: SCE, Figure 11 

The following figure also presents the mean percent change in LDL-C over time up to 
week 52 using the ITT analysis in LONG TERM.  This figure demonstrates that LDL-C 
lowering was consistently observed, from week 4 onward. 

Figure 28. LDL-C Mean Percent Change from Baseline over Time, Trial LONG 
TERM 

Source: CSR LTS11717, Figure 2 
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6.1.10 Additional Efficacy Issues/Analyses 

Immunogenicity 

See section 7.3.4 for a discussion of the safety issues associated with immunogenicity. 

In phase 3 trials, a treatment-emergent positive anti-drug antibody (ADA) response was 
defined as either no ADA-positive response at baseline but with any positive response 
in the post-baseline period (up to follow-up visit), or a positive ADA response at baseline 
and at least a 4-fold increase in titer in the post-baseline period (up to follow-up visit). 

For treatment-emergent positive ADA, the duration of the ADA response was classified 
as: 1) persistent when an ADA positive response was detected in at least two 
consecutive post-baseline samples separated by at least a 12-week period, 2) 
indeterminate when ADA was present only at the last sampling time point, and 3) 
transient for a response that is considered neither persistent nor indeterminate. 

In phase 3, pre-existing reactivity was observed in 1.1% of patients from the control 
group and 1.4% of patients from the alirocumab group.  Treatment-emergent positive 
ADA responses were observed in 4.8% of patients in the alirocumab group and in 0.6% 
of patients in the control group.  Most (63%) of these treatment-emergent ADA 
responses in the alirocumab group were classified as transient responses. The median 
time to the onset of treatment-emergent ADA response was 12 weeks (i.e., at the first 
post-baseline ADA assessment in most studies) in the alirocumab group. 

Table 61. Summary of ADA, Phase 3 Trials 
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Source: Summary of Clinical Pharmacology, Table 13 

Of the 147 alirocumab-treated patients with treatment-emergent ADA, 36 (24.5%) 
developed neutralizing antibodies.  None of the placebo-treated patients developed 
neutralizing antibodies.  In addition, 21 (14.3%) of the 147 alirocumab-treated patients 
who developed ADA had titers of 240 or greater. 

Because statins and ezetimibe are considered immunomodulatory,18 the sponsor also 
conducted analyses of ADA responses by background statin and ezetimibe therapy.  
FDA requested that data be limited to the first 6 months, as the trials without 
background statin therapy (ALTERNATIVE and MONO) were only 6 months in duration.  
Of note, the majority of alirocumab-treated patients who developed ADA presented in 
the first 6 months of the trial (137/147, 93%). 
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Table 62. Treatment-Emergent ADA During the First Six Months, Phase 3 Trials 

Source: Information on Clinical Topics Requested on 05 April 2015, Table 1 

Reviewer comment: In the efficacy reviewer’s opinion, background lipid-
modifying therapy does not appear to influence the development of treatment
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emergent ADA, at least according to this analysis (which is limited because it 
relies on a cross-study comparison). 

LONG TERM was selected to conduct an exploratory efficacy analysis (i.e., LDL-C
lowering) in patients with and without ADA: 

	 Out of 1530 patients randomized to alirocumab in the ITT population, 1483 had an 
ADA assessment.  Therefore, a limitation to this analysis is that the sample is 
incomplete. 

	 A total of 71 patients developed a treatment-emergent positive ADA response, 5 in 
the placebo group (0.7%) and 66 in the alirocumab group (4.5%), which is similar to 
the incidence of ADA in the phase 3 program overall. 

	 As seen in the table below, the mean LDL-C reduction appears somewhat lower in 
patients with treatment-emergent ADA (-53.1%) compared to patients without an 
ADA response (-63.5%). However, out of the 6 patients with titers 240 or greater 
and 16 patients with neutralizing antibodies, the mean percent LDL-C lowering was 
-59.7% and -55.4%, respectively, making conclusions challenging (one might expect 
that neutralizing antibodies (NAbs) and / or higher titer Abs would be associated with 
greater loss of efficacy than ADA overall). 

Table 63. Percent Change from Baseline in LDL-C at Week 24 by Development of 
Anti-Drug Antibodies in the Alirocumab Group, Trial LONG TERM 

Source:  Response to Agency Request #1, dated 3 Mar 2015, Table 2 

	 Among the patients in the alirocumab group in LONG TERM with a treatment-
emergent positive ADA response, 15 patients had a response classified as 
persistent, 48 patients had a transient response, and 3 patients had an 
indeterminate response. The percent change in LDL-C from baseline at last value 
by ADA status in these patients is summarized in the following figure: 
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Figure 29. Percent Change in LDL-C among Patients with Positive ADA by ADA 
Status, Trial LONG TERM 

Source: CSR LTS11717, Figure 16.2.5.5.2.4 

In a review of patient-level data, many of the cases of ADA were transient and had no 
obvious effect on LDL-C. Other cases were uninterpretable, since NAbs were identified 
at dosing termination. However, as described in Appendix 9.1, there were nine cases of 
NAbs identified in the phase 3 program that appeared to be associated with loss of 
efficacy, including one patient who developed LDL-C concentrations above baseline in 
association with NAbs (Figure 49). In addition, there were two cases of NAbs 
potentially associated with enhanced efficacy.   

Reviewer comment: There is not enough information at this time to fully 
characterize the effect of ADA on efficacy; however, in the efficacy reviewer’s 
opinion, there is some evidence for a loss of effect (more so than evidence of 
enhancement) associated with NAbs.   

Impact of Background Statin 

Drug-drug interactions are discussed in other areas of this review; however, specific 
issues related to background statins on alirocumab efficacy are addressed here.   

Because alirocumab is partially eliminated through target-mediated clearance, statins or 
other LMTs that impact the concentration of PCSK9 are expected to affect alirocumab 
PK and PD. Indeed, a population PK analysis demonstrates that statins increase 
alirocumab clearance by 52%, which is reflected in the 28 to 29% decrease in 
alirocumab steady state exposure (AUC0-336) at 75 mg and 150 mg Q2W administration. 
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Table 64. Alirocumab PK by Lipid-Modifying Therapy, Population PK 

Source: Summary of Clinical Pharmacology, Table 11 

Despite the differential effect on PK, subgroup analyses demonstrated that LDL-C 
efficacy was not affected by intensity of background statin therapy (see Figure 17 in 
section 6.1.7). Furthermore, a cross-study comparison of ezetimibe-controlled trials, 
which included patients on (COMBO II, OPTIONS, I, and OPTIONS II) and not on 
(ALTERNATIVE, MONO) background statin suggests that there is not differential 
efficacy by background statin.  The ezetimibe-controlled phase 3 trials were explored at 
week 12 to eliminate the impact of dose-titration (i.e., 75 mg Q2W dose only).  Percent 
change from baseline was similar in the pool of the statin trials (-49.2%) and non-statin 
trials (-47.4%), see Figure 30. 

Figure 30. Percent Change from Baseline in LDL-C at Week 12, Ezetimibe-
Controlled Trials 

Source: SCE, Figure 20 

Nevertheless, the sponsor suggests that there could be a differential effect of 
alirocumab dose on LDL-C efficacy depending on use of concomitant statin.  For 
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example, Table 65 describes the effect on up-titration in alirocumab-treated patients in 
the ‘background statin’ pool (i.e., trials FH I, FH II, COMBO I, COMBO II, OPTIONS I, 
and OPTIONS II) and the ‘without background statin’ pool (i.e., trials ALTERNATIVE 
and MONO). 

Table 65. Percent Change in LDL-C, Up-Titrated Alirocumab-Treated Patients, 
Trials with and without Background Statin 

 Background Statin 
Pool 
N=1291 

Without Statin Pool 
N=155 

N (%) with up-titration 340 (26%) 68 (44%) 

Na,b 305 55 
% change from baseline to wk 12, mean (SD) -33.3 (26.2) -50.3 (13.1) 
% change from baseline to wk 24, mean (SD) -47.5 (34.7) -53.5 (14.4) 
Additional % change from wk 12 to wk 24, mean (SD) -14.2 (30.5) -3.1 (12.3) 
At least 10% additional reduction from wk 12 to wk 24, % 58% 26% 
a: up-titrated patients according to IVRS Week 12 transaction with at least one injection of alirocumab 150 mg afterwards. 
Denominator corresponding to patients with at least one injection post W12 IVRS transaction. 
b: Percent change from baseline to Week 12 and Week 24 is presented in patients with calculated LDL-C available both at Week 12 
and Week 24 
Additional percent change from Week 12 to Week 24 is calculated for each patient as (percent change from baseline to Week 24) 
(Percent change from baseline to Week 12) 

Source: ISE, Table 4.10.2.1 and Table 4.10.2.2 

Reviewer comments: The modest mean increase in efficacy when doubling the 
dose (-3.1% in patients not on background statins) could suggest that for most of 
the patients not receiving statins as background therapy, the near-maximal 
PCSK9-inhibiting effect is already reached with the dose of 75 mg Q2W 
(approximately 50% from baseline).  In order to answer the question whether 
statins affect the dose response of alirocumab, patients would need to be 
randomized to background statin / no statin as well as randomized to various 
doses of alirocumab. Because this was not done, a formal assessment of the 
impact of statin on alirocumab cannot be conducted. 

In summary, based on the information provided (albeit limited due to post-hoc 
and cross-study comparisons), the efficacy of alirocumab does not appear to be 
substantially affected by background statin.  The development program overall 
supports alirocumab being administered as add-on to standard-of-care.  In the 
efficacy reviewer’s opinion, dosing recommendations based on background 
statin would not be supported by the available data. 

7 Review of Safety 

Safety Summary 

The assessment of risk associated with alirocumab treatment is formed from an 
evaluation of four phase 2 trials and ten phase 3 studies encompassing a total of 3340 
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patients exposed to alirocumab as of the application cut-off date of August 31, 2014.  
The safety database is divided into two main safety pools based on the control 
employed – placebo or ezetimibe.  Nine studies (4 phase 2 and 5 phase 3) compose the 
placebo-controlled pool and include patients with heterozygous familial 
hypercholesterolemia or non-familial hypercholesterolemia on maximally tolerated 
background statin therapy. Within this pool, 1999 (81%) patients were exposed to 
alirocumab for at least 1 year.  The mean duration of exposure was 58 weeks.  Five 
phase 3 studies compose the pool of ezetimibe-controlled studies.  Four of the 5 studies 
were 24 weeks in duration. The mean duration of exposure within the pool of 
ezetimibe-controlled studies was 42 weeks, with 409 (47%) exposed to alirocumab for 
at least 1 year. The ezetimibe-controlled pool consists of patients with non-familial 
hypercholesterolemia who may have not been receiving statin therapy or were at less 
than maximal doses of statin therapy.  

Treatment groups within the placebo-controlled (alirocumab versus placebo) and 
ezetimibe-controlled pools (alirocumab versus ezetimibe) were well matched for 
demographics and baseline characteristics.  In the placebo-controlled pool the mean 
age was 59 years, 40% were women, 90% were Caucasian, and 30% participated at 
U.S. sites. In the ezetimibe-controlled pool the mean age was 62 years, 35% women, 
87% Caucasian, and 50% participated at U.S sites.  The majority of patients in both the 
placebo-controlled and ezetimibe-controlled pools had a history of CHD (60 to 70%) – 
with almost half of patients in both the placebo-controlled pool and ezetimibe-controlled 
pool reporting a coronary revascularization procedure and approximately a third of 
patients reporting a history of a myocardial infarction.  In both of the main safety pools, 
approximately 70% reported a history of hypertension and an estimated 30% reported a 
history of diabetes mellitus. At randomization, 99.9% of patients within the placebo-
controlled pool were on a background statin with 54% on a high intensity statin and 
approximately a quarter of patients on ezetimibe.  In comparison, more patients (20% to 
27%) were not receiving background statin therapy and fewer were on a high intensity 
statin, in the ezetimibe-controlled pool which reflects the inclusion criteria and objectives 
of particular studies within this group. 

Although, this safety review presents data from both the placebo-controlled and 
ezetimibe-controlled pools, it should be kept in mind when reviewing the safety 
assessment of alirocumab that within the placebo-controlled pool, study design was 
most consistent, all patients were on maximally tolerated statin therapy, and the extent 
of exposure was greater. 

All deaths were adjudicated by the clinical events committee (CEC) and categorized as 
cardiovascular, non-cardiovascular or undetermined based on the definitions pre-
specified in the CEC charter document. In the global pool of phase 3 studies combined 
(placebo and ezetimibe controlled), there were a total of 37 on-study deaths:  17 deaths 
(0.9%) in the control group and 20 deaths (0.6%) in the alirocumab group.  The majority 
of these deaths were adjudicated as cardiovascular – 11 occurring in the control group 
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and 15 occurring in the alirocumab group which is not unexpected given the high 
cardiovascular risk profile of the population studied.  Of import, the numbers are too 
small to draw any conclusions regarding the effect of alirocumab on reduction of risk of 
overall mortality. 

In the pool of placebo-controlled studies, treatment-emergent serious adverse events 
(SAEs, fatal and non-fatal combined) were reported in 13.7% and 14.3% of patients in 
the alirocumab-treated and placebo-treated groups, respectively.  Within the pool of 
ezetimibe-controlled studies, a slightly higher incidence of SAEs occurred in the 
alirocumab-treated (13.1%) versus the ezetimibe-treated (11.2 %) groups.  The highest 
percentage of patients reporting a fatal and non-fatal SAE occurred in the “Cardiac 
disorders” SOC in both the placebo-controlled pool (4.5% placebo, 4.4% alirocumab) 
and ezetimibe-controlled pool (4.0% ezetimibe and 5.6% alirocumab). Within this SOC, 
the SAE of ‘unstable angina’ was reported with greater incidence in alirocumab-treated 
patients in both the pool of placebo-controlled studies (placebo 0.7% versus alirocumab 
1.0%) and the pool of ezetimibe-controlled studies (ezetimibe 0.3% versus alirocumab 
1.4%). Other SAEs, within this SOC, that occurred in at least 0.5% of patients and with 
greater incidence in alirocumab-treated versus placebo-treated group included ‘angina 
pectoris’ (0.5% placebo versus 0.6% alirocumab) and ‘coronary artery disease’ (0.2% 
versus 0.6%). In the pool of ezetimibe-controlled studies, these SAEs were ‘acute 
myocardial infarction’ (0.5% ezetimibe versus 1.3% alirocumab), ‘atrial fibrillation’ (0.5% 
versus 0.6%), and ‘pneumonia’ (0.3% versus 0.8%). 

Within the placebo-controlled pool, a similar proportion of patients permanently 
discontinued treatment due to a treatment-emergent adverse event (TEAE): 5.1% 
patients in the placebo group and 5.3% patients in the alirocumab group. In the 
ezetimibe-controlled pool, the overall incidence of discontinuation due to a TEAE was 
9.7% in the ezetimibe and 8.8% in the alirocumab group.  In the placebo-controlled 
pool, the greatest absolute difference between treatment groups in discontinuations was 
noted in the “Skin and subcutaneous disorders” SOC.  Ten (0.4%) alirocumab-treated 
patients compared with zero placebo-treated patients discontinued treatment due to 
adverse events within this category, mostly associated with pruritus and rash-related 
events. In the ezetimibe-controlled pool, the highest incidence of TEAE leading to 
treatment discontinuation were muscle-related, with 3.6% and 5.5% of alirocumab and 
ezetimibe-treated patients, respectively, reporting an event within the “Musculoskeletal 
and connective disorders” SOC.  This is primarily a reflection of the ALTERNATIVE 
study, which included a patient population considered statin intolerant because of a 
history of muscle-related symptoms. Alirocumab-treated patients had a higher 
incidence of TEAEs leading to discontinuation compared to ezetimibe-treated patients in 
the SOC “Investigations” (0.2% ezetimibe, 0.7% alirocumab) mostly related to 
abnormalities in liver enzymes. 

Based on theoretical or identified concerns about PCSK9 inhibition or therapeutic 
protein products in general, or about alirocumab specifically, several adverse events of 
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special interest (AESI) were prespecified for potential additional monitoring and 
reporting requirements. In order to evaluate these AESIs, the applicant utilized 
prespecified standardized MedDRA queries (SMQs), or company MedDRA queries 
(CMQs) which were developed when no appropriate SMQ was available.  SMQs are 
groupings of MedDRA terms, usually at the preferred term (PT) level, which relate to a 
defined medical condition or area of interest.  AESIs or special groupings of AEs 
evaluated were local injection site reactions, general allergic events, neurologic events, 
neurocognitive events, diabetes mellitus, hepatic-related disorders, and muscle-related 
disorders. 

In the global pool (phase 2/3 studies), higher incidences of local injection site reactions 
were reported in patients receiving alirocumab injection (6.1%) versus sham injections 
(4.1%). Most injection site reactions were transient and of mild intensity and few 
patients discontinued treatment due to an injection site reaction (n=8, 0.2% alirocumab; 
n=6, 0.3% control). However, patients receiving the alirocumab injection reported a 
greater number of injection site reactions, had more reports of associated symptoms of 
erythema/redness, pain, and swelling, and had a longer average duration of injection 
site reactions than patients treated with placebo injections.  In alirocumab-treated 
patients, those with treatment-emergent anti-drug antibodies (ADA) reported a higher 
incidence of local injection site reactions (10.2%) compared to ADA-negative patients 
(5.9%). 

General allergic events occurred with a higher incidence in alirocumab-treated patients 
in both the pool of placebo-controlled studies and pool of ezetimibe-controlled studies 
(7.8% placebo versus 8.6% alirocumab; 5.3% ezetimibe versus 6.8% alirocumab).  The 
proportion of patients with serious treatment-emergent adverse events was low and 
similar across treatment groups within both the placebo-controlled and ezetimibe
controlled pools. The most commonly reported treatment-emergent adverse events 
were rash and pruritus. However, there were several allergic events of note, including 
cases of angioedema that all occurred among alirocumab-treated patients (3 mentioned 
in the initial BLA submission, 1 in the 4-month safety update report), 3 cases of 
leukocytoclastic vasculitis (all alirocumab-treated: 1 in a patient administered 300 mg of 
alirocumab in a phase 2 study), and hypersensitivity.  Patients with a medical history of 
allergy were more likely to report an allergic event compared to patients without a 
history of medical allergy. However, a similar proportion of patients with or without 
treatment-emergent positive ADA reported a general allergic event (8.8% positive ADA, 
8.2% negative ADA). 

Neurologic events related to myelin-sheath disorders or neuropathies were collected 
based on theoretical concerns that low LDL-C levels may impair myelination.  Within the 
pool of placebo-controlled studies, the incidence of patients with a neurologic event of 
special interest was similar (3.5% in each treatment group).  There was a slightly higher 
incidence of alirocumab-treated (3.4%) patients than ezetimibe-treated patients (2.4%) 
reporting an event within the pool of ezetimibe-controlled trials; however, there were no 
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specific preferred terms that showed a large imbalance.  Paresthesia was the only 
preferred term reported with a higher incidence in the alirocumab-treated group 
compared to the placebo-treated group or ezetimibe-treated group.  These events 
occurring in the alirocumab group were not serious and the majority did not lead to 
treatment discontinuation. There were four alirocumab-treated patients that reported 
serious events that warrant mention – a case of Miller-Fisher syndrome (a variant of 
Guillain-Barre), optic neuritis, demyelination (multiple sclerosis), and transverse myelitis.  
With the exception of the Miller-Fisher syndrome case, none of the patients had two 
consecutive LDL-C levels less than 25 mg/dL or treatment-emergent anti-drug 
antibodies. After review of these cases a causal link with alirocumab or low LDL-C 
levels cannot be confirmed, based on potential alternative etiologies and the very small 
number of cases. 

Neurocognitive adverse events were assessed in phase 2 and phase 3 trials using 
event terms that included deliria (including confusion), cognitive and attention disorders 
and disturbances, dementia and amnestic conditions, disturbances in thinking and 
perception and mental impairment disorders.  Overall the number of patients reporting 
an event was low demonstrating similar frequencies between treatment groups in the 
pool of placebo-controlled studies (0.7% placebo, 0.8% alirocumab), and in the pool of 
ezetimibe-controlled studies (1.0% ezetimibe, 0.9% alirocumab).  No alirocumab-treated 
patient discontinued due to an adverse neurocognitive event.  Memory impairment was 
reported with greater incidence in alirocumab-treated patients compared to either 
placebo-treated or ezetimibe-treated patients.  A total of 8 alirocumab-treated patients 
(n=5, 0.2% in placebo pool; n=3, 0.3% in ezetimibe pool) versus 1 (<0.1%) patient 
treated with placebo and none treated with ezetimibe reported this event.  Of the 8 
alirocumab-treated patients, memory impairment was not serious, no patient 
discontinued due to the event, only 1 patient had 2 consecutive LDL-C levels less than 
25 mg/dL which occurred after the memory impairment event, and 2 patients had 
memory impairment in association with hospitalization for stroke.  Outcomes of the 8 
events were listed as “recovered” (n=3), “not recovered, stabilized” (n=2; occurring with 
a stroke event), and not recovered (n=3).  Serious neurocognitive events occurred in 
very few patients and were associated with pre-existing medical conditions and other 
confounders. 

On background of maximally tolerated statin therapy in placebo-controlled studies, 
treatment with alirocumab was associated with a higher percentage of patients reporting 
events within the SMQ “hepatic disorders” (1.8% placebo, 2.5% alirocumab).  These 
events were primarily associated with abnormal hepatic laboratory values.  Evaluation 
of pre-specified categorical changes in ALT defined as ≥3x ULN (if baseline ALT < ULN) 
or twice baseline (if baseline ALT ≥ULN) demonstrated a slightly higher percentage of 
alirocumab-treated patients with this shift in ALT versus either placebo or ezetimibe
treated patients, however larger increases in (ALT >5x ULN or >10x ULN) were similar 
between treatment groups. There was a higher incidence of serious hepatic disorders 
associated with alirocumab treatment, with the majority associated with elevations of 
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liver transaminases. Review of these cases suggested alternative etiologies such as 
hepatitis or concomitant medications as potential causative factors.  Of the serious 
adverse events in which alirocumab was temporarily discontinued due to elevations in 
ALT, subsequent re-initiation of treatment resulted in negative rechallenge with the 
exception of 1 case of positive rechallenge(in this reviewer’s opinion) with mild 
elevations in ALT that ultimately did not result in treatment discontinuation.  An 
additional patient experienced an elevation in ALT that resolved with discontinuation of 
alirocumab, but experienced elevated ALT with rechallenge that led to permanent 
discontinuation of treatment. There were 3 cases in alirocumab-treated patients that 
met the biochemical criteria for Hy’s Law – however all had alternative etiologies of 
hepatitis A, cholecystitis, and cholangitis, respectively. 

Based on non-clinical observations of optic nerve degeneration and chorioretinal lesions 
in rats and monkeys, respectively, eye disorders were assessed using the SMQs ‘optic 
nerve disorders’, ‘retinal disorders’, and ‘corneal disorders’ in the overall safety 
population and with an ophthalmologic sub-study in a subset of patients in the placebo-
controlled LONG TERM study.  There were numerically higher incidences of 
ophthalmological TEAEs by SMQ in alirocumab-treated (1.8%) versus placebo-treated 
patients (1.4%) and alirocumab-treated (0.8%) versus ezetimibe-treated patients 
(0.5%). However, the TEAEs reported were varied within this category and did not 
demonstrate any specific pattern. An ophthalmological sub-study evaluated 139 
patients (5.9% of LONG TERM study population) with additional ophthalmologic testing 
by either an ophthalmologist or optometrist throughout the study.  Four (4.5%) patients 
in the alirocumab sub-study group had a TEAE within this SMQ, however 1 case of 
“demyelination” was considered more consistent with a neurological event of interest.  
Two (3.9%) placebo-treated patients in this sub-study reported an event (diabetic 
neuropathy and macular degeneration).   

In the placebo-controlled safety pool in which all patients were on statin therapy, 15.1% 
patients in the alirocumab group versus 15.4% patients in the placebo group 
experienced a musculoskeletal-related CMQ defined TEAE.  TEAEs that occurred in 
≥2% of patients and with greater incidence in the alirocumab group included myalgia 
(4.2% alirocumab versus 3.4% placebo), muscle spasms (3.1% versus 2.4%), and 
musculoskeletal pain (2.1% versus 1.6%). Two cases of rhabdomyolysis in alirocumab
treated patients were reported; 1 occurring in a 81-year-old patient on atorvastatin 80 
mg who experienced a fall and concurrent diagnosis of pneumonia; the other case was 
later downgraded to myositis. Muscle-related AEs were less common in patients 
considered statin intolerant treated with alirocumab compared to patients treated with 
atorvastatin or ezetimibe. 

Approximately 31% of patients in the global safety pool (combined phase 2 and 3 
studies) at baseline were normoglycemic, 37% had impaired fasting glucose and 32% 
were diabetic. Distribution according to these glycemic categories was comparable 
between treatment groups in both the placebo-controlled and ezetimibe-controlled pools 
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at baseline.  Regardless of baseline glycemic status, a slightly higher percentage of 
patients treated with alirocumab (4.2%) had a diabetes-related TEAE compared to 
patients treated with placebo (3.8%).  This was not observed in the ezetimibe-controlled 
pool (alirocumab 2.9%; ezetimibe 3.6%). Mean change in fasting glucose and HbA1c 
over time did not demonstrate meaningful differences between treatment groups by 
baseline glycemic status. However looking at measures of central tendency in 
laboratory values and adverse events independently may not convey clinically 
significant changes in glycemic status.  

Therefore, in exploratory analyses, shifts in glycemic status during the TEAE period 
were conducted using adverse events, HbA1c, and fasting plasma glucose values.  In 
the pool of phase 3 placebo-controlled studies, 224 (31.2%) alirocumab-treated patients 
versus 97 (26.6%) placebo-treated patients who were normoglycemic at baseline 
shifted to the impaired fasting glucose category.  In the ezetimibe-controlled pool, a total 
of 59 (26.5%) and 42 (24.1%) patients in the alirocumab and ezetimibe groups, 
respectively shifted from normoglycemic to the category of impaired fasting glucose.  
Conversely, in patients with impaired fasting glucose at baseline, a total of 178 (20.6%) 
and 76 (18.1%) patients in the alirocumab and placebo groups, respectively, in the 
placebo-controlled pool, and 94 (28.2%) and 77 (31.7%) patients in the alirocumab and 
ezetimibe groups, respectively, in the ezetimibe-controlled pool returned to the 
normoglycemic category at least once.  The proportion of patients meeting the criteria 
for diabetes diagnosed either by adverse event or laboratory value for the placebo-
controlled pool was 3.2% in the alirocumab group and 2.2% in the placebo group and 
for the ezetimibe-controlled pool was 2.5% in the alirocumab group and 1.9% in the 
placebo group with most meeting these criteria by laboratory data only.   

In a post-hoc analysis, the risk of shifting into the impaired fasting glucose or diabetes 
category for alirocumab-treated patients with or without two consecutive LDL-C values 
<25 mg/dL was evaluated by the applicant. In this unadjusted analysis of alirocumab
treated patients with normal glucose control at baseline within the global pool of phase 3 
studies, 57 of 162 (35%) patients with two consecutive low LDL-C levels met the criteria 
for impaired fasting glucose compared with 210 of 779 (27%) patients without these 
LDL-C values during the treatment period.  In alirocumab-treated patients with normal or 
impaired fasting glucose at baseline, 15 (3.3%) patients with two consecutive low LDL-C 
levels met the criteria for diabetes compared with 47 (2.8%) patients without these LDL
C levels. 

The applicant has provided the following caveats in interpreting the results from the 
analyses on glucose control with alirocumab treatment: (1) many patients had values at 
baseline close to the thresholds between categories, so small changes between 
baseline and “worse value during TEAE period” could lead to a category change, (2) 
HbA1c was infrequently measured, and (3) changes in drugs and other factors that can 
affect glucose control/levels are not accounted for.  While these are reasonable 
considerations in the interpretation of these results, the following must be kept in mind, 
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the mean baseline glucose and HbA1c values were well matched across glucose 
control categories and treatment groups.  Therefore, both the alirocumab and control 
treated groups at baseline were probably equally likely to cross glycemic thresholds by 
chance. In addition, mean changes only incorporate scheduled visits and therefore may 
not capture all laboratory assessments, unlike categorical shift analyses which should 
include all laboratory values collected during the treatment period and therefore may 
more accurately depict glucose control.  This reviewer agrees that post-randomization 
changes in diabetes medications are confounding factors as there was no standardized 
algorithm for managing glucose values. Therefore, conclusions regarding the 
contribution of medication changes in the overall pattern of glycemic control are limited.  
Of critical importance, post-randomization analyses based on attainment of LDL-C 
values must be interpreted with substantial caution as differences in the patient 
characteristics (both known and unknown) who achieve very low LDL-C may confound 
alirocumab’s association with an adverse event, and residual confounding is likely to be 
present even in “adjusted” analyses.   

Lastly, for the majority of patients, glucose control remained stable and serious 
diabetes-related adverse events were few.  It is uncertain whether the observed shifts 
represent a true risk for worsening glycemic control with alirocumab treatment.  
Glycemic control is monitorable and treatable, factors which should be considered when 
evaluating the benefits and risks associated with alirocumab. 

Within the “Cardiac disorders” SOC treatment-emergent cardiac disorders were 
reported by investigators in 8.0% of alirocumab-treated patients and 9.0% of placebo-
treated patients. Serious TEAEs were similar in frequency between treatment groups 
(4.4% alirocumab, 4.5% placebo).  In the pool of ezetimibe-controlled studies, a slightly 
higher proportion of alirocumab-treated patients reported a TEAE (8.8%) and SAE 
(5.6%) compared to ezetimibe-treated patients (TEAE 7.1%, SAE 4.0%).  In both safety 
pools, the preferred term ‘unstable angina’ was reported with higher incidence in 
alirocumab-treated patients compared with placebo or ezetimibe-treated patients.  In the 
placebo-controlled pool, ‘unstable angina’ was reported in 1.2% alirocumab patients 
(1.1 per 100-patient years) and 0.9% placebo patients (0.8 per 100-patient years).  In 
the ezetimibe-controlled pool, 1.4% (1.6 per 100-patient years) and 0.3% (0.4 per 100
patient years) of alirocumab and ezetimibe treated patients, respectively reported an 
event. 

