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1 Executive	Summary

Alirocumab is a monoclonal antibody (mAb) of human IgG1 isotype, and  is a PCSK9 
(Proprotein Convertase Subtilisin Kexin Type 9) inhibitor, which controls the clearance of 
hepatic LDL receptor. Inhibition of PCSK9 is a new target for the treatment of primary 
hypercholesterolemia,  

Clinical data of alirocumab were evaluated through total of 25 trials including 10 Phase 3 trials. 
Two doses were evaluated in pivotal trials; 75 and 150 mg administered once in every two weeks 
(Q2W) in patients with primary hypercholesterolemia (non-familial or heterozygous familial 
hypercholesterolemia). In addition, a titration scheme from 75 mg Q2W to 150 Q2W was 
evaluated by protocol in 8 of 10 pivotal trials.

Alirocumab pharmacokinetics is largely determined by its characteristics of being a mAb and 
PCSK9 inhibitor. Alirocumab demonstrates non-saturable proteolytic elimination, and the 
alirocumab-PCSK9 bound complex is known to have a saturable target-mediated elimination. 
Intrinsic or extrinsic factors do not affect alirocumab pharmacokinetics. In general alirocumab 
pharmacokinetics such as apparent effective 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 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.

1.1 Recommendation

The Office of Clinical Pharmacology has reviewed BLA 125559 for PLALUENT™ (alirocumab) 
for subcutaneous injection and recommends approval.

OCP recommends approval of both 75 mg and 150 mg doses given once every two weeks 
(Q2W). Both 75 and 150 mg Q2W doses demonstrated superior efficacy compared to placebo 
and active comparators in Phase 3 studies. Additional LDL-C reduction was noted, which ranged 
from 1.5 to 23.1%, in patients who were titrated in the pivotal trials up to 150 mg Q2W. Overall 
safety profile was comparable between two doses. 

Therefore, we have the following recommendations:
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 Initiate patients at 75 mg dose Q2W. Dose can be increased to 150 mg Q2W in patients who 
need additional LDL-C lowering and are able to tolerate the lower dose.

o Alirocumab can be titrated up to 150 mg after 8 weeks as this scheme was evaluated in 
pivotal phase 3 trials. Alternatively, the dose can be titrated after 4 weeks as the 
maximum LDL-C reduction was attained in 2-3 weeks following alirocumab injection
and LDL-C reduction reached apparent steady-state after the first dose.

1.2 Phase IV Commitments

None

1.3 Summary of Important Clinical Pharmacology Findings

1.3.1 Highlights of Pharmacokinetics (PK)

Absorption, Distribution and Metabolism: Alirocumab shows typical PK characteristics of 
mAb in absorption, distribution and metabolism (Figure 1) 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

 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) are involved in its elimination

 proteolytic pathway is relatively slower than that of target mediated pathway

 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 sufficient concentration-
time data. Median apparent effective 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.
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Figure 1 Mean (SE) alirocumab concentration-time profiles after single dose of 50, 100, 150 or 250 mg SC 
injection to healthy subjects

Intrinsic Factors: The	effect	of	age,	race,	sex	and	body	weight	on	alirocumab	exposure	and	
efficacy	was	 evaluated	using	population	 analysis.	 There	were	no	 significant	 covariates	 of
both	alirocumab	PK	and efficacy for	a	dose	adjustment.

Hepatic Impairment: Alirocumab	PK	tended	to	be	lower	in	subjects	with	hepatic	impairment	
with	the	ratios	of	geometric	mean	(90%	CI)	for	Cmax	and	AUC	of	1.04	(0.74	to	1.48)	and	0.9	
(0.64	 to	 1.26),	 respectively,	 in	 mild,	 and 0.91	 (0.66	 to	 1.24)	 and	 0.82	 (0.61	 to	 1.12),	
respectively,	in	moderate	hepatic	impairment	groups,	compared	to	those	of	healthy	control	
group.		Subjects	with	severe hepatic	impairment	were	not	included	in	the	study.

The	 PK	 changes	 in	 the	 hepatic	 impairment	 sub-groups	 were	 considered	 not	 clinically	
significant	for	a	dose	adjustment.

Renal Impairment: Alirocumab	 PK	 change	 in	 subjects	 with	 renal	 impairment	 sub-groups	
was	not	studied	because	 the	kidney	 is	not	considered	as	 the	major	eliminating	organ	 for	
alirocumab.	

There	was	no	apparent	correlation	between	alirocumab	trough	concentrations	with	eGFR	
in	 Phase	 3	 trials,	 which	 included	 healthy to	 moderate	 renal	 impaired patients as	 eGFR	
ranged	from	19.4	to	167.9	mL/min/1.73m2.

Extrinsic Factors: Alirocumab AUC was decreased by fenofibrate (36% in healthy subjects) 
and atorvastatin (39% in patients). However, these PK difference did not translate into 
meaningful clinical difference 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 and PK or exposure-response 
according to the limited data from small number of patients with anti-drug antibody.
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1.3.2 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 Mean (SE) 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 PCSK9 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 (Figure 3).

