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1. EXECUTIVE SUMMARY
The applicant is developing evinacumab as an adjunct to diet and other low-density lipoprotein 
cholesterol (LDL-C) lowering therapies to treat adult and adolescent patients with homozygous 
familial hypercholesterolemia (HoFH).  Evinacumab is a recombinant human monoclonal 
antibody that binds to and inhibits angiopoietin-like protein 3 (ANGPTL3) to lower LDL-C, 
triglyceride, and high density lipoprotein-cholesterol (HDL-C) concentrations.  Most of the 
approved LDL-C lowering medications work through the LDL-receptor pathway.  Evinacumab 
reduces LDL-C independent of the presence of LDL-receptors.  Because patients with HoFH 
have defective or no LDL-receptors, LDL-C lowering medications that works through the non-
LDL-receptor pathway will add to the armamentarium to treat patients with HoFH.

1.1 Recommendations
The Office of Clinical Pharmacology/Division of Cardiometabolic and Endocrine Pharmacology  
(OCP/DCEP) has reviewed BLA 761181’s clinical pharmacology data and found it acceptable.  
The application is approvable from a clinical pharmacology perspective for adults and pediatric 
patients with HoFH who are 12 years of age and older.

Review Issue Recommendations and Comments

Pivotal or supportive evidence of 
effectiveness

Two pivotal studies, R1500-CL-1629 and R1500-CL-1719, provide 
the evidence of effectiveness and safety for evinacumab.  Patients 
with HoFH treated with evinacumab demonstrated approximately 
50% lower LDL-C levels from baseline at Week 24 than those 
patients with HoFH treated with placebo.

General dosing instructions The proposed evinacumab dosing of 15 mg/kg administered via 
intravenous infusion over 60 minutes once every 4 weeks is 
acceptable.

Dosing in patient subgroups 
(intrinsic and extrinsic factors)

None of the patient subgroups such as age (12 to 75 years), 
gender, body weight (42 to 152 kg), race, mild and moderate 
renal impairments, and those receiving lipid apheresis and 
concomitant lipid lowering medications, have specific dosing 
recommendations.

Bridge between the to-be-
marketed and clinical trial 
formulations

The late stage (clinical Phases 2 and 3) formulation of 
evinacumab and the to-be-marketed formulation of 
evinacumab are identical.

1.2 Post-Marketing Requirements and Commitments
None.
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical Pharmacokinetics
Evinacumab is a recombinant human monoclonal antibody that binds to and inhibits ANGPTL3.  
The liver primarily expresses ANGPTL3, an angiopoietin-like protein, which inhibits lipoprotein 
lipase (LPL) and endothelial lipase (EL).  Evinacumab reduces LDL-C independent of the 
presence of LDL receptor via promoting very low-density lipoprotein (VLDL) processing and 
clearance upstream of LDL formation.  Evinacumab blockade of ANGPTL3 lowers triglyceride 
and HDL-C via rescuing LPL and EL activities, respectively.

2.2 Dosing and Therapeutic Individualization

2.2.1 General dosing
In patients aged 12 years and older, the recommended dose is 15 mg/kg administered via 
intravenous infusion for 60 minutes every 4 weeks.

2.2.2 Therapeutic individualization
No dose adjustment is necessary for age, gender, body weight, race, mild and moderate renal 
impairment, lipid apheresis, and drug interaction.

2.3 Outstanding Issues
None

2.4 Summary of Labeling Recommendations
Summary of major labeling recommendations are listed below:

Section 12.3: Pharmacokinetics

Distribution

The total volume of distribution estimated byvia population PKpharmacokinetic analysis was 
approximately 4.8 L,  

Reviewer’s comment: The population pharmacokinetic analysis of evinacumab showed that the 
central volume of distribution was 2.56 L and the peripheral volume of distribution was 2.25 L.  
The vascular system is part of the central volume of distribution.  Thus, the deleted part is 
inappropriate.

Reference ID: 4711454
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Due to non-linear clearance,  
 a 4.3-fold increase in area under the concentration-time curve at steady-state (AUCtau.ss) for 

a 3-fold increase in evinacumab dose from 5 mg/kg to 15 mg/kg IV every 4 weeks was predicted 
in patients with HoFH.
Reviewer’s comment: The phrase  

 is qualitative and does not add value for the prescriber of evinacumab.  Thus, this 
reviewer recommends deleting this phrase.