Unstable angina along with other suspected cardiovascular events were adjudicated by 
the CEC. In the global pool of phase 3 studies, adjudicated MACE events defined as 
CHD death, nonfatal MI, fatal or nonfatal ischemic stroke, and unstable angina requiring 
hospitalization occurred in 52 (1.6%) patients in the alirocumab group and in 33 (1.8%) 
patients in the control group, with HR 0.81 (95% CI 0.52 to 1.25).  An expanded 
evaluation which included MACE, hospitalization for congestive heart failure, or 
coronary revascularization procedure occurred in 110 (3.5%) patients in the alirocumab 
group and in 53 (3.0%) patients in the control group, with HR 1.08 (95% CI 0.78 to 
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1.50). The majority of events within this grouping were revascularization procedures.  
Significant treatment interactions (p<0.10) between the expanded MACE endpoints and 
type of hypercholesterolemia (HeFH, non-FH) and dose of statin at baseline were 
noted. 

While cardiovascular events within this application are of interest, the number of 
adjudicated events is too small overall and within subgroups to make any reliable 
conclusions regarding the effect of alirocumab on risk of cardiovascular events.  The 
ongoing event-driven cardiovascular OUTCOMES study with an estimated enrollment of 
18,000 patients with acute coronary syndrome is designed to establish the effect of 
alirocumab on cardiovascular morbidity and mortality.  

The incidence of anti-drug antibody development after receiving at least 1 dose of 
alirocumab in the global pool of phase 3 studies was 4.8% of alirocumab-treated 
patients compared with 0.6% in the control groups.  The presence of antibodies 
occurred at a median of 12 weeks. For the majority of patients, a positive treatment-
emergent ADA response was transient. In general, patients with a treatment-emergent 
positive ADA response were more apt to report local injection site reactions (10.2%) 
versus ADA-negative patients (5.2%). A similar proportion of patients with or without 
treatment-emergent positive ADA reported a general allergic event (8.8% positive ADA, 
8.2% negative ADA). Neutralizing antibodies were detected in 1.2% of patients treated 
with alirocumab. There did not appear to be a correlation with neutralizing antibodies 
and safety. 

Approximately 20% and 40% of patients treated with alirocumab had at least one 
calculated LDL-C value less than 15 mg/dL and 25 mg/dL, respectively compared to 
less than 1% of control treated patients. The majority of patients were receiving 150 mg 
of alirocumab every two weeks at the time of these LDL-C values.  The time to the first 
LDL-C value less than 25 mg/dL or 15 mg/dL was on average 12 to 16 weeks, 
respectively. A total of 796 (23.8%) of alirocumab-treated patients had two consecutive 
LDL-C values less than 25 mg/dL. As expected, significant prognostic factors for 
patients that achieved LDL-C less than 25 mg/dL include baseline LDL-C and dose of 
alirocumab. As mentioned previously, conclusions generated from comparisons of 
groups defined by factors post-randomization are extremely limited and subject to bias.  
In addition, the duration of exposure is on average 1 year and therefore, it is uncertain 
what, if any, adverse effects of prolonged exposure to very low levels of LDL-C will be.  
However, at this time review of adverse events divided by levels of LDL-C achieved did 
not demonstrate a safety signal. 

Because the potential for increased HCV infectivity in alirocumab-treated participants is 
a theoretical possibility, analyses were performed to assess potential cases of hepatitis 
C. Within the primary safety database there were no cases of RNA confirmed hepatitis 
C. In the four month safety update report, there was one documented case of acute 
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visit was defined as the follow-up visit if done, or else 86 weeks after the randomization 
of the patient. A patient may be off treatment but could still be considered on-study.  

The safety population was defined as all randomized patients exposed to at least 1 
dose or part of a dose regardless of the amount received. 

There were several adverse events identified as being of special interest (AESI) such as 
hypersensitivity reactions, neurocognitive events, muscle-related events which may 
have required additional reporting in case report forms or monitoring.  In order to identify 
these AESIs, the applicant utilized prespecified standardized MedDRA queries (SMQs), 
or company MedDRA queries (CMQs) which were developed when no appropriate 
SMQ was available. SMQs are groupings of MedDRA terms, usually at the preferred 
term (PT) level that relate to a defined medical condition or area of interest.  See the 
Appendix for a summary of definitions, monitoring procedures, and assessments for 
AESI. 

Adverse events were coded using MedDRA version 17.0. 

The applicant had a three tiered approach to analyzing adverse events.   

Tier 1: Treatment-emergent adverse events prospectively defined based on non-clinical 
findings or theoretical risks. This group Includes AESIs, groupings of specific AEs, and 
CV events confirmed by adjudication as follows: 
 Local injection site reactions 
 General allergic events 
 Neurological events, focusing on myelin sheath-related disorders 
 Neurocognitive disorders 
 Musculoskeletal related disorders (only for ALTERNATIVE) 
 Diabetes mellitus 
 Hepatic disorders 
 Ophthalmologic events 
 CV events confirmed by adjudication 

These events were analyzed in each of the main safety data pools with a pre-defined 
analytical approach to include incidence, event rate per 100 patient-years, hazard ratio 
using a Cox model stratified on the study, an assessment of the consistency of 
treatment effect across studies, assessments of risk over time using study-adjusted 
Kaplan-Meier estimates, and treatment effect across subgroups. 

Tier 2 represented “common” TEAEs that were not pre-specified.  These TEAEs were 
screened statistically for a signal by the applicant.  Additional analyses were conducted 
if a clinically significant signal was detected.  “Common” events were defined as those 
for which there were at least 9 patients with an event overall in the placebo-controlled 
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pool or 6 patients with an event in the ezetimibe-controlled pool.  The applicant selected 
these thresholds because if all the events occurred in the alirocumab group and none in 
the control group the lower bound of the 95% CI for the HR of alirocumab versus control 
would not exceed 1. 

Tier 3 represented infrequent TEAEs which were assessed clinically and summarized 
with descriptive statistics. 

Cardiovascular Adjudication Procedures 

In phase 3 studies, the following suspected cardiovascular events and all deaths that 
occurred from randomization until the follow-up visit were to be sent to the Clinical 
Events Committee (CEC) with an adjudication package: 
 Myocardial infarction; 
 Cerebrovascular events; 

o Stroke, TIA, intracranial bleeding, ischemia or bleeding of spine or retina 
 Unstable angina requiring an emergency room visit or requiring/prolonging 

hospitalization; 
 Congestive heart failure requiring an emergency room visit or 

requiring/prolonging hospitalization; 

 All coronary revascularization procedures 

 All deaths (including congestive heart failure death) 


The CEC also reviewed abnormal values of CK, CK-MB, troponin I or T and coronary 
revascularization events to identify any additional MI and unstable angina requiring 
hospitalization that have not been identified by the Investigators as potential CV events. 

The CEC, managed by the Duke Clinical Research Institute (DCRI), is composed of 
experts in the field of cardiovascular diseases, independent from the applicant and 
investigators.  The CEC reviewers are tasked with defining, validating, and classifying, 
while blinded to treatment assignment and LDL-C results, pre-specified cardiovascular 
events and all deaths. 

The suspected CV events/coronary revascularization procedures are reviewed as 
shown in the diagram below: 
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Figure 31. Adjudication review flow chart 
Source: NDA 125559 Module 1.2 Adjudication reviewer guide Figure 2 

The events were adjudicated by the CEC into the following event categories: 
 CHD death; 
 Nonfatal MI 
 Fatal and nonfatal stroke 
 Unstable angina requiring hospitalization 
 CHF requiring hospitalization 
 Ischemia-driven coronary revascularization procedure 

Monitoring for low LDL-C 
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Monitoring was put into place for assessing the safety of LDL-C <25 mg/dL in Phase 3 
studies with a treatment duration of more than 6 months.  An independent physician 
working in coordination with a member of the Data Monitoring Committee (DMC) was 
responsible for monitoring patients with low LDL-C levels of <25 mg/dL.  After 
notification by the central laboratory of all patients who achieved two consecutive 
calculated LDL-C <25 mg/dL, the independent physician was to review all available data 
on the patient including any AEs potentially associated with low LDL-C.  After review of 
the information, the independent physician would communicate with the responsible 
DMC member, who in consultation with the independent physician would decide 
whether or not to notify the site. 

If the site was not notified, the patient would continue study treatment and visits as per 
the study protocol. The independent physician would continue to periodically monitor 
the patient’s data and inform the designated DMC member as needed. 

Site notification, once decided, was done by the central lab.  No actual lipid values were 
communicated to the investigator.  In order to maintain integrity of the study blind, sham 
alerts were also made to sites. An alerted investigator was to follow recommended 
steps regarding alerts for patients with low LDL-C levels.  These steps included: 
 Call the patient as soon as possible to inquire about interval occurrence of AEs 
 Decide whether the patient should be requested to have an unscheduled site 

visit, or if assessment could be done at the next scheduled visit 
 At the study visit, based on investigator judgment, the need for conducting 

clinical investigations, arranging specialist consultations as needed and any 
relevant additional work-up was to be assessed.  In addition the need for study 
treatment temporary or permanent discontinuation was to be considered. 

The DMC also analyzed the aggregate date for all patients who achieved LDL-C <25 
mg/dL during DMC periodic reviews. 

Overall, 7 alerts were issued, including 3 sham alerts.  No patients permanently 
discontinued therapy as a result of an LDL-C alert and only 1 patient in the alirocumab 
group, 11569-840-986-001, temporarily discontinued study medication as a result of the 
alert. 

7.1.3 	 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

Pooling of clinical trials 
All completed double-blind phase 2 and 3 studies and all phase 3 studies with a 
completed first step analysis are included in the integrated clinical safety database and 
were the primary focus of the safety review.45 

45 Completed phase 2 study CL-1010 was not included – studied patients with PCSK9 or ApoB mutations. 
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more than 70% of patients; acetylsalicylic acid was the most frequently reported 
concomitant CV medication. 

7.2.2 Explorations for Dose Response 

See Section 7.5.1. 

7.2.3 Special Animal and/or In Vitro Testing 

Please see the non-clinical review team’s assessment for further information. 

7.2.4 Routine Clinical Testing 

The types of routine clinical testing performed in the safety evaluation of alirocumab 
were adequate. The following tables summarize the timing of blood sample collection 
for clinical laboratories across the phase 2 and 3 studies. 

Table 73. Summary of clinical laboratory collection  

145 




 

 

 
 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

Source: NDA 125559 ISS SAP Table 11, 12 

7.2.5 Metabolic, Clearance, and Interaction Workup 

See the clinical pharmacology review team’s evaluation for further details. 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

The following table provides an overview of identified, potential, and theoretical risks 
associated with alirocumab treatment and the action plans for assessment of these 
concerns within the phase 3 program. The procedures to evaluate predefined safety 
concerns were adequate. 
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Table 74. Overview of alirocumab safety concerns and action plan 

Source: NDA 125559 ISS SAP Table 2 

7.3 Major Safety Results 

The following is a summary of treatment emergent adverse events (TEAE) within the 
safety population of placebo-controlled studies (phase 2/3) and ezetimibe-controlled 
studies (phase 3). 
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Placebo-controlled pool 
With the exception of the SOCs of Nervous system disorders, Investigations, and 
Reproductive system and breast disorders, Skin and subcutaneous tissue disorders, 
Endocrine disorders, and Social circumstances, the proportion of SAEs occurring in the 
alirocumab treatment group was the same or slightly lower than the proportion occurring 
in the placebo treatment group.  As would be expected given the patient population at 
increased cardiovascular risk, the SOC of cardiac disorders had the highest proportion 
of patients with an event.  The SAEs by preferred term within the cardiac disorders SOC 
that occurred with higher incidence in the alirocumab group versus placebo group 
(incidence ≥0.5%) were unstable angina (1.0% alirocumab versus 0.7% placebo), 
angina pectoris (0.6% versus 0.5%), and coronary artery disease (0.6% versus 0.2%).  
However, several preferred terms with the Cardiac disorders SOC also had an 
incidence ≥0.5% but favored the alirocumab group:  acute myocardial infarction (0.5% 
alirocumab versus 0.9% placebo), atrial fibrillation (0.4% versus 0.7%), and acute 
coronary syndrome (<0.1% versus 0.5%). 

Within the SOC of Nervous System disorders in the placebo-controlled pool the majority 
of the events were related to stroke or syncopal events.  There were 11 patients (0.4%) 
reporting syncopal events in the alirocumab group versus 7 (0.5%) in the placebo 
group. There were several alirocumab-treated patients reporting stroke-related events 
that were not reported in the placebo-treated group.  These preferred terms were 
cerebrovascular accident (n=5 alirocumab), transient ischemic attack (n=5 alirocumab), 
hemorrhagic stroke (n=2 alirocumab), lacunar infarction (n=2 alirocumab), brain stem 
infarction (n=1 alirocumab), cerebellar infarction (n=1 alirocumab).  Fatal and non-fatal 
ischemic stroke events would have been triggered for adjudication and are included in 
the post-hoc assessment of major adverse cardiovascular events.  Adjudicated 
ischemic stroke was observed in 3 (0.2%) control-treated patients and 12 (0.4%) 
alirocumab-treated patients. 

Seven patients (0.3%) treated with alirocumab versus 1 patient (<0.1%) treated with 
placebo experienced a SAE within the Investigations SOC.  The majority (n=3) were 
ALT elevations. One of the cases of ‘ALT increase’ occurred in a 36-year-old white 
male (patient ID 011717-380-001-003), with a history of elevations in liver enzymes and 
fatty liver who demonstrated several episodes of elevated ALT during alirocumab 
treatment. Peak ALT was 233 (5.4x ULN) and AST 162 (4.5x ULN), alkaline 
phosphatase and bilirubin were within normal limits.  Viral serologies were negative. 
Liver ultrasound confirmed fatty liver infiltration.  Study drug was temporarily interrupted 
for 5 weeks and liver function tests returned to baseline 4 weeks after discontinuation.  
After reintroduction of study drug, this patient had five additional episodes of increased 
ALT (>2x ULN but less or equal to 3x ULN) alternating with ALT values <1.5 ULN, no 
further action regarding the study drug was taken, and the patient completed the study.  
New information provided by the applicant states this event was downgraded to non-
serious by the investigator. 
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Within the Reproductive system/breast disorders SOC, 4 alirocumab versus 1 placebo 
patient reported a SAE. No preferred term occurred in more than 1 patient.   

There were 2 serious adverse events reported in the Skin/subcutaneous tissue SOC 
(allergic dermatitis and nummular eczema) which ocurred in alirocumab-treated 
patients. No SAEs in this SOC were reported for placebo-treated patients. 

Ezetimibe-controlled pool 
The SOCs which had a higher proportion of alirocumab-treated patients reporting a SAE 
compared to placebo-treated patients included Cardiac disorders (5.6% versus 4.0%), 
Infections and infestations (2.7% versus 1.1%), Gastrointestinal disorders (1.5% versus 
0.6%), Neoplasms benign, malignant and unspecified (1.2% versus 0.8%), Injury, 
poisoning, and procedural complications (1.5% versus 0.6%), Nervous system disorders 
(1.7% versus 1.6%), and Respiratory disorders (0.6% versus 0.5%). 

The Cardiac disorders SOC had the highest incidence of patients reporting events 
overall. Alirocumab-treated patients had higher incidence of unstable angina (n=12; 
1.4%) versus ezetimibe-treated patients (n=2; 0.3%).  Similarly, in the placebo-control 
pool, more alirocumab-treated patients (n=25, 1.0%) reported unstable angina than 
placebo-treated patients (n=9, 0.7%).  Acute MI also occurred with greater incidence in 
the alirocumab group (n=11; 1.3%) compared to the ezetimibe group (n=3; 0.5%).  This 
imbalance was not observed in the placebo-controlled pool (0.5% alirocumab versus 
0.9% placebo). 

The difference in the Infections and infestations SOC was primarily due to pneumonia, 
which was reported in 7 (0.8%) patients in the alirocumab group versus 2 (0.3%) in the 
ezetimibe group. This imbalance was not observed in the placebo-control pool 
[pneumonia 6 (0.2%) alirocumab, 6 (0.5) placebo].  Diverticulitis occurred in 3 (0.3%) 
alirocumab-treated patients versus none in the ezetimibe-treated group, this imbalance 
was also seen in the placebo-control pool [4 (0.2%) alirocumab-treated patients versus 
none in the placebo-treated group]. 

Gastrointestinal disorders were observed in a higher proportion of alirocumab-treated 
patients versus ezetimibe-treated patients.  The majority of the events were gastric ulcer 
hemorrhage which occurred in 3 (0.3%) alirocumab-treated patients versus 0 ezetimibe
treated patients; other events occurring in more than 1 patient (all alirocumab-treated) 
were hemorrhoids (n=2; 0.2%) and vomiting (n=2; 0.2%). 

Neoplasms occurred in a higher proportion of alirocumab (1.2%) versus ezetimibe
treated patients (0.6%). The serious neoplastic events that occurred in greater than 1 
patient included prostate cancer [3 (0.3%) alirocumab-treated patients, no ezetimibe
treated patients] and malignant melanoma [2 (0.2%) alirocumab-treated patients, no 
ezetimibe-treated patients]. In the pool of placebo-controlled studies there was a lower 
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incidence of serious neoplasms in the alirocumab-treated (1.4%) compared to placebo-
treated (1.9%). Overall, there was no specific increased incidence at any specific site.  

In the Injury, poisoning, and procedural complications, the only preferred term occurring 
in more than 1 patient was hip fracture (n=2, 0.2% all alirocumab-treated). 

Selected SAEs of interest 
Within the placebo and ezetimibe phase 2/3 safety pools there were four suicide 
attempts: 3 occurring in alirocumab-treated patients, and 1 occurring in a placebo-
treated patient. There was one completed suicide in a placebo-treated patient.  The 3 
cases the alirocumab-treated patients attempting suicide experienced a situational 
trigger or had a history of depression including one patient with a previous suicide 
attempt. None of the patients reported treatment with anti-depressant medication at the 
time of the event, including the patient completing suicide.   

Table 81. Narratives of suicide attempt/completed suicide events:  pool of 
placebo-controlled studies and pool of ezetimibe-controlled studies  
Pt. ID Age (y)/ AE verbatim AE preferred term Action taken Summary 
Study Race/ term with study 
Treatment Sex/ drug/ 
Country Outcome 
11569-643-929-016 
COMBO II 
Ezetimibe 
Russia 

61/W/M Completed 
suicide 

Completed suicide None/Death On Day 367 of the study
 reported 

event as completed 
suicide. Per 
investigator, patient 
complained to his wife of 
depression and 
unwillingness to live due 
to the severity of his 
coronary artery disease. 
The patient did not 
complain to investigators 
of depression during site 
visits, but he did report 
moderate 
anxiety/depression and 
severe 
anxiety/depression on 
EQ-5D questionnaire 
(quality of life survey) at 
his last visit.  No 
antidepressant 
medication started. 
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11717-250-009-005 
LONG TERM 
Placebo 
France 

51/W/M Suicide 
attempt-the 
patient cut his 
wrists 

Suicide attempt None/Recov 
ered 

Approx 13 months after 
starting placebo (Sept 
2013), patient with no 
history of depression, 
reported suicidal 
depression. No 
psychosocial stressor 
provided. Patient given 
alprazolam as treatment.  
Two months later (Day 
469, patient cut wrists 
and overdosed on 
alprazolam and 
tetrazapam. Patient was 
hospitalized and treated 
and discharged. Patient 
completed study. 

11568-840-811-017 
COMBO I 
Alirocumab 150 mg Q2W 
USA 

52/W/F Suicide attempt Suicide attempt Drug 
discontinued/ 
Recovered 

Day 163 of study, and 8 
days after uptitration to 
150 mg alirocumab, 
patient attended 
wedding, drank too 
much alcohol, became 
depressed and 
overdosed on 
alprazolam. Unspecified 
corrective treatment 
given. Study drug 
discontinued. 

11717-724-001-001 
LONG TERM 
Alirocumab 150 mg Q2W 
Spain 

72/W/F Suicide attempt Suicide attempt Drug 
discontinued/ 
Recovered 

Patient with a history of 
anxious depressive 
syndrome and previous 
suicide attempt, on Day 
169 of study, had an 
intentional overdose of 
propranolol, rosuvastatin 
and ezetim be as a 
suicide attempt. She 
was hospitalized and 
treated. She had not 
been on antidepressants 
or receiving counseling 
at the time of the event. 

11717-840-075-011 
LONG TERM 
Alirocumab 150 mg Q2W 
USA 

69/W/F Suicide attempt Suicide attempt None/recove 
red 

Day 56 of study, the 
patient with a history of 
chronic depression, 
attempted suicide by 
intentional overdose of 
15 Percocet 5/325 mg 
tablets. Unspecified 
corrective treatment was 
provided. Dose of study 
drug was unchanged, 
patient continued in 
study.  Patient receiving 
counselling. 

Source: LONG TERM, COMBO I, COMBO II CSR SAE narratives 

Intracranial hemorrhagic events (fatal and non-fatal) 
Based on epidemiological observations of an association between low LDL-C levels and 
intracerebral hemorrhage there has been concern that pharmacological reduction of 
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Summaries of patients with an event under SMQ ‘Hemorrhagic cerebrovascular 
conditions’ are found in the table below, with the exception of the 7 events coded as 
“cerebrovascular accident,” since hemorrhage was ruled out according to brain CT scan 
or MRI reports for these events.  Where available the calculated LDL-C values for the 
patients in this table are included. The two alirocumab-treated patients with adjudicated 
cerebral hemorrhage during the treatment-emergent period had a LDL-C value between 
25 and 50 mg/dL closest to the time of the event.  The number of cases of intracranial 
hemorrhage is too few to reliably assess any association of intracerebral hemorrhage 
with the levels of LDL-C obtained. 
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Table 83. Treatment-emergent adverse events under the SMQ “Hemorrhagic cerebrovascular conditions”1 

(safety population) – global pool 
Pt. ID 
Study 
Treatment 

Age (y)/ 
Race/ 
Sex/ 

AE verbatim 
term 

AE preferred term Action taken 
with study 
drug/ 
Outcome 

Adjudicated 
outcome 

Summary 

Alirocumab-treated 
11717-578-003-016 
LONG-TERM 
Alirocumab 150 mg Q2W 

82 W M Hemorrhagic 
stroke possibly 
due to HTN 

Hemorrhagic stroke D/C tx 
Recovered 
with sequelae 
Short term 
memory loss 

Cerebral 
hemorrhage 

Day 95, severe HA, vomiting confusion.  Neuro exam 
hemianopsia, walking difficulties, aphasia.  CT left 
parieto-occipital bleed 

LDL 88 mg/dL (BL) 
LDL 29 mg/dL (W8 – Day 57) 
LDL 31 mg/dL (W12 – Day 82) 

11717-840-165-013 
LONG-TERM 
Alirocumab 150 mg Q2W 

61 W M Aortic 
dissection 
Hemorrhagic 
stroke 

Hemorrhagic stroke Fatal Cerebral 
hemorrhage 

Day 287 patient hospitalized for aortic dissection.  
Immediate post-op experienced hemorrhagic stroke 
Patient died 1 wk post-op underlying cause was 
reported to be type A aortic dissection and repair of 
aortic dissection 
LDL 113 mg/dL (BL) 
LDL 25 mg/dL (W12 – Day 85) 
LDL 38 mg/dL(W36 –Day 253) 

Control-treated 
11717-826-001-010 
LONG-TERM 
Placebo 

49 W M Multiple 
cerebral 
hemorrhages 
Neutropenic 
sepsis 
Multi-organ 
failure 
Acute myeloid 
leukemia 
Tumor lysis 
syndrome 

Cerebral 
hemorrhage 

Fatal No stroke On an unknown date in  the patient had a 
new serious adverse event of severe intensity, 
reported as multiple cerebral hemorrhages. The 
patient was already hospitalized for acute myeloid 
leukemia and did not undergo any further procedure 
to investigate/correct cerebral hemorrhage. Corrective 
treatment was given, but not further specified. The 
CEC did not classify this event as a positively 
adjudicated cardiovascular event. 

The patient died while hospitalized in ICU for acute 
myeloid leukemia and neutropenic sepsis 
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001118-840-487-001 
OPTIONS II 
Ezetimibe 

62 W M Subarachnoid 
hemorrhage 
Rt. Cerebellar 
hemorrhagic 
stroke 
Hemorrhage 
within right 
splenium of 
corpus 
callosum 

Subarachnoid 
hemorrhage 
Hemorrhagic stroke 
Cerebral 
hemorrhage 

D/C tx 
Recovered 
with sequelae 

Not an ischemic 
stroke 

Three events occurred on Day 78. 
This event was not originally submitted for adjudication. 
Based on the investigator’s judgment, the event was 
viewed as a definitive hemorrhagic event/stroke with no 
ischemic component and as such did not meet protocol 
requirement for adjudication at that time. The applicant 
made several queries to the investigative site requesting 
submission for adjudication; however, the investigator 
never sent the case for adjudication. 
Based on FDA inquiry, this event has been submitted for 
adjudication. Although the study has been completed and 
unblinded, no treatment assignment information for this 
patient has been communicated to the adjudication 
committee and as such they remained blinded.  
The adjudication committee determined that this 
event reported as right cerebellar hemorrhagic stroke 
by the Investigator did not qualify as an adjudication 
endpoint of stroke. 

LDL 92 mg/dL (BL) 
LDL 78 mg/dL (Day 63) 
LDL 235 mg/dL (Day 112) 

001118-840-870-011 
OPTIONS II 
Ezetimibe 

71 W M Subdural 
hematoma 

Subdural hematoma Fatal No stroke On Day 56 of the study the patient with history of 
warfarin therapy since 1990 had a new serious 
adverse event of severe intensity reported as 
subdural hematoma. On the subject 
was found unresponsive, and emergency medical 
services were called. The patient was hospitalized on 
the same day and underwent a head CT scan 
revealing clinically significant abnormalities ('subdural 
hematoma'). Glasgow Coma Scale was 3 on 
admission. INR was found to be > 18. The patient 
was known to take warfarin regularly and never had 
significant issues with elevated levels.  The patient did 
not have any recent head trauma that preceded this 
incident, history of falls, difficulty with balance, or any 
recent illness or other significant medical conditions. 
The final diagnosis was considered to be a 'subdural 
hematoma'. The patient’s family elected comfort care 
rather than aggressive treatment. 

LDL 97 mg/dL (BL) 
LDL 59 mg/dL (Day 23) 
LDL 55 mg/dL (Day 51) 

Source: Response to FDA IR 9 February 2015, Table 3 submitted 4 March 2015 (SD 14) and respective CSR narratives  
1. Does not include AEs listed as cerebrovascular accident as these were non-hemorrhagic 
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Table 84. Post treatment adverse events under SMQ “Hemorrhagic cerebrovascular conditions” (safety 
population) – global pool 
Pt. ID Age (y)/ AE verbatim AE preferred term Action taken Adjudicated Summary 
Study Race/ term with study outcome 
Treatment Sex/ drug/ 

Outcome 
11717-826-007-103 64 W M Hemorrhagic Hemorrhagic stroke Off drug Cerebral Patient had discontinued alirocumab treatment on Day 76 
LONG-TERM stroke  (post hemorrhage due to ALT increase.  On Day 377, 10 months after last 
Alirocumab 150 mg Q2W treatment) study dose administration, the patient was admitted to 

Fatal hospital with Glasgow coma scale of 12/15 after sudden 
(b) (6)

The neurosurgical team reviewed that patient was not 
suitable for intervention thus no procedures were 
undertaken. The patient rapidly deteriorated and died on 

11717-724-003-010 68 W M Basal ganglia Basal ganglia Off drug Cerebral Last day of treatment was Day 128 and onset of event was 
LONG-TERM hemorrhage hemorrhage (post hemorrhage Day 437 
Alirocumab 150 mg Q2W treatment) 

Recovered 
with sequelae 

collapse. On  a CT head scan showed 
'massive cerebral haemorrhagic stroke at left frontal lobe.' 

Source: Response to FDA IR 9 February 2015, Table 3 submitted 4 March 2015 (SD 14) and respective CSR narratives 
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Source: ISS Figure 3 

Figure 32. Study-adjusted Kaplan-Meier cumulative incidence curve for time to 
Local injection site reaction events during TEAE period (safety population) – 
global pool 

Symptoms associated with the injection site reaction in the alirocumab and control 
treated patients in the global pool of phase 3 studies included pain (1.9% alirocumab, 
1.3% control), tenderness (1.6% alirocumab; 0.8% control); erythema/redness (3.0% 
alirocumab, 1.4% control), swelling (2.3% alirocumab, 0.9% control), and itching (2.4% 
alirocumab, 0.6% control). 

There were 14 patients (8 [0.2%] alirocumab, 6 [0.3%] control) who experienced local 
injection site reactions leading to permanent treatment discontinuation.  With one 
exception where the outcome is unknown, all symptoms associated with the injection 
reaction resolved. 
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(mostly antibiotics) was reported and dosing with study drug continued.  Only 1 event 
was classified as serious and is reported below. 

Adverse events coded to the preferred term “hypersensitivity” were reported in 5 (0.2%) 
and 1 (<0.1%) patient(s) in the alirocumab and the placebo groups, respectively, and 3 
(0.3%) and 2 (0.2%) patients in the alirocumab and the ezetimibe groups, respectively.  
Of the 8 hypersensitivity events in alirocumab-treated patients, 2 were serious events 
which resulted in treatment discontinuation (patient ID 011717-484-002-003, 011569
208-905-010). Narratives of these events are described below.  Two patients with non-
serious hypersensitivity events also discontinued treatment with alirocumab (patient ID 
011566-840-603-002, 001118-484-850-002).   

Angioedema occurred in 3 alirocumab-treated patients and no placebo or ezetimibe
treated patients (see brief summaries below).  A fourth case of angioedema associated 
with hypersensitivity vasculitis occurred in a patient reported in the 4 month safety 
update report and is described in the section summarizing serious allergic events 
(patient ID 11717-840-209-003). 
 001119-840-982-001/alirocumab/angioedema: 61 year-old man with a history of 

food and drug allergies, experienced angioedema on Day 143 while he was 
hospitalized for a work-up of atrial fibrillation.  After ingesting blueberry jam and 
dosing with sotalol, the patient reported rash, urticaria, and angioedema.  
Symptoms resolved with treatment (oxygen, Benadryl, steroids).  Treatment with 
alirocumab had been discontinued with his hospitalization for atrial fibrillation.  
This patient had a positive ADA response on Day 87 (titer 30).  No further ADA 
levels drawn, so it is unknown what the levels were at the time of the event.   