Figure 3 Mean (SE) LDL-C – time profiles by doses in non-FH subjects (Phase 2)
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1.3.3 Highlights of dose/exposure-response relationship for efficacy

In dose-finding trials (Phase 2), alirocumab exposure increased in a dose dependent manner in 
patients and LDL-C reduction reached apparent maximum after 150 mg Q2W with mean 
reduction in LDL-C of 67.26% (Figure 4). In general, there were no known clinically important 
covariates for the exposure-efficacy relationships. Two doses were evaluated in Phase 3 trials
based on the Phase 2 study results - 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. 

Figure 4 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 eight of the ten pivotal Phase 3 trials conducted, alirocumab 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 [1.81 
mmol/L] or 100 mg/dL [2.59 mmol/L]) at Week 8. About 27% patients were titrated to 150 mg 
Q2W according to the criteria stated in the protocol and the titration showed additional efficacy 
benefit at Week 24 compared to that of 12 Week (Figure 5). This additional LDL-C reduction 
ranged from 1.5 to 23.1%, in patients who were titrated in the pivotal trials. The baseline LDL-C 
was significantly higher for patients who were titrated up to 150 mg Q2W compared to those 
patients who remained on the 75 mg Q2W dose (Figure 6). Other clinically important covariates 
such as body weight or age were not significantly different between two groups. Correlation of 
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statin co-therapy with alirocumab titration was not clear as number of patients was small in the 
titrated groups and LDL-C reduction was inconsistent among statins and their doses.

Figure 5  LDL-C (% change from baseline) at Week 12 (before titration; left) and 24 (after titration; right) by 
titration sub-groups across Phase 3 trials with titration. Patients either remained on 75 mg Q2W (75 
mg Q2W group) or were titrated to 150 mg Q2W at Week 12 (75/150 mg Q2W group)

Figure 6 Baseline LDL-C by titration group among trials

2 Question-Based	Review	(QBR)

2.1 Brief Regulatory Background 

The sponsor proposes that PRALUENT be 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-
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2.2.4 What are the proposed dosages and routes of administration?

The recommended alirocumab dose is 75 mg or 150 mg administered subcutaneously once every 
2 weeks (Q2W). 

The final presentation is supplied in  1 mL, pre-filled pens or single-use, 1 mL, pre-
filled glass syringes. Each pre-filled pen or pre-filled syringe is designed to deliver 1 mL of 75 
mg/mL or 150 mg/mL solution.

2.3 General Clinical Pharmacology

2.3.1 What are the design features of the clinical pharmacology studies and the clinical 
studies used to support dosing or claims?

Alirocumab PK was evaluated in healthy subjects and patients after single or multiple doses, and 
its PK with 3-6 days of tmax, 17-22 days of effective half-life or about 2-fold accumulation 
generally supports the proposed dosing regimen. 

Alirocumab was evaluated in patients with heterozygous familial hypercholesterolemia (heFH, 
see Appendix for diagnosis) and non-familial hypercholesterolemia (non-FH) (
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Table 4). Patients with heFH participated in trials  FH I, FH II, HIGH FH, and a stratum of 
LONG TERM, and heFH patients represented about 25% of the overall population. About 38% 
of patients had mixed dyslipidemia, which was defined as fasting baseline TG150 mg/dL [1.7 
mmol/L] in addition to hypercholesterolemia. Alirocumab was evaluated in some patients who 
were not receiving statins (i.e., ALTERNATIVE and MONO)

Placebo-controlled trials were COMBO I, FH I, FH II, HIGH FH and LONG TERM, where a 
maximum tolerated statin dose and additional lipid-modifying therapy (LMT) were allowed. 
Ezetimibe (EZ) was the active comparator in the other 5 trials, where patients received a 
maximum statin dose without other LMT (COMBO II), a statin at less than maximal dose 
(OPTIONS I and II), or no statin (ALTERNATIVE, MONO).

Two doses, 75 and 150 mg, once every two weeks were evaluated in pivotal studies. An up-
titration scheme at Week 12, if patients did not achieve a specified LDL-C target, was used in 8 
trials (
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Table 4). Two trials used the 150 mg Q2W dosing regimen without a titration.

Overall, design of clinical trials was reasonable to evaluate the proposed dosing regimen in the 
proposed patients for the proposed indication.
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Table 4). In addition, extensive alirocumab concentrations were measured in 10 Phase 1 trials in 
healthy subjects or patients.

Free and total PCSK9 concentrations were measured in all clinical trials. Both PCSK9 
concentrations were measured at the same time-points as the alirocumab concentrations in the 
above mentioned trials (i.e., 10 Phase 1, 5 Phase 2, and 4 Phase 3 trials). Data of LDL-C were 
estimated at the time-points corresponding to PCSK9, and alirocumab concentrations if 
available. The primary efficacy endpoint in pivotal studies was the calculated LDL-C (see 
Appendix for the calculation) change from baseline at Week 24.

Therefore, available data adequately support the assessment of PK/PD and exposure-efficacy 
response.

2.4 Exposure/Dose - Response

2.4.1 What data from the Phase 2 studies contributed to the selection of the Phase 3 
doses?

The 150 mg Q2W showed the largest decrease in LDL-C among Phase 2 dosing regimens in 
non-FH subjects (i.e., 50, 100, and 150 mg Q2W; 150, 200, and 300 mg Q4W add to 
atorvastatin) (Figure 4, Figure 7, Table 5). Although 300 mg Q4W presented the same total dose 
over 4 weeks as the 150 mg Q2W, the maximum treatment effect was not maintained during the 
dosing interval (Figure 7).