Reviewer’s comment:  Section 12.5 Pharmacogenomics as proposed by the Applicant describes 
HoFH genetics. The review team suggests deleting the proposed Section 12.5 because it contains 
information on disease genetics and not drug therapy.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background
The applicant is developing evinacumab as an adjunct to diet and other LDL-C lowering 
therapies to treat adult and adolescent patients with HoFH for further lowering of LDL-C.  

The late stage (clinical Phases 2 and 3) formulation of evinacumab and the to-be-marketed 
formulation of evinacumab are identical.

Reference ID: 4711454
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Table 1 shows the regulatory history of evinacumab relevant to Clinical Pharmacology:

Table 1. 
Regulatory 
History of 

evinacumab 
relevant to 

Clinical 
Pharmacology 

Date

Meeting or Communication Key Points

2/8/2016 Orphan-Drug Designation Granted (#15-5078)
2/15/2017 Type C Meeting, Face-to-Face To obtain guidance on the phase 3 

HoFH development program.
Phase 3 Dose Selection -  The FDA 
stated that the paucity of dose-response 
information for this compound makes it 
difficult to agree or disagree with the 
proposal to evaluate only the 15 mg/kg 
IV dose.
Patient population, including 
adolescents -  The FDA did not agree 
with inclusion of adolescents in the 
phase 3 HoFH studies and stated that a 
definitive toxicity study in juvenile 
animals be completed and submitted 
prior to enrolling adolescents.

3/14/2017 Breakthrough Therapy Designation Granted (DARRTS Reference ID: 
4069589)

8/2/2017 Type B Meeting, Face-to-Face
Post-breakthrough therapy 
designation, multidisciplinary 
meeting

Immunogenicity - The Applicant 
agreed to the FDA’s request to monitor 
for anti-drug antibodies in all Phase 2 
and Phase 3 studies administering more 
than a single dose. The FDA agreed 
there was no need to test for immune 
complexes.

10/28/2019 Type B Meeting, teleconference
Pre-BLA, clinical meeting

The FDA agreed to the following:
 population PK analysis plan
 electronic Table of Contents for 

the BLA
8/11/2020 Priority Review Status Granted (DARRTS Reference 

ID:4654665)

Reference ID: 4711454
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3.2 General Pharmacology and Pharmacokinetic Characteristics
Table 2 below shows the key clinical pharmacokinetic characteristics of evinacumab.
Absorption Mean (standard deviation) serum evinacumab Cmax at steady state is 689 

(157) mg/L. 
Distribution The estimated volume of distribution of evinacumab is about 4.8 L. 
Metabolism Evinacumab is likely degraded into small peptides and amino acids via 

catabolic pathways like endogenous IgG.  The overall elimination of 
evinacumab is mediated via parallel linear and non-linear pathways.  At 
higher concentrations, evinacumab elimination is mainly through a non-
saturable proteolytic pathway, whereas at lower concentrations the non-linear 
saturable ANGPTL3 target-mediated disposition predominates.

Excretion Evinacumab has a molecular weight of 146.08 kDa.  Thus, the kidney is not 
likely to excrete evinacumab unchanged.  After the last steady state dose of 
15 mg/kg IV every 4 weeks, the median time for evinacumab concentrations 
to reach below the limit of quantitation of 78 ng/mL is 19 weeks.

Dose Linearity A 4.3-fold increase in AUCtau,SS is observed for a 3-fold increase in dose 
from 5 mg/kg to 15 mg/kg IV every 4 weeks because of non-linear clearance.

Specific 
Populations Age (12 to 75 years), gender, body weight (42 to 152 kg), and race (White, 

Asian, Black, and Other) have no clinically significant effect on the exposure 
of evinacumab.

The steady state trough and end of infusion concentrations for a patient aged 
15 years with HoFH receiving evinacumab at 15 mg/kg IV every 4 weeks 
were within the range observed in adult patients with HoFH.
The trough serum evinacumab concentrations at steady state were 
comparable between patients with mild or moderate renal impairment and 
patients with normal renal function.

Drug 
Interactions

The concentrations of statins (atorvastatin, rosuvastatin, simvastatin) were 
not meaningfully altered in patients taking statins prior to receiving 
evinacumab and at steady state of evinacumab. Concentrations of 
evinacumab were comparable in patients with HoFH, either with or without  
background lipid lowering therapy.