 001112-528-201-008/alirocumab/angioedema:  According to the Investigator. 
“Patient suffered from angioedema, last episode occurred years before 
participation in the study. After starting IP [investigational product alirocumab] 
patient had several episodes of spontaneous swelling of different body parts 
(tongue, lips, feet), swelling resolved spontaneously after several hours, speed of 
recovery did not seem to be affected by antihistamine use.  After discontinuation 
of IP no more episodes”.  In total the patient experienced 6 episodes of 
angioedema, 2 were reported as severe, 1 moderate, 3 mild in intensity.  
Corrective treatment included desloratidine.  The events occurred on Day 2 (right 
foot), Day 3 (left-sided tongue swelling), Day 7 (right-sided tongue swelling), Day 
8 (left foot), Day 9 (right wrist), Day 48 (tongue).  The last event, which triggered 
discontinuation, occurred 3 days after the alirocumab administration.  Patient was 
ADA negative. 

 011717-276-014-006/alirocumab/angioedema:  68 year old man with no personal 
or family history of allergy, on ramipril since 2005, on day 302 of the study, 
reported left cheek angioedema of moderate intensity.  The patient was treated in 
the office with dexamethasone and had “very good response to the treatment, 
with fast relief of his symptoms”.  No action was taken with alirocumab and the 
patient recovered without sequelae.  Patient was ADA negative. 

175 












 

 

 
 

 

 

 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

 11569-208-905-010/Alirocumab/Hypersensitivity:  A 60-year-old male patient, with a history of 
rhinitis allergic, asthma, house dust, food and seasonal allergies, experienced an allergic reaction 
of moderate intensity on Day 3. The patient was admitted to hospital with erythema, swelling, and 
itching, with generalized itching and swelling of the hands. Corrective treatment was given and 
included clemastine fumarate, IV methylprednisolone, inhaled epinephrine, antihistamines, and 
steroids. The investigational medicinal product (IMP) was permanently discontinued due to this 
event. The patient recovered on Day 4. Fourteen days after the first and last study injection, the 
patient's ADA status was found to be positive, ADA concentration was 480 which was considered 

On Day 85 ( (b) (6)to be high (>= 240).   the patient’s ADA status had converted back to 
negative. 

 11717-484-002-003/Alirocumab/Hypersensitivity:  A 55-year old female patient with a medical 
history of drug hypersensitivity and house dust allergy experienced upper respiratory tract 
hypersensitivity reaction - site unspecified of mild intensity on Day 1. The patient had an episode 
of a burning sensation in her trachea immediately after the IMP administration, followed by a 
feeling of tracheal obstruction, which reached its maximum within 1 minute. The event was 
considered as a general allergic reaction to the study treatment. No corrective treatment was 
given. Study treatment was permanently discontinued due to the event, and the patient recovered 
without sequelae on the same day. No additional follow-up data was available. The Investigator 
considered the event to be related to the IMP (alirocumab). Preexisting ADA status was negative; 
a transient ADA positive response was measured at Week 4 (titer: 60) and Week 12 (titer: 60) 

 12492-710-403-004/Alirocumab/Nummular Eczema:  On Day 1 of the study (28-NOV-2012), the 
patient had a new adverse event of moderate intensity, reported as nummular eczema, which 
became serious Day 160. At the time of the first administration of study drug on Day 1, the patient 
was noted to have general allergic skin reaction. The patient had generalized itching, flushing, 
and hives. The Investigator described the eczema as ‘raised erythermatous patches on the face, 
waist, and legs, and as a raised puritic rash on the back’. On Day 160, four days after last study 
drug administration, she was referred to a dermatologist. Examination showed scattered papules 
on scalp, large scattered nummular plaques on her upper back, no oral or mucosal lesions, large 
patch on her left cheek, and post inflammatory lesions on her leg and feet. A skin biopsy was not 
performed. Corrective treatment was given (Chlorphenamine maleate, Topical clobetasol, Topical 
iralfaris, Glycerin bar, and Acetyl alcohol/propylene glycol/stearyl alcohol). Study treatment was 
permanently discontinued due to this event. The patient recovered from the event with sequelae 
(residual post inflammatory hyperpigmentation) on 20-AUG-2013. 

	 11717-840-190-006/Alirocumab/Laryngeal edema:  A 56-year-old female patient with a history of 
coronary artery disease, peripheral artery disease, presumed chronic obstructive pulmonary 
disease, pulmonary hypertension experienced laryngeal edema about 1 year and 3 months (Day 
460) after the first IMP administration. The patient presented to the emergency room with 
choking, swallowing difficulties and stridor and was in acute respiratory distress. The patient 
thought that she was having a transient ischemic attack not confirmed on the neurological 
examination and CT (computed tomography)-scan of the brain without contrast. The patient was 
also diagnosed with non-serious laryngeal edema of non-allergic etiology. CT-scan of the neck 
without contrast revealed very prominent vascular calcifications and stenosis of the right carotid. 
On Day 462, magnetic resonance imaging of the head revealed hypoplastic left A1 segment, 
short segment, stenosis of the A2 segment. Magnetic resonance imaging of the brain and stem 
was also normal. Antibiotics were administered and steroid dose was tapered as corrective 
treatment to the patient. The IMP was continued as planned. On Day 511, the event of laryngeal 
edema - non allergic etiology became serious and the patient presented to the hospital with 
worsening of choking, swallowing difficulty and stridor. A CT angiogram of neck revealed 
asymmetric thickening and slight deviation of the aryepiglottic folds that significantly narrowed 
and nearly occluded the subglottic airway at that level. The patient was admitted to the intensive 
care unit with subglottic edema. The patient was started on antibiotics (moxifloxacin) and 
corticosteroids as corrective treatment for the event. On Day 512, laryngoscopy showed 
erythema of the hypopharynx. Two days later a bronchoscopy revealed normal airways and no 
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subglottic stenosis or edema. The recommendation was to continue moxifloxacin and prednisone 
taper for a few days. No action was taken with the IMP. The patient recovered from the event 
without sequelae. The Investigator considered the event not to be related to the IMP. The patient 
received the last dose of IMP on Day 527. On Day 531, about 1 year and 6 months after the first 
IMP administration and 4 days after the final IMP administration, the patient had a new serious 
adverse event of moderate intensity, reported as abdominal rash non-allergic etiology (PT: rash). 
The patient had abdominal redness and itching (a 10 cm rash on the left lower quadrant of her 
abdomen not at the injection site). The rash had increased in size over the past 3 days. She had 
a temperature of 99.9°F the previous night and denied chills and night sweats. She also 
complained of one episode of diarrhea, which was resolved. No dermatologist consultation or 
biopsy was performed. It was confirmed that the rash was neither an allergic reaction to the study 
medication nor was associated with it. As a corrective measure, diphenhydramine hydrochloride 
cream was applied topically. On Day 561, the patient recovered from the event of abdominal rash 
non-allergic etiology.  Patient had negative ADA response throughout the study, including before 
and after these events. 

 11717-840-209-003/alirocumab/hypersensitivity vasculitis:  a 60-year-old male patient  with a 
history of multiple allergies, hepatitis C, angioedema and who was receiving concomitant 
treatment with aspirin, valsartan, diclofenac, gabapentin and rosuvastatin experienced 
hypersensitivity vasculitis, and angioedema about 1.5 years after the start of alirocumab 
treatment and 12 days after the last injection (Week 76) protocol-specified. The patient presented 
with macular nonpruritic irregular rash spreading from the lower limbs to all over the body, 
associated with diarrhea, vomiting and slight lethargy. He was hospitalized and a diagnosis of 
leukocytoclastic vasculitis (PT: hypersensitivity vasculitis) was made. The patient was discharged 
home on the same day. The diagnosis of leukocytoclastic vasculitis was confirmed on skin biopsy 
7 days after the onset of the event. The patient was rehospitalized on the same day for swollen 
tongue with facial angioedema (PT: angioedema) of severe intensity. Investigations (immune 
complexes, C1q binding, antinuclear antibody, angiotensin-converting enzyme, anticardiolopin, 
antimyeloperoxidase, antiphosphatidylserine, complement C3, C4, HBsAg were negative. 
Corrective treatment included methylprednisolone IV and diphenhydramine, then prednisolone 20 
mg/day. The patient recovered from both events.  Patient had negative ADA response throughout 
the study, including before and after these events. 

	 001308-840-174-018/alirocumab 300 mg Q4W/anaphylactic reaction:  60 year-old female with a 
history of adhesive allergy since 1973 and drug allergies (not specified) since 2005, on Day 222 
of the study ( (b) (6) ), the patient had a new serious adverse event of severe intensity, 
reported as angioedema (Angioedema) and a serious adverse event of moderate intensity, 
reported as anaphylaxis reaction (Anaphylactic Reaction). The patient awoke at 04:00 and 
noticed that half her tongue and the right side of her face was swollen; she took diphenhydramine 
and ibuprofen and went back to sleep. At 08:00, she awoke again and noticed that both sides of 
her face were swollen. She took another dose of diphenhydramine hydrochloride and ibuprofen 
and went to the hospital.  She presented to the Emergency Room (ER) on 
progressive shortness of breath and swelling. Within 20 minutes of admission, she was taken to 
the intensive care unit (ICU), immediately intubated for airway protection, and treated with IV 
methylprednisolone. She was later weaned from the ventilator and remained on bronchodilators 
(Combivent), steroids (methylprednisolone, prednisone), and antihistamines (cetirizine, 
diphenhydramine). The Investigator described the patient’s symptoms as: 'generalized itch and 
flushing, swelling of the lips, face and tongue, pharyngeal signs and symptoms (hard to swallow) 
and laryngeal signs and symptoms (hoarseness and change in pitch of voice)'. Vital signs 
included a BP of 153/86 mmHg, respiratory rate of 20 breaths per minute, oxygen saturation of 
99%, body temperature of 36.8°C, and heart rate in the 90s beats per minute range (normal 
range not provided). The patient also developed an erythematous maculopapular rash along the 
trunk. Allergy/immunology was consulted for further evaluation. There was a question of antigen-
antibody complex disease/serum sickness. The patient was diagnosed with “angioedema likely 
secondary to ACE inhibitors (versus questionable unknown drug), anaphylactic reaction with 

with (b) (6)
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were recovering from the event. All four control-treated patients recovered from the 
allergic event.  

Table 92. Number (%) of patients with TEAE(s) leading to permanent treatment 
discontinuation (safety population) – pool of placebo-controlled studies and pool 
of ezetimibe-controlled studies 

Source: Response to FDA IR dated 19 February 2015, submitted 4 March 2015 (SD 14) 
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patients. Within this SMQ, the SAE of Miller-Fisher syndrome was reported in an 
alirocumab-treated patient and is described below. 

	 SMQ Peripheral neuropathy: A smaller proportion of alirocumab-treated patients 
versus placebo-treated patients reported a TEAE within this SMQ.  Only 
paresthesia occurred with higher incidence and in at least 3 patients in the 
alirocumab versus placebo group. None of the paresthesia events were reported 
as serious. 

Ezetimibe-controlled pool – neurological events of interest 
In the smaller ezetimibe-controlled pool, neurologic events of interest occurred in 3.4% 
of alirocumab-treated and 2.4% of ezetimibe-treated patients, with a HR of 1.43 (0.76 to 
2.69). 

	 SMQ Demyelination: Only 1 patient experienced a SMQ defined demyelination 
event – transverse myelitis reported as a SAE in an alirocumab-treated patient.  
See below for a further description of this event.   

	 SMQ Guillain-Barre: TEAEs within this SMQ were reported in 24 (2.8%) of 
alirocumab-treated patients versus 14 (2.3%) of ezetimibe-treated patients.  
TEAE reported with a higher incidence in the alirocumab than the ezetimibe 
group (incidence rate ≥0.2% in any treatment group) were paresthesia (6 [0.7%] 
in the alirocumab versus 2 [0.3%] in the ezetimibe group), dysphagia (5 [0.6%] in 
the alirocumab group versus none in the ezetimibe group), and hypoaesthesia (4 
[0.5%] in the alirocumab group versus 2 [0.3%] in the ezetimibe group). 

	 SMQ Peripheral neuropathy: TEAEs within this SMQ were reported in 20 (2.3%) 
of alirocumab-treated patients versus 13 (2.1%) of eztimibe-treated patients.  
Many of the preferred terms within this SMQ overlap with the SMQ for Guillain-
Barre, so as seen with the SMQ Guillain-Barre, paresthesia and hypoesthesia 
were reported with higher incidence (≥0.2%) in the alirocumab-treated group 
compared to the ezetimibe-treated group. 

Cumulative incidences of neurologic events over the TEAE period were slightly higher in 
the alirocumab group, with a higher cumulative incidence during the first 12 weeks 
overall. Similar to the placebo-controlled pool, cumulative incidences of neurologic 
events in the pool of ezetimibe-controlled studies appeared to be higher in the 
alirocumab-treated group not only in the first 12 weeks but at all timepoints. 
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occurring in alirocumab-treated patients, that are notable [optic neuritis, Miller-Fisher 
syndrome, demyelination (suspicious of multiple sclerosis), and transverse myelitis].  All 
9 neurologic SAEs are summarized in Table 95 below.   

An internal neurology consult was sought regarding these neurological events of 
interest In brief, based on review of the neurological cases of interest and analysis of 
adverse event data files, there did not appear to be any imbalances in either individual 
or groups of adverse events that would be suggestive of a disorder of peripheral myelin 
(peripheral neuropathy or polyradiculopathy).  Regarding the specific serious 
neurological adverse events of interest, the consultant concluded that Miller Fisher 
syndrome and transverse myelitis are so rare that a single case of either is unexpected 
in this clinical trial population.  However none of the cases were considered definitive, 
each lacking important supportive clinical or laboratory findings, and there appeared to 
be no evidence supporting a particular biological pathway that would give alirocumab a 
propensity to cause such side effects. 
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Miller-Fisher 011717-826 47 M 1.5 mg/dL positive normal D/C tx On simvastatin 40 mg/day for 6 years. 
syndrome 010-268 

LONG TERM 

Alirocumab 150 
mg Q2W 

(Wk24/Day 168) ADA 
response 
(titer: 480) 
at Week 4, 
not 
associated 
with  
neutralizing 
activity. 
ADA 
negative 
responses 
were 
observed 
at all other 
evaluated 
time points. 

Resolved 
post 
gamma-
globulin 
treatment 

Reported diplopia on Day 190.  Had been 
preceded by nausea and diarrhea and “some 
weight loss”.  Condition continued to 
deteriorate leading to hospitalization on Day 
197. On admission, mild distal weakness, 
areflexia (upper and lower extremities) and 
6th cranial nerve palsy (external 
ophthalmoplegia, subtle ptosis of right eyelid) 
were noted. CT and MRI of the brain were 
normal. Miller-Fisher syndrome was 
diagnosed. The patient received 
gammaglobulin treatment. Cerebrospinal fluid 
revealed normal glucose, protein and cells. 
Ant bodies to GQ1b were not detected. 
Multiple tests, including complete blood 
count, C-reactive protein, renal and liver 
tests, serum angiotensin converting enzyme 
(ACE), anti-neutrophil cytoplasmic antibody 
(ANCA) screen, Lyme serology, syphilis, 
human immunodeficiency virus (HIV) 
serology, anti-myelin-associated glycoprotein 
(MAG) ant bodies, anti-gangliozide 
antibodies, serum immunoglobulins were all 
normal, with the exception of slight transitory 
lymphocytosis. 
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Demyelination 011717-380
002-004 

LONG-TERM 

Alirocumab 150 
mg Q2W 

57 F 44 mg/dL (Wk4) Neg ADA Normal Given high 
dose 
steroid 

Recovered 
with 
sequelae 
(myalgia 
of lower 
limbs) 

A 57-year-old female patient with anxiety and 
depression, treated with rosuvastatin 5 
mg/day for 8 months at alirocumab initiation, 
complained of walking difficulty, lower limb 
weakness and tingling in toes, persisting after 
rosuvastatin withdrawal, on Day 64. 
Electromyogram (EMG) was negative. The 
event was not diagnosed until neurological 
examination performed 11 months later, MRI 
of the brain showed multiple lesions of 
supratentorial and subtentorial white matter 
and cervical spine cord. Autoimmune 
screening was normal. Cerebrospinal fluid 
revealed presence of oligoclonal bands with 
intrathecal IgG synthesis. Reduced amplitude 
of the brainstem auditory-evoked response 
(BAER) and delayed and reduced potential of 
evoked somesthetic response (PESS) on the 
left side and the MRI findings led to the 
diagnosis of demyelinating disease of central 
nervous system, and suspicion of multiple 
sclerosis. High dose corticosteroid therapy for 
3 days resulted in noticeable improvement. 
The patient recovered with sequelae, 
reported as ongoing constant myalgia of the 
lower limbs. No action was taken with the 
IMP. Long-term immunomodulatory therapy 
and neurological check-up were planned. 
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Transverse 011569-840 75 F 44 mg/dL (Wk8) Neg ADA Not D/C tx A 75-year-old female patient on simvastatin 
myelitis 974-004 

COMBO II 

Alirocumab 75 
mg Q2W 

at baseline, 
no other 
values 
available 

measured 40 mg/day for over 15 years and with relevant 
medical history of hypothyroidism, obesity, 
depression and arthritis, experienced myelitis 
transverse on Day 64. She was hospitalized 
for dizziness, impaired balance, left 
abdominal pain, left-sided numbness, left 
back pain and weakness of the left lower 
extremity. Initial diagnosis was stroke of the 
spinal cord. MRI of the thoracic spine showed 
increased spinal cord signal, and slight 
expansion at T6-T9 level, and was 
considered more consistent with a diagnosis 
of transverse myelitis. Cerebrospinal fluid by 
lumbar puncture was acellular with normal 
proteins and without oligoclonal bands. Pulse 
steroids led to rapid improvement and a 
discharge within 10 days. Alirocumab was 
discontinued. On consecutive evaluations up 
to 9 months after discharge left lower 
extremity spasticity was persisting with 
presence of MRI spine lesion at T6-T8 level. 
CT of the brain did not show an active 
process at the time of event. The patient used 
a walker and received baclofen 10 mg 3 
times a day and valium. The event was 
considered not to be related to the IMP, to 
statin, or to other LMT. Two brain MRI 
findings were available at 6 and 7 months 
post-event onset, respectively. The first MRI 
concluded generalized cerebral volume loss 
and mild degree of chronic small vessel 
ischemic disease, while the second was said 
to show several small areas of white matter 
involvement around the corpus callosum 
posteriorly and one such area in the splenium 
of the corpus callosum. This case is still 
under investigation and efforts are being 
made to obtain the original MRI images.  
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Sensory 
disturbance 

011569-208
914-009 

COMBO II 

Alirocumab 75 
mg Q2W 

57 M 25 mg/dL (W4) Negative Not 
measured 

None 

Recovered 

On Day 289 of the study ), the 
patient had a new serious adverse event of 
moderate intensity, reported as sensory 
disturbance in arms and legs (Sensory 
Disturbance). The patient was admitted to the 
hospital, he was tired, and had tingling feeling 
and felt as if water was running on the skin, 
but there was nothing wrong with hands and 
feet. All blood tests, including hematology, 
liver panel, and infection parameters, were 
normal. No findings in the neurological exam 
were seen and no other tests were done. 

Ataxia 011717-124
006-008 

LONG-TERM 

Alirocumab 150 
mg Q2W 

65 F 5 mg/dL (W52) Negative High None 

Recovered 

On Day 33 of the study (08-JAN-2013), the 
patient had a new serious adverse event of 
severe intensity, reported as ataxia due to 
combination of dehydration and lyrica 
(Ataxia). On this day, the patient also had 3 
other adverse events, reported as acute renal 
insufficiency (Renal Failure Acute) of 
moderate intensity, possible drug reaction 
related to pregabalin (adverse drug reaction) 
of moderate intensity, and confusional state 
due to combination of dehydration and lyrica 
(Confusional State) of mild intensity. 
Myoclonus and tremor resolved within 14 
hours and the QT interval and eGFR returned 
to normal within 24 hours of receiving 
intravenous hydration. A neurologist’s 
consultation letter stated that the events were 
probably due to pregabalin (Lyrica) and acute 
renal failure, while other ongoing medications 
such as aspirin, metformin, labetalol, 
hydrochlorothiazide, fenofibrate, 
esomeprazole, ubiquinone, amlodipine, and 
ramipril could also have contr buted. 
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Gait 
disturbance 

012492-840
430-009 

FH I 

Placebo 

78 M 84 mg/dL (W64) Negative Not 
measured 

Recovered On Day 363 of the study , the 
patient had a new serious adverse event of 
severe intensity, reported as gait disturbance 
(Gait Disturbance). The patient had recurrent 
and frequent falls due to increased gait 
disturbance, and showed acute-on-chronic 
confusion (patient with Alzheimer’s mixed 
syndrome). The patient was transferred via 
ambulance to hospital. At physical 
examination, the patient had a good range of 
motion in all major joints, no tenderness to 
palpation or major deformities noted. He was 
alert and oriented, grossly normal motor 
function, good sensory function testing, no 
cog wheeling or rigidity, very slight resting 
tremor left hand, no focal deficits was noted. 
Mild fasciculations, tongue and hyperreflexia 
with mild to moderate weakness were 
observed. CXR, head CT, ECT, EEG, MRI no 
significant abnormalities. The patient 
underwent gait strengthening rehabilitation 
(Rehabilitation therapy) and was considered 
recovered from gait disturbance and 
discharged on 
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Preferred term Pt. ID 
Study 
Treatment 

Age (y)/ 
Sex/ 

Lowest LDL-C Treatment 
emergent 
ADA 

Vit E 
levels 

Action 
taken & 
Outcome 

Summary 

Paresthesia 001118-826
860-003 

52 F 96 mg/dL (W16) Negative Not 
measured 

Recovered 

OPTIONS II 

Ezetimibe 

On Day 136 of the study (b) (6) ), the 
patient had a new serious adverse event of 
severe intensity, reported as paraesthesia of 
right arm unspecified cause no stroke 
(Paraesthesia), accompanied by right arm 
numbness and weakness, and chest pain. 
The patient underwent an ECG on Day 136 

(b) (6) ) with no significant 
(b) (6)abnormalities detected. On  the 

patient experienced mild chest discomfort 
and mild back pain (both non-serious events) 
associated with nausea but no vomiting. On 
the same day, the patient was hospitalized 
with right arm weakness and tingling of the 
arm. On (b) (6)  the patient also 
experienced mild headache and mild 
hypertension (both non-serious events).  No 
fever, shortness of breath, palpitation, or neck 
stiffness was noted. On examination, cranial 
nerves were normal, pupils were equal and 
constricting to light, there was no pronator 
drift, power was normal on all 4 limbs, there 
was no gaze palsy, and gait was normal. 

(b) (6)Laboratory results on included 
magnesium 0.97 mmol/L (normal range: 0.7-1 
mmol/L), inorganic phosphate 0.96 mmol/L 
(normal range: 0.8-1.5 mmol/L), sodium 139 
mmol/L (normal range: 133-146 mmol/L), and 

) showed normal results. A CT scan of 
the head on the same day showed no 
evidence of major infarct mass or bleeds, but 
there were a few deep white matter changes 
lateral to the left caudate nucleus consistent 
with small vessel disease (non-serious 
adverse event), and small possible tiny infarct 
in the right superior parietal region. The 

(b) (6)patient was discharged on 

mmol/L). A chest x-ray on Day 138 
potassium 4.2 mmol/L (normal range: 3.5-5.3 

(b) (6)

 with 
improved condition. The patient underwent an 
x-ray of the cervical spine on Day 148 (b) 

(6)
 with no significant abnormalities 

detected ('xr cervical spine has a mild 
degenerative changes involing facet joints are 
noted.there is a slight reversal of cervical 
lordosis.no significant abnormally can be 
seen')
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Discontinuations due to neurologic events of interest 
In the placebo-controlled pool, the number of patients who experienced neurologic 
events leading to permanent treatment discontinuation was similar in the alirocumab 
and placebo groups (5 [0.2%] and 2 [0.2%], respectively).  In 4 of these 7 patients, the 
event outcome was “recovered” while in 3 patients who were treated with alirocumab 
the events (hypoesthesia, Miller Fisher syndrome, polyneuropathy idiopathic 
progressive) were listed as “not recovered”.  The narrative for the patient reporting 
idiopathic progressive polyneuropathy is listed below. 
 011717-840-150-016/Alirocumab/Polyneuropathy idiopathic progressive:  75 year old white 

female on rosuvastatin 20 mg, on Day 32 of the study experienced left arm pain with mild 
tenderness and small bruise thought secondary to IP (investigational product) injection.  IMP was 
discontinued due to this event.  Seen by neurologist for evaluation of numbness, tingling, and 
paresthesia.  The patient underwent neurological examination and laboratory tests the same day, 
results of which were abnormal for neuropathy indicating paresthesia in the hand along with 
bilateral and idiopathic progressive neuropathy. The pain was described as paresthesia, which 
had existed for 6 weeks prior to the initial visit. The patient stated that the problem was on both 
the left and right hands, which was exacerbated when using them. The frequency of the pain was 
same throughout the day but worsened during the night time. The patient reportedly had arthritis 
as well. The final impressions included median nerve sensory neuropathy with bilateral, 
paresthesia in the hand, bilateral and ulnar nerve entrapment at the elbow along with bilateral and 
idiopathic progressive polyneuropathy. The patient was finally diagnosed with idiopathic 
progressive polyneuropathy (moderate). The event was idiopathic with no underlying cause. The 
event was reported to have been stabilized.  LDL-C levels at baseline were 108 mg/dL.  On Study 
Day 32, LDL-C was 9 mg/dL and 12 mg/dL on Study Day 65.  Patient was ADA negative. 

The number of patients in the ezetimibe-controlled pool who experienced neurologic 
events leading to permanent treatment discontinuation was 4 (0.5%) in the alirocumab 
group (paresthesia, muscle weakness, neuralgia, myelitis transverse) and 3 (0.5%) in 
the ezetimibe group (all 3 were muscle weakness). In 6 of these 7 patients, the event 
outcome was “recovered” while in 1 patient the event of transverse myelitis was 
recovering at the time of last information received. 

Neurologic events of interest – low LDL-C 
Of the 796 alirocumab-treated patients who achieved two consecutive LDL-C values 
<25 mg/dL, 15 (1.9%) experienced a neurologic TEAE of interest.  The preferred terms 
that occurred in 2 or more of these patients were paresthesia (n=3), decreased vibratory 
sense (n=2), and hypoesthesia (n=2). None of these events were serious. 

Neurocognitive events 
Neurocognitive events were assessed in all phase 2 and 3 studies using company 
selected MedDRA terms or company MedDRA Query (CMQ), based on the five 
following high level group terms (HLGTs); “Deliria (includes confusion)”, “Cognitive and 
attention disorders and disturbances”, “Dementia and amnestic conditions”, 
“Disturbances in thinking and perception”, “Mental impairment disorders”.  A second 
grouping based on the Division’s recommendation was also evaluated in phase 2 and 3 
studies (Appendix). 
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Pt ID Age/Sex PREFERRED 
TERM 
Verbatim term 

Day of 
study 
event 
occurred1 

Outcome 2 LDL-C <25 
Last LDL-C 
before event 

Comments 

unknown related. On mini mental status exam (2 
months thereafter: lost marks on 
orientation and recall 
Family history: mother had Alzheimer’s 
disease 
Nitazepam concomitantly 

011566-840-615-016 61 M CONFUSION 
AL STATE/ 
Confusion 

4 Recovered N 
115 mg/dL 

Patient with medical history of 
depression, bipolar disorder, and 
alcohol use 
Desvenlafaxine, gabapentin, 
risperidone, temazepam concomitantly 
Reported on same day dizziness, 
syncope, and inner ear infection 

011717-124-006-008 65 F CONFUSION 
AL STATE/ 
Confusion due 
to combination 
of dehydration 
and Lyrica 

33 Recoved N 
26 mg/dL 

Patient with anxiety, past ischemic 
stroke, past short term memory loss, 
and intermittent hallucinations.  Patient 
on pregabalin, citalopram, trazodone, 
zopiclone concomitantly. 

Patient also reported ataxia (due to 
dehydration and pregabalin), 

AMNESIA/ 
Worsening 
short term 
memory loss 
etiology 
unknown 

363 Recoved N 
54 mg/dL 

Also reported syncope, 
hypomagnesemia, hypokalemia 
(caused by gastroenteritis) on the same 
day as the amnesia 

011717-124-015-003 78 F CONFUSION 
AL STATE/ 
Confusion 
etiology 
unknown 

94 Recovered N 
70 mg/dL 

Patient with seizure disorder (1954), 
intermittent heaches, ischemic stroke 
(2011), episode of vertigo, cerebellar 
atrophy, possible old parietal lobe 
infarcts. 

On same day of event reported 
presyncope and dehydration which 
resolved 

011717-208-005-007 62 M CONFUSION 
AL STATE/ 
Confusion, 
regarded 
related to 
stress 

456 Recovered N 
96 mg/dL 

Presyncope reported on Study Day 453 
Morphine concomitantly 

011717-710-009-013 55 F AMNESIA/ 
Memory loss 

110 Recovered N 
29 mg/dL 

Dose not changed 

011717-826-006-080 70 M AMNESIA/ 
Memory loss 

NA Not 
recovered 

N 
51 mg/dL 

IMP stopped about 2 months before 
onset of amnesia 
Relevant medical history includes 
ischemic stroke (1995) 

011717-826-012-006 64 M CONFUSION 
AL STATE/ 
Intermittent 
confusion 
(etiology 
unknown) 

461 Recovered Y 
11 mg/dL 

Confusional state occurring the day 
after surgery for sigmoid colon cancer 
Flupentixol, sertraline concomitantly 

011717-840-083-004 45 M AMNESIA/ 
Short term 
memory loss – 
etiology 
unknown 

45 Recovered N 
156 mg/dL 

Relevant medical history included short 
term memory loss, anxiety (2011), 
depression (2011), insomnia (2011)  
Citalopram, alprazolam concomitantly 

011717-840-204-002 63 M AMNESIA/ 
Short term 

NA Not 
recovered 

N 
31 mg/dL 

Dose not changed 
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LONG TERM 
Placebo 

Recovered aggravation of forgetfulness on Day 33 during hospitalization for 
bronchitis. 