The 75 mg Q2W was selected for an alternative dose with approximately 50% LDL-C lowering 
from baseline based on sponsor’s dose-response model.

Figure 7 Mean (SE) LDL-C (% change from baseline) – time profiles by dosing regimen (Study DFI11565-
Phase 2 trial)
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Effect of various covariates such as age, sex, body weight, statin use as well as baseline PCSK9 
levels were evaluated in the population analysis (refer	details	 in	Dr.	 Justin	Earp’s	 review	at	
section	4.4). There were no significant covariates for LDL-C reduction identified in this analysis 
(Figure 9). 

Figure 9 Relationship between LDL-C reduction and clinically significant covariates from the sponsor’s
population analysis

2.4.2.1 Is there a benefit of titration of alirocumab dose from 75 mg Q2W to 150 mg 
Q2W?

Yes, there is a benefit of titration of alirocumab dose from 75 mg Q2W to 150 mg Q2W. 

A titration scheme was evaluated in 8 of 10 pivotal trials. The starting dosing was 75 mg Q2W
and the dose was up-titrated at Week 12 if patients did not achieve a specified LDL-C target (70 
mg/dL at 8 weeks) in 8 trials (
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Table 4, Figure 10).

About 27% patients were titrated up to 150 mg across 8 trials. Alirocumab trough concentrations 
were increased with increasing dose (Figure 11). There was no apparent difference in LDL-C 
reduction between patients who initiated and maintained after 75 or 150 mg Q2W (Figure 12, 
left)

The titration showed additional efficacy benefit at Week 24 compared to that of 12 Week (Figure 
5, Figure 12 and Table 6), which ranged from 1.8 to 22.4% except OPTIONS1 where up-titration 
did not show the efficacy benefit. Further analysis to understand whether there were any 
demographic characteristics for the patients who showed benefit upon increasing the alirocumab 
dose indicated that the baseline LDL-C was significantly higher for these patients compared to 
those patients who remained on the 75 mg Q2W dose (Figure 6). Other clinically relevant 
baseline covariates (e.g., age, renal function or body weight) were not significantly different 
between patients who remained on 75 mg Q2W (75 mg Q2W) or were titrated up to 150 mg 
Q2W (75/150 mg Q2W) (Figure 13). 

Correlation of statin co-therapy with 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 10 Mean (SE) of LDL-C (% Change from baseline) – time profiles over treatment periods in FH I (75 
mg vs. 75/150 mg) compared to those of LONG TERM (150 mg) and HIGH FH (150 mg). (Credit to 
Dr. Bradley McEvoy)
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Figure 11 Alirocumab trough concentration – time profiles by titration groups (FH1) (Lowess fit with 90% 
CI)

Figure 12 Reduction of LDL-C between Week 12 and 24 in patients who were titrated up to 150 mg (Right) or 
were not (Left).

Figure 13 Body weight (left) or eGFR (right) by titration among trials
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Figure 15 Mean (SE) 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.

2.5.2 Multiple Dose

For the Q2W dosing regimen, the increase was only slightly more than dose proportional (2.86-
fold increase in alirocumab concentrations for a 2-fold increase in dose). Graphically, steady-
state for the Q2W dosing regimen appears to be reached after 3 or 4 doses, with a slight 
accumulation of less than 2-fold, as measured by concentrations in serum observed before 
treatment administration during repeated dosing (Ctrough). There was no apparent accumulation
of alirocumab or for free PCSK9  between 1st and 3rd dose during Q4W dosing (Figure 16).

Figure 16 Mean (SE) alirocumab (left) or free PCSK9 (right) - time profiles after 150 mg Q4W in healthy 
subject (PKD12910; Day 1 and Day 57 doses indicate the 1st and 3rd dose, respectively)

2.5.3 Based on PK parameters, what is the degree of the linearity or nonlinearity of the 
dose-concentration relationship?

According to the sponsor’s estimation, both target-mediated and typical IgG elimination 
mechanisms similarly contribute to the overall clearance in the typical Ctrough range after 75 mg
Q2W, and typical IgG elimination pathway is major clearance mechanism after 150 mg Q2W
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(Figure 17). Overall, alirocumab PK is adequately characterized for the proposed dosing 
regimen.

Figure 17 Dependence of total, linear and nonlinear clearance on alirocumab concentrations in patients co-
administered with statins from phase 3 studies – (Study POH0377)

2.5.4 How do the pharmacokinetics and pharmacodynamics of alirocumab in patients 
with primary hyperlipidemia compare to that in healthy volunteers?