Source: Reviewer’s compilation

Figure 1 shows the clinical studies that the applicant conducted to support BLA 761181.  All 
Phase 1 studies were conducted in healthy volunteers.  Studies R1500-HV-1214 (or “study 
1214”) and 1321 are single-ascending dose and multiple-ascending dose studies, respectively.  
Study 1642 is a single- and multiple-dose study in Japanese and Caucasian participants.  

Although the Phase 3 study (1629) provided the primary evidence of effectiveness and safety for 
evinacumab to treat patients with HoFH, the two Phase 2 studies (1522 and 1643) provided 
supportive safety data.

Reference ID: 4711454
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Figure 1. Clinical studies for the evinacumab development program.  

a = ongoing
Source: Module 2.5’s Figure 1

Study 1214 was a randomized, double-blind, placebo-controlled, single ascending dose study, 
conducted in 99 healthy volunteers with modest to high triglycerides (TG) and/or LDL-C, 
evaluating the safety and tolerability of evinacumab administered IV (5, 10 and 20 mg/kg 
infused over 1 hour) and SC (75, 150, and 250 mg). The main conclusion of this study is that the 
pharmacokinetic profiles of evinacumab exhibited an initial distribution (IV) or absorption phase 
(SC) followed by a linear elimination phase and a concentration-dependent, target-mediated 
elimination phase.  Consistent with non-linear PK, the increases in concentrations over time and 
AUCs with increasing doses were greater than dose-proportional. Clearance (CL or CL/F) 
decreased with increasing doses.  With increasing evinacumab concentrations, sufficient to 
saturate the target-mediated pathway, a trend towards linear pharmacokinetics was observed.

Study 1321 was a randomized, double-blind, placebo-controlled, multiple ascending dose study, 
conducted in 52 subjects with elevated TGs (150 mg/dL to 500 mg/dL) and LDL-C (≥ 100 
mg/dL), evaluating the safety, tolerability, PK, immunogenicity, and PD effects of evinacumab 
administered IV and SC.  The main conclusions of this study were that the elimination profiles 
exhibited nonlinear PK, consistent with target-mediated drug elimination and the changes of total 
ANGPTL3, in general, paralleled the changes in evinacumab concentrations postdose.  No 
subjects had treatment-emergent ADA responses in this study.  

Reference ID: 4711454
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Healthy Subjects versus Patients with HoFH

The pharmacokinetic profiles of serum total evinacumab are comparable across studies and 
between patients with HoFH and healthy subjects.

Population pharmacokinetic analysis showed that the maximum rate of metabolism (Vmax) of the 
non-linear clearance pathway for patients with HoFH is 34% lower than that of healthy subjects.  
This observation suggests that patients with HoFH had lower target-mediated clearance when 
compared with healthy subjects.  At the dosing regimen of 15 mg/kg IV Q4W, this difference 
may have a minimal impact on exposure of evinacumab, because the serum total evinacumab 
concentrations within the 4-week dosing interval are likely in the range where linear clearance 
dominates and the contribution of target-mediated clearance is minor.  According to the post-hoc 
prediction, a difference of less than 10% in steady-state AUCtau, Cmax and Ctrough is expected 
between healthy subjects and HoFH patients, following the dosing regimen of 15 mg/kg IV 
Q4W.

In patients with HoFH, the observed concentration versus time profiles show that steady-state 
was achieved between Weeks 12 to 16, following 4 doses of 15 mg/kg IV evinacumab 
administered Q4W, with a mean (SD) steady-state Cmax of 680 (162) mg/L and Ctrough of 238 
(111) mg/L in Study 1629.

3.3 Clinical Pharmacology Review Questions

3.3.1 To what extent does the available clinical pharmacology information provide pivotal or 
supportive evidence of effectiveness?
BLA 761181’s clinical pharmacology data provides supportive evidence of effectiveness for 
evinacumab as an adjunct to diet and other LDL-C lowering therapies to treat patients with 
HoFH for further lowering of LDL-C. Refer to Section 3.3.2 for additional details.

3.3.2 Is the proposed dosing regimen appropriate for the general patient population for which 
the indication is being sought?
Yes, the proposed dosing of 15 mg evinacumab/kg administered via intravenous infusion for an 
hour every 4 weeks is appropriate for the proposed indication from a clinical pharmacology 
perspective.