11569-840-917-003 
COMBO II 
Ezetimibe 

75 M Transient global 
amnesia 
Confusional 
state 

A 75-year-old male patient experienced transient global amnesia and 
confusion lasting for 1 hour only on Day 102 

11717-840-077-009 
LONG TERM 
Placebo 

81 M Mental status 
change 
Recovered 

An 81-year-old male patient experienced a transient altered mental 
status leading to a hospitalization on Day 37. The event lasted for 2 
days, after which the patient recovered 

11717-840-113-013 
LONG TERM 
Placebo 

56 F Mental status 
change 
Recovered 

A 56-year-old female patient experienced altered mental status 
requiring hospitalization on Day 548. The etiology of the event 
remained “unknown”. The patient fully recovered within 2 weeks 

Source: ISS and corresponding CSR narratives 

Neurocognitive disorders – low LDL-C 
A total of 796 patients treated with alirocumab achieved 2 consecutive LDL-C values 
<25 mg/dL. Of these 4 (0.5%) patients reported a neurocognitive disorder: amnesia, 
confusional state, dementia, and frontotemporal dementia.  Two of these were serious 
events and are described above. 

Discontinuations due to neurocognitive events 
No patients treated with alirocumab discontinued treatment due to a neurocognitive 
event. 

ALT increase and hepatic disorders 

The following analyses used the standardized MedDRA query for “hepatic disorders”.   

A higher proportion of alirocumab-treated patients reported treatment-emergent AEs, 
SAEs, and discontinuation due to AEs related to hepatic disorders compared to 
placebo-treated patients.  All patients in the placebo-controlled pool were on maximally 
tolerated background statin therapy. 

Within the ezetimibe-control pool, TEAEs did not occur at a higher incidence in the 
alirocumab-treated group compared to the ezetimibe-treated group.  Only 1 patient 
experienced an SAE (alirocumab-treated) and a slightly higher percentage of 
alirocumab-treated patients discontinued treatment due to a hepatic disorder. 
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Selected SAE narratives 

 011717-380-001-003/Alirocumab/ALT increase:  36 year old white man with fatty liver and 
previous history of ALT increase several years prior to this study.  The patient experienced a mild 
ALT increase 28 days after receiving first alirocumab injection which progressed to a peak ALT of 
233 (5.4x ULN) and AST 162 (4.5x ULN), alkaline phosphatase and bilirubin were within normal 
limits. Viral serologies were negative.  Liver ultrasound confirmed fatty liver infiltration.  
Alirocumab was temporarily interrupted and liver function tests returned to baseline.  Simvastatin 
and ezetimibe as background therapy were continued throughout this event.  After reintroduction 
of alirocumab, this patient had five additional episodes of increased ALT, no further action 
regarding the study drug was taken, and the patient completed the study.  Since submission of 
the BLA, the serious event was downgraded to non-serious by the Investigator. 

 011717-250-009-007/Alirocumab/Hepatocellular injury:  A 60-year-old female patient (baseline 
BMI 27.6 kg/m2), with a relevant medical history of coronary artery disease including acute MI, no 
hepatic disorders or alcohol consumption, experienced hepatic cytolysis on Day 29. ALT and AST 
increased up to 8.2 ULN (280 IU/L) and 4.9 ULN (168 IU/L), respectively. Bilirubin levels were 
normal. Alirocumab was temporarily interrupted. The patient recovered without corrective 
treatment and alirocumab was resumed without recurrence of ALT increase. The patient received 
ciprofloxacin up to 3 weeks before randomization and the combination of tiliquinol/ tilbriquinol in 
the month before and in the first week after randomization for the treatment of acute sigmoiditis 
that started about two months prior to randomization. These drugs are listed to have a risk of liver 
toxicity and may represent potential alternative cause for the transaminase increases. The ALT 
values at screening and at baseline were moderately high, 1.8 ULN and 2.6 ULN, respectively as 
well as an aspartate aminotransferase (AST) value of 1.7ULN at baseline (Day 1).  

 012492-203-405-001/Alirocumab/hepatic enzyme increased:  A 67-year-old female patient 
(baseline BMI 29.6 kg/m2), with a relevant medical history of hypertension and peripheral arterial 
occlusive disease, experienced hepatic enzyme increased of severe intensity on Day 169 
following a viral infection. Liver function tests (LFTs) on Day 169 showed elevated ALT at 129 
IU/L (3.8 ULN) with high AST at 133 IU/L (3.91 ULN) and normal total bilirubin; baseline ALT was 
54 IU/L (1.59 ULN). On Day 171 ALT values increased to 313 IU/L with high AST at 229 IU/L 
(6.74 ULN) and high total bilirubin at 24 μmol/L. On Day 176, ALT values increased to 539 IU/L 
(15.85 ULN) with AST at 438 IU/L (12.88 ULN), elevated alkaline phosphatase (ALP) 813 IU/L 
(6.61 ULN), and gamma-glutamyl transferase (GGT) 528 IU/L (10.56 ULN). Ultrasonography 
showed mild nonserious cholesterolosis of the gallbladder. Serology results were negative for 
hepatitis B, C, and A. No specific corrective treatment was required but paracetamol, ibuprofen, 
rosuvastatin and ezetimibe were interrupted. The IMP was permanently discontinued, with the 
last administration on 15-MAY-2013. The patient recovered from the event without sequelae on 
06-JUN-2013. On that date, alkaline phosphatase was 275 U/L (2.24 ULN), AST was 23 U/L 
(0.68 ULN), and ALT was 31 U/L (0.91 ULN).  On 07-AUG-2013, approximately one month after 
rosuvastatin and ezetimibe were re-started, ALT, AST, and alkaline phosphate were all within 
normal range. 

Discontinuations due to hepatic disorders 
A higher percentage of patients treated with alirocumab discontinued treatment due to a 
treatment-emergent event related to a hepatic disorder.  Of the 9 alirocumab-treated 
patients who discontinued due to a hepatic disorder event, 8 discontinued due to 
abnormal hepatic laboratory values. 

One discontinuation is an example of a positive rechallenge in a 42-year-old female 
patient (baseline BMI 36.3 kg/m2) with a medical history of obesity experienced ALT 
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significant evidence of obstruction, and a rise in bilirubin to 2x ULN in the absence of 
concurrent hepatic infection, hepatotoxic drugs, or injury.  

There were 3 incidences of elevated transaminase levels with total bilirubin elevated 2x 
ULN (1 alirocumab-treated, 2 placebo-treated), which are summarized below. These 
cases of concomitant increases in liver transaminases and bilirubin do not qualify as 
Hy’s Law cases based on the alternative etiologies of hepatitis A, cholangitis, or acute 
cholecystitis. 

Alirocumab-treated 
	 001112-528-202-003:  A 50-year-old male patient (baseline BMI 30.2 kg/m2), with a history of 

type 2 diabetes mellitus and daily consumption of alcohol, experienced ALT increase on Day 1 
due to hepatitis A (PT: hepatitis A) of mild intensity. IMP was temporarily discontinued.  AST 
reached peak levels on Day 41 at 30.03 x ULN, ALT reached peak levels on Day 50 at 48.7 x 
ULN, and bilirubin reached peak levels on Day 46 at 7.38 x ULN. The patient was diagnosed with 
hepatitis A, reported as a treatment-emergent SAE and leading to a temporary drug withdrawal. 
The patient recovered from the event without sequelae. 

Placebo-treated 
	 12492-840-428-001:  A 48-year-old male patient had increased ALT (12.36 ULN), AST (17.9 

ULN), and total bilirubin (3 ULN) on Day 144. The patient was diagnosed with acute cholecystitis 
and possible choledocholithiasis reported as a treatment-emergent SAE 

	 11717-124-008-007: A 68-year-old female patient, with a history of cholelithiasis and 
cholecystectomy, had increased total bilirubin (2.78 ULN) on Day 75, and then increased ALT 
(8.75 ULN) and AST (6.38 ULN) on Day 136. The patient was diagnosed with a cholangitis 
reported as a treatment-emergent SAE. Corrective treatment included piperacillin/tazobactam. 
The IMP (placebo) was temporarily interrupted due to the event of cholangitis. The patient 
recovered. 

Ophthalmologic adverse events 

Selection of ophthalmologic TEAEs for analysis was based on SMQs “optic nerve 
disorders” (broad and narrow), “retinal disorders” (narrow), and “corneal disorders” 
(narrow). 

A slightly higher percentage of alirocumab-treated patients experienced a treatment-
emergent ophthalmologic adverse event of interest, serious ophthalmological adverse 
event, and discontinuations due to ophthalmologic AEs compared to placebo-treated 
patients. There were no fatalities associated with these events.  A smaller proportion of 
patients in the ezetimibe-controlled group experienced a TEAE, however, more 
occurred with alirocumab treatment. It is possible the higher number of ophthalmologic 
events in the placebo-controlled pool versus the ezetimibe-controlled pool is a result of 
testing color vision in all patients in the placebo-controlled LONG TERM study as well 
as additional testing performed in the ophthalmologic sub-study. 
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Discontinuations due to ophthalmological disorders 

A total of 2 alirocumab-treated patients (1 due to optic neuritis which is discussed in the 
section regarding neurological events) and no placebo or ezetimibe treated patients 
discontinued treatment due to a TEAE.  The alirocumab-treated patient who 
discontinued treatment was a 76 year-old female patient with a medical history of 
bilateral intraocular lens implants and caratact and reduced visual acuity, who 
experienced floaters in both eyes of mild intensity (PT: vitreous floaters) at an 
undetermined date after the first administration of alirocumab.  Alirocumab was 
discontinued. The patient did not receive corrective treatment and had not recovered at 
the time of alirocumab BLA submission to Division. 

Ophthalmologic sub-study 

An ophthalmologic sub-study within the LONG TERM study was conducted at selected 
sites and enrolled 139 patients [55 (6.5%) placebo, 88 (5.7%) alirocumab).  
Randomization in patients participating in the ophthalmologic sub-study was also 
stratified by diabetes status. Ophthalmologic assessments (including color vision 
testing, best corrected visual acuity, slit lamp ophthalmoscopy, intraocular pressure 
assessment, dilated lens and fundus examination, or optic disc and fundus 
photographs) were performed periodically throughout the study as per the usual 
practice of the ophthalmologist/optometrist involved in this sub-study.  It was 
recommended that the same ophthalmologist/optometrist performed the evaluations.  
Abnormalities identified during ophthalmologic assessments were to be reported as 
AEs. 

Mean treatment exposure was similar between treatment groups, 60.6 weeks in the 
alirocumab group and 60.9 weeks in the placebo group. In the sub-study, 73 patients in 
the alirocumab group and 42 patients in the placebo group were exposed to study 
treatment for ≥52 weeks, and 17 patients [19.3%] in the alirocumab group and 9 
patients [17.6%] in the placebo group were exposed to study treatment for ≥76 weeks. 
Diabetes status was similarly distributed between treatment groups – approximately 
30% of alirocumab and placebo-treated patients participating in the sub-study reported 
a history of diabetes. 

Among the 139 patients participating in the ophthalmological sub-study, 6 patients had 
an ophthalmological TEAE by SMQ (4 patients [4.5%] in the alirocumab group and 2 
patients [3.9%] in the placebo group).  In the four alirocumab-treated patients, the 
events reported in 1 patient each were age-related macular degeneration, 
demyelination, detachment of the retinal pigment epithelium, retinal hemorrhage, and 
retinal tear. The case of “demyelination” did not involve an ophthalmic disorder and 
based on the narrative is a case of probably multiple sclerosis which is discussed in this 
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There did not appear to be consistent differences between treatment groups for either 
the placebo or ezetimibe-controlled studies in the timing of a CMQ defined diabetes-
related TEAE (Figure 36). 

Figure 36. Study-adjusted Kaplan-Meier cumulative incidence curve for time to 
first diabetes mellitus or diabetic complications event during TEAE period (Safety 
population) – pool of placebo-controlled studies (left panel) and pool of 
ezetimibe-controlled studies (right panel) 

Serious adverse events – Diabetes mellitus and diabetic complications (CMQ) 

All patients with a serious diabetes mellitus event had reported a medical history of 
diabetes at baseline with the exception of one alirocumab-treated patient summarized 
below. 

 11717-100-005-028/alirocumab/diabetes mellitus: The event was reported in 
a 68-year-old female patient with history of stable angina pectoris and 
hypertension, and elevated baseline HbA1c of 7.7% and glucose of 214 mg/dL 
(no reported history of diabetes mellitus). The patient had a blood glucose level 
of 556 mg/dL and HbA1c of 15.6% (normal range: <6.5%) on Day 99, and an 
SAE of type 2 diabetes mellitus was reported on Day 100. The patient was 
hospitalized on Day 119 with typical symptoms of hyperglycemia and report of 
weight reduction of 10 kg over the prior 3 to 4 months. Corrective treatment 
included insulin and metformin. 

Of the 11 SAEs reported, 2 patients (2 alirocumab, 2 placebo) had not recovered at the 
time of the submission cut-off date.  Brief narratives of the “not recovered” SAE are 
included here. 
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 11717-100-005-028/alirocumab/type 2 diabetes mellitus: See narrative 

above. 


 11717-100-013-002/alirocumab/diabetes mellitus: A 54-year-old male patient 
with a medical history of chronic renal failure, diabetic neuropathy, diabetic 
retinopathy, obesity, hypertension, and type 2 diabetes mellitus treated with 
Novomix and acarbose, experienced decompensated diabetes mellitus of 
moderate intensity, on Day 386. Alirocumab was permanently discontinued due 
to this event. The patient received corrective treatment with insulin. The patient 
had not recovered at the date of the last received information. 

 11717-826-010-175/placebo/diabetes mellitus: A 66-year-old female patient 
with a medical history of diabetic retinopathy, microalbuminuria, hypertension, 
menopause, and type 1 diabetes mellitus treated with insulin lispro, experienced 
worsening diabetes of moderate intensity, associated with urinary tract infection, 
on Day 361. No action was taken with the study drug. The patient did not receive 
corrective treatment. She had not recovered at the date of the last received 
information. 

 11717-840-075-018/placebo/diabetic retinopathy: A 56-year-old-female 
patient with a medical history of type 2 diabetes mellitus treated with metformin, 
hypertension, experienced a new serious adverse event of moderate intensity 
reported as diabetic retinopathy on Day 185. The event was diagnosed on optical 
coherence tomography. The patient was asymptomatic. No corrective treatment 
was given. No action was taken with the IMP. The patient had not recovered but 
the event has stabilized. 

Discontinuations due to Diabetes mellitus and diabetes complications (CMQ) 

There were 2 discontinuations due to a diabetes mellitus and diabetes complications 
adverse event, both occurring in alirocumab-treated patients.  One was a serious event 
which was defined above (11717-100-013-002) and the other occurred in a 56-year old 
male patient with a relevant medical history of hypertension and type 2 diabetes mellitus 
treated with insulin detemir, metformin, saxagliptin, experienced worsening diabetes of 
mild intensity on Day 21. Alirocumab was permanently discontinued and the patient 
received corrective treatment with insulin lispro and metformin. He recovered from the 
event (11568-840-853-005). 

Analyses of diabetes mellitus and diabetes complications (CMQ) by baseline diabetes 
status as per medical history 

Table 110 below provides an overview of diabetes mellitus and diabetes complications 
(CMQ) divided by baseline diabetes status per medical history as recorded on the case 
report forms. In patients at baseline with diabetes per medical history, a higher 
percentage of alirocumab-treated patients (10.6%) had an adverse event compared to 
placebo-treated patients (8.4%).  The most commonly reported preferred term in 
patients with diabetes at baseline was “diabetes mellitus” (3.7% of alirocumab-treated 
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patients and 2.5% of placebo-treated patients).  In the ezetimibe-controlled group, 6.8% 
of ezetimibe-treated patients had a diabetes-related adverse event versus 5.7% of 
alirocumab-treated patients. 

In patients without diabetes as per medical history, patients treated with alirocumab 
reported a lower incidence of CMQ defined diabetes mellitus and diabetes 
complications TEAEs compared to patients treated with placebo or ezetimibe. 

Table 110. Number of patients with at least one diabetes mellitus or diabetic 
complications (CMQ) TEAE (safety population) – pool of placebo-controlled and 
pool of ezetimibe controlled studies 

Diabetes mellitus Diabetes at Baseline1 Without Diabetes at Baseline 
(CMQ) 

Placebo-controlled Ezetimibe-controlled Placebo-controlled Ezetim be-controlled 

Placebo Alirocumab Ezetimibe Alirocumab Placebo Alirocumab Ezetimibe Alirocumab 
N=367 N=710 N=190 N=282 N=909 N=1766 N=428 N=582 
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

TEAE 31 (8.4) 75 (10.6) 13 (6.8) 16 (5.7) 18 (2.0) 28 (1.6) 9 (2.1) 9 (1.5) 
SAE 5 (1.4) 5 (0.7) 0 0 0 1 (<0.1) 0 0 
TEAE leading to death 0 0 0 0 0 0 0 0 
TEAE leading to 0 2 (0.3) 0 0 0 0 0 0 
discontinuation 

Source: ISS Addendum appendix Table 1.1.1.24, ISS Addendum appendix 1.1.1.26 Submitted 1 April 2015 SD#25
 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I), phase 2 (DFI11565, DFI11566, CL-1003, 

DFI12361)
 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 

The selection of PTs is based on the primary and secondary HLGT 'diabetes complications', HLT 'diabetes mellitus' and HLT 

'carbohydrate tolerance analyses (incl diabetes)' excluding PT 'Blood glucose decreased', and includes PT ‘hyperglycemia’ 

1Patient with term from “Type 1 or type 2 diabetes” CMQ recorded in medical history 
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Table 1.  Change in glucose and HbA1c by baseline glucose control status (safety population) – pool of phase 3 placebo-
controlled studies 

Parameter Normal Impaired fasting glucose Diabetes mellitus 
n Placebo n Alirocumab n Placebo n Alirocumab n Placebo n Alirocumab 

Fasting plasma glucose 
(mg/dL) 

Baseline (BL) 364 92.3 (9.7) 716 92.4 (9.5) 419 102.1 (11.5) 865 102.1 (11.4) 389 137.5 (46.8) 735 134.8 (43.0) 
Mean change (SD) from BL 

Last on-treatment1 358 1.2 (9.3) 694 1.5 (10.0) 407 2.4 (11.8) 837 2.2 (12.2) 371 9.2 (52.2) 707 8.1 (51.0) 
Worst (highest) on-treatment2 358 7.5 (10.1) 694 7.7 (9.9) 407 9.6 (12.7) 837 9.2 (12.2) 371 33.5 (56.1) 707 35.4 (57.2) 

Week 52 (pbo) 308 0.6 (8.8) 589 0.9 (9.5) 355 0.2 (10.6) 742 1.5 (11.1) 307 6.8 (50.3) 599 6.4 (46.4) 
HbA1c (%) 

Baseline (BL) 361 5.35 (0.22) 711 5.34 (0.22) 419 5.83 (0.27) 864 5.83 (0.28) 389 6.96 (1.12) 735 6.95 (1.10) 
Mean change (SD) from BL 

Last on-treatment1 352 0.08 (0.24) 679 0.09 (0.25) 403 0.02 (0.28) 832 0.01 (0.31) 371 0.16 (0.93) 705 0.20 (1.06) 
Worst (highest) on-treatment2 352 0.19 (0.21) 678 0.21 (0.23) 403 0.13 (0.26) 832 0.13 (0.29) 371 0.43 (0.89) 705 0.57 (1.08) 

Week 52 (pbo) 308 0.09 (0.24) 591 0.10 (0.25) 356 0.01 (0.27) 746 -0.00 (0.30) 312 0.12 (0.88) 613 0.22 (1.09) 
Source:  ISS appendix 1.5.2.2.2.3; 1.5.2.2.10
 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I)
 

1. Defined as the last value collected up to 21 days after the last double-blind IMP injection. 
2. Defined as the nadir and/or the peak value according to the direction (minimum or maximum) of the abnormality as defined in the PCSA list 

Patients who had parameter assessed at baseline and/or post-baseline are included. Only central laboratory values are taken into account. 
Impaired glucose control and diabetes at baseline are defined using specific terms reported in the Medical history, baseline HbA1c, and fasting blood glucose at screening and randomization 

Table 2.  Change in glucose and HbA1c by baseline glucose control status (safety population) – pool of ezetimibe
controlled studies 

Parameter Normal Impaired fasting glucose Diabetes mellitus 
n Ezetimibe n Alirocumab n Ezetimibe n Alirocumab n Ezetimibe n Alirocumab 

Fasting plasma glucose 
(mg/dL) 

Baseline (BL) 174 92.6 (8.3) 223 94.2 (9.2) 243 102.8 (12.7) 333 105.3 (14.4) 201 130.0 (35.6) 308 133.1 (34.9) 
Mean change (SD) from BL 

Last on-treatment1 165 2.7 (10.1) 213 1.6 (9.8) 234 -0.3 (13.7) 318 0.3 (13.8) 190 7.9 (47.1) 289 5.8 (37.7) 
Worst (highest) on-treatment2 165 6.2 (10.1) 213 6.0 (10.5) 234 5.3 (13.5) 318 7.3 (17.7) 190 19.0 (45.1) 289 21.4 (38.0) 

Week 24 (eze) 139 1.8 (9.3) 186 3.0 (9.7) 201 -0.1 (12.7) 282 -0.0 (16.4) 156 7.9 (39.7) 259 2.1 (33.5) 
HbA1c (%) 

Baseline (BL) 174 5.35 (0.25) 221 5.37 (0.20) 243 5.81 (0.29) 333 5.81 (0.28) 201 6.77 (0.85) 306 6.81 (0.83) 
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Parameter Normal Impaired fasting glucose Diabetes mellitus 
n Ezetimibe n Alirocumab n Ezetimibe n Alirocumab n Ezetimibe n Alirocumab 

Mean change (SD) from BL 
Last on-treatment1 159 0.09 (0.28) 207 0.05 (0.23) 226 0.04 (0.26) 313 0.01 (0.38) 180 0.23 (0.76) 282 0.23 (0.82) 

Worst (highest) on-treatment2 159 0.14 (0.28) 207 0.11 (0.22) 226 0.10 (0.24) 313 0.11 (0.36) 180 0.38 (0.78) 282 0.35 (0.79) 
Week 24 (eze) 139 0.10 (0.26) 188 0.06 (0.23) 203 0.05 (0.23) 286 0.02 (0.28) 155 0.27 (0.75) 259 0.16 (0.65) 

Source: ISS Appendix 1.5.2.2.7; 1.5.2.2.13
 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 


1. Defined as the last value collected up to 21 days after the last double-blind IMP injection. 
2. Defined as the nadir and/or the peak value according to the direction (minimum or maximum) of the abnormality as defined in the PCSA list 

Patients who had parameter assessed at baseline and/or post-baseline are included. Only central laboratory values are taken into account. 
Impaired glucose control and diabetes at baseline are defined using specific terms reported in the Medical history, baseline HbA1c, and fasting blood glucose at screening and 
randomization 

Source: ISS appendix 1.5.2.2.4, 1.5.2.2.11 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I) 
The last on-treatment value is defined as the last value collected up to 21 days after the last double-blind IMP injection 
Patients who had that parameter assessed at baseline and / or post-baseline are included. 
Impaired glucose control and diabetes at baseline are defined using specific terms reported in the Medical history, baseline HbA1c, and fasting blood glucose at screening and 
randomization 

Figure 37. Mean change (SE) change from baseline in fasting plasma glucose (left panel) and HbA1c (right panel) 
by baseline glucose control category (safety population) – pool of phase 3 placebo-controlled studies 
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Shifts in diabetic status 

Exploratory analyses were conducted examining the shifts in diabetes status (normal, 
impaired fasting glucose, and diabetes) in patients from the phase 3 placebo-controlled 
pool and ezetimibe-controlled pool (phase 2 placebo trials excluded).   

The following criteria were used to define baseline glucose control categories based on 
medical history and laboratory values. 

	 Diabetes 
o	 Type 1 or 2 diabetes reported in the medical history; or 
o	 Baseline HbA1c ≥ 6.5%; or 
o	 Two values of fasting plasma glucose (FPG) (at screening and 

randomization ≥126 mg/dL 

 Impaired fasting glucose 


o	 Specific terms reported in the medical history; or 
o	 Baseline HbA1c ≥ 5.7% and <6.5%; or 
o	 Two values of FPG (at screening and randomization) ≥ 100 mg/dL but no 

more than one ≥ 126 mg/dL 

 Normal was defined as not fulfilling the above criteria 


As shown in Table 114 below, a greater percentage of alirocumab-treated patients 
experienced a worsening shift in diabetes status compared to placebo (11.8% 
alirocumab vs. 9.7% placebo) or ezetimibe-treated patients (8.4% alirocumab versus 
8.1% ezetimibe). 

A total of three patients shifted from normal glucose control to diabetes (2 alirocumab
treated patients and 1 placebo-treated patient).  However, for these patients the shift to 
the diabetic category was based on transient changes in fasting plasma glucose not 
associated with change in HbA1c values.  No patient required the prescription of an 
anti-diabetic agent. 
o	 Patient ID. 011569-840-991-002 (alirocumab), the change in fasting glucose was 

apparently isolated and not associated with a change in HbA1c value or the 
reporting of a concomitant adverse event. 

o	 Patient ID. 011717-056-001-006 (alirocumab), the high fasting glucose values were 
concomitant to the development of a B-cell lymphoma. 

o	 Patient ID. 11717-840-111-001 (placebo), the shift to the diabetes category was 
determined on high fasting glucose values measured at the local laboratory of the 
hospital where the patient was admitted for severe pleuropericarditis and pleural 
effusion on Week 40, treated with high doses of corticosteroids, in particular 
intravenous (IV) methylprednisolone at the initiation of treatment. The high fasting 
glucose values were concomitant to the IV steroid injections. 

225 






















 

 

 

 

 

 

 

 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

Musculoskeletal and connective tissue disorders SOC 

Within the musculoskeletal and connective tissue disorders SOC, which includes all of 
the preferred terms within the prespecified musculoskeletal CMQ along with other 
unique preferred terms, 24.8% and 26.1% of alirocumab and placebo-treated patients 
reported an event, respectively. In the ezetimibe-controlled safety pool, 22.3% and 
23.5% of alirocumab and ezetimibe-treated patients reported an event, respectively. 

Muscle TEAEs (PTs) occurring in ≥2.0% of patients in either group at a ≥0.5% higher 
frequency difference between groups are all captured in the CMQ described above. No 
other muscle TEAE met these criteria. 

Events of interest include two patients in the alirocumab treatment group with reported 
rhabdomyolysis compared to no patients in the placebo or ezetimibe group.  These 
events are summarized here. 

 11717-840-076-012/alirocumab/rhabdomyolysis:  An 81-year-old male patient 
on atorvastatin 80 mg/day for over 3 years and with a history of chronic renal 
failure and hypertension experienced acute renal failure on Day 372, and was 
admitted to hospital with SAEs of rhabdomyolysis (mild intensity), pneumonia, 
atrial fibrillation, and troponin increased. This event occurred in the context of 
ground-level fall (the patient got up in the middle of the night, had a mechanical 
trip, fell on the floor and was too weak to get up again) on the previous day 
reported to be due to generalized weakness which was a manifestation of 
pneumonia. The local laboratory tests showed CK at 25 923 IU/L (normal 55-170 
IU/L), CK-MB at 18.3 ng/mL (normal 0-6 ng/mL), blood urea nitrogen (BUN) at 39 
mg/dL (normal range: 7-20 mg/dL) and creatinine at 1.9 mg/dL (normal range 
0.7-1.3 mg/dL). The values at baseline were according to central laboratory BUN 
at19 mg/dL (normal range 4-34 mg/dL), creatinine at 1.3 mg/dL (normal range: 
0.5- 1.6 mg/dL). The patient was treated and the event resolved on Day 374.  
Alirocumab was continued. 

 11717-840-181-005/alirocumab/rhabdomyolysis: A 54-year-old female patient 
on atorvastatin 80 mg/day for 2 years with a medical history significant for type 2 
diabetes and hypertension was reported to have rhabdomyolysis of mild intensity 
on Day 422. CK was elevated at 5.1 x ULN (3.6 x baseline value) with normal 
CK-MB, troponin, creatinine, sodium, potassium, BUN, and eGFR of 72 mL/min.  
No organ damage was noted. Study treatment was withdrawn and the event 
resolved on Day 436. Note this event was later downgraded to myositis as the 
CK increase was mild and the patient was asymptomatic. 

Muscle-related laboratory values 

o Creatinine kinase 
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Cardiac disorders 

This section first discusses all TEAEs regardless of adjudication occurring within the 
SOC of cardiac disorders. The analysis of adjudicated pre-specified cardiovascular 
events follows. 

MedDRA SOC ‘Cardiac Disorders’ 

In the placebo-controlled pool, 199 (8.0%) of alirocumab-treated patients and 115 
(9.0%) of placebo-treated reported an event within the cardiac disorders SOC.  Serious 
TEAEs in the cardiac disorders SOC were reported in 109 (4.4%) patients in the 
alirocumab group and in 58 (4.5%) patients in the placebo group.  In the ezetimibe
controlled pool, TEAEs were reported in 76 (8.8%) patients in the alirocumab group and 
in 44 (7.1%) patients in the ezetimibe group.  Serious TEAEs in the cardiac disorders 
SOC were reported in 48 (5.6%) patients in the alirocumab group and in 25 (4.0%) 
patients in the ezetimibe group, Table 125. 

For both safety pools, the most frequent cardiac disorders by high level term (HLT) in 
any treatment group were ‘ischemic coronary artery disorders’.  In the placebo-
controlled pool the incidence was lower in alirocumab-treated (3.9%) versus placebo-
treated (4.5%) patients. Within the ezetimibe-controlled pool the incidence was higher 
in alirocumab-treated (4.4%) versus ezetimibe-treated (2.8%) patients.   

In the placebo-controlled pool, a review of preferred terms within this HLT demonstrated 
the greatest difference between groups was ‘unstable angina’ with 30 (1.2%) 
alirocumab-treated patients reporting an event and 11 (0.9%) placebo-treated patients 
reporting an event. In the ezetimibe-controlled pool, a review of preferred terms within 
this HLT, showed the greatest difference in the PT ‘acute myocardial infarction’ and PT 
‘unstable angina’. For the PT ‘acute myocardial infarction’, the rate was 0.6 and 1.5 per 
100 patient years in the ezetimibe and alirocumab-treated groups, respectively.  For the 
PT ‘unstable angina’ the rate was 0.4 and 1.6 per 100 patient years in the ezetimibe and 
alirocumab-treated groups, respectively. The hazard ratio calculated using a Cox model 
stratified on the study versus ezetimibe for the PT ‘unstable angina’ was 3.78 with wide 
confidence intervals of 0.84 to 17.04. Further discussion of adjudicated cases of 
myocardial infarction and unstable angina requiring hospitalization occurs in this 
section. 