There was no significant difference in PK or PD in patients compared to those of patients. 
Alirocumab PK and PD were assessed in a randomized, placebo-controlled, ascending doses 
design study with and without concomitant atorvastatin in patients with primary 
hypercholesterolemia who were on stable doses of atorvastatin (10 to 40 mg/day for at least 28 
days). (Study CL-1001) (Table 10).
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Figure 19 Free PCSK9 vs. Alirocumab concentrations after 50 to 250 mg SC in healthy subjects: full scale 
(left) and low concentration range (right) 

2.5.5 What is the inter- and intra-subject variability of PK parameters, and what are the 
major causes of variability?

Variability of alirocumab PK (CV%) was about 30-31% and 28-39% for Cmax and AUC, 
respectively, at different injection sites, and it indicates PK variability is not highly variable, 
which is defined by 30% intra-subject variability. The main intrinsic sources of PK variability 
identified in patients were age, body weight and free PCSK9, but they had a moderate effect with 
less than 1.6-fold change. Statins are known extrinsic factor for alirocumab PK.

2.6 Intrinsic Factors

2.6.1 What intrinsic factors (e.g., weight, gender, race, age, height, disease, genetic 
polymorphism, pregnancy, and organ dysfunction) influence exposure (PK usually)
and/or response, and what is the impact of any differences in exposure on efficacy
or safety responses?

The	 effect	 of	 age,	 race,	 sex	 and	 body	 weight	 on	 alirocumab	 exposure	 and	 efficacy	 was	
evaluated	using	population	analysis (refer	details	in	Dr.	Justin	Earp’s	review	at	section	4.4).	
There	were	no	significant	covariates	for	both	alirocumab	PK	and	efficacy.

There were no significant covariates for the alirocumab exposure in the sponsor’s population 
analysis (Figure 20) other than body weight and statins, which were known. There was an 
apparent correlation between creatinine clearance (CLcr; mL/min) and exposure. Body weight 
may attribute to this apparent correlation because there was significant correlation between body 
weight and CLcr (Figure 21) as indicated by Cockcroft-Gault equation.
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Figure 20 Relationship between steady state AUC and clinically significant covariates from the sponsor’s 
population analysis

Figure 21 Relationship between CLcr (mL/min) vs. body weight (kg) (data from FH1)

There were no difference in age, gender, body weight between 75 mg Q2W and 75/150 mg Q2W 
dosing groups in pivotal trials, and it indicates that these covariates may not be significant factor 
for the titration. 

There were sufficient elderly in trials where titration scheme was used; median age of subjects 
who received alirocumab for at least 24 weeks in the pivotal trials with titration design was 60 
years with ages ranging between 21 to 88 years, and subjects with older than 65 and 76 years 
were 25% and 5% of subjects with alirocumab administration in pivotal studies with titration 
design (n=1817), respectively.

2.6.2 Does renal function affect alirocumab pharmacokinetics and pharmacodynamics?

A dedicated study to address the effect of renal function on alirocumab PK was not conducted 
because the renal elimination is considered not a major clearance mechanism for mAb. However, 
the effect of renal function was evaluated using the creatinine clearance (CLcr, mL/min) (Figure 
18 and 19) or estimated glomerular filtration rate (eGFR, mL/min/m2) to determine whether they 
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are the significant covariate for alirocumab PK. There was no apparent correlation between 
eGFR and alirocumab PK (Figure 22). 

Figure 22 Alirocumab Ctrough Concentrations by renal function sub-groups based on eGFR

(CLCRCAT indicates the renal function subgroups by eGFR; n=3743 subjects with available data of both 
alirocumab Ctrough concentration and eGFR at Week 24 in Phase 3 studies; n=780, 2388, 561, and 14 for 
healthy (H), mild (MI), moderate (MO) and severe (S) sub-groups, respectively)

2.6.3 Does hepatic function affect alirocumab pharmacokinetics and pharmacodynamics?

The	effect	of	hepatic	function	on	alirocumab	PK	was	assessed	after	75	mg	administration	to	
subjects	 with	 mild	 (n=8)	 or	 moderate (n=8) hepatic	 impairment	 compared	 to	 that	 in	
healthy	subjects (n=8).

PK	parameters	tended	to	be	lower	with	hepatic	impairment	compared	to	those	of	healthy	
(Figure 23, Table 13 and	Table 14).	Although	 there	was	no	 statically	 significant	difference	
among	sub-groups	 (p=0.3256),	means	of	baseline	 free	PCSK9	concentrations	 in	mild	and	
moderate	 impairment	 sub-groups	 were	 lower	 than	 that of	 healthy	 subjects	 (Figure 24).	
Both	 free	 and	 total	 PCSK9	 concentrations after	 alirocumab	 administration	 tended	 to	 be
higher	 in	 the	 hepatic	 impaired subjects compared	 to	 those	 of	 healthy (Figure 25).	 The	
PCSK9	data	 indicate	 that	PCSK9	 change	 is	 not	 the	main	 factor	 for	 alirocumab	PK	 change	
with	the	hepatic	impairment.	The maximum LDL-C reduction in the hepatic impaired subjects 
(33.20% and 35.83% in mild and moderate hepatic impairment sub-groups, respectively), was 
somewhat less than that of healthy subjects (45.42%). 