In the proof of concept study (1331), the single evinacumab dose of 15 mg/kg IV showed 
substantial decreases in LDL-C and lack of significant safety findings.   Study 1331 was an 
open-label, single arm, proof-of-concept study to assess the efficacy and safety of single and 
multiple doses of evinacumab in patients with HoFH.  During the main study treatment period, 9 
patients received one dose of evinacumab 250 mg subcutaneous (SC) on Day 1 and one dose of 
evinacumab 15 mg/kg IV on Day 15 (Week 2).  Two patients received evinacumab 450 mg SC 
once weekly (QW) at Weeks 12, 13, 14, and 15.  Once the durable LDL-C effect of the 15 mg/kg 
IV dose was recognized, the protocol was amended to remove the 450 mg SC QW regimen for 
subsequent patients. 

Reference ID: 4711454
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Figure 2 showed that maximum LDL-C reduction was reached 1 to 2 weeks after maximal 
evinacumab concentrations were achieved.  The maximal reduction achievable in LDL-C varied 
among patients.  Maximal LDL-C reduction appeared to be achieved when evinacumab 
concentrations remained sufficiently high to saturate the target-mediated pathway, at which point 
linear kinetics were observed.

Figure 2. Individual concentrations of total evinacumab and total ANGPTL3 and percent (%) 
change in LDL-C from baseline vs. actual time in adults with HOFH in the main Study 1331

Source: Module 2.7.2’s Figure 6

Reference ID: 4711454
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Based on data from Phase 1 and Phase 2 studies, the applicant chose the 15 mg evinacumab/kg 
Q4W dosing regimen for the Phase 3 study (1629) because the Q4W dosing interval:

 Produced high enough total evinacumab concentration to maintain a linear 
pharmacokinetic profile.

 Maintained saturation of the target-mediated pathway over the 4-week treatment yet 
provide maximal target engagement during the dosing interval.

The pivotal trial, Study 1629 was a randomized, double-blind, placebo-controlled, parallel-
group study, in 65 patients (including 2 adolescent [≥12 to <18 years] patients) with HoFH.  The 
study consisted of a 24-week DBTP (double blind treatment period) and a 24-week OLTP (open 
label treatment period).  Patients were randomized 2:1 to evinacumab or placebo.  
Randomization was stratified by apheresis treatment status (Yes, No) to mitigate the potential for 
increased variability on lipids that apheresis could introduce and by region (Japan, Rest of 
World) to ensure an appropriate balance in treatment assignment for Japanese patients.  During 
the DBTP, patients were administered evinacumab 15 mg/kg or matching placebo IV Q4W for 
24 weeks.  During the subsequent OLTP, all enrolled patients were administered evinacumab 15 
mg/kg IV Q4W for 24 weeks.

The primary efficacy endpoint in this pivotal Phase 3 study is the percent change in LDL-C from 
baseline at Week 24 in patients with HoFH patients.

Treatment with evinacumab resulted in a clinically and statistically significant decrease in 
percent change from baseline calculated LDL-C at week 24.  The least squares (LS) mean 
difference in LDL-C between the evinacumab treatment group and the placebo treatment groups 
was -49.0% (95% CI: -65.0% to -33.1%) (LS mean = -47.1% for the evinacumab treatment 
group as compared to the placebo treatment group = 1.9%).  The percent reduction observed in 
the evinacumab treated patients corresponds to an absolute mean change in LDL-C of about -
134.7 mg/dL.  Reductions in LDL-C with evinacumab were observed as early as the 1st post-
baseline measurement at Week 2, and the reductions were maintained throughout the 24-week 
DBTP.  Patients that were converted from placebo to evinacumab during the OLTP experienced 
reductions in LDL-C that were similar to the large reductions observed in the evinacumab group 
during the DBTP (Figure 3).  Those patients who continued evinacumab treatment from the 
DBTP maintained the reductions in LDL-C during the OLTP.

Reference ID: 4711454
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Figure 3. The  LDL-C least square mean percent change from baseline over time through Week 
24 and mean percent change from Week 28 through Week 48 in Study 1629.

Source: Module 2.5’s Figure 3

Evinacumab exposure – response: The applicant developed a population pharmacokinetic and 
pharmacodynamic model to analyze the evinacumab exposure and efficacy relationship.  The 
PKPD analysis suggests that there is no clear exposure-response relationship between 
evinacumab exposures and LDL-C reduction in the observed range of evinacumab exposures 
following the 15 mg/kg Q4W regimen.  