The incidence of cardiac arrhythmias was similar between treatment groups in both the 
placebo and ezetimibe-controlled pools. 
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Table 126. Number of patients with at least one primary efficacy endpoint as of 
29 August 2014, OUTCOMES study 

Source: CVOT Status Update, Table 2 

Methods 

In the phase 3 trials, suspected CV events and all deaths that have occurred from time 
of randomization until the follow-up visit have been being adjudicated by the same 
clinical events committee (CEC) as used in the OUTCOMES trial.  The CEC, managed 
by the Duke Clinical Research Institute (DCRI), is composed of experts in the field of 
cardiovascular diseases, independent from the sponsor and the investigators.  
Definitions of cardiovascular endpoints used by the CEC are located in the Appendix 
(section 9.2). 

In this clinical program, MACE is defined as:  

 coronary heart disease death 
 nonfatal MI 
 fatal or nonfatal ischemic stroke 
 unstable angina requiring hospitalization 

In addition to the above, the following events were sent to the CEC for adjudication: 

 cerebrovascular events, including stroke, transient ischemic attack (TIA), intracranial 
bleeding, ischemia or bleeding of spine or retina 

 congestive heart failure requiring an emergency room visit or requiring / prolonging 
hospitalization 

	 all coronary revascularization procedures (i.e., percutaneous coronary intervention 
and coronary artery bypass graft) [note that the phase 3 investigators were 
instructed not to report coronary revascularization procedures as AEs; rather, the 
investigators were asked to report the reason for the procedure as an AE term (e.g., 
unstable angina leading to PCI should be reported as ‘unstable angina’)] 

	 all deaths 

The CEC also reviewed abnormal values of CK, CK-MB, and troponin I or T even if 
there was no investigator-reported MI. 
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The CEC could manually trigger an event. Manual triggers were created when the 
CEC, based on review of the clinical data, identified a possible endpoint event that had 
not been entered into the e-CRF by the site.  After creating the manual trigger, a 
specific e-CRF was completed by the CEC.  If the site agreed with the CEC, the site 
entered the relevant form into the e-CRF.  If the site did not agree with CEC, the CEC 
adjudicated the case using the available data. 

All events were adjudicated by two independent CEC physicians.  If the adjudication 
was concordant, the event classification was complete.  If they disagreed, an 
adjudication committee meeting, with at least three members, was organized and each 
case was adjudicated by consensus of the reviewers. 

Members of the CEC committee were blinded to the study drug assignment and to the 
LDL-C results. 

Preliminary Results 

The sponsor presented the MACE results using an on-treatment (i.e., events that 
occurred within 70 days of the last dose) analysis.  See Dr. McEvoy’s review for intent-
to-treat (on-study) analyses, which are consistent with the planned analyses described 
in the protocol for the OUTCOMES trial. 

MACE occurred in 52 (1.6%) patients in the alirocumab group and in 33 (1.8%) patients 
in the control group, with HR 0.81 (95% CI 0.52 to 1.25). There were no significant 
study-by-treatment interactions or interactions between treatment groups and intrinsic 
and extrinsic factors were identified in the global pool for the MACE analysis. 
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Table 128. Positively adjudicated MACE, phase 3 studies by comparator 

Source: ISS, Table 29 
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Figure 40. Positively adjudicated MACE, by phase 3 study 

Source: ISS, Figure 19 

When the definition of MACE was expanded to include endpoints of hospitalized 
congestive heart failure and coronary revascularization, the hazard ratio for alirocumab 
versus control increased to 1.08 (95% CI 0.78, 1.50), primarily driven by a greater 
incidence of revascularizations in the alirocumab group (2.3% vs. 1.7%).  CV events by 
control group are shown in Table 129, and by study in Figure 41. 
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Table 129. MACE, CHF hospitalization, or revascularization, phase 3 studies by 
comparator 

Source: ISS, Table 31 
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due to the small number of events overall and in subgroup populations, which 
prevent robust evaluation of the effect of alirocumab on cardiovascular events.   

Hemolytic anemia 

Due to concerns that low LDL-C levels and Vitamin E levels may contribute to red blood 
cell membrane fragility leading to increased hemolysis, reports of hemolytic anemia 
would be adverse events of special interest. 

There were no reports of a hemolytic anemia TEAE reported in the phase 2/3 clinical 
development program as of the cut-off date of August 31, 2014. 

Adverse events in patients with positive ADA response 

A treatment-emergent positive ADA response was defined as 1) no ADA positive 
response at baseline but with any positive response in the post-baseline period (up to 
follow-up visit), or 2) positive ADA response at baseline and at least a 4-fold increase in 
titer in the post-baseline period (up to follow-up visit). 

For treatment-emergent positive ADA, the duration of the ADA response was classified 
as 1) persistent when an ADA positive response was detected in at least 2 consecutive 
post-baseline samples separated by at least a 12-week period, 2) indeterminate when 
ADA was present only at the last sampling time point, and 3) transient for a response 
that is neither considered persistent nor indeterminate. 

In the 10 phase 3 studies, a treatment-emergent ADA positive response was measured 
in 147 (4.8%) of patients treated with alirocumab compared with 10 (0.6%) in the control 
(ezetimibe or placebo) groups.  In the alirocumab group, persistent treatment-emergent 
ADAs, defined as at least 2 consecutive post-baseline samples separated by at least a 
12-week period, were measured in 39 (1.3%) patients. The median time to first 
occurrence of treatment-emergent ADA was approximately 12 weeks. Neutralizing 
antibodies, as determined using an ex vivo assay, were measured post-baseline in 
1.2% of patients treated with alirocumab.   

Of alirocumab-treated patients within the phase 3 trials, 75.9% of alirocumab-treated 
patients without a positive ADA response and 76.2% of alirocumab-treated patients with 
a positive ADA response reported a TEAE.  Higher incidence rate (per 100 patient-
years) of TEAEs (events reported at incidence rates ≥2.0 and with a ≥1.0 difference 
between groups) in patients with treatment-emergent ADA compared to patients with a 
negative treatment-emergent ADA response were injection site reactions (9.9 in patients 
with treatment-emergent ADA versus 5.4 in patients without treatment-emergent ADA), 
nasopharyngitis (12.0 versus 9.6), headache (6.3 versus 4.1), and back pain (6.9 versus 
3.7), lower respiratory tract infection (3.1 versus 1.5), atrial fibrillation (3.1 versus 1.0).  
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emergent ADA response; these results were mainly driven by local injection site 
reactions. 

Source: NDA 125559 ISS Figure 24 

Figure 42. Local injection site reaction and general allergic events by treatment-
emergent positive ADA status in alirocumab-treated patients – pool of phase 3 
studies 

The following table lists the number and frequency of preferred terms that compose the 
general allergic SMQ in the alirocumab-treated group by presence or absence of a 
treatment-emergent ADA response.  Overall, the proportion of patients with general 
allergic TEAE was similar with or without a treatment-emergent positive ADA response. 

252 




























 

 
 

 

 

 

 

 
 

 

 

 

  
    

         
       

         
         

 
        

         
       

         
       

       
      

 

 
 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

Gastrointestinal disorders 87 (14.1) 133 (15.4) 
HLT: Gastrointestinal atonic and hypomotility disorders NEC 15 (2.4) 26 (3.0) 

Constipation 8 (1.3) 17 (2.0) 
General disorders and administration site conditions 71 (11.5) 104 (12.0) 

HLT: Asthenic conditions 16 (2.6) 33 (3.8) 
Fatigue 9 (1.5) 23 (2.7) 

HLT: Injection site reactions 13 (2.1) 26 (3.0) 
Injection site reaction 12 (1.9) 25 (2.9) 

Injury, poisoning and procedural complications 71 (11.5) 101 (11.7) 
HLT:  Overdoses 21 (3.4) 38 (4.4) 

Accidental overdose 21 (3.4) 37 (4.3) 
HLT: Muscle, tendon and ligament injuries 11 (1.8) 22 (2.5) 

Source: ISS appendix 1.4.9.12 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 

7.4.2 Laboratory Findings 

Laboratory values were assessed descriptively using measures of central tendency and 
categorically using pre-specified potentially clinical significant abnormalities (PCSA) cut
offs. The PCSA analyses evaluated the proportion of patients experiencing at least 1 
post-baseline PCSA value regardless of baseline laboratory status and considering it (ie 
shift tables). 

Red blood cells and platelets 
In the phase 3 placebo-controlled pool and ezetimibe-controlled pool there were no 
pertinent mean changes from baseline in hemoglobin, hematocrit, or platelet counts. 

Table 147. Mean change in hemoglobin and platelets (safety population) – pool of 
phase 3 placebo-controlled and pool of ezetimibe controlled studies 

 Placebo-controlled pool Ezetimibe-controlled pool
 n Placebo n Alirocumab n Ezetimibe n Alirocumab 
Hemoglobin (g/L) 

Baseline (BL) 1174 143 (13.7) 2316 143 (13.7) 618 142.0 (14.7) 864 142.0 (13.9) 
Mean change (SD) from BL to 

Last on-treatment1 1137 0.6 (8.6) 2244 0.7 (9.1) 589 0.2 (8.3) 822 1.3 (9.0) 
Worst (lowest) on-treatment2 1137 -6.2 (7.4) 2244 -6.2 (8.5) 589 -3.9 (7.9) 822 -3.6 (8.5) 

Week 52 (pbo)/ Week 24 (eze) 969 0.5 (7.8) 1945 0.5 (9.0) 492 -0.6 (8.2) 730 0.5 (8.6) 
Platelets (10^9/L) 

Baseline (BL) 1171 250.5 (68.1) 2316 254.0 (69.2) 616 245.6 (63.5) 862 244.2 (63.4) 
Mean change (SD) from BL to 

Last on-treatment1 1133 -1.7 (43.0) 2240 -3.6 (44.6) 586 2.4 (40.2) 820 1.9 (46.9) 
Worst (lowest) on-treatment2 1133 -31.2 (38.5) 2240 -33 (39.9) 586 -14.6 (36.6) 820 -19.1 (39.0) 

Week 52 (pbo)/ Week 24 (eze) 954 -3.6 (38.4) 1940 -3.7 (41.4) 487 2.9 (39.9) 726 0.6 (40.2) 
Source: ISS appendix 1.5.1.1.1
 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I) 

Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 

1Defined as the last value collected up to 21 days after the last double-blind IMP injection. 

2Defined as the nadir and/or the peak value according to the direction (minimum or maximum) of the abnormality as defined in the
 
PCSA list
 
Patients who had parameter assessed at baseline and/or post-baseline are included. Only central laboratory values are taken into 

account. 
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Within the phase 3 placebo-controlled pool, a higher percentage of alirocumab-treated 
patients had at least 1 post-baseline low hemoglobin [≤11.5 g/dL (male); ≤9.5 g/dL 
(female)] and at least 1 post-baseline low hematocrit [≤37% (male) ≤32% (female) 
compared to placebo-treated patients] (Table 148).  Among patients with normal 
baseline values, 1.9% of alirocumab-treated and 1.6% of placebo-treated patients 
experienced a low post-baseline hemoglobin value; 5.3% of alirocumab-treated and 
4.3% of placebo-treated patients had a low post-baseline hematocrit.  

Per the applicant, among patients with normal baseline hemoglobin value who 
experienced a low hemoglobin, 2 patients in the alirocumab group and no patients in the 
placebo group reported this abnormality as a SAE or TEAE leading to permanent 
treatment discontinuation. One of the patients while on clopidogrel was diagnosed with 
iron deficiency anemia which became serious on Day 190.  Work-up suggested 
esophagitis was the cause of the anemia.  The patient was treated and the patient had 
recovered from anemia while continuing alirocumab.  The second patient, with a history 
of chronic anemia, reported a nonserious anemia of moderate intensity while 
hospitalized for osteomyelitis. Alirocumab was discontinued. 

In the ezetimibe-controlled pool, among patients with normal baseline values, 1.1% of 
alirocumab-treated and 2.5% of ezetimibe-treated patients had a low hemoglobin value; 
4.8% of alirocumab-treated and 4.0% of ezetimibe-treated patients had a low 
hematocrit. 

The applicant reports among the 24 patients in the ezetimibe-controlled pool with 
normal/missing baseline hemoglobin values, who experienced a low hemoglobin, 2 
patients (1 in each treatment group) reported this abnormality as a treatment-emergent 
SAE. The alirocumab-treated patient experienced a serious anemia, while taking 
concomitant clopidogrel and aspirin, in the context of recent catheterization and stent 
placement in the right superficial femoral artery.  In the ezetimibe group, a patient 
treated with aspirin experienced a serious anemia requiring blood transfusion.  
Gastrointestinal bleeding was suspected, however colonoscopy was normal.  The 
patient continued treatment, and as of the data cut-off the patient had not recovered 
from the event. 

Table 148. Number of patients with PCSA (red blood cells, platelets) (safety 
population) – pool of placebo-controlled and pool of ezetimibe-controlled studies 

 Placebo-controlled Ezetimibe-controlled 
Placebo 
N=1276 
n/N1 (%) 

Alirocumab 
N=2476 
n/N1 (%) 

Ezetimibe 
N=618 
n/N1 (%) 

Alirocumab 
N=864 
n/N1 (%) 

Hemoglobin (g/dL) 
≤11.5 g/dL (male); ≤9.5 g/dL (female) 23/1252 (1.8) 64/2426 (2.6) 22/604 (3.6) 17/839 (2.0) 

Decrease from BL ≥1.5 g/dL 134/1252 (10.7) 261/2424 (10.8) 40/604 (6.6) 58/839 (6.9) 
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Decrease from BL ≥2.0 g/dL 50/1252 (4.0) 114/2424 (4.7) 15/604 (2.5) 24/839 (2.9) 
Nml/Missing to ≤11.5 g/dL; ≤9.5 g/dL 20/1242 (1.6) 46/2402 (1.9) 15/593 (2.5) 9/825 (1.1) 

Hematocrit (%) 
≤37% (male) ≤32% (female) 84/1251 (6.7) 182/2426 (7.5) 38/604 (6.3) 55/839 (6.6) 
Nml/Missing to ≤37%; ≤32% 52/1202 (4.3) 123/2335 (5.3) 23/579 (4.0) 38/797 (4.8) 

Platelet (10^3/uL) 
<100 10^3/uL 7/1249 (0.6) 7/2423 (0.3) 3/601 (0.5) 3/839 (0.4) 

Nml/Missing to <100 10^3/uL 4/1246 (0.3) 6/2419 (0.2) 3/601 (0.5) 3/839 (0.4) 
Source: ISS appendix 1.5.1.1.7
 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I), phase 2 (DFI11565, DFI11566, CL-1003, 

DFI12361)
 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 

Note: The number (n) represents the subset of the total number of patients who met the criterion at least once during the TEAE 

period.
 
The denominator (/N1) for each parameter within a treatment group is the number of patients who had that parameter assessed 

post-baseline (not missing) during the TEAE period, by baseline PCSA status. 

PCSA classification is performed on the worst value 

Only the worsening of the worst case for each patient is presented by baseline status. 

For PCSA including condition based only on change from baseline, the denominator is restricted on patients having (not missing)
 
baseline and a post-baseline values during the TEAE period
 

Electrolytes 

There were no relevant mean changes from baseline over time for sodium, potassium, 
chloride, calcium, phosphorus, or bicarbonate in the pool of placebo-controlled studies 
or ezetimibe-controlled studies. 

The percentage of patients with PCSA changes in sodium, potassium, and chloride was 
low and similar among treatment groups.   

Renal function 

At baseline, moderate chronic kidney disease by medical history was present in 
approximately 12% of patients in the pool of placebo-controlled studies and 
approximately 9% of patients in the pool of ezetimbe-controlled studies.  Baseline renal 
status assessed by estimated glomerular filtration rate (eGFR) showed the majority of 
patients in both the placebo and ezetimibe-controlled groups had mildly decreased 
eGFR. 

The mean change in creatinine (and, therefore, eGFR) from baseline at different 
endpoints was small and similar between treatment groups (Table 149). 

Table 149. Mean change in parameters of renal function (safety population) – 
pool of phase 3 placebo-controlled and pool of ezetimibe controlled studies 

n Placebo n Alirocumab n Ezetimibe n Alirocumab 

Creatinine (mg/dL) 
Baseline (BL) 1174 0.963 (0.272) 2316 0.969 (0.238) 618 0.977 (0.255) 864 0.990 (0.245) 
Mean change (SD) from BL 
Last on-treatment1 1139 0.006 (0.183) 2241 0.008 (0.132) 591 0.010 (0.172) 825 0.005 (0.162) 
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value on the study day was 69.9 mg/dL. The patient decided to discontinue treatment 
(not due to any event). (Patient ID. 011717-616-007-055). 

Four patients discontinued treatment due to TEAEs related to cortisol value <LLN: 1 
patient in the alirocumab group due to Addison’s disease (Patient ID. 11717-826-009
152) and 3 patients in the placebo group; in 2 of them, the event was reported as 
decreased cortisol (PT: blood cortisol decreased) (Patient IDs 011717-528-006-003 and 
011717-840-022-001) and 1 patient due to adrenal insufficiency (Patient ID 011717
840-027-012). 

Gonadal hormone assessment 

Luteinizing hormone (LH), follicle stimulating hormone (FSH), total testosterone, and 
sex hormone binding globulin (SHBG) for men was assessed in the LONG TERM study 
at Week 0, 12, 24, 52, and 78/or early termination.  Mean changes were small and 
remained within the reference range. 

Table 151. Mean change in testosterone (safety population) – LONG TERM study 

n Placebo n Alirocumab 

Total testosterone (ng/dL) 
Baseline 442 419.8 (154.4) 911 409.8 (159.4) 
Change from BL 
Week 12 429  -2.8 (96.5) 851 -2.4 (111.0) 
Week 24 388 -1.1 (108.7) 817 -0.2 (195.7) 
Week 52 373 8.8 (111.1) 780 1.5 (1113.2) 
Last on-treatment value 429 14.4 (128.3) 874 2.7 (127.2) 

Source: Response to FDA IR dated 31 March 2015 
Last on-treatment value:  defined as the last value collected up to 21 days after the last double-blind IMP injection 
Reference range testosterone: males 240-950 ng/dL 

A higher proportion of men treated with alirocumab (19.7%) experienced at least 1 post-
baseline testosterone level less than the lower limit of normal compared to men treated 
with placebo (15.3%). However, there were similar numbers of patients with low 
testosterone and high LH or FSH between treatment groups, which suggests feedback 
mechanisms were not triggered more frequently in alirocumab-treated patients.  Review 
of TEAEs for signs or symptoms suggestive of androgen deficiency in men with a 
laboratory shift from normal/missing testosterone levels at baseline to less than the 
lower limit, identified ‘erectile dysfunction’ and ‘blood testosterone decreased’ each 
reported in a single patient in the alirocumab group.  However it should be noted that 
erectile dysfunction and blood testosterone decreased were also reported in men that 
did not have shifts in testosterone. In the LONG TERM study, a total of 8 (0.5%) of 
alirocumab-treated men and 1 (0.1%) placebo-treated patient reported an adverse 
event of ‘erectile dysfunction’; ‘blood testosterone decreased’ was reported in 3 patients 
(0.2%) in the alirocumab group and 1 patient (0.1%) in the placebo group. 
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Table 152. Number (%) of patients with PCSA (testosterone) (safety population) – 
LONG TERM study

 Placebo 
N=788 
n/N1 (%) 

Alirocumab 150 mg Q2W 
N=1550 
n/N1 (%) 

Total testosterone < LLN 67/439 (15.3) 179/909 (19.7) 
Nml/Missing total testosterone to <LLN 41/397 (10.3) 96/800 (12.0) 
Total testosterone < LLN and LH >ULN 16/439 (3.6) 27/909 (3.0) 
Total testosterone < LLN and FSH >ULN 2/439 (0.5) 6/909 (0.7) 
Source: LONG TERM post-text table 16.2.8.5.1.2 
Reference range testosterone males 8.3-33 nmol/L 

There was no apparent correlation observed with calculated LDL-C and total 
testosterone. 

Fat soluble vitamins 

Vitamins A, D, E, and K were measured in the LONG TERM study at Baseline and at 
Weeks 12 (Vitamin E only), 24, 52, and 78.  For Vitamins A and D, the mean changes 
were small and similar between treatment groups.  The mean change from baseline in 
Vitamin E and Vitamin K was greater in alirocumab-treated patients compared to 
placebo-treated patients at the Week 24, 52, and 78 timepoints.  This pattern was also 
observed in the Vitamin E to calculated LDL-C ratio.   

Table 153. Mean change in Vitamin E & K (safety population) – LONG TERM 
study 

n Placebo n Alirocumab 

Vitamin E (µmol/L) 
Baseline 761 35.84 (11.92) 1501 36.50 (12.68) 
Change from BL 
Week 12 -2.47 (8.53) -2.30 (13.41) 
Week 24 -0.34 (9.8) -11.06 (10.73) 
Week 52 0.18 (11.41) -11.38 (11.53) 
Week 78 1.78 (11.95) -10.40 (11.90 
Vitamin E/calculated LDL-C ratio 739 11.926 (4.019) 1473 12.016 (4.054) 
Change from BL 
Week 12 -0.712 (4.305) 10.010 (5.885) 
Week 24 0.256 (4.174) 27.854 (113.939) 
Week 52 -0.155 (4.201) 21.406 (41.728) 
Week 78 -0.142 (4.124) 19.884 (67.351) 
Vitamin K (nmol/L) 726 1.98 (1.97) 1410 2.05 (1.9) 
Week 24 -0.02 (1.97) -0.47 (1.98) 
Week 52 -0.08 (2.03) -0.40 (1.87) 
Week 78 0.26 (2.06) -0.30 (1.75) 

Source: LONG TERM post-text table 16.2.8.6.1.1 

Consistent with the mean changes in Vitamin E and K observed, there was a higher 
proportion of alirocumab-treated patients with Vitamin E and Vitamin K levels <LLN 
compared to placebo-treated patients.  According to the applicant, among the 31 

271 




 

 

 
 

 
 

 

 
 

 

 

 

 

 

 

 
 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

patients in the alirocumab group with PCSA for vitamin E (vitamin E < LLN), 7 patients 
had no reported TEAEs and 24 patients had at least 1 TEAE. No TEAEs of vitamin E 
deficiency were reported. Vitamin E deficiency may be associated with neurologic 
disorders and hemolysis. Ninety-two TEAEs were reported amongst the 24 patients. No 
patient had a confirmed hemolytic anemia. Two patients had TEAEs occurring in the 
nervous system disorders SOC (diabetic neuropathy and nerve compression). 

Table 154. Number (%) of patients with PCSA (fat soluble vitamins) (safety 
population) – LONG TERM study

 Placebo 
N=788 
n/N1 (%) 

Alirocumab 150 mg Q2W 
N=1550 
n/N1 (%) 

Vitamin E <LLN 1/738 (0.1) 31/1461 (2.1) 
Vitamin K <LLN 42/762 (5.5) 125/1496 (8.4) 
Vitamin A <LLN 16/762 (2.1) 35/1494 (2.3) 
Vitamin D <LLN 662/759 (87.2) 1279/1493 (85.7) 
Source: LONG TERM post-text table 16.2.8.6.1.2 

Hepatitis C Antibody 

An HCV antibody test was performed at screening and at end of double-blind treatment 
period in phase 3 studies. Approximately one third of the overall safety population in 
the placebo-controlled pool and one half of the overall safety population in the 
ezetimibe-controlled pool contribute to this analysis.  A patient with a positive HCV 
antibody test had reflexive testing with RNA quantification to confirm HCV status. 

There were 2 placebo-treated patients with negative HCV antibody testing at screening 
with a positive Hepatitis C antibody but negative HCV RNA testing at end of treatment.   

There were 5 patients (4 alirocumab and 1 ezetimibe-treated) with a negative Hepatitis 
C test at screening that developed a positive Hepatitis C antibody but at the time of the 
application submission, confirmatory HCV RNA testing was not available.  The 
applicant provided an update of these 5 patients as part of an information request and 
the 4 month safety update, for 3 out of the 5 patients, an HCV RNA test was 
subsequently performed and was negative for all patients, further information was not 
available in the remaining two patients. 

As of the cut-off date of this document, there were no cases of RNA confirmed Hepatitis 
C. 

The four-month safety update, reported one alirocumab-treated patient enrolled in an 
ongoing study (CL-1308) that is not a part of the primary safety database, who 
developed acute hepatitis C. This case is summarized here. 

	 A 64-year-old male with hepatitis C virus (HCV) antibody test negative at baseline, history of new 
sexual partner in the previous 4 months, no history of blood transfusion, alcohol, addictive drug, 
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travel in country at risk of viral hepatitis, or recent tattoos, developed an increase in ALT and then 
was diagnosed with symptomatic acute hepatitis C infection about 8 months after starting the 
IMP. Routine tests showed ALT 605 U/L, AST 514 U/L and 6 days later ALT 1049 U/Land AST 
750 U/L, hepatitis C RNA: 11.2 million IU/ml, and HCV antibody became positive.  The IMP, 
simvastatin and codeine+paracetamol were discontinued Pt ID 1308-826-207-018. 

Hs-CRP 

High-sensitivity C-reactive protein (hs-CRP) is a biomarker of inflammation that is 
associated with the risk of cardiovascular disease.54  In placebo-controlled trials the 
median change in hs-CRP was 0.04 mg/L in both alirocumab- and placebo-treated 
groups. In ezetimibe-controlled trials, the median changes were 0.0 mg/L and -0.13 
mg/L, respectively, in the alirocumab- and ezetimibe-treated groups.  The clinical 
implication is uncertain. 

7.4.3 Vital Signs 

Systolic blood pressure 
In the placebo-controlled pool, the mean (SD) baseline value for SBP was 130.3 (15.8) 
mmHg in the alirocumab group and 130.7 (15.5) mmHg in the placebo group. No 
meaningful changes over time in SBP were observed up to Week 52 including last, or 
worst (lowest or highest) on treatment value. 

In the ezetimibe-controlled pool, the mean (SD) baseline value for SBP was 129.3 
(14.3) mmHg in the alirocumab group and 129.0 (13.5) mmHg in the ezetimibe group. 
No meaningful changes over time in SBP were observed up to Week 24 including last, 
or worst (lowest or highest) on treatment value. 

Diastolic blood pressure (DBP) 
In the placebo-controlled pool, the mean (SD) baseline value of DBP was 77.9 (9.7) 
mmHg in alirocumab group and 78.2 (9.6) mmHg in the placebo group. No meaningful 
changes over time in DBP were observed up to Week 52 including last, or worst (lowest 
or highest) on-treatment value. 

In the ezetimibe-controlled pool, the mean (SD) baseline value of DBP was 77.3 (9.4) 
mmHg in the alirocumab group and 77.2 (8.8) mmHg in the ezetimibe group. No 
meaningful changes over time in DBP were observed up to Week 24 including last, or 
worst (lowest or highest) on-treatment value. 

54 Ridker PM, et al.  Relation of Baseline High-Sensitivity C-Reactive Protein Level to Cardiovascular 
Outcomes With Rosuvastatin in the Justification for Use of Statins in Prevention: An Intervention Trial 
Evaluating Rosuvastatin (JUPITER).  Amer J Cardiol (2010); 106(2): 204–9. 
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Heart rate 
In the placebo-controlled pool, the mean (SD) baseline value for heart rate was 67.9 
(10.2) bpm in the alirocumab group and 67.5 (10.2) bpm in the placebo group. No 
meaningful changes over time in HR were observed up to Week 52 including last, or 
worst (lowest or highest) on-treatment value 

In the ezetimibe-controlled pool, the mean (SD) baseline value of HR was 67.1 (9.7) 
bpm in the alirocumab group and 67.9 (9.8) bpm in the ezetimibe group. No meaningful 
changes over time in HR were observed up to Week 24 including last, or worst (lowest 
or highest) on-treatment value. 