Overall,	the	PK	and	PD	difference	was	not	significant	for	a	dose	adjustment.	
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Figure 24 Free PCSK9 at baseline by hepatic impairment sub-groups (Study POP12671)

Figure 25 Mean (SE) free (left) and total (right) PCSK9 concentration – time profiles (Study POP12671)

(green for control, blue for mild, and red for moderate sub-groups)

2.6.4 What is the incidence of formation of antibodies to alirocumab during and after the 
treatment?

The treatment-emergent positive anti-drug antibody (ADA) was reported in 4.8% of alirocumab-
treated patients compared to 0.6% in the control group across Phase 3 trials (Table 15). Patients 
with neutralizing antibodies (Nab) were reported in 1.2%, and 10 patients (0.3%) had 2 or more 
Nab positive samples. In general, patients with ADA were not sufficient to do a formal analysis 
on the impact of it on PK or exposure-analysis. However, there were no apparent trends that PK 
was significantly different in the ADA positive patients compared to others.

Most of the ADA positive samples exhibited low titers (≤240). A few patients (21/3033) had an
ADA response with maximum titers above 240 (and up to 3840), but ADA responses in these 
patients were either negative or exhibiting lower titers at subsequent visits.
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Table 15 Summary of pre-existing and treatment-emergent anti-alirocumab antibodies positive response 
(Anti-alirocumab antibody population) – Global pool phase 3

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)
Note: The denominator N1 (respectively N2) within a treatment group is the number of patients who had ADA assessed 

(respectively positive ADA status)
a patients with positive ADA response at baseline with less than 4-fold increase in titer in the post-baseline period
b patients with no positive ADA response at baseline but with any positive response in the post-baseline period OR with a 

positive ADA response at baseline and at least 4-fold increase in titer in the post-baseline period
c at least 2 consecutive post-baseline samples with positive ADA separated by at least a 12-week period
d any treatment-emergent positive ADA response neither considered persistent nor indeterminate; e ADA positive response 

present only at the last sampling time point

In phase 3 studies, a treatment-emergent positive 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 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.

Across phase 1 studies, positive low titer responses in the ADA assay were observed in a few 
subjects at baseline, suggesting a pre-existing reactivity. At the 75 mg dose and 150 mg dose, 
22.4% and 16.7% of the subjects were positive in the ADA assay, respectively (Table 16). Most 
of the ADA positive samples exhibited a low titer response (≤240), except for a few subjects
who presented titers up to 1920. However, titers diminished over time and were not associated
with any specific safety findings.
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Table 16 ADA status summary (safety population) in healthy subjects after SC single dose

Pool of R727-CL-0904, PKD12010, PKD12011, PKD12275, TDU12190, BDR13362, POP12671 (including healthy subjects and 
hepatic impaired function patients) studies
a Subjects with positive ADA status at baseline with less than 4-fold versus baseline increase in titer values up to end-of-study 

visit
b Subjects with no positive ADA status at baseline but with any positive response in post-baseline period OR with positive ADA 

status at baseline and at least 4-fold increase in titer values up to end-of-study visit Note: the denominator N1 within a 
treatment group is the number of subjects who had ADA assessed

2.7 Extrinsic Factors

2.7.1 Drug-Drug Interactions

Pharmacokinetic drug interaction potentials of alirocumab were not formally evaluated because 
conventional mechanisms (e.g., CYP, conjugation enzymes or transporters) are known to be not 
involved in the IgG elimination.

2.7.1.1 What is the effect of lipid-modifying therapy on the pharmacokinetics and 
pharmacodynamics of Alirocumab?

Lipid-modifying therapy (LMT) may affect alirocumab PK and/or PD because it is known to 
increase PCSK9 concentration, which can result in inducing target -mediated elimination of 
alirocumab. However, there are no dose adjustments based on drug interaction. 

2.7.1.1.1 Drug	interaction	between	alirocumab	and	atorvastatin

The interaction potential between alirocumab and atorvastatin was evaluated as part of Study 
CL-1001. Alirocumab was administered to subjects with stable atorvastatin dose between 10 and 
40 mg/day (see Section 2.5.4 for additional study design information). Atorvastatin reduced 
alirocumab PK with up to 40% lower exposure: mean ratios (with/without) were 0.89 and 0.61 
for Cmax and AUC, respectively (Table 12). However, the assessment of atorvastatin effect on 
alirocumab PK was not reliable because atorvastatin doses were not adequately maintained in 
some patients with during the study.

There was no apparent effect of alirocumab on atorvastatin PK (Table 17) as there was no 
alirocumab dose related atorvastatin PK changes, and some atorvastatin PK changes were similar 
to those of alirocumab placebo treatment group. 
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Table 19 Point estimates of GM Ratio with 90% CI (PKD12910)

Parameter Comparison Estimate 90% CI

after the 1st
administration

Cmax Alirocumab+EZ vs. alirocumab+PL 0.97 (0.82 to 1.14)

Alirocumab+Feno vs. alirocumab+PL 0.78 (0.66 to 0.92)

AUC0-D28 Alirocumab+EZ vs. alirocumab+PL 0.88 (0.76 to 1.03)

Alirocumab+Feno vs. alirocumab+PL 0.74 (0.64 to 0.86)

after the 3rd

administration
Cmax Alirocumab+EZ vs. alirocumab+PL 0.92 (0.78-1.09)

Alirocumab+Feno vs. alirocumab+PL 0.71 (0.60-0.84)

AUC0-D28 Alirocumab+EZ vs. alirocumab+PL 0.85 (0.70-1.03)

Alirocumab+Feno vs. alirocumab+PL 0.64 (0.53-0.77)

Figure 27 Mean (SE) free PCSK9 – time profiles by treatment arms

2.8 General Biopharmaceutics

2.8.1 Is there any significant difference in PK and PD after administration at different 
injection sites?

To evaluate impact of injection sites, relative BA of alirocumab and PD (PCSK9 and LDL-C)
were assessed after 75 mg administration at abdomen, upper arm or thigh in a randomized, 3-
parallel group study with healthy subjects (Study BDR13362). 