The applicant used the model to simulate the LDL-C responses of 3 evinacumab dosing 
regimens, namely 5, 15, and 20 mg/kg Q4W. Figure 4 shows the exploratory simulation of % 
reduction from baseline LDL-C for the 5, 15, and 20 mg evinacumab/kg Q4W dosing regimens.  
This simulation showed that the 5 mg/kg Q4W dose was less efficacious than the proposed 
dosing regimen of 15 mg/kg Q4W, whereas simulations of the 20 mg/kg Q4W dosing regimen 
did not achieve greater efficacy.  Given the wide confidence intervals in the simulation, driven 
by the observed data, the magnitudes of LDL-C reduction following 15 mg/kg and 20 mg/kg 
doses were indistinguishable. 

Similar results occurred when comparing the percentage of patients that are predicted to reach 
various response goals via trial simulation.  The overall exposure-response assessments via 
descriptive analysis and population pharmacokinetic/pharmacodynamic simulations support the 
proposed 15 mg/kg Q4W dosing regimen.

Reference ID: 4711454
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Figure 4. Simulated percentage reduction from baseline in LDL-C over time in patients with 
HoFH following administration of IV Q4W.

Source: Module 5.3.3.5 R1500-PK-19141-SR-01V1’s Figure 20.

Overall, the proposed dosing regimen of IV 15 mg/kg Q4W has demonstrated effectiveness in 
patients with HoFH. There were no major safety findings in the clinical program. The most 
common adverse events for evinacumab 15 mg/kg every 4 weeks included nasopharyngitis, 
influenza like illness, dizziness, back pain, nausea, abdominal pain, constipation, rhinorrhea, and 
asthenia.  In general, the frequency of adverse events did not differ in the evinacumab treated 
group and placebo treated group.

3.3.3 Is an alternative dosing regimen and/or management strategy required for 
subpopulations based on intrinsic/extrinsic factors?
No dose adjustment is necessary for age, gender, body weight, race, renal impairment, lipid 
apheresis, and drug interaction.

3.3.3.1 Pediatrics
Study 1629 had a patient aged 15 years with HoFH received 15 mg evinacumab/kg IV every 4 
weeks, the steady state trough and end of infusion concentrations were 631 and 280 mg/L, 
respectively, at Week 24 and are within the range of those observed in adult patients with HoFH.  
Because of the following similarities between adolescent and adult, the efficacy and safety of 
evinacumab for adolescent will likely be similar to that of adults:

 Pathophysiology of HoFH is similar between adolescent and adults.

Reference ID: 4711454
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 The steady state evinacumab concentrations of adolescent were within the range of those 
for adults.

Treatment with evinacumab resulted in significant reduction in LDL-C of 52% in the overall 
adolescent population.  Treatment with evinacumab also resulted in significant reductions in 
other lipoproteins and lipid parameters such as apolipoprotein B (ApoB), non-HDL-C, and 
triglyceride.  The mean reductions observed in the adolescent population were similar to the 
reductions in LDL-C and other lipid parameters (Apo B, non-HDL-C, total cholesterol, and 
triglyceride) observed in the adult patients with HoFH in Trial1629 or the adult patients with 
HoFH in Trial 1719).

The pharmacokinetics of evinacumab in pediatric patients (< 12 years of age) with HoFH has not 
been studied.

3.3.3.2 Renal Impairment
The applicant did not conduct a dedicated study to assess the effect of renal impairment on the 
pharmacokinetics of evinacumab.  However, the HoFH studies included 22 patients with mild 
renal impairment and 2 patients with moderate renal impairment.  Table 3 shows that the 
observed steady-state trough concentrations are comparable between patients with impaired or 
normal renal function. In addition, the post-hoc estimations of Cmax, Ctrough and AUCtau at steady-
state for these renally-impaired patients are comparable to those with normal renal function via 
population pharmacokinetic modeling.  According to these results, no dose adjustment is 
necessary for HoFH patients with mild and moderate renal impairment.  However, no data are 
available for HoFH patients with severe renal impairment and dosing is not recommended for 
this group.

Table 3. Observed steady-state trough concentrations of evinacumab in HoFH patients with renal 
impairment following administration of 15 mg/kg IVQ4Wfor Studies 1629 and 1719.