Table 155. Mean (SD) change in vital signs (safety population) – pool of placebo-
controlled and pool of ezetimibe-controlled studies 

n Placebo n Alirocumab n Ezetimibe n Alirocumab 

Systolic blood pressure 
(mmHg) 
Baseline (BL) 1276 130.7 (15.5) 2473 130.3 (15.8) 618 129.0 (13.5) 864 129.3 (14.3) 
Mean change (SD) from BL 
Last on-treatment1 1263 -1.1 (14.9) 2448 -1.0 (15.0) 607 0.67 (15.4) 846 0.8 (15.1) 
Worst (highest) on-treatment2 1263 -13.4 (12.9) 2448 -13.6 (12.9) 607 -10.9 (12.6) 846 -11.8 (12.6) 
Week 52 (pbo)/ Week 24 (eze) 990 -1.1 (15.0) 1966 -1.1 (14.9) 440 0.0 (15.7) 654 -0.4 (15.0) 
Diastolic blood pressure 
(mmHg) 
Baseline (BL) 1276 78.2 (9.6) 2473 77.9 (9.7) 618 77.2 (8.8) 864 77.3 (9.4) 
Mean change (SD) from BL 
Last on-treatment1 1263 -0.9 (9.3) 2448 -0.3 (9.7) 607 -0.3 (9.1) 846 0.2 (9.5) 
Worst (highest) on-treatment2 1263 7.3 (8.1) 2448 7.7 (8.6) 607 6.3 (8.1) 846 7.2 (8.3) 
Week 52 (pbo)/ Week 24 (eze) 990 -0.7 (9.3) 1966 -0.3 (9.8) 440 -0.9 (8.9) 654 -0.2 (9.6) 
Heart rate (bpm) 
Baseline (BL) 1276 67.5 (10.2) 2473 67.9 (10.2) 618 67.9 (9.8) 864 67.1 (9.7) 
Mean change (SD) from BL 
Last on-treatment1 1263 0.2 (9.1) 2448 0.5 (9.4) 607 0.2 (9.4) 846 0.4 (9.3) 
Worst (highest) on-treatment2 1263 8.3 (9.4) 2448 8.5 (8.8) 607 6.6 (8.6) 846 7.6 (9.2) 
Week 52 (pbo)/ Week 24 (eze) 990 0.1 (9.1) 1966 0.3 (9.4) 440 -0.2 (9.5) 654 -0.1 (9.8) 

Source: ISS appendix 1.6.1 
Placebo-controlled studies: phase 3 (LTS11717, FH I, FH II, HIGH FH, COMBO I) 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 
1Defined as the last value collected up to 21 days after the last double-blind IMP injection 
2Defined as the nadir and/or the peak value according to the direction (minimum or maximum) of the abnormality as defined in the 
PCSA list 
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Atrioventricular block 0 2 (<0.1) 0 2 (0.2) 
Atrioventricular block complete 1 (<0.1) 1 (<0.1) 0 2 (0.2) 

Atrioventricular block first degree 3 (0.2) 1 (<0.1) 1 (0.2) 2 (0.2) 
Atrioventricular dissociation 0 1 (<0.1) 0 1 (0.1) 

Bundle branch block left 3 (0.2) 0 0 0 
Defect conduction intraventricular 0 0 1 (0.2) 0 

Ventricular tachyarrhythmias (SMQ) 
Ventricular extrasystoles 

6 (0.5) 
2 (0.2) 

10 (0.4) 
4 (0.2) 

5 (0.8) 
5 (0.8) 

5 (0.6) 
2 (0.2) 

Ventricular tachycardia 2 (0.2) 3 (0.1) 1 (0.2) 1 (0.1) 
Ventricular arrhythmia 0 2 (<0.1) 0 1 (0.1) 
Ventricular fibrillation 2 (0.2) 1 (<0.1) 0 1 (0.1) 

Cardiac arrhythmia terms, nonspecific 
(SMQ) 
Arrhythmia 

1 (<0.1) 

1 (<0.1) 

5 (0.2) 

3 (0.1) 

0 

0 

3 (0.3) 

2 (0.2) 
Heart rate irregular 0 2 (<0.1) 0 1 (0.1) 

Additional terms 45 (3.5) 79 (3.2) 26 (4.2) 31 (3.6) 
Dizziness 44 (3.4) 71 (2.9) 25 (4.0) 29 (3.4) 
Presyncope 1 (<0.1) 8 (0.3) 1 (0.2) 1 (0.1) 
Convulsion 0 1 (<0.1) 0 2 (0.2) 

Source: Response to FDA IR 23 Jan 2015, Table 3 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I) 
Ezetimibe-controlled studiess (excluding ALTERNATIVE): phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II) 
MedDRA 17.0 
n(%) = number and percentage of patients with at least one prolongation of cardiac repolarization or proarrhythmia 
Note: Table sorted by decreasing frequency of PT within SMQ in alirocumab group 
The selection of preferred terms is based on Standardized MedDRA Queries (SMQs): ’Arrhythmia related investigations, signs and 
symptoms’ (broad + narrow), ‘Cardiac arrhythmia terms, nonspecific’ (narrow), ‘Ventricular tachyarrhythmias’ (narrow), ‘Torsade de 
pointes/QT prolongation’ (broad + narrow) and ‘Conduction defects (narrow)’ plus the following PTs (‘dizziness’,’ presyncope’, 
‘convulsion ') 
Note: Selection of terms within SMQs is based on the LLT while selection of additional terms is based on the PT 

7.4.5 Special Safety Studies/Clinical Trials 

The ophthalmological sub-study of the LONG TERM trial is discussed in Section 7.3.4. 

7.4.6 Immunogenicity 

Please refer to Section 7.3.4 for assessment of adverse events according to presence 
or absence of treatment-emergent anti-drug antibodies (ADA), and section 6.1.10 for an 
assessment of the impact of alirocumab ADA on efficacy. 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

Within the ISS, the safety analyses combined the two dose regimens of alirocumab 
(75/150 mg Q2W and 150 mg Q2W) and compared this alirocumab-treated group 
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This imbalance is observed regardless of starting dose.  However, it did not appear that 
patients up-titrated to 150 mg versus those remaining on 75 mg reported a higher 
incidence of injection site reactions. 

7.5.2 Time Dependency for Adverse Events 

Prompted by concern that exposure to alirocumab over a longer duration of time would 
precipitate events that would not be observed in the immediate treatment period, an 
assessment of risk over time using study-adjusted Kaplan-Meier curves for time to first 
occurrence of adverse events of special interest and actuarial methods was performed.   

The applicant provided an analysis of all TEAEs presented by number (% per patient-
month) of patients experiencing an adverse event during the [0> to ≤24 weeks], [24 to 
≤52 weeks] and [>52 to ≤78 weeks] treatment periods in the alirocumab and the 
placebo group. The table below presents adverse events of special interest (defined by 
SMQ/CMQ) and system organ class.    

In general, the number of patients with a new TEAE decreased over time.  Looking at 
the >52 to ≤78 week time period between the placebo and alirocumab treated groups 
the greatest difference was observed with the AESI of hepatic disorders and diabetes 
mellitus. There was also a higher rate of patients within the alirocumab-treated group 
that reported a diabetes mellitus event in the >52 to ≤78 week time period compared to 
the previous time periods.   

Most of the other AESI and SOC showed similar rates of occurrence by treatment 
period. In some instances where small differences occurred, the number of patients 
experiencing an event was small and therefore conclusions regarding development of a 
risk with longer exposure are limited.   

Table 163. Number (% per patient-month) of patients experiencing event during 
treatment period by time to first onset, presented by SMQ or CMQ group or SOC 

Placebo Alirocumab 
 >0 to ≤24 wks 

N=1174 
n (% per pt-mo) 

>24 to ≤52 wks 
N=1086 
n (% per pt-mo) 

>52 to ≤78 wks 
N=1012 
n (% per pt-mo) 

>0 to ≤24 wks 
N=2318 
n (% per pt-mo) 

>24 to ≤52 wks 
N=2140 
n (% per pt-mo) 

>52 to ≤78 wks 
N=2011 
n (% per pt-mo) 

Adverse events special 
interest (SMQ or CMQ) 

Local injection site reaction 45 (0.735) 11 (0.170) 4 (0.117) 129 (1.076) 28 (0.223) 6 (0.090) 
General allergic reactions 53 (0.868) 34 (0.535) 9 (0.270) 114 (0.948) 60 (0.478) 24 (0.364) 
Hepatic disorders  9 (0.145) 11 (0.165) 1 (0.028) 30 (0.245) 14 (0.106) 13 (0.184) 
Neurologic disorders 20 (0.323) 15 (0.227) 8 (0.229) 47 (0.386) 28 (0.215) 8 (0.115) 
Neurocognitive 7 (0.113) 2 (0.030) 0 8 (0.065) 7 (0.053) 2 (0.028) 
Diabetes mellitus 15 (0.242) 18 (0.272) 3 (0.085) 25 (0.204) 28 (0.213) 27 (0.384) 
Ophthalmologic disorders 11 (0.177) 4 (0.060) 2 (0.056) 22 (0.180) 13 (0.098) 7 (0.099) 

SOC 
Infections and infestations 325 (6.024) 128 (2.881) 41 (1.982) 630 (5.914) 290 (3.320) 80 (1.991) 
Neoplasms 16 (0.258) 14 (0.210) 4 (0.112) 20 (0.163) 21 (0.159) 11 (0.155) 
Blood and lymphatic system 10 (0.161) 17 (0.256) 3 (0.085) 22 (0.180) 14 (0.106) 13 (0.183) 
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Immune system disorders 6 (0.096) 3 (0.045) 2 (0.055) 20 (0.163) 11 (0.083) 6 (0.084) 
Endocrine disorders 3 (0.048) 3 (0.045) 2 (0.055) 6 (0.049) 6 (0.045) 8 (0.112) 
Metabolism and nutrition 32 (0.520) 35 (0.541) 10 (0.294) 92 (0.762) 58 (0.457) 33 (0.489) 
Psychiatric disorders 42 (0.684) 28 (0.434) 7 (0.205) 72 (0.594) 36 (0.280) 15 (0.219) 
Nervous system disorders 120 (2.021) 55 (0.930) 22 (0.724) 283 (2.033) 92 (0.781) 28 (0.456) 
Eye disorders 34 (0.552) 15 (0.230) 7 (0.202) 67 (0.552) 35 (0.271) 20 (0.291) 
Ear and labyrinth disorders 26 (0.422) 8 (0.122) 2 (0.057) 17 (0.139) 14 (0.106) 9 (0.127) 
Cardiac disorders 41 (0.668) 42 (0.655) 22 (0.657) 77 (0.636) 78 (0.613) 37 (0.552) 
Vascular disorders 48 (0.785) 34 (0.533) 8 (0.239) 80 (0.661) 48 (0.375) 23 (0.338) 
Respiratory, thoracic, and 
mediastinal disorders 

63 (1.036) 41 (0.653) 13 (0.395) 136 (1.139) 59 (0.476) 38 (0.584) 

Gastrointestinal disorders 135 (2.289) 57 (0.979) 19 (0.626) 270 (2.323) 102 (0.884) 38 (0.639) 
Hepatobiliary disorders 9 (0.145) 5 (0.075) 2 (0.056) 13 (0.106) 12 (0.090) 3 (0.042) 
Skin and subcutaneous 
disorders 

51 (0.835) 32 (0.502) 8 (0.239) 121 (1.008) 54 (0.430) 20 (0.302) 

Musculoskeletal and 
connective tissue disorders 

201 (3.502) 83 (1.538) 32 (1.183) 377 (3.329) 155 (1.451) 58 (1.083) 

Renal and urinary disorders 22 (0.356) 23 (0.350) 12 (0.345) 43 (0.353) 28 (0.215) 21 (0.302) 
Reproductive system/breast 
disorders 

12 (0.193) 9 (0.135) 10 (0.282) 30 (0.245) 17 (0.129) 9 (0.128) 

Congential, familial, genetic 
disorders 

2 (0.032) 1 (0.015) 0 0 2 (0.015) 3 (0.042) 

General disorders and 
administration site 
conditions 

134 (2.264) 42 (0.709) 19 (0.615) 269 (2.311) 85 (0.733) 23 (0.382) 

Investigations 40 (0.651) 24 (0.370) 10 (0.288) 70 (0.576) 61 (0.475) 30 (0.440) 
Injury, poisoning, and 
procedural complications 

87 (1.445) 55 (0.901) 23 (0.733) 174 (1.470) 102 (0.851) 32 (0.513) 

Social circumstances 0 0 0 2 (0.016) 3 (0.022) 0 
Source: ISS appendix 1.4.7.7 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I) 
N = Number of patients who entered the time interval. n = number of patients with first onset of AE in the time interval. % per 
patient-month = hazard rate over 1 month estimated using a time-to-event method with life table (actuarial) estimates. Patients are 
censored at the end of the treatment period (last injection of study treatment + 21 days) 

7.5.3 Drug-Demographic Interactions 

The following factors were evaluated for adverse events of special interest:  gender, age 
in years (<65, ≥65 to <75, and ≥75 years), race, ethnicity, baseline BMI category (<25, 
25 to <30, ≥30, baseline eGFR categories, and region (North America, Western Europe, 
Eastern Europe, Rest of World).  An interaction was considered significant at a10% 
level. 

Age: Significant (p<0.10) interactions were observed between the treatment groups and 
Age for General allergic events and local allergic reactions at the injection site in the 
placebo-controlled and ezetimibe-controlled pools.  The trend suggests patients less 
than 65 years of age taking alirocumab have a higher incidence of these reactions 
compared to control and patients ≥75 years of age would have a lower incidence 
compared to control. 

In the placebo-controlled pool, an interaction (p=0.0907) was observed between 
treatment groups and Age for Neurologic events.  Patients less than 65 years old in the 
alirocumab-treatment group had a higher incidence of neurologic events compared to 
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their similarly aged counterparts in the control group.  This interaction was not observed 
in the ezetimibe-controlled pool. 

eGFR: An interaction was observed between the treatment groups and eGFR for local 
injection site reactions in the global pool which combined the placebo and ezetimbe 
pools (interaction p=0.0454). When separated by either placebo or ezetimibe pool, no 
interaction was observed. An interaction was observed for neurologic events in the 
placebo-controlled pool but not in the ezetimibe controlled pool. 

Region: A treatment interaction was noted for General allergic reactions by region.  
Patients treated with alirocumab in North America tended to have a higher incidence of 
these reactions compared to placebo-treated patients in North America and alirocumab
treated patients in other regions of the world. 

Gender, Race, Ethnicity, BMI: No significant interaction was reported for these factors.  
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Table 164. Hazard ratio versus control by demographics and baseline 
characteristics with treatment interactions at p=0.10 (safety population) – pool of 
placebo-controlled studies and pool of ezetimibe-controlled studies 

Placebo-controlled pool Ezetimibe-controlled pool 
Adverse 
event 

Factor Placebo 
n/N (%) 

Alirocumab 
n/N (%) 

HR 
versus 
control1 

(95% 
CI) 1 

Interaction 
p-value2 

Ezetimibe 
n/N (%) 

Alirocumab 
n/N (%) 

HR 
versus 
control1 

(95% 
CI) 

Interaction 
p-value2 

General 
allergic 
reactions 
and local 
allergic 
reactions 

Age (y) 

<65 63/878 
(7.2) 

188/1671 
(11.3) 

1.57 
(1.18 
to 
2.09) 

0.0149 17/375 
(4.5) 

47/511 
(9.2) 

2.22 
(1.27 
to 
3.89) 

0.0322 

≥65 to <75 38/322 
(11.8) 

71/642 
(11.1) 

0.95 
(0.64 
to 
1.40) 

14/185 
(7.6) 

15/275 
(5.5) 

0.64 
(0.31 
to 
1.35) 

≥75 10/76 
(13.2) 

11/163 
(6.7) 

0.55 
(0.23 
to 
1.29) 

5/58 (8.6) 5/78 (6.4) 0.72 
(0.20 
to 
2.55) 

Neurologic 
events 

<65 20/878 
(2.3) 

54/1671 
(3.2) 

1.43 
(0.86 
to 
2.40) 

0.0907 10/375 
(2.7) 

14/511 
(2.7) 

1.02 
(0.45 
to 
2.33) 

0.5870 

≥65 to <75 18/322 
(5.6) 

22/642 
(3.4) 

0.61 
(0.33 
to 
1.13) 

3/185 
(1.6) 

9/275 (3.3) 1.73 
(0.47 
to 
6.43) 

≥75 7/76 
(9.2) 

10/163 
(6.1) 

0.73 
(0.28 
to 1.91 

2/58 (3.4) 6/78 (7.7) 2.38 
(0.46 
to 
12.26) 

General 
allergic 
events 

Allergic hx

 Yes 51/544 
(9.4) 

117/12.8) 1.39 
(1.00 
to 
1.93) 

0.0211 22/294 
(7.5) 

38/396 
(9.6) 

1.28 
(0.75 
to 
2.17) 

0.9492

 No 48/630 
(7.6) 

85/1404 
(6.1) 

0.79 
(0.55 
to 
1.12) 

11/324 
(3.4) 

21/468 
(4.5) 

1.31 
(0.62 
to 
2.75) 

Neurologic 
events 

eGFR 
(mL/min/1.73m2) 
<60 7/189 

(3.7) 
19/405 
(4.7) 

1.27 
(0.53 
to 
3.01) 

0.0105 3/104 
(2.9) 

8/152 (5.3) 2.20 
(0.56 
to 
8.73) 

0.7495 

≥60 to <90 36/794 
(4.5) 

46/1557 
(3.0) 

0.66 
(0.42 
to 
1.01)

 11/413 
(2.7) 

20/570 
(3.5) 

1.32 
(0.63 
to 
2.78) 

≥90 2/293 
(0.7) 

21/512 
(4.1) 

5.47 
(1.28 

1/101 
(1.0) 

1/142 (0.7) 0.43 
(0.03 
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Placebo-controlled pool Ezetimibe-controlled pool 
Adverse 
event 

Factor Placebo 
n/N (%) 

Alirocumab 
n/N (%) 

HR 
versus 
control1 

(95% 
CI) 1 

Interaction 
p-value2 

Ezetimibe 
n/N (%) 

Alirocumab 
n/N (%) 

HR 
versus 
control1 

(95% 
CI) 

Interaction 
p-value2 

to 
23.39) 

to 
6.88) 

General 
allergic 
events 

Region 

 North America 21/426 
(4.9) 

81/795 
(10.2) 

1.99 
(1.23 
to 
3.23) 

0.0134 21/331 
(6.3) 

35/419 
(8.4) 

1.24 
(0.72 
to 
2.14) 

0.4894

 Western Europe 51/467 
(10.9) 

86/929 
(9.3) 

0.86 
(0.61 
to 
1.22)

 7/131 
(5.3) 

13/156 
(8.3) 

1.51 
(0.59 
to 
3.86)

 Eastern Europe 13/200 
(6.5) 

15/403 
(3.7) 

0.59 
(0.28 
to 
1.25) 

2/73 (2.7) 1/147 (0.7) 0.25 
(0.02 
to 
2.76) 

Rest of World 14/183 
(7.7) 

31/349 
(8.9) 

1.14 
(0.61 
to 
2.15)

 3/83 (3.6) 10/142 
(7.0) 

2.28 
(0.61 
to 
8.46)

 Type of 
hypercholesterolemia 
HeFH 5/418 

(1.2) 
3/837 (0.4) 0.30 

(0.07 
to 
1.25) 

0.0308 0 2/40 (5.0) NA 0.9899

 Non-FH 4/756 
(0.5) 

17/1481 
(1.1) 

2.17 
(0.73 
to 
6.44)

 6/575 
(1.0) 

6/824 (0.7) 0.64 
(0.20 
to 
2.01) 

Source: ISS appendix 

Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I), phase 2 (DFI11565, DFI11566, CL-1003, 

DFI12361)
 
Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 

n(%) = number and percentage of patients with at least one Local injection site reaction TEAE
 

1. 	 Hazard ratio calculated using a Cox model stratified on the study in each subgroup. 
2. 	 The interaction is tested in a separate Cox model including the study, the subgroup factor term, the treatment and the 

treatment-by-subgroup interaction 

Table 165. Hazard ratio versus control by demographics and baseline 
characteristics with treatment interactions at p=0.10 (safety population) – global 
pool 

Adverse event Factor Control 
n/N (%) 

Alirocumab 
n/N (%) 

HR versus control 
(95% CI)1 

Interaction 
p-value2 

eGFR 
(ml/min/1.73m2) 

Local injection site 
reactions 

<60 5/293 (1.7) 27/557 (4.8) 2.83 
(1.07 to 7.46) 

0.0454 

≥60 to <90 61/1207 (5.1) 132/2127 (6.2) 1.19 
(0.87 to 1.61) 

≥90 12/394 (3.0) 45/654 (6.9) 2.68 
(1.36 to 5.25) 

Source: ISS appendix 1.4.1.1.37
 
Placebo-controlled studies: phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I), phase 2 (DFI11565, DFI11566, CL-1003, 

DFI12361)
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Ezetimibe-controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, ALTERNATIVE) 
n(%) = number and percentage of patients with at least one Local injection site reaction TEAE 

3. 	 Hazard ratio calculated using a Cox model stratified on the study in each subgroup. 
4. 	 The interaction is tested in a separate Cox model including the study, the subgroup factor term, the treatment and the 

treatment-by-subgroup interaction 

7.5.4 Drug-Disease Interactions 

The following factors were evaluated for adverse events of special interest:  type of 
hypercholesterolemia (heFH, non-FH) and diabetes at baseline (per medical history).  
For the analysis of general allergic reaction events, the medical history of allergy was 
considered. 

Type of hypercholesterolemia: An interaction was measured between the treatment 
groups and the type of hypercholesterolemia in the global pool for ‘MACE events, CHF 
hospitalization and revascularization ’endpoints. 

An interaction was observed between treatment groups and the type of 
hypercholesterolemia in the placebo pool for neurologic events (p=0.0308), with a 
higher incidence of these events in the non-FH alirocumab-treated group compared to 
control. 

Medical history of allergy: An interaction was measured between the treatment groups 
and the medical history of allergy for General allergic events in the placebo-controlled 
pool with a higher HR of the comparison of alirocumab over placebo in patients with a 
medical history of allergy.  This interaction was not observed in the ezetimibe-controlled 
pool. 

Diabetes at baseline per medical history:  There were no significant interactions 
reported. 

7.5.5 Drug-Drug Interactions 

Please see the clinical pharmacology team’s review for further details. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

In the placebo-controlled safety pool, 57 (2.3%) patients in the alirocumab group and 35 
(2.7%) patients in the placebo group reported a TEAE in the neoplasm SOC.  Basal cell 
carcinoma was the TEAE most commonly reported in both treatment groups (0.5% 
placebo; 0.4% alirocumab). The most frequent neoplasms by high level term in both 
treatment groups were skin neoplasms malignant and unspecified (excluding 
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9 Appendices 

9.1 Neutralizing Antibodies 

The first patient discussed below appeared to have loss of efficacy with worsening of 
LDL-C coincident with NAbs; however, upon review of the case, the increase in LDL-C 
was due to interruption of alirocumab, statin, and ezetimibe therapy. 

	 Patient 01112-528-202-003: This is a patient with HeFH, with a baseline LDL-C of 
149 mg/dL. As seen in Table 168 below, it was noted that LDL-C increased to over 
twice baseline coincident with NAbs, and then decreased coincident with loss of 
neutralizing activity while the patient was still off of drug.  However, the patient had 
an adverse event of hepatitis A early in the trial associated with increases in ALT, 
and alirocumab as well as background atorvastatin and ezetimibe were discontinued 
prior to the assessment that revealed the increase in LDL-C.  At the time of detecting 
positive ADA with 960 titer and positive neutralizing ADA, the patient had not 
received alirocumab (or atorvastatin + ezetimibe) for about 8 weeks. 

Table 168. ADA and LDL-C, Patient 01112-528-202-003 

Source: Response to Agency Request Item no. 5 dated 10 Mar 2015, Table 6 

In nine patients (Pattern 1), high titer (> 240) ADA or NAbs appeared to correlate with 
loss of efficacy. 
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Pattern 1 

 Patient 011569-643-929-019: This patient appears to have experienced loss of 
efficacy coincident with the development of NAbs (titer 240 then 480); LDL-C 
returned to baseline. ADA had returned to low titers by the end of the trial; however, 
LDL-C never returned to its lowest value.  Alirocumab concentrations were low 
throughout. 

Figure 43. Time Course of ADA, LDL-C, PK, and PD, Patient 011569-643-929-019 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 3 
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	 Patient 011569-840-913-009: This patient appeared to experience loss of efficacy 
coincident with NAbs (as well as an abrupt increase in free PCSK9); however, the 
patient stopped treatment due to an adverse event shortly thereafter, which makes 
the long-term impact of the NAbs unknown. 

Figure 44. Time Course of ADA, LDL-C, PK, and PD, Patient 011569-840-913-009  

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 4 
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	 Patient 011717-826-007-200: This patient experienced loss of efficacy, an increase 
in free PCSK9, and a decrease in alirocumab concentrations coincident with 
development of NAbs. 

Figure 45. Time Course of LDL-C, ADA, PK, and PD, Patient 11717-826-007-200 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 7 
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	 Patient 012492-376-401-009: In this case, high titer NAbs were observed coincident 
with lack of efficacy, but they were transient, with a reduction in titer to negative over 
time. Increasing the alirocumab dose appeared to improve efficacy along with 
decreasing free PCSK9 and increasing alirocumab concentrations. 

Figure 46. Time Course of ADA, LDL-C, PK, and PD, Patient 012492-376-401-009 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 8 
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	 Patient 011717-826-007-195: A brief period of loss of efficacy and an increase in 
free PCSK9 were associated with a transient ADA titer of 480.  Despite ADA titers of 
120 and development of NAbs later in the trial, LDL-C decreased while the patient 
remained in the trial. 

Figure 47. Time Course of ADA, LDL-C, PK, and PD, Patient 011717-826-007-195 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 15 
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	 Patient 011568-840-004: This patient experienced loss of efficacy coincident with 
the development of NAbs (titer 240).  PK and PD were not reported. 

Figure 48. Time Course of ADA and LDL-C, Patient 011568-840-851-004 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 73 
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	 Patient 011659-348-908-005: This was a 63-year-old white male on atorvastatin 80 
mg with an LDL-C of 73 mg/dL at baseline.  The patient had no history of down 
titration of any statin dose or change to a different statin due to tolerability issue, and 
there was no report of change in statin dose during the trial.  An increase of LDL-C 
was noted throughout the trial. The patient had a negative ADA status at study 
entry. On Day 91, the patient's ADA status was found to be positive (neutralizing), 
and ADA concentration was 480.  The ADA concentration decreased to 60 on Day 
210 (still neutralizing).  No further ADA tests have been reported.  The patient did 
not report any adverse events during the trial. 

Figure 49. Time Course of ADA, LDL-C, PK, and PD Patient 011569-348-908-005 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 89 
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	 Patient 0115643-929-022: This patient experienced loss of efficacy coincident with 
the development of NAbs.  A large spike in free PCSK9 was noted shortly thereafter. 

Figure 50. Time Course of ADA, LDL-C, PK, and PD, Patient 011569-643-929-022 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 94 
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	 Patient 011717-826-063: This patient’s LDL-C concentrations fluctuated in the 
setting of high titer and/or neutralizing antibodies. PK and PD cncentrations 
fluctuated as well, but the data were very limited. 

Figure 51. Time Course of ADA, LDL-C, PK, and PD, Patient 011717-826-006-063 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 157 
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Two patients were observed to develop ADA that might have enhanced the efficacy of 
alirocumab (which could occur if the NAb prolongs PK and PD). 

Pattern 2 

	 Patient 001119-376-934-002: This patient (from the ALTERNATIVE trial, therefore 
not on concomitant statin) had persistently low LDL-C out to day ~250 in the setting 
of NAbs, despite discontinuing alirocumab at day 160.  ADA data are not available 
past day 180, nor are PK/PD analyses available. 

Figure 52. Time Course of ADA and LDL-C, Patient 01119-376-934-002 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 11 
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	 Patient 011717-100-005-016: After an initial reduction in LDL-C during the first 12 
weeks, this patient had a subsequent increase in LDL-C over time in association 
with negative or unmeasured ADA. However, on ~day 360, NAbs were identified 
and were associated with a reduction in LDL-C. 

Figure 53. Time Course of ADA, LDL-C, PK, and PD, Patient 011717-100-005-016 

Source: Clinical Response Appendix 2 dated 03 Mar 2015, Figure 12 
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9.2 Cardiovascular Endpoint Definitions 

Death: 
All deaths will be categorized as Cardiovascular, non-Cardiovascular or Undetermined 
based on the definitions below. In addition, all deaths will also be categorized as 
Coronary Heart Disease Death and further subtyped based on the specific 
Cardiovascular and non-Cardiovascular categories defined below. 

Cardiovascular Death: 
Cardiovascular Death is defined as death resulting from an acute myocardial infarction, 
sudden cardiac death, death due to heart failure, death due to stroke, death due to CV 
proceducres, death due to CV hemorrhage, and death due to other cardiovascular 
causes. Coronary Heart Disease (CHD) Death is defined as the subset of 
Cardiovascular deaths for which there is a clear relationship to underlying coronary 
heart disease, including death secondary to acute MI, sudden death, heart failure, 
complication of a coronary revascularization procedure performed for symptoms, 
coronary disease progression, or new myocardial ischemia where the cause of death is 
clearly related to the procedure, unobserved and unexpected death, and other death 
that cannot definitely be attributed to a nonvascular cause. 

1. Death due to Acute Myocardial Infarction: 
Death by any mechanism (arrhythmia, heart failure, low output) within 30 days 
after a myocardial infarction (MI) related to the immediate consequences of the 
myocardial infarction, such as progressive congestive heart failure (CHF), 
inadequate cardiac output, or refractory arrhythmia. If these events occur after a 
“break” (e.g., a CHF and arrhythmia free period of at least a week), they should 
be designated by the immediate cause, even though the MI may have increased 
the risk of that event (e.g., late arrhythmic death becomes more likely after an 
acute myocardial infarction (AMI)). The acute myocardial infarction should be 
verified to the extent possible by the diagnostic criteria outlined for acute 
myocardial infarction or by autopsy findings showing recent myocardial infarction 
or recent coronary thrombus. 
Sudden cardiac death, if accompanied by symptoms suggestive of myocardial 
ischemia, new ST elevation, new LBBB, or evidence of fresh thrombus by 
coronary angiography and/or at autopsy should be considered death resulting 
from an acute myocardial infarction, even if death occurs before blood samples 
or 12-lead electrocardiogram (ECG) could be obtained, or at a time before the 
appearance of cardiac biomarkers in the blood. 
Death resulting from a procedure to treat a myocardial infarction percutaneous 
coronary intervention (PCI), coronary artery bypass graft surgery (CABG), or to 
treat a complication resulting from myocardial infarction, should also be 
considered death due to acute MI. 
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Death resulting from an elective coronary procedure to treat myocardial ischemia 
(i.e., chronic stable angina) or death due to a MI that occurs as a direct 
consequence of a CV investigation/procedure/operation should be considered as 
a death due to a CV procedure. 

2. Sudden Cardiac Death: 
Death that occurs unexpectedly, not following an acute MI, and includes the 
following deaths: 
 Death witnessed and occurring without new or worsening symptoms. 
 Death witnessed within 60 minutes of the onset of new or worsening cardiac 

symptoms, unless documented (i.e. by ECG or other objective) to be due to 
acute myocardial infarction. 

	 Death witnessed and attributed to an identified arrhythmia (e.g., captured on 
an ECG recording, witnessed on a monitor, or unwitnessed but found on 
implantable cardioverter-defibrillator review). 

 Death after unsuccessful resuscitation from cardiac arrest. 
 Death after successful resuscitation from cardiac arrest and without 

identification of a non-cardiac etiology. 
 Unwitnessed death without other cause of death (information regarding the 

patient’s clinical status preceding death should be provided, if available). 
General Considerations 
A subject seen alive and clinically stable 24 hours prior to being found dead 
without any evidence or information of a specific cause of death should be 
classified as “sudden cardiac death.” 

Typical scenarios include: 
 Subject well the previous day but found dead in bed the next day 
 Subject found dead at home on the couch with the television on Deaths for 

which there is no information beyond “Patient found dead at home” may be 
classified as “death due to other cardiovascular causes”. 