Alirocumab PK parameters and statistical analysis on the relative bioavailability are summarized 
in Table 20 and Table 21. Relative BA of alirocumab administration after injection to upper arm 
or thigh tended to be lower than that of abdomen (e.g., AUC mean ratios were 0.92 and 0.84 for 
upper arm and thigh to abdomen, respectively, Table 21). However, maximum mean LDL-C 
reduction (% change from baseline) was not significantly different between thigh (45.55%) and 
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 Enzyme-linked immunosorbent assay to measure free PCSK9

The LLOQ was 15.6 ng/mL in the assay (50% human serum) and 31.2 ng/mL in undiluted 
human serum.
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 Enzyme-linked immunosorbent assay to measure total PCSK9

The LLOQ was 1.56 ng/mL in the assay (2% human serum) and 78 ng/mL in undiluted 
human serum.

Bioanalytical studies associated with clinical trials are summarized in 
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Table 29.
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4 APPENDIX

4.1 OCP Filing Memo
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4.2 Heterozygous Familial Hypercholesterolemia

Diagnosis of heFH must be made either by genotyping or by clinical criteria. For those patients 
not genotyped, the clinical diagnosis may be based on either the Simon Broome criteria with a 
criteria for definite FH or the WHO/Dutch Lipid Network criteria with a score >8 points.

4.2.1 Simon Broome Register Diagnostic Criteria for Heterozygous Familial 
Hypercholesterolemia

Definite familial hypercholesterolemia is defined as:
 Total-C >6.7 mmol/l (260 mg/dL) or LDL cholesterol above 4.0 mmol/l (155 mg/dL) in a child <16 

years or Total-C >7.5 mmol/l (290 mg/dL) or LDL cholesterol above 4.9 mmol/l (190 mg/dL) in an 
adult. (Levels either pre-treatment or highest on treatment)

PLUS

 Tendon xanthomas in patient, or in 1st degree relative (parent, sibling, child), or in 2nd degree
relative (grandparent, uncle, aunt)

OR

 DNA-based evidence of an LDL receptor mutation or familial defective apo B-100

Possible familial hypercholesterolemia is defined as:
 Total-C >6.7 mmol/l (260 mg/dL) or LDL cholesterol above 4.0 mmol/l (155 mg/dL) in a child <16 

years or Total-C >7.5 mmol/l (290 mg/dL) or LDL cholesterol above 4.9 mmol/l (190 mg/dL) in an 
adult. (Levels either pre-treatment or highest on treatment)

And at least one of the following:
 Family history of MI below 50 years of age in 2nd degree relative or below 60 years of age in 1st

degree relative.
 Family history of raised cholesterols >7.5 mmol/l (290 mg/dL) in adult 1st or 2nd degree relative or 

>6.7 mmol/l (260 mg/dL) in child or sibling under 16 years of age.
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4.2.2 WHO Criteria (Dutch Lipid Network clinical criteria) for diagnosis of Heterozygous 
Familial Hypercholesterolemia (heFH)
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4.3 The Friedewald Equation for LDL calculation

The ultracentrifugal measurement of LDL is time consuming and expensive and requires 
specialist equipment. For this reason, LDL-cholesterol is most commonly estimated from 
quantitative measurements of total and HDL-cholesterol and plasma triglycerides (TG) 
using the empirical relationship of Friedewald et al. (1972). 
 [LDL-chol] = [Total chol] - [HDL-chol] - ([TG]/2.2) where all concentrations are given 

in mmol/L (note that if calculated using all concentrations in mg/dL then the equation 
is [LDL-chol] = [Total chol] - [HDL-chol] - ([TG]/5))

 the quotient ([TG]/5) is used as an estimate of VLDL-cholesterol concentration. It 
assumes, first, that virtually all of the plasma TG is carried on VLDL, and second, that 
the TG:cholesterol ratio of VLDL is constant at about 5:1 (Friedewald et al. 1972). 
Neither assumption is strictly true.

Limitations of the Friedewald equation 
The Friedewald equation should not be used under the following circumstances: 
 when chylomicrons are present
 when plasma triglyceride concentration exceeds 400 mg/dL (4.52 mmol/L)
 in patients with dysbetalipoproteinemia (type III hyperlipoproteinemia)

Reference ID: 3772547



4.4 Pharmacometric Review

Office of clinical Pharmacology:
Pharmacometric review

4.4.1 Summary of Findings

4.4.2 Key Review Questions

The purpose of this review is to address the following key questions.

2.4.2.2 The proposed dosing suggests that either 75 or 150 mg can be given once every two 
weeks.  Are there certain baseline patient characteristics that suggest either the 75 
mg or 150 mg dose be given to specific populations?