Concentration of Total Evinacumab (mg/L)

Baseline GFR Categorization n Mean (SD)
Normal (GFR>= 90 mL/min) 45 242 (105)
Mild Impairment (90>GFR>=60 mL/min) 13 254 (151)
Moderate Impairment (60>GFR>=30 mL/min) 2 210 (48.8)
Source: Module 5.3.5.3 T_PCSUM1_SS

3.3.3.3 Hepatic Impairment
No data is available for HoFH patients with hepatic impairment. 

3.3.3.4 Race, Sex, Body weight,  Age and Lipid Apheresis
The population pharmacokinetic analysis did not identify age (12 – 75 years), gender, disease 
status (HoFH vs healthy), and race as significant covariates of evinacumab pharmacokinetics.  
Baseline ANGPTL3 and body weight were significant covariates.  However, the predicted 
evinacumab steady-state exposure for patients with extreme values of baseline ANGPTL3 or 
body weight did not deviate from a typical patient (median baseline ANGPTL3 value of 0.08 
mg/L and median weight of 74.1 kg from the whole population PK dataset) by more than 30%.  

Reference ID: 4711454
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Moreover, compared to the between subject variability of the exposures, the magnitude of 
covariate effect is not pronounced and is not expected to be clinically significant.  Evinacumab 
can be administered without regard to lipoprotein apheresis. 

The observed pre-dose concentrations and % change from baseline in LDL-C at week 24 were 
not different in patients who received apheresis as compared to non-apheresis patients. 
Evinacumab can be administered without regard to lipoprotein apheresis. 

3.3.3.5 Genomics
The Office of Clinical Pharmacology/Division of Translational and Precision Medicine 
(OCP/DTPM) has reviewed the applicant’s proposed classification of the LDLR mutations, 
given 1) applicant’s proposed presentation of trial results by LDLR mutation subpopulation in 
labeling and 2) the severity and clinical prognosis of the HoFH phenotype depends on residual 
LDL receptor activity. The applied categorization in the submitted clinical studies varies from 
conventionally used classification (PMID: 25053660). However, evinacumab mechanism of 
action is independent of the LDLR status and the applicant’s proposed mutation classification 
should not affect study results of LDL-C reduction. For additional information please see the 
DTPM review in the Appendix 4.4.

3.3.3.6 Immunogenicity
The applicant measured anti-drug antibodies (ADA) in all clinical studies.  None of the patients 
treated with evinacumab exhibited treatment-emergent ADA responses in the Phase 1 clinical 
studies.  At the time of data cutoff, none of the patients treated with evinacumab exhibited 
treatment-emergent ADA responses in either Study 1629 (pivotal Phase 3) or Study 1719 (Phase 
3 extension).

3.3.3.7 Drug Interactions 
The applicant did not conduct any in vitro permeability, in vitro metabolism, or in vitro 
metabolic drug-drug interaction studies with human biomaterials for evinacumab.  The applicant 
did not conduct dedicated clinical drug-drug interaction studies.  However, the applicant assessed 
the effect of evinacumab on plasma statin concentrations from concomitant administration in 
patients with HoFH.

Table 4 shows the mean plasma statin concentrations at Week 16 and Baseline who had both 
available measurements in Study 1629.  The estimated mean ratio of statin concentrations at 
Week 16 versus that at Baseline were 0.752 and 0.774 for atorvastatin and rosuvastatin, 
respectively.  The concentration ratios for simvastatin were not estimated because no 
quantifiable results were available at baseline.  The total evinacumab concentrations would reach 
steady state at Week 16.  The 25% lower in statin exposure at Week 16 are not considered 
clinically relevant because:

 Evinacumab showed robust efficacy and safety data for lowering LDL-C.
 Assuming this 25% lower statin exposure as the worst case scenario, we generally do not 

adjust the statin dose for 25% lower statin exposure.

Reference ID: 4711454
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 Efavirenz decreases atorvastatin exposure 41%. Erythromycin decreases rosuvastatin 
exposure 20%.  The labels do not recommend dose adjustment for atorvastatin and 
rosuvastatin when coadministered with efavirenz and erythromycin, respectively.

Table 4. Plasma statin concentrations at baseline and Week 16 for patients with HoFH in Study 
1629

N = Number of patients in each treatment group; n = Number of patients at each timepoint; SD = Standard deviation
Note: BLQs were set to 0.
Source: Module 5.3.5.1 R1500-CL-1629 CP-01-V01’s Table 10

4. APPENDICES

4.1 Summary of Bioanalytical Method Validation and Performance
The applicant developed an ELISA-based bioanalytical method to quantitate the concentration of 
total evinacumab in human serum for the clinical trials. The method employs a microtiter plate 
coated with a mouse anti-evinacumab monoclonal antibody and utilizes evinacumab as a 
standard.  Samples are first diluted in acid to dissociate soluble target:drug complexes present in 
the serum samples to allow detection of total evinacumab.  The acidified samples are then added 
to the plate.  Evinacumab captured on the plate is detected thru a biotinylated mouse anti-
evinacumab monoclonal antibody, followed by NeutrAvidin conjugated with horseradish 
peroxidase.  A luminol-based substrate specific for peroxidase is then added to achieve a signal 
intensity that is proportional to the concentration of total evinacumab.  In general, the validation 
of bioanalytical method for measuring total concentration of evinacumab in serum samples is 
acceptable.