3. Death due to Heart Failure or Cardiogenic Shock: 
Death due to Congestive Heart Failure refers to a death in association with 
clinically worsening symptoms and/or signs of heart failure not following an acute 
MI. Deaths due to heart failure can have various etiologies, including single or 
recurrent myocardial infarctions, ischemic or non-ischemic cardiomyopathy, 
hypertension, or valvular disease. 
Cardiogenic shock not occurring in the context of an acute myocardial infarction 
or as the consequence of an arrhythmia occurring in the absence of worsening 
heart failure is defined as systolic blood pressure (SBP) < 90 mm Hg for greater 
than 1 hour, not responsive to fluid resuscitation and/or heart rate correction, and 
felt to be secondary to cardiac dysfunction and associated with at least one of the 
following signs of hypoperfusion: 
 Cool, clammy skin or 
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 Oliguria (urine output < 30 mL/hour) or 
 Altered sensorium or 
 Cardiac index < 2.2 L/min/m² 
Cardiogenic shock can also be defined if SBP < 90 mm Hg and increases to ≥ 90 
mm Hg in less than 1 hour with positive inotropic or vasopressor agents alone 
and/or with mechanical support. 

4. Death due to Stroke: 
Refers to a death after a stroke that is either a direct consequence of the stroke 
or a complication of the stroke. Acute stroke should be verified to the extent 
possible by the diagnostic criteria outlined for stroke. 

5. Death due to Cardiovascular procedures: 
Refers to a death caused by the immediate complciations of a cardiac procedure 
and excludes death resulting from procedures to treat an acute MI or the 
complications resulting from an acute MI 

6. Death due to Cardiovascular Hemorrhage: 

Refers to death related to hemorrhage such as a non-stroke intracranial 

hemorrhage, non-procedural or non-traumatic vascular rupture (e.g. aortic 

aneurysm), or hemorrhage causing cardiac tamponade 


7. Death due to Other Cardiovascular Causes: 

Refers to a cardiovascular death not included in the above categories 

(e.g.,pulmonary embolism or peripheral arterial disease). 


Non-cardiovascular Death:  Non-cardiovascular death is defined as any death that is 
not thought to be due to a cardiovascular cause. The following categories may be 
collected 

Non-Malignant Causes 
 Pulmonary 
 Renal 
 Gastrointestinal 
 Hepatobiliary 
 Pancreatic 
 Infection (includes sepsis) 
 Non-infectious (e.g., systemic inflammatory response syndrome (SIRS)) 
 Hemorrhage*, excluding hemorrhagic strokes and bleeding in the setting of 

coronary revascularization 

 Non-cardiovascular procedure or surgery 

 Accidental (e.g., physical accidents or drug overdose) or trauma 

 Suicide
 

303 




 

 
  

 

 
 

 

 

 

 

Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

 Prescription Drug Error (e.g., prescribed drug overdose, use of inappropriate 
drug, or drug-drug interaction) 


 Neurological process that is not a stroke or hemorrhage 

 Other non-cardiovascular, specify: ________________ 


*Examples: Death due to GI bleeding is not considered a CV death. Death due to 
retroperitoneal hematoma following PCI is considered CV death. Death due to 
intracerebral hemorrhage is considered CV death. 

Malignant Causes 
 Death results directly from the cancer; 

OR 
 Death results from a complication of the cancer (e.g. infection, complication of 

surgery / chemotherapy / radiotherapy); 
OR 
 Death results from withdrawal of other therapies because of concerns relating to 

the poor prognosis associated with the cancer 
Cancer deaths may arise from cancers that were present prior to randomization or 
which developed subsequently should be further classified (worsening prior malignancy; 
new malignancy). 

Undetermined Cause of Death: 
Undetermined cause of death refers to a death not attributable to one of the above 
categories of cardiovascular death or to a non-cardiovascular cause, due to absence of 
any information (e.g., the only available information is “patient died”). The use of this 
category of death is discouraged and should apply to a minimal number of cases when 
no information at all on the circumstances of death are available (i.e. found on obituary 
of local newspaper). In all circumstances the reviewer will use all available information 
to attribute to one of the categories based on best clinical judgment. 
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9.3 Supplemental Tables 

Table 1.  Death narratives of alirocumab-treated patients 

Pt. ID 
Study 
Treatment 
Country 

Age (y)/ 
Race/ 
Sex/ 

Primary cause of 
death as per 
adjudication 
(Origin/Phase of final 
adjudication) 

If other CV cause 
or other non CV 
cause 

Study day of 
onset date as 
per adjudication/ 
study day of last 
injection/period 

Primary cause of 
death per 
investigator 
(preferred term) 

Summary 

Alirocumab-treated 

1 

011717-056-002-011 

LONG TERM 

Alirocumab 150Q2W 

Belgium 

69/W/M Cardiovascular 

CHD 

Acute MI 

(I/C) 

166/155/on
study during 
TEAE 

Cardiovascular 
Sudden cardiac 
death 

(acute MI) 

History of non-FH, treated with statins, former smoker, 
T2DM, afib, HTN Baseline LDL 98 mg/dL  On 
simvastatin 20 mg at screening 

On Day 164 of the study, the patient had a SAE of 
severe intensity reported as "asystolia". The patient 
was found in asystole state, and an ECG showed 
fading heart waves. He was administered with 0.5 mg 
atropine. After 20 minutes of resuscitation and 
administering 5 mg adrenaline, his BP and heart 
rhythm returned to normal. The patient was 
hospitalized. ECG revealed acute inferior posterior 
myocardial infarction, Troponin T at 6217 ng/L (upper 
reference limit: 14 ng/L), fibrin D-dimer at 28900 
ng/mL (normal range not available), and creatine 
kinase (CK) at 1527 IU/L (normal range: 18-198 IU/L; 
baseline value within normal range). The patient was 
treated for non-ST elevation myocardial infarction 
(NSTEMI). On Day 166 of the study it was decided 
with the family to discontinue therapy. The patient 
died in the hospital due to multiple organ failure and 
acute myocardial infarction. 
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 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
2 011717-710-004-014 53/B/M Cardiovascular  286/254/on- Cardiovascular History of non-FH, treated with statins (atorva 10 mg 

LONG TERM CHD study during Heart failure or at screening). Baseline LDL 92 mg/dL, T2DM, HTN, 
Alirocumab 150Q2W 
South Africa 

Heart failure or 
cardiogenic shock 

TEAE cardiogenic 
shock 

CABG, ischemic cardiomyopathy.  On Day 254 
worsening of heart failure, which progressed requiring 

(I/C) (Cardiac Failure) hospitalization 8 days later.  The patient was 
diagnosed with worsening of heart failure (New York 
Heart Association [NYHA] functional, Class II). He 
received furosemide and dobutamine hydrochloride to 
help maintain his BP. His heart failure deteriorated to 
NYHA functional Class III-IV. On , he 
experienced circulatory collapse (cardiogenic shock) 
and hypoxia. He was intubated, received mechanical 
ventilation, and vasopressors. Study drug was 
permanently discontinued due to the event (last 
administration on 07-AUG-2013). On , 
the patient died in the hospital, with heart failure or 
cardiogenic shock as the primary cause of death. 

3 011717-710-008-118 
LONG TERM 

66/W/M Cardiovascular 
CHD 

 562/532/on
study TEAE 

Cardiovascular 
Coronary 

History of non-FH, on atorva 20 mg at screening, LDL 
at baseline 107 mg/dL, history of MI. On Day 542 of 

Alirocumab 150Q2W Cardiovascular Procedure the study ), the patient had a new 
South Africa procedure 

(I/P1) 
(Coronary artery 
disease) 

adverse event of mild intensity, reported as coronary 
artery disease (single vessel) (Coronary Artery 
Disease)  which progressed to severe intensity on 

. No clinical signs and symptoms were 
present. An ECG was performed on 
(result was not available), followed by a diagnostic 
angiogram (Angiogram) on (Day 542 ]), 
which revealed coronary artery disease (single 
vessel). The patient was scheduled to be hospitalized 
for rotablation. On an ECG showed an 
inferior infarct and right bundle branch block. On 

, the patient was hospitalized for PCI (stent 
insertion). Cardiac enzymes including creatine kinase 
(CK), CK-MB, and troponin were not drawn. The 
patient underwent PCI on  for coronary 
artery disease. The patient died during the procedure 
due to an unknown complication. No autopsy was 
performed. The time of death was not reported and 
the primary cause of death was reported as coronary 
procedure. 
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 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
4 011717-826-001-080 63/W/M Not adjudicated 442/421/on- Cardiovascular History of acute MI, coronary revascularization 

LONG TERM study TEAE Cardiovascular procedures, transluminal balloon angioplasty of 
Alirocumab 150Q2W 
United Kingdom 

hemorrhage 
(Traumatic 

coronary artery, ischemic heart disease, and other 
clinically significant CHD. On Day 442, the patient, 

intracranial who had a long-term (14 years) history of recurrent 
hemorrhage) fainting episodes, experienced an extensive traumatic 

intracranial hemorrhage (traumatic intracranial 
hemorrhage) and died immediately following collapse. 
According to the Investigator the patient’s sudden 
death was due to the head injury. However, the 
patient’s clinical status 24 hours prior to death or 
specific circumstances surrounding his death, were 
unknown. The last injection of IMP (alirocumab) was 
on Day 421. As of the cut-off date for this report, this 
event was not yet adjudicated. 

5 011717-826-009-186 72/W/M Cardiovascular  387/379/on- Cardiovascular History of non-FH, atorva 20 mg at screening.  
LONG TERM 
Alirocumab 150Q2W 
United Kingdom 

Non-CHD 
Cardiovascular 
hemorrhage 

study TEAE Other CV cause 
(Aortic aneurysm 
rupture) 

Baseline LDL at baseline 86 mg/dL  history of T2DM, 
HTN. On Day 386 of the study , the 
patient had 2 new serious adverse events of severe 

(I/P1) intensity, reported as ruptured atherosclerotic 
abdominal aortic aneurysm (Aortic Aneurysm 
Rupture) and sudden blackout due to hypotension 
(Syncope), respectively.  Patient was hospitalized and 
died the following day.  The autopsy findings included 
massive retroperitoneal hemorrhage due to ruptured 
atherosclerotic abdominal aortic aneurysm in addition 
to severe systemic atherosclerosis and were 
assessed as natural causes of the patient's death. 
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 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
6 011717-840-165-013 61/W/M Cardiovascular  296/281/on- Cardiovascular History of non-FH, rosuva 40 mg at screening.  LDL at 

LONG TERM Non-CHD study TEAE Cardiovascular baseline 113 mg/dL. History of MI, aortic root 
Alirocumab 150Q2W 
USA 

Cardiovascular 
hemorrhage 

hemorrhage 
(Aortic 

aneurysm. On , the patient was 
hospitalized for a CT angiogram of the chest, 

(I/C) dissection, abdomen and pelvis; the procedure revealed type A 
hemorrhagic 
stroke) 

aortic dissection (intensity severe) extending from the 
level of the aortic valve. The same day 

), the patient was sent from radiology directly to 
the emergency department. Patient underwent 
emergent repair with aortic root replacement.  In the 
immediate postoperative period, the patient 
experienced seizure-like activity, the longest duration 
of neurological symptoms was given as more than 24 
hours and on the same day patient was diagnosed 
with hemorrhagic stroke (intensity severe) peri
procedural. The hemorrhage was intraventricular. On 

, CT scan of head was done which 
revealed hemorrhage and edema. The patient 
ultimately underwent a right hemicraniectomy and clot 
extraction. Following that he never regained 
consciousness and continued to have seizures. After 
all narcotics had been weaned, he remained with a 
severe neurological deficit and after discussion with 
his family; he was made a no code, treated with 
comfort care and extubated. The patient did not 
recover from the event of aortic dissection.  On 

at  the patient died due to 
hemorrhagic stroke and the underlying cause was 
reported to be type A aortic dissection and repair of 
aortic dissection. 

308 




 

 
 

 

 

 
 

  

 

 

 
 

 

 

 

  

 

  

 

 
  

 
 

 
  

 

 

 

 

 
 

 
  

 

(b) (6)

hospital with Glasgow coma scale of 12/15 after 
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(b) (6)
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Praluent (alirocumab) 

7 

 Pt. ID 
Study 
Treatment 
Country 

011717-826-007-103 
LONG TERM 
Alirocumab 150Q2W 
United Kingdom 

Age (y)/ 
Race/ 
Sex/ 

64/W/M 

Primary cause of 
death as per 
adjudication 
(Origin/Phase of final 
adjudication) 
Cardiovascular 
Non-CHD 
Stroke-Hemorrhagic 
(I/P1) 

If other CV cause 
or other non CV 
cause 

Study day of 
onset date as 
per adjudication/ 
study day of last 
injection/period 

 378/63/on-study 
post TEAE 

Primary cause of 
death per 
investigator 
(preferred term) 

Cardiovascular 
Stroke 
(Hemorrhagic 
stroke) 

Summary 

On Day 377 of the study , and more 
than 10 months after the last IMP administration 
(during follow-up period), the patient had a new 
serious adverse event of severe intensity, reported as 
hemorrhagic stroke. The patient was admitted to 

8 011717-826-007-168 
LONG TERM 
Alirocumab 150Q2W 

65/ /F Non-cardiovascular 
Pulmonary 
(I/C) 

Non-cardiovascular 
Pulmonary 
(I/C) 

Malignancy 
Worsening prior 
malignancy 

Malignancy 
Worsening prior 
malignancy 

335/169/on
study post TEAE 

335/169/on
study post TEAE 

Non-
cardiovascular 
(Metastatic 
lymphoma) 
Non-
cardiovascular 
(Pneumonia 
viral) 

frontal lobe.' The neurosurgical team reviewed that 
patient was not suitable for intervention thus no 
procedures were undertaken. The patient rapidly 
deteriorated and died on 
History of type 2 diabetes mellitus and hypertension, 
and Guillain-Barre syndrome (since 2005). On Day 
169, the patient was reported to have metastatic 
lymphoma (metastases to lung, liver & kidney) 
(metastatic lymphoma). A CT scan revealed “right 
side lung mass”. She permanently discontinued 
alirocumab on Day 169 due to this event. She was 
hospitalized on a number of occasions for treatment 
and diagnostic procedures (Days 235, 272, 321).  
Approximately 5 months after this diagnosis, the 
patient contracted pneumonia viral while hospitalized. 
The outcome of the event was fatal. The patient died 
on Day 335. Interim death certificate report stated viral 
pneumonia, Epstein-Barr driven lymphoma, chronic 
demyelinating polyneuropathy confirmed as Guillain 
Barre Syndrome and treatment as the causes of the 
patient's death. Per adjudication, the primary cause of 
death was non-cardiovascular. 

sudden collapse. On  a CT head scan 
showed 'massive cerebral hemorrhagic stroke at left 
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 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
9 011717-826-008-024 69/W/F Cardiovascular  152/15/on-study Cardiovascular On Day 152 of the study (12-JAN-2013 and 137 days 

LONG TERM CHD post TEAE Acute MI after the last study drug administration), the patient 
Alirocumab 150Q2W 
United Kingdom 

Sudden cardiac death 
(I/C) 

(Acute MI) with a history of acute myocardial infarction (2010) 
had a new serious adverse event of severe intensity, 
reported as acute myocardial infarction.  The primary 
cause of death was acute myocardial infarction. No 
autopsy was performed. According to the death 
certificate, the causes of death were acute myocardial 
infarction, severe coronary artery atheroma, chronic 
kidney disease, and obesity. The patient was not 
hospitalized at the time of death. According to the 
Investigator, the ‘patient had cardiac arrest at home 
and the patient’s husband was present at the death'. 

10 011717-826-008-165 67/W/M Cardiovascular  72/1/on-study Cardiovascular History of non-FH, TIA (2007), MI (1994).  On Day 72 
LONG TERM 
Alirocumab 150Q2W 

CHD 
Acute MI 

post TEAE Acute MI 
(Acute MI) 

of the study (06-FEB-2013), the patient had a new 
serious adverse event of severe intensity, reported as 

United Kingdom (I/P1) acute MI. Prior to this event on 01-FEB-2013, the 
patient underwent an echocardiogram which showed 
severely reduced left ventricular systolic function and 
‘trace mitral regurgitation', with ‘extremely guarded 
prognosis’. On 05-FEB-2013, the patient's condition 
was reported stable. On 06-FEB-2013, at 18.50, the 
patient had a fall in the bathroom and was found on 
the floor; the patient’s head hit the sink and lost a 
tooth. The patient was checked for injury and assisted 
back to bed. The patient was agitated, alert, able to 
talk and move the limbs; and he denied any pains. 
Urinary incontinence was noted. The patient was 
given midazolam and morphine. No electrocardiogram 
was performed for the ischemic symptoms. The final 
diagnosis was an acute myocardial infarction. 
Subsequent functional status of the patient was 
unknown. The patient was placed on a palliative care 
pathway. The patient died on 
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 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
11 011717-840-058-001 57/W/M Cardiovascular  349/255/on- Cardiovascular History of HeFH, stenting for PAD 2012, HTN, T2DM, 

LONG TERM CHD study post TEAE Other CV cause On Day 349 of the study (14-APR-2013), the patient, 
Alirocumab 150Q2W 
USA 

Sudden cardiac death 
(I/C) 

(Hypertensive 
heart disease) 

with a history of hypertension since 2009, had a new 
serious adverse event of severe intensity, reported as 
hypertensive cardiovascular disease.  The patient had 
abnormal ECGs during screening on 10-APR-2012 
(showing sinus rhythm and supraventricular 
extrasystoles) and during study on 16-OCT-2012 
(‘possible left anterior fascicular block and probable 
left ventricular hypertrophy’). But his vital signs and 
blood levels of creatine kinase and sodium were 
normal on 10-APR-2012 and 10-JAN-2013. No anti
hypertensive therapy adjustment was required since 
study inclusion. There was no malignant hypertension 
before and after study inclusion and patient's 
underlying hypertension had been well controlled.  On 

, the patient died unexpectedly at 
The patient was not hospitalized at the time of death; 
it occurred at a warehouse. There was no witness to 
the event. The patient's death was not expected. The 
patient was last seen alive on , as 
reported by family. According to the Investigator, 
relevant circumstances that lead to death were 
'subject was last seen on January 10, 2013 for study 
visit w 36 and was stable at this visit; subject status 24 
hours prior to death is unknown; none the PI called 
and spoke to the medical examiner and he was the 
one who determined that the cause of death was 
hypertensive cardiovascular disease'. No autopsy was 
done. No death certificate was available. The patient's 
death was adjudicated to be CHD death. 

12 012492-124-401-002 64/W/M Cardiovascular  57/56/on-study Cardiovascular Patient with HeFH, history of coronary artery stenosis 
FH I 
Alirocumab 75/150 

CHD 
Sudden cardiac death 

TEAE Acute MI 
(Acute MI) 

requiring stenting, HTN.  On Day 57 of study 
“collapsed and was never reanimated”.  Previous 

Canada (I/C) death, had experienced mild adverse events of “left 
should pain on Day 12 and “chest pain” (not reported 
as of cardiac origin) on Day 29.  
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Praluent (alirocumab) 

 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final 

adjudication) 
study day of last 
injection/period 

(preferred term) 

13 012492-124-401-009 
FH I 
Alirocumab 75/150 
Canada 

51/W/M Non-cardiovascular 
Pancreatic 
(I/C) 

New malignancy 353/353/on
study TEAE 

Non-
cardiovascular 
(Pancreatic 
carcinoma 
metastatic) 

Patient with HeFH.  On Day 252 7.5 months afeter 
first IMP administration SAE of pancreatic carcinoma 
mestatic. Death adjudicated as metastatic pancreatic 
cancer on Day 353 

14 012492-724-404-002 
FH I 
Alirocumab 75/150 
Spain 

53/W/M Cardiovascular 
CHD 
Acute MI 
(I/C) 

 240/239/on
study TEAE 

Cardiovascular 
Acute MI 
(MI) 

On Day 240 of the study, the patient had a new 
serious adverse event ofsevere intensity, reported as 
myocardial infarction. He developed oppressivechest 
pain radiating to left arm and profuse sweating, and 
reported to the emergency room, being hospitalized. 
At physical examination, the patient had normal 
general status, oriented, hydrated, normal color, pain 
score at 10, blood pressure at 156/107 mmHg and 
heart rate at 106 bpm. His cardiorespiratory 
auscultation was normal, and no lower limb edema 
was observed.  ECG showed clinically significant 
abnormalities ('acute myocardial infarction with ST 
decreased.', 'ventricular tachycardia followed by 
ventricular bradycardia.' and 'exitus, asystole'). Blood 
samples for Troponin I assays were drawn. Troponin 
value was 0.05ng/mL (upper reference limit: 0.05, MI 
detection limit: 0.50). Blood samples for CK and CK
MB assays were drawn CK value was 118 IU/L (upper 
reference limit: 308). CK-MB value was 25 IU/L (upper 
reference limit: 25). There was no imaging evidence of 
new loss of viable myocardium and/or new regional 
wall motion abnormality. Intubation and CPR were 
performed for the event, but there was no response at 
any time 

15 012492-840-424-002 
FH I 
Alirocumab 75/150 
USA 

55/W/F Non-cardiovascular 
Pulmonary 
(I/C) 

New malignancy 140/99/on-study 
TEAE 

Non-
cardiovascular 
(Non-small cell 
lung cancer 
metastatic) 

On Day 80,(11 weeks after 1st IMPadmin) SAE 
reported as non-small cell primary lung carcinoma 
with metastasis.  

On Day 237 of the study , the patient 
had 2 new serious adverse events of severe intensity, 
reported as left lower extremity thrombosis 
(Thrombosis) and accidental fall (Fall), respectively. 

16 011568-840-870-003 
COMBO I 
Alirocumab 75/150 
USA 

71/W/M Non-cardiovascular 
Accidental 
(I/C) 

 254/239/on
study TEAE 

Cardiovasular 
Other CV cause 
(Fall) 
Cardiovascular 
Other CV cause The patient was seen at hospital after falling and 
(Pulmonary injuring his left lower extremity (LLE). After this 
embolism) incident, there was progressive edema, pain, 
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J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final 

adjudication) 
study day of last 
injection/period 

(preferred term) 

Cardiovascular erythema and ecchymosis. On Day 251 of the study 
Other CV cause the patient had a new serious adverse event of severe 
(Thrombosis intensity, reported as pulmonary embolism 

(Pulmonary Embolism). On that day, an X-ray showed 
complete opacification of the left hemithorax that 
possibly could have corresponded to a pulmonary 
embolism. That patient received unspecified 
corrective treatment.  Patient died in hospital, poss bly 
from thrombosis and pulmonary embolism. 

17 011568-840-877-011 
COMBO I 
Alirocumab 75/150 
USA 

52/AA/F Cardiovascular 
CHD 
Acute MI 
(I/P1) 

 96/43/on-study 
TEAE 

Cardiovascular 
Acute MI 
(Acute MI) 

On Day 96 of the study the patient had a new serious 
adverse event of severe intensity, reported as acute 
myocardial infarction. Patient experienced acute chest 
pain and left arm pain for 15 minutes before 
emergency medical services (EMS) arrived. On the 
way to hospital she experienced a cardiac arrest and 
was intubated. The patient was hospitalized. 
Corrective treatment was given and included normal 
saline, magnesium, calcium chloride, vasopressin, 
epinephrine and sodium bicarbonate. 
Patient`s ECG (electrocardiogram) showed sinus 
tachycardia vital signs were reported as follows: blood 
pressure- 114/92 mmHg, pulse rate- 93 beats/minute, 
respiratory rate- 22 breaths/minute, and Glasgow 
coma score- 15. A repeat ECG (electrocardiogram) 
performed was abnormal showing sinus rhythm with 
complete heart block and wide QRS rhythm with 
fusion complexes, left axis deviation, right bundle 
branch block and ST elevation. She experienced 
second episode of cardiac arrest 40 minutes after her 
arrival in the emergency room. The patient underwent 
cardiopulmonary resuscitation; however, it was 
unsuccessful and she was pronounced dead due to 
cardiac arrest 
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Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
18 011568-840-877-014 

COMBO I 
43/W/M Cardiovascular 

CHD 
 298/170/on

study post TEAE 
Cardiovascular 
Sudden cardiac 

History of MI, HTN 
The primary cause of death was sudden cardiac 

Alirocumab 75/150 Sudden cardiac death death death. The patient was not hospitalized at the time of 
USA (I/P1 re-review) (Coronary artery 

disease) 
death. The patient's death was not witnessed. 
Autopsy was not performed. According to the 
Investigator, 'Patient's wife called stating subject has 
passed away in his sleep, pending records She states 
that her husband never went to the hospital, just 
directly to the funeral home She said that the medical 
examiner thinks it was a possible MI due to his history 
but no autopsy was performed'. The Investigator 
reported that the patient's last known clinical status 
within 24 hours prior to death was 'Patient was stable, 
passed away in sleep'. The patient's death was 
adjudicated to be CHD death. 

19 011569-643-924-001 
COMBO II 
Alirocumab 75/150 

64/W/M Cardiovascular 
CHD 
Sudden cardiac death 

 125/113/on
study TEAE 

Cardiovascular 
Sudden cardiac 
death 

On Day 125 of the study 4 months after first 
administration on IMP auto-injectors and IMP 
capsules and 12 days after the most recent 

Russia (I/C) (Sudden cardiac administration of IMP auto-injectors, the patient had a 
death) new serious adverse event of severe intensity, 

reported as sudden cardiac death (Sudden Cardiac 
Death). On the morning of death, the patient 
measured his blood pressure which was high (values 
not reported) and he took the same drugs as usual at 
the same doses (perindopril, indapamide, isosorbide 
mononitrate, acetylsalicylic acid). The patient had 
malaise only without any complaints. Two hours later 
the patient remained unwell and an ambulance was 
called by his wife. An electrocardiogram (ECG) was 
performed and there was no change, blood pressure 
was within normal limits. There were no symptoms of 
visible deterioration. The patient went to bed. The 
same day the patient died in sleep. The primary cause 
of death was sudden cardiac death. The patient was 
not hospitalized at the time of death. The patient's 
death was neither expected nor witnessed. Autopsy 
was not performed. Autopsy was not performed. The 
patient's death was adjudicated to be CHD death. 
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Clinical Review 
J. Golden and M. Roberts 
BLA 125559 
Praluent (alirocumab) 

 Pt. ID Age (y)/ Primary cause of If other CV cause Study day of Primary cause of Summary 
Study Race/ death as per or other non CV onset date as death per 
Treatment Sex/ adjudication cause per adjudication/ investigator 
Country (Origin/Phase of final study day of last (preferred term) 

adjudication) injection/period 
20 011569-710-913-003 62/W/F Cardiovascular  261/253/on- Cardiovascular Patient on Day 110 had SAE of pneumonia and 

COMBO II CHD study TEAE Sudden cardiac worsening of congestive cardiac failure.  Patient 
Alirocumab 75/150 
South Africa 

Sudden cardiac death 
(I/C) 

death 
(Cardiac arrest) 

recovered. On Day 261, On  during an 
outpatient visit for cellulitis of legs with septic wounds, 
the patient complained about difficulty breathing. It 
was reported that the patient's face turned blue and 
the patient was rushed to emergency room.  Cardiac 
arrest occurred and resuscitation efforts were 
unsuccessful.. No autopsy was performed and the 
primary cause of the death was the occurrence of 
sudden cardiac arrest. 