No clinically meaningful covariates were identified to suggest one regimen would be better than 
the other for certain patients.  However, the exposure-response analysis below and the titration 
analyses conducted by clinical pharmacology and statistics (see the reviews by Dr. Sang Chung 
and Dr. Bradley McEvoy) suggest that it is reasonable to start at 75 mg and then up-titrate to 150 
mg if the desired LDL-C response is not achieved with the 75 mg dose.
Exposure-response analyses was conducted to evaluate the appropriateness of the doses selected.  
Dose-ranging data from the phase three program were not used as they were confounded by 
titration.  In the phase 3 studies, only those patients whose response was inadequate at the 75 mg 
dose up-titrated to 150 mg alirocumab.  In the phase 2 trial DFI11565 there was a fixed dose 
comparison between 50 mg, 100 mg, and 150 mg twice-monthly.  Figure 29 shows the exposure-
response relationship for this study and the corresponding distribution of alirocumab 
concentrations at each dose.  It appears that a 150 mg dose is just inside the plateau of response 
and that additional lowering may be attained for patients that receive less than 100 mg twice-
weekly.
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Figure 29.  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.)

Figure 30 shows the change from baseline in trough LDL-C measurements at week 22-24.  In 
general there does not appear to be a trend across any of the patient characteristics that would 
suggest certain individuals perform better.  It is important to note this consideration is made in 
light of the large extent of LDL-C lowering with this product at either dose.  When comparisons 
are made across doses it is apparent that the 150 mg dose tends to lower LDL-C more compared 
to the 75 mg dose.  This is consistent with Figure 29 and supports starting at 75 mg alirocumab 
and increasing the dose to 150 mg if the desired LDL-C reduction is not achieved with the 75 mg 
dose.  The titration is supported by the phase three trial design which incorporated this dose 
titration paradigm and by the reviews of Dr. Sang Chung and Dr. Bradley McEvoy.
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Figure 30.  Box plot of LDL-C on Week 22-24 (% change from baseline) in phase 3 patients.

(Source: Applicants Population PK/PD Report, Figure 19)

2.4.2.3 Should alirocumab be dosed on a body-weight basis?
No, there is no need for dose adjustment in patients with lower body weight.  Additionally at 
lower exposures in patients with the highest body weight, efficacy was not compromised so there 
is no need for dose adjustment for higher body weights as well.
Patients with the lowest body weight exhibited the highest exposure of alirocumab (Table 1).  
Compared to a patient weighing the median weight (83 kg) the linear clearance component 
decreased 78% for a 50 kg individual and increased 40% for a 100 kg individual.  Steady-state 
AUC and Cmax values are shown in Table 1 for both the 75 and 150 mg doses.  Additionally, 
there does not appear to be any safety reason that would suggest patients with lower body weight 
receive a lower dose of alirocumab.  Despite the correlation of evolocumab PK with body 
weight, no safety events by system organ class were correlated with low body weight (See 
Section 4 for individual safety plots).
Table 30  Mean (CV%) - median (5th, 95th percentiles) of steady-state alirocumab exposure values as a 

function of body weight and dose.

(Source: Applicant’s Population PK Report POH0377, Tables 20 and 21)

Dose Weight n AUC (mg·hr/L) Cmax (mg/L)

75 mg < 50 kg 3  4580 (52.7) - 3780 (2660, 7290)  - 3780 (2660, 7290) 14.9 (48.6)

75 mg 50 - <100 kg 450  2330 (42.3) - 2170 (1140, 4180)  - 2170 (1140, 4180) 8.52 (35.8)

75 mg ≥ 100 kg 101  1640 (34.8) - 1550 (747, 2690)  - 1550 (747, 2690) 6.23 (28.5)

150 mg < 50 kg 11  12100 (33.5) - 12000 (7050, 20400)  - 12000 (7050, 20400) 40.2 (31.1)

150 mg 50 - <100 kg 1282  5450 (49.5) - 4940 (2030, 10500)  - 4940 (2030, 10500) 19.3 (43.6)

150 mg ≥ 100 kg 347  3460 (47.2) - 3150 (1440, 6620)  - 3150 (1440, 6620) 13.1 (39.6)
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Table 31  Population PK Parameter Estimates before (PSM) and after inclusion of the covariates (Final 
Model).

(Source: Applicant’s Population PK Report POH0377, Table 9)

The applicant’s diagnostic plots for the final model before and after covariate inclusion are 
shown in Figure 31 - Figure 34.  In general the model appeared to fit the data with minimal bias, 
capturing the central tendency of the observations.  Additionally, bias was not introduced and in 
some cases it decreased with the inclusion of the covariates in the final model.
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Figure 31.  Relationship between conditional weighted residuals and population predicted concentrations 
before (left panel) and after (right panel) covariate inclusion.  Scatter points depict observations, 
while the red line depicts the tendency of the data.

(Source: Applicant’s Population PK Report POH0377, Figure 11)
Figure 32.  Relationship between individual weighted residuals and individual predicted concentrations 

before (left panel) and after (right panel) covariate inclusion.  Scatter points depict observations, 
while the red line depicts the tendency of the data.