Table 5 shows the bioanalytical validation for the assay to measure serum evinacumab 
concentration.  Table 5 has a typo.  The phrase should read “Selectivity at LLOQ (0.078 
µg/mL)” instead of “Selectivity at LLOQ (0.078 g/mL).”

Reference ID: 4711454
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Source: Bioanalytical Validation Report REGN1500-AV-13001-SA-01V2’s Pages 8 – 9 of 53
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The applicant developed an ELISA-based bioanalytical method to quantitate the concentration of 
total ANGPTL3 in human serum for the clinical trials.  The method employs a microtiter plate 
coated with a rat anti-ANGPTL3 monoclonal antibody as the capture reagent and utilizes 
recombinant human ANGPTL3 as a standard.  Samples are first diluted in acid to dissociate 
soluble ANGPTL3: evinacumab complexes present in serum to allow the capture and detection 
of total ANGPTL3.  The acidified samples are neutralized and added to the plate.  ANGPTL3 
captured on the microplate is detected thru a biotinylated sheep polyclonal antibody specific for 
human ANGPTL3, followed by Streptavidin conjugated with horseradish peroxidase 
(Streptavidin-HRP).  A luminol-based substrate specific for peroxidase is then added to achieve a 
signal intensity that is proportional to the concentration of total ANGPTL3.  In general, the 
validation of bioanalytical method for measuring total concentration of ANGPTL3 in serum 
samples is acceptable.

Table 6 shows the bioanalytical validation for the assay to measure serum ANGPTL3 
concentration.

Assay Information, Qualification Parameters, and Acceptance Criteria Result
Assay Range
Neat human serum ULOQ - LLOQ 
2% human serum (MRD = 1:50)

1250 to 19.5 ng/mL
25 to 0.39 ng/mL

Inter-assay Accuracy and Precision (QCs)
%AR 80 - 120% (ULOQ and LLOQ 75 - 125%) 
CV% Dose ≤ 20% (ULOQ and LLOQ ≤ 25%)

89-103%
9–11%

Inter-assay Linearity (Standards)
%AR 80 - 120% (ULOQ and LLOQ: 75 - 125%) 
CV% Dose ≤ 20% (ULOQ and LLOQ: ≤ 25%)

96-101%
0-4%

Intra-assay Accuracy and Precision (QCs)
%AR 80 - 120% (ULOQ and LLOQ 75 - 125%) 79-109%
CV% Dose ≤ 20% (ULOQ and LLOQ ≤ 25%) 1-12%
Total Error ≤ 30% 2-28%
Intra-assay Linearity (Standards)
%AR 80 - 120% (Standard 1 and 7: 75 - 125%) 97-103%
CV% Dose ≤ 20% (Standard 1 and 7: ≤ 25%) 0-8%
Selectivity at 50 ng/mL in Neat Serum
%AR 80 - 120% for 80% of spiked baseline samples 90-118% (10 of 10 samples)
Dilution Recovery
%AR 80 - 120% for 80% of spiked baseline samples at each dilution 92-106% (5 out of 5)
Parallelism
%AR 80 - 120% for 80% of baseline samples at each dilution (1:100 and 
1:200) when compared back to the 1:50 dilution
%AR 80 - 120% for 80% of post-dose samples at each dilution (1:100 and 
1:200) when compared back to the 1:50 dilution.

94-102% (5 out of 5)

83-120% (17 out of 20 samples) 
See result section.

Hook Effect
ALQ for each dilution above the ULOQ
%AR 80 - 120% for each dilution within the assay range 
CV% Dose ≤ 20%

No hook effect within 
tested concentration range

Drug Interference
%AR 80 - 120% (ULOQ and LLOQ 75 - 125%) when REGN1500-spiked QC
is compared back to the unspiked QC.
%AR 80 - 120% when at least 80% REGN1500-spiked baseline samples are 
compared back to the unspiked baseline samples.