I Investigator C committee (consensus review) P1 phase 1 review of adjudication 
Source: Response to FDA IR submitted 17 December 2014 Module 5.3.5.1 
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Table 170. Summary of definitions and assessment for adverse events of special 
interest 
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Source: NDA 125559 ISS Table 2 

Table 171. FDA defined neurocognitive adverse events of interest 
Adverse Event of Special Interest Preferred Term or Lower Level Term 
Neurocognitive disorders-FDA Amnesia 

Amnestic disorder 
Anterograde amnesia 
Behavioral and psychiatric symptoms of dementia 
Change in sustained attention 
Cognitive deterioration 
Cognitive disorder 
Confusion 
Confusion aggravated 
Confusional state 
Delirium 
Dementia 
Dementia Alzheimer’s type 
Dementia NOS 
Dementia NOS Aggravated 
Dementia of the Alzheimer’s type NOS 
Dementia with Lewy Bodies 
Disorientation 
Disturbance in attention 
Executive dysfunction 
Frontotemporal dementia 
Global amnesia 
Illogical thinking 
Impaired reasoning 
Incoherent 
Judgement impaired 
Memory impairment 
Mental impairment 
Mental impairment NOS 
Mental state abnormal aggravated 
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Adverse Event of Special Interest Preferred Term or Lower Level Term 
Mental status changes 
Mini mental status examination abnormal 
Presenile dementia 
Retrograde amnesia 
Senile amnesia 
Senile dementia NOS 
Short-term memory loss 
Thinking abnormal 

 Thinking slowed
 Transient global amnesia 
 Vascular dementia 
Source: ISS SAP phase 2/3 Table 27 

Table 172. Terms defining the musculoskeletal-related CMQ 

Source: ALTERNATIVE protocol appendix 3 
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Table 173. Number (%) of TEAE by SOC experienced by placebo, alirocumab (all), 
alirocumab (≥ 25 mg/dL), alirocumab (2 LDL-C <25 mg/dL (safety population ) – 
pool of placebo and ezetimibe-controlled studies 

Control 
N=1894 

Alirocumab 
N=3340 

Alirocumab LDL-C 
≥ 25 mg/dL 
N=2544 

Alirocumab 2 
LDL-C <25 mg/dL 
N=796 

n (%) Per 100 
pt/year 

n (%) Per 100 
pt/year 

n (%) Per 100 
pt/year 

n (%) Per 
100 
pt/year 

Infections and 
infestations 

687 
(36.3) 

49.1 1286 
(38.5) 

49.7 947 
(37.2) 

49.6 271 
(34.0) 

44.3 

Neoplasms 48 (2.5) 2.5 85 (2.5) 2.4 59 (2.3) 2.3 22 (2.8) 2.8 
Blood/lymphatic 46 (2.4) 2.4 72 (2.2) 2.0 55 (2.2) 2.1 13 (1.6) 1.6 
Immune system 15 (0.8) 0.8 44 (1.3) 1.2 36 (1.4) 1.4 5 (0.6) 0.6 
Endocrine 11 (0.6) 0.6 23 (0.7) 0.6 15 (0.6) 0.6 8 (1.0) 1.0 
Psychiatric  110 

(5.8) 
5.9 171 

(5.1) 
4.9 137 

(5.4) 
5.4 28 (3.5) 3.6 

Nervous system 283 
(14.9) 

16.4 497 
(14.9) 

15.4 384 
(15.1) 

16.3 82 
(10.3) 

11.0 

Eye 71 (3.7) 3.8 152 
(4.6) 

4.4 103 
(4.0) 

4.0 42 (5.3) 5.4 

Ear and labyrinth 53 (2.8) 2.8 56 (1.7) 1.6 44 (1.7) 1.7 11 (1.4) 1.4 
Cardiac 159 

(8.4) 
8.7 275 

(8.2) 
8.0 212 

(8.3) 
8.5 53 (6.7) 6.9 

Vascular disorders 134 
(7.1) 

7.3 211 
(6.3) 

6.1 164 
(6.4) 

6.5 32 (4.0) 4.1 

Respiratory 172 
(9.1) 

9.5 325 
(9.7) 

9.6 242 
(9.5) 

9.8 62 (7.8) 8.1 

GI 318 
(16.8) 

18.6 567 
(17.0) 

17.9 426 
(16.7) 

18.4 101 
(12.7) 

13.8 

Hepatobiliary 24 (1.3) 1.3 38 (1.1) 1.1 28 (1.1) 1.1 9 (1.1) 1.1 
Skin and subcutaneous 130 

(6.9) 
7.1 270 

(8.1) 
7.9 203 

(8.0) 
8.2 51 (6.4) 6.7 

Musculoskeletal 478 
(25.2) 

29.8 808 
(24.2) 

27.1 605 
(23.8) 

27.6 168 
(21.1) 

24.6 

Renal and urinary 84 (4.4) 4.5 128 
(3.8) 

3.6 98 (3.9) 3.8 25 (3.1) 3.2 

Reproductive/breast 40 (2.1) 2.1 77 (2.3) 2.2 58 (2.3) 2.2 15 (1.9) 1.9 
Congenital 4 (0.2) 0.2 9 (0.3) 0.3 6 (0.2) 0.2 3 (0.4) 0.4 
General 282 

(14.9) 
16.3 504 

(15.1) 
15.8 395 

(15.5) 
17.0 81 

(10.2) 
10.9 

Investigations 127 
(6.7) 

6.9 235 
(7.0) 

6.8 192 
(7.5) 

7.6 34 (4.3) 4.4 

Injury, poisoning, 
procedural 

242 
(12.8) 

13.8 428 
(12.8) 

13.0 329 
(12.9) 

13.7 80 
(10.1) 

10.7 

Source: ISS Appendix 1.4.5.4  Pbo controlled studies:  phase 3 (LONG TERM, FH I, FH II, HIGH FH, COMBO I), phase 2 
(DFI11565, DFI11566, CL-1003, DFI12361). Eze controlled studies: phase 3 (COMBO II, MONO, OPTIONS I, OPTIONS II, 
ALTERNATIVE)  Only TEAEs that occurred, worsened or became serous the day or after the first of the 2 consecutive LDL-C  <25 
mg/dL are considered.  Consecutive defined as values separated by at least 21 days 
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Executive Summary 

Sanofi Aventis (the applicant) submitted a biologic license application (BLA) for alirocumab 75 mg/mL 
and 150 mg/mL available either in a pre-filled pen or a pre-filled syringe. The applicant proposes 
alirocumab, a proprotein convertase subtilisin kexin type 9 (PCSK9) inhibitor, be indicated as an adjunct 
to diet, for the long-term treatment of adult patients with primary hypercholesterolemia (non-familial and 
heterozygous familial) or mixed dyslipidemia, including patients with type 2 diabetes mellitus, to reduce 
LDL-C, total-C, non-HDL-C, ApoB, TG, and Lp(a), and to increase HDL-C and ApoA1 either in 
combination with a statin or as monotherapy including in patients who cannot tolerate statins. The 
submission is supported by 10 phase 3 trials done in 5296 subjects designed to evaluate LDL-C change at 
week 24. Data from an ongoing cardiovascular outcomes trial (CVOT) was not included in the 
submission. This document summarizes lipid data and cardiovascular (CV) events from the 10 trials. 

In the 10 trials designed to evaluate efficacy of alirocumab at week 24, alirocumab consistently had 
greater LDL-C reduction than control (active or placebo). The excess LDL-C reduction for alirocumab 
was statistically significant at the prespecified alpha level in nine trials and in the tenth trial statistically 
significant for two of the four primary comparisons. The overall findings were found to be consistent 
across the applicant’s primary efficacy analysis and our preferred analysis that more appropriately 
represented missing data for subjects that stopped treatment early. The difference between analyses was 
the applicant’s assumed subjects would continue to sustain treatment benefit after stopping treatment 
early, which was not consistent with data from the phase 2 and phase 3 trials that showed levels would 
return to baseline. Based on the preferred FDA analysis, the estimated mean reduction for alirocumab 
across trials was between 36% and 58% greater compared to placebo and 21% to 31% greater compared 
to ezetimibe. Although alirocumab led to greater reductions in LDL, the validity of LDL as a surrogate 
for the effect of alirocumab (not a statin) and other PCSK9 inhibitors on CV outcomes would require 
extrapolation from other data sources, including CVOTs of statins. 

CV outcome data from the 10 trials were explored as the primary and key secondary endpoints were 
biomarkers and not direct measures of clinical benefit to the patient (i.e., how the patient feels, functions, 
or survives). In total, 93 major adverse CV events or MACE (defined as coronary heart disease [CHD] 
death, non-fatal myocardial infarction [MI], fatal and non-fatal ischemic stroke, or unstable angina 
requiring hospitalization) were observed, with 58 in 3188 subjects assigned to alirocumab and 35 in 2108 
subjects assigned to control. The limited CV outcome data do not provide persuasive statistical evidence 
in favor of or against there being a benefit on a clinical outcome. Data from the ongoing CVOT will 
therefore be needed to determine whether treatment with alirocumab provides a benefit with regard to a 
clinical outcome. 

The applicant is proposing high and low dose be available for marketing. However, the designs of the 
phase 3 trials do not support an evaluation of the difference in efficacy (if any) between doses. In 
particular, it is not possible to evaluate whether 1) similar efficacy at the high dose could have been 
achieved with the low dose, or 2) up-titrating leads to additional LDL-C lowering. This limitation follows 
from the trials either investigating the 150 mg/mL dose for the entire study duration or having a 
deterministic up-titration algorithm. Any evaluation of the difference in LDL-C change at different doses 
is not a randomized comparison and relies on either a cross-trial comparison or post-randomization 
factors. 
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1 Overview of Individual Trials 

An overview of the 10 trials reviewed is provided in Table 1. All trials were randomized, double-blind, 
parallel-group, and placebo- or active- controlled. In total, 5296 subjects were randomized, with 3188 
assigned to receive alirocumab. Two different dosing regimens were studied. In LONG TERM and 
HIGH FH the 150 mg/mL dose was given throughout the study duration. The other trials had patients 
start at the 75 mg/mL dose and up-titrate to 150 mg/dL at week 12 if LDL-C at week 8 was above a 
study-specific threshold. The primary efficacy endpoint in all trials was percent change in calculated 
LDL-C from baseline to week 24; calculated values were derived using the Friedewald equation. 

The reader is referred to the joint clinical review by Drs. Golden and Roberts for a summary of patient 
disposition and baseline characteristics. 

2 Analysis of Percent LDL-C Change at Week 24 

2.1 Statistical Methods 

Applicant’s primary analysis: The applicant analyzed percent change in calculated LDL-C from baseline 
to week 24 using a mixed model for repeated measures (MMRM) in the intention-to-treat (ITT) 
population defined as randomized patients with a baseline LDL-C value and one post-baseline LDL-C 
value up to week 24. LDL-C values measured after stopping treatment were included in the analysis. The 
MMRM included as covariates: assigned treatment, randomization strata, time point, treatment-by-time 
interaction, strata-by-time interaction, baseline LDL-C, and baseline LDL-C by time interaction. In 
OPTIONS I and OPTIONS II the MMRM was fit separately for the different background statin regimens. 
In ALTERNATIVE the atorvastatin arm was not included in the efficacy analysis; the atorvastatin arm 
served to evaluate whether the study included a statin intolerant population. Missing LDL-C values were 
assumed to be missing at random (MAR) and were not imputed. The goal of the MMRM was to estimate 
the ITT effect, i.e., the difference in mean percent LDL-C change regardless of adherence to treatment. 

Comments on the applicant’s primary analysis: FDA had multiple correspondences with the applicant 
between 2013 and 2014 regarding the primary analysis. FDA conveyed a concern that the analysis would 
not provide a reliable estimate of the treatment effect based on how the model would represent those with 
missing data that were no longer receiving study drug. The analysis represents LDL-C change for those 
with missing data by the LDL-C change for those with data. However, subjects no longer receiving study 
drug were over-represented in the group without data and under-represented in the group with data. 
Therefore, since missing data was associated with treatment adherence and data from the phase 2 and 3 
trials showed that LDL-C change was not sustained after stopping study treatment (Figure 1), FDA did 
not consider it appropriate for an analysis to represent LDL-C change for those with missing data that 
were no longer receiving study drug by those with data that were receiving study drug. Fitting the 
applicant’s primary analysis model would therefore be problematic since it would likely over-state LDL 
change for those with missing data, resulting in treatment effect estimates that are upwardly biased. 
Another concern communicated by FDA was that the analysis population may not preserve the integrity 
of randomization since it relied on post-baseline events. In response to the communications, the applicant 
implemented a pattern mixture model (PMM) as a sensitivity analysis. This model was only fit for the 
LDL-C and is the FDA’s preferred analysis to describe the ITT effect. 
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Figure 1. Average percent LDL-C change for phase 2 trial DFI11565. Last dose of study drug was given at 
either at week 8 or 10; follow-up visits were scheduled at weeks 16 and 20 

Source: Supporting statistical documentation (eCTD: Section 5.3.5.1)
 
Note: The top (black) line corresponds to placebo. The other lines correspond to different alirocumab doses
 

FDA’s preferred analysis of the primary efficacy endpoint: The applicant’s PMM was FDA’s preferred 
approach to describe LDL-C change at week 24. The PMM used a mixed imputation approach defined by 
treatment adherence status done in the randomized population. 

Different imputation strategies were applied to missing LDL-C values during the on-treatment period 
(from the first double-blind study drug injection up to the last day injection + 21 days) and after treatment 
discontinuation (the day after last injection + 21 days). For missing values occurring during the on-
treatment period it was assumed that patients would continue to show benefit. Missing LDL-C values 
during this period were considered MAR and imputed based on other on-treatment measurements. For 
patients that stopped their study treatment it was assumed they would no longer benefit from study drug, 
and their LDL-C values would return to baseline. For these patients the imputed LDL-C values were 
centered on the patient’s baseline value. Patients not treated or with missing data before taking study 
medication also had their LDL-C values imputed based on their baseline value. To account for the 
uncertainty, missing values were imputed using multiple imputation. Imputed datasets were analyzed 
using an ANCOVA model with the treatment, randomization strata and baseline LDL-C as covariates. A 
total of 100 imputed datasets were created. Results from the imputed datasets were combined using 
Rubin’s method. 

Significance levels for the primary analysis: Except for OPTIONS I and OPTIONS II, tests for superior 
LDL-C reduction at week 24 were done at the two-sided 5% alpha level. OPTIONS I had five primary 
hypotheses, each evaluated at the two-sided 1% alpha level. OPTIONS II had four primary hypotheses, 
each evaluated at the two-sided 1.25% alpha level. 
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2.2 Missing LDL-C values at week 24 

Most subjects had a week 24 calculated LDL-C value (Table 5 in the Appendix). Across trials, the 
amount of missing data ranged from 6% to 13%. There did not appear to be systematically more missing 
data in either the experimental or control arms across trials. Most measurements came from subjects while 
on study drug. Of those with an LDL-C missing at week 24, most (61%) had stopped study drug prior to 
the beginning of the week 24 analysis window; there was substantial variability in the percentages within 
and across trials. 

2.3 Results 

Table 2 summarizes results from the applicant’s primary analysis and FDA’s preferred analysis. In all 
trials alirocumab had greater estimated LDL-C reduction than control (active or placebo). This was 
consistent for both the applicant’s and FDA’s preferred analysis. Based on the applicant’s primary 
analysis, the excess reduction for alirocumab was statistically significant at the prespecified alpha level 
for all comparisons except two in OPTIONS II. The two non-statistically significant comparisons were 
both in the rosuvastatin 20 mg stratum and were tested at the two-sided 1.25% alpha level; the non
significant comparison were with rosuvastatin 40 mg (p-value = 0.045) and ezetimibe + rosuvastatin 20 
mg (p-value = 0.014). 

Estimates of the treatment effect from the preferred FDA analysis were attenuated relative to the 
applicant’s primary analysis due to the assumption that LDL-C values after stopping treatment early 
would return to baseline levels. Based on the preferred FDA analysis, the estimated average decrease was 
between 36% and 58% greater for alirocumab compared to placebo when added to a maximally tolerated 
dose of statin with or without other LMTs. The largest and smallest estimated reductions were in HIGH 
FH and LONG TERM, respectively, which used the 150 mg/mL dosing regimen for the entire study 
duration. Compared to ezetimibe, the estimated average decrease was 28% greater when added to a 
maximally tolerated statin, between 21% and 28% greater when added to a less than maximal statin, and 
about 30% greater when given without a statin. 
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3 Cardiovascular events 

This section summarizes CV outcome data from the 10 trials designed to evaluate lipid parameters. These 
data are presented because the primary and key secondary efficacy endpoints in the trials were all 
biomarkers; no trial formally evaluated an endpoint that directly measures benefit with regard to a clinical 
outcome for the patient (i.e., how the patient feels, functions, or survives). LDL is being used as a 
surrogate endpoint. However, the validity of LDL as a surrogate for the effect of alirocumab (not a statin) 
and other PCSK9 inhibitors on CV outcomes has not been established and would require extrapolation 
from other data sources, including CVOTs of statins. Such considerations should be made in the context 
of findings from other non-statin therapies that have been demonstrated to lower LDL and have not been 
shown to provide a benefit with regards to CV outcomes 1 2 3 . 

All deaths and suspected CV events were adjudicated by a Clinical Events Committee (CEC). No trial 
was designed to formally test a cardiovascular endpoint as either a primary or key secondary efficacy 
endpoint, including the largest trial (LONG TERM). The applicant’s ongoing CVOT is powered to detect 
a 15% reduction in MACE (CHD death, non-fatal MI, fatal and non-fatal ischemic stroke, or unstable 
angina requiring hospitalization). A total of 1613 MACE are planned for the trial. 

3.1 Methods 

Clinical endpoints summarized herein are MACE and its individual components, all-cause mortality, and 
MACE plus non-CHD death. All events that occurred during the on-study period are considered. 
Importantly, the applicant and the FDA clinical reviews summarize events that occurred only during the 
on-treatment period, defined as 70 days after last double-blind dose of study treatment. Data from the on-
study period is considered as it allows the benefit of a treatment policy that includes alirocumab to be 
assessed, and is consistent with the applicant’s planned primary analysis for the CVOT. 

Endpoints are summarized for the individual trials and pools of individual trials that share a common 
attribute. The trial pools investigated are 
• Placebo-controlled (FH I, FH II, HIGH FH, COMBO I, LONG TERM) 
• Placebo-controlled excluding LONG TERM (FH I, FH II, COMBO I, HIGH FH) 
• Ezetimibe-controlled (COMBO II, OPTIONS I, OPTIONS II, ALTERNATIVE, MONO) 

Estimates of the proportion of events for the trial pools are study-adjusted, using sample size weights4 . 
Estimates of the hazard ratio (HR) and 95% CI for MACE and MACE plus non-CHD death are presented 
for LONG TERM, COMBO II and the placebo-controlled trial pools; HR estimate are not presented for 
the ezetimibe pool since the majority of event occurred in COMBO II. Due to the challenges associated 
with interpreting MACE results in the presence of a competing risk (non-CHD death), results from an 
analysis of MACE plus non-CHD death are also presented. Estimates of the HR are obtained from a Cox 
model, using trial as a stratification factor and treatment as the only covariate. Subjects are censored at 
end of the study or data cut-off; in the MACE analysis subjects that experience a competing event are 
censored at the event time. 

1 The HSP2-THRIVE Collaborative Group. 2014. Effects of extended-release niacin with laropiprant in high-risk 

patients. NEJM; 3:203-212.

2 Barter, P., et al. 2007. Effects of torcetrapib in patients at high risk for coronary events. NEJM; 357: 2109-22.
 
3 Women’s Health Initiative Investigators. 2002. Risks and benefits of estrogen plus progestin in healthy 

postmenopausal women: principal results from the women’s health initiative randomized controlled trial. JAMA; 

288: 321-333.
 
4 Chuang-Stein, C., and Beltangady, M. 2011. Reporting cumulative proportion of subjects with an adverse event
 
based on data from multiple studies. Pharmaceutical Statistics; 10:3-7.
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4 

3.2 Results 

The number of CV events by trial is summarized in Table 5 in the Appendix. In total, 93 MACE were 
observed in 10 trials, 58 in the alirocumab group and 35 in the control arms. The 93 events are well below 
the 1613 planned for the CVOT. Most of the MACE were observed in LONG TERM (52 MACE) and 
COMBO II (21 MACE). COMBO II had more MACE for alirocumab compared to ezetimibe (3.3% vs. 
2.1%). LONG TERM had fewer MACE for alirocumab compared to placebo (1.7% vs. 3.2%). 

Table 3 summarizes MACE and MACE plus non-CHD death for the individual trial pools and LONG 
TERM and COMBO II. For both endpoints there is not a consistent trend across the individual trials and 
trial pools of a lower estimated event rate for alirocumab compared to control, with the upper bounds of 
the 95% CI being above 1 except for LONG TERM. Thus, the limited data does not provide persuasive 
statistical evidence in favor of or against there being a clinical benefit with alirocumab. 

In conclusion, data from the ongoing CVOT will be needed to assess whether or not treatment with 
alirocumab provides a benefit on a clinical outcome. 

Table 3. Analysis of MACE and MACE plus non-CHD death for select trials and trial pools 

Endpoint Trial/Trial Pool 
Alirocumab 

n (%) 
Control 
n (%) HR (95% CI) 

MACE LONG TERM 27 (1.7%) 25 (3.2%) 
Placebo controlled 41 (1.8%) 28 (2.4%) 
Placebo controlled excl. LONG TERM 14 (1.8%) 3 (0.8%) 
COMBO II 16 (3.3%) 5 (2.1%) 
Ezetimibe controlled 17 (1.8%) 6 (1.1%) 

MACE plus 
non-CHD death 

LONG TERM 31 (2.0%) 27 (3.4%) 
Placebo controlled 47 (2.0%) 31 (2.6%) 
Placebo controlled excl. LONG TERM 16 (2.1%) 4 (1.0%) 
COMBO II 16 (3.3%) 6 (2.5%) 
Ezetimibe controlled 17 (1.8%) 10 (1.8%) 

0.54 (0.32, 0.94) 
0.74 (0.46, 1.19) 
2.35 (0.68, 8.19) 
1.62 (0.59, 4.42) 

-

0.58 (0.34, 0.97) 
0.76 (0.49, 1.20) 
2.02 (0.68, 6.05) 
1.35 (0.53, 3.45) 

-
Source: Created by reviewer 
Results based on data included in the initial BLA submission 

Low and high dose alirocumab 

The applicant is proposing that a 75 mg/mL and 150 mg/mL dose be available for marketing. None of the 
individual trials were formally designed to support an evaluation of the difference in efficacy (if any) 
between the two doses. Thus, the phase 3 trials do not support an evaluation on whether 1) similar 
efficacy at the high dose could have been achieved with the low dose, or 2) up-titrating leads to additional 
LDL-C lowering. This limitation of the alirocumab development program follows from the trials either 
investigating the 150 mg/mL dose for the entire study duration or having a deterministic up-titration 
algorithm. Any evaluation of the difference in LDL-C change based on different doses is not a 
randomized comparison and relies on either a cross-trial comparison or post-randomization factors. 

Baseline and post-baseline LDL-C values were explored for the eight trials that allowed for up-titration. 
Across trials the proportion of subjects that up-titrated ranged from 7% to 43%. There was a positive 
relationship between up-titrating and baseline LDL-C, with trials with larger average baseline LDL-C 
being more likely to have a subject up-titrate (Figure 2). Within a trial, subjects that up-titrated tended to 
have larger LDL-C than those that did not up-titrate. 
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5 Secondary Endpoints 

This section summarizes percent change from baseline for the following select lipid parameters at 
week 24: total cholesterol, ApoB, HDL-C and non-HDL-C. As noted previously, these endpoints are 
biomarkers and have not been shown to reliably predict benefit on a clinical outcome for the PCSK9 
class. Results are summarized in Table 4. Endpoints were analyzed using the same MMRM that was used 
by the applicant for their primary efficacy endpoint. In the summary of results, statistical significance 
refers to the CI (99% for OPTIONS I, 98.75% for OPTIONS II, and 95% for the other trials) for the 
difference in means excluding zero. 

Total Cholesterol: Alirocumab consistently had statistically significantly greater average reductions in 
total cholesterol. Compared to placebo, the estimated excess reduction in cholesterol ranged from 25% to 
39% when added to a maximally tolerated statin with or without other LMT. Compared to active-control, 
the reduction was statistically significant in all trials except for the comparison with ezetimibe + 
rosuvastatin 20 mg in OPTIONS II. Compared to ezetimibe, the estimated reduction was 15% greater 
when added to a maximally tolerated statin, between 8% and 20% greater reduction when added to less 
than maximal statin, and about 20% when given without a statin. 

ApoB: Across trials alirocumab had statistically significantly greater average reductions in ApoB 
compared to the controls. Compared to placebo, the estimated excess reduction in ApoB ranged from 
30% to 54% when added to a maximally tolerated statin with or with other LMT. Compared to ezetimibe, 
the estimated excess reduction was 22% greater when added to a maximally tolerated statin, between 17% 
and 28% greater when added to a less than maximal dose of statin, and about 25% greater when given 
without a statin. 

HDL Cholesterol: Alirocumab had greater estimated increases in HDL that did not consistently achieve statistical 
significance. Compared to placebo, the estimated excess increase in HDL ranged from 4% to 8% when added to a 
maximally tolerated statin with or without other LMT. Compared to ezetimibe, the estimated excess increase was 
8% greater when added to a maximally tolerated statin, between 5% and 9% greater when added to a less 
than maximal dose of statin, and had estimates that were 1% and 4% greater when given without a statin. 

Non-HDL Cholesterol: Alirocumab had statistically significantly larger reduction in percent non-HDL-C 
cholesterol across trials. Compared to placebo, the estimated excess reduction ranged from 37% to 52% 
when added to a maximally tolerated statin with or without other LMT. Compared to ezetimibe, the 
estimated average decrease was 23% greater when added to a maximally tolerated statin, between 18% 
and 29% greater when added to a less than maximal statin, and 3% greater when given without a statin. 
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CLINICAL PHARMACOLOGY REVIEW 

Office of Clinical Pharmacology
 

Prepared by Sang M Chung, PhD, Justin Earp, PhD,
 
Nitin Mehrotra PhD, and Jayabharathi Vaidyanathan, PhD
 

Executive Summary: 

Alirocumab pharmacokinetics is largely determined by its characteristics of being a monoclonal 
antibody (immunoglobulin1 subtype) and proprotein convertase subtilisin kexin (PCSK9) 
inhibitor. Alirocumab demonstrates non-saturable proteolytic elimination, and the alirocumab
PCSK9 bound complex is known to have a saturable target-mediated elimination. There are no 
known significant intrinsic or extrinsic factors affecting alirocumab pharmacokinetics. In general 
alirocumab pharmacokinetics such as apparent half-life (e.g., 17-20 days), tmax (e.g., 3-7 days) 
and accumulation (e.g., about 2-fold) supports the proposed dosing regimen of subcutaneous 
injection once in every two weeks. 

Alirocumab depletes free PCSK9 and decreases the low density lipoprotein cholesterol (LDL-C) 
concentrations in a dose-dependent manner. 

Alirocumab exposure increased in a dose-dependent manner in patients and LDL-C reduction 
reached apparent nadir after 150 mg administered once every two weeks (Q2W). In general, 
there were no known clinically important covariates for the dose/exposure-efficacy relationships. 
However, additional LDL-C reduction was noted among 6 of 8 trials with the titration scheme, 
which ranged from 1.5 to 23.1%, in patients who were titrated in the pivotal trials up to 150 mg 
Q2W, and baseline LDL-C values in the titrated patients were higher than those of 75 mg Q2W. 
Further, both 75 and 150 mg Q2W had superior efficacy compared to placebo. Therefore, it 
seems reasonable to consider 75 mg Q2W as the starting dose and alirocumab can be titrated up 
to 150 mg Q2W in patients needing additional LDL-C reduction. 

Highlights of Pharmacokinetics (PK) 

Absorption, Distribution and Metabolism: Alirocumab shows typical characteristics of 
monoclonal antibody molecules in absorption, distribution and metabolism (see Figure 1 for 
concentration-time profiles) as follows; 
•	 Median time to maximum serum concentration (tmax): 3-7 days 
•	 no apparent difference in alirocumab PK among injection sites (i.e., upper arm, abdomen and 

thigh) 
•	 reached a steady-state after 2-3 doses with an accumulation ratio of about 2-fold 
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•	 mean of volume of distribution (Vd) with 0.04-0.05 L/kg indicating its distribution is limited 
to the circulatory system 

•	 conventional metabolic or its concerted mechanisms (e.g., metabolic isozymes or hepatic 
transporters) are not involved in alirocumab clearance 

Elimination: Alirocumab pharmacokinetics shows apparent non-linear pharmacokinetics 
primarily because of the following elimination aspects; 
•	 two different pathways (i.e., proteolytic and target-mediated) involved in its elimination 
•	 proteolytic pathway is relatively slower than that of target mediated one 
•	 their relative contribution to the overall clearance (mean: 3.1-6.2 mL/day/kg) is dependent on 

alirocumab concentration as the target-mediated pathway is saturable 
Alirocumab pharmacokinetics including non-linearity in elimination can be adequately 
characterized within the proposed dosing range due to availability of robust concentration-time 
data. Median apparent terminal half-life ranged from 17 to 20 days and it was about 12 days in 
patients with statins co-administration as statins are known to induce PCSK9 and thus increase 
the clearance of alirocumab. 

Figure 1 Mean (SD) alirocumab concentration-time profiles after single dose of 50, 100, 150 or 250 mg SC 
injection to healthy subjects 

Intrinsic or Extrinsic Factors: Intrinsic factors (e.g., age, race, sex or both of renal or hepatic 
impairment) were not the significant covariates for alirocumab PK. Among extrinsic factors, 
lipid-modifying drugs such as fenofibrate or statins decreased alirocumab PK; the AUC 
decreased by 36 and 39% for fenofibrate in healthy subjects and atorvastatin in patients, 
respectively. However, these PK difference did not translated into meaningful clinical difference 
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in LDL-C changes in the studies. Further, there was no apparent clinical significance of statins 
on alirocumab LDL-C. 

There were no apparent associations between immunogenicity on PK or exposure-response 
according to the limited data from small number of patients with anti-drug antibody. 

Highlights of Pharmacodynamics (PD) 

Free PCSK9 concentrations are completely depleted during the initial period of alirocumab 
administration (Figure 2; Left). Total PCSK9 concentrations (free + bound to alirocumab) tend 
to reach the maximum at around 14 days after the alirocumab administration and its Cmax 

increase was dose-dependent (Figure 2; Right). 

Figure 2 Free (left) and total (right) PCSK9 concentration-time profiles after a single dose of 50, 100, 150 or 
250 mg SC injection to healthy subjects 

Free PCSK9 concentrations were zero for alirocumab concentrations above 5 mg/L, (Figure 2) 
which was approximately mean of Cmax following the administration of 50 mg (Figure 1) and 
about 7-fold higher than IC50 of 0.6 mg/mL that was estimated using a simple Emax model with 
alirocumab and free PCSK 9 concentrations. This indicates that 75 and 150 mg Q2W are 
anticipated to result in complete suppression of PCSK9. 

Concentrations of LDL-C reached a maximum reduction in a dose dependent manner at around 
14-22 days. 

Highlights of Dose-Exposure-Response 
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In dose-finding trials (Phase 2), alirocumab exposure increased in a dose dependent manner and 
LDL-C reduction reached an apparent maximum after 150 mg Q2W with mean reduction in 
LDL-C of 67.26% (Figure 3) 

Figure 3 Exposure-response relationship for alirocumab PK concentrations and LDL-C change from 
baseline in study DFI11565 (Phase 2). (Mean LDL-C and the range of 5th – 95th percentiles at the 
corresponding median alirocumab concentrations are shown for each of 20 exposure bins by the solid 
line and shaded region. Solid orange lines depict the distribution of alirocumab concentrations for 
each respective dosing regimen.) 

In general, no clinically important covariates for the exposure-efficacy relationships were 
identified. Two doses were evaluated in Phase 3 trials; 150 mg Q2W as it appeared to show a 
maximum efficacy and 75 mg Q2W as it was estimated to show approximately 50% LDL-
reduction from the sponsor’s dose-response model with potential benefit(s) for some patients 
who may need less alirocumab. 

Among 10 pivotal Phase 3 trials, dose was titrated to 150 mg Q2W from 75 mg Q2W at Week 12 
if their LDL-C did not reach a target (i.e., 70 mg/dL) at Week 8 in eight clinical trials. About 
30% patients were titrated to 150 mg Q2W by the protocol and the titration showed efficacy 
benefit to the patients (Figure 4). The baseline LDL-C was significantly higher for these patients 
who were titrated up to 150 mg Q2W compared to those patients who remained on the 75 mg 
Q2W dose (Figure 5), and other clinically important covariates such as body weight or age were 
not significantly different between two dosing groups. Correlation of statin co-therapy with 
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alirocumab titration was not clear as patient numbers were small in the titrated groups and LDL
C reduction was inconsistent among statins and their doses. 

Figure 4 LDL-C (% change from baseline) at Week 12 (before titration; top panel) and 24 (after titration; 
bottom panel) by titration sub-groups across Phase 3 trials with titration. Patients either remained 
on 75 mg Q2W group or were titrated to 150 mg Q2W at Week 12 (75/150) 
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Figure 5 LDL-C baseline by titration sub-groups across Phase 3 trials with titration. Patients either 
remained on 75 mg Q2W group or were titrated to 150 mg Q2W at Week 12 (75/150) 
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