(Source: Applicant’s Population PK Report POH0377, Figure 12)
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Figure 33.  Relationship between population predicted and observed concentrations before (left panel) and 
after (right panel) covariate inclusion.  Scatter points depict observations, while the red line depicts 
the tendency of the data.

(Source: Applicant’s Population PK Report POH0377, Figure 13)
Figure 34.  Relationship between individual predicted and observed concentrations before (left panel) and 

after (right panel) covariate inclusion.  Scatter points depict observations, while the red line depicts 
the tendency of the data.

(Source: Applicant’s Population PK Report POH0377, Figure 14)

Plots of steady-state AUC and Cmax values (Figure 35 and Figure 36) depict the general range 
of exposures that each demographic exhibited in the phase III program.  Not all covariates were 
included in the final model due to inter covariate correlations (e.g. body weight and CRCL). 
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Figure 35.  Box plot of AUC values for the patients included in the Phase III study as a function of several 
covariates.

(Source: Applicant’s Population PK Report POH0377, Figure 16)
Figure 36.  Box plot of Cmax values for the patients included in the Phase III study as a function of several 

covariates.

(Source: Applicant’s Population PK Report POH0377, Figure 17)

Figure 37 shows the distribution of etas across each covariate that was included in the final 
model before and after covariate inclusion.  In all cases the slope for the line of tendency (red 
line in each plot) appears to approach zero with the inclusion of the covariate.
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(Source: Applicant’s Population PK Report POH0377, Figures 19, 20, 24, 27, 36, 37, 42, 44)
The final model covariates reduced the between subject variability (BSV) and objective function 
value.  These metrics for the respective parameter and covariate are shown below.  Eta shrinkage 
was reported to be 18.5% for CLL.
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Table 32  Difference in Objective Function Value (OBJF*) and the Reduction in BSV** for each covariate 
effect.  Objective function values and CV% were compared before and after the backward deletion 
step for each covariate.  Reduction in BSV refers to after inclusion in the final model.

*OBJF = Model Minus Covariate Objective Function – Final Model Objective Function 
**Reduction in BSV = (SQRT(Model without Covariate CLL)-SQRT(Final Model CLL))·100%
Reviewer’s Comments: 
The population PK model appears acceptable to label covariate effects of age,  
statin use, and PCSK9.  

4.4.7 Reviewer’s Analysis

4.4.7.1 Introduction
This review aims to determine whether the safety data support use of alirocomab at the higher 
exposures in those patients with lower body weight.  Additionally, there was a hypothetical 
concern that LDL-C could be suppressed too low for some organs in the body (i.e. nervous 
system, cell membrane, etc) and that adverse events may originate from low LDL-C levels.  Thus 
safety analyses were conducted for each system organ class by the lowest LDL-C levels in each 
individual.

4.4.7.2 Objectives
Analysis objectives are:
 Determine relationship between body weight and adverse events by system organ class.

 Determine relationship between the average of the three lowest LDL-C values and adverse 
events by system organ class.

4.4.7.3 Methods
4.4.7.1.1 Data	Sets
Data sets used are summarized in 

Table 33.

Table 33  Analysis Data Sets

Study 
Number

Name Link to EDR

ISS adsl.xpt \\cdsesub1\evsprod\BLA125559\0000\m5\datasets\iss\analysis\legacy\datasets\
ISS adae.xpt \\cdsesub1\evsprod\BLA125559\0000\m5\datasets\iss\analysis\legacy\datasets\
ISS adlbef.xpt \\cdsesub1\evsprod\BLA125559\0000\m5\datasets\iss\analysis\legacy\datasets\
DFI11565 adpc.xpt \\cdsesub1\evsprod\BLA125559\0000\m5\datasets\dfi11565\analysis\legacy\datasets\
DFI11565 adlbef.xpt \\cdsesub1\evsprod\BLA125559\0000\m5\datasets\dfi11565\analysis\legacy\datasets\

4.4.7.1.2 Software
The statistical software R (version 2.15) was used for all plots and figures.  NONMEM (Version 
7.3) was used for rerunning the applicant’s population PK models.

Covariate OBJF Reduction in BSV (%)

Age on V3 156 1.70

PCSK9 on KM 402 6.32

Statin on CLL 176 2.23

BW on CLL 231 38.03
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4.4.8 Listing of Analyses Codes and Output Files

File Name Description Location in \\cdsnas\pharmacometrics\
ISS_BW-
AEalirocumab.R

Analysis file for BW-AE or LDL-C –
AE correlations

..\Reviews\PM Review 
Archive\2015\Alirocumab_BLA125559_JCE\ER 
Analyses

*.tif Output plots for safety analyses ..\Reviews\Ongoing PM 
Reviews\Alirocumab_BLA125559_JCE\ER 
Analyses\LDLC-AE_alirocumab

Alirocumab_ER.R Analysis file for Exposure Response 
of Study DFI11565

..\Reviews\PM Review 
Archive\2015\Alirocumab_BLA125559_JCE\ER 
Analyses

Ali_ExpResp_PChg.tif Final Exposure-Response Graphic for 
study DFI11565

..\Reviews\PM Review 
Archive\2015\Alirocumab_BLA125559_JCE\ER 
Analyses
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