80-94%

83-90% (5 out of 5 samples)
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Short-term Analyte Stability (18 hours as 4°C, 4 hrs at Room
Temperature, 5 Freeze/Thaw Cycles)
Final %AR 80 – 120%

86-98%

CV% Dose ≤ 20% 0-3%
Long-term Analyte Stability (12 months in a -20°C Freezer, 24 months in
a -80°C Freezer)
Final %AR 80 – 120%

81-116%

CV% Dose ≤ 20% 0-8%
Source: Modified from Bioanalytical Validation Report REGN1500-MX-15060-SR-01V2’s Pages 6 of 48 

For the pivotal clinical study (R1500-CL-1629), the applicant measured the concentrations of 
atorvastatin, rosuvastatin, and simvastatin in plasma samples via the liquid chromatography and 
mass spectrometry bioanalytical assays for making labeling claim of no meaningful change in 
statins exposure.  The following is the validation of these bioanalytical assays (Table 7):

Atorvastatin Rosuvastatin Simvastatin
Anticoagulant K3EDTA K3EDTA K3EDTA
Sample volume, µL 200 100 200
LLOQ, ng/mL 0.25 0.1 0.1
ULOQ, ng/mL 25 100 30
Calibration range, ng/mL 0.25 – 25 0.1 – 100 0.1 – 30
Quality control, ng/mL 0.75, 3, 10, and 20 0.3, 3, 30, and 75 0.3, 3, 16, and 24
Interrun precision, %  3  3.5  3.9
Interrun accuracy, % -2 – -3  -3.7 – -3.3  -2.0 – 3.7

LLOQ = lower limit of quantitation; ULOQ = upper limit of quantitation
Source: Reviewer’s excerpt from Bioanalytical Reports 180092ASMB_RTN, 180091ASMB_RTN, and 
180090ASMB_RTN.

All of the bioanalytical methods validations for the statins are acceptable.

4.2 Clinical PK and/or PD Assessments
Study 1214 was a randomized, double-blind, placebo-controlled, single ascending dose study, 
conducted in 99 healthy volunteers with modest to high triglycerides (TG) and/or LDL-C, 
evaluating the safety and tolerability of evinacumab administered IV (5, 10 and 20 mg/kg 
infused over 1 hour) and SC (75, 150, and 250 mg). The study consisted of the following 3 
groups of participants:

 Group A: had elevations of TG (in mg/dL: ≥ 150 and ≤ 450) and or LDL-C (LDL-C ≥ 
100 mg/dL)

 Group B: had elevations of TG ≥ 450 mg/dL
 Group C: had elevations of TG > 1000 mg/dL

Serial blood samples for measurements of concentrations of total evinacumab and total 
ANGPTL3 as well as for evaluation of immunogenicity in serum were collected.

The pharmacokinetic profiles of evinacumab exhibited an initial distribution (IV) or absorption 
phase (SC) followed by a linear elimination phase and a concentration-dependent, target-
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mediated elimination phase (Figure 5).  Consistent with non-linear PK, the increases in 
concentrations over time and AUCs with increasing doses were greater than dose-proportional. 
Clearance (CL or CL/F) decreased with increasing doses.  With increasing evinacumab 
concentrations, sufficient to saturate the target-mediated pathway, a trend towards linear 
pharmacokinetics was observed.

Figure 5. The serum total evinacumab concentration versus time profile of Group A for Study 
1214  

Source: 1214-cp-report’s Figure 2

Comparing the pharmacokinetics for Groups A, B and C (with varying degrees of 
hypertriglyceridemia at the same doses), no meaningful differences were observed in the 
evinacumab concentration-time profiles and pharmacokinetic parameters, suggesting that 
baseline TG levels did not impact evinacumab pharmacokinetics.

At baseline, the concentrations of total ANGPTL3 were comparable across treatment arms, with 
mean values clustered around 0.1 mg/L.  Immediately following SC or IV administrations of 
evinacumab, dose-dependent increases in total ANGPTL3 concentrations were observed in 
cohorts receiving evinacumab at doses above 250 mg SC, indicating target binding (Figure 7). In 
general, the maximum concentration was reached before Day 4 (72 hours), following either IV or 
SC evinacumab administration.  Concentrations of total ANGPTL3 then declined, coinciding 
with the declining evinacumab concentrations.  The concentration-response analysis for total 
ANGPTL3 showed that increases in total ANGPTL3 concentrations were less marked at 
evinacumab concentrations >100 mg/L, suggesting some evidence of maximal target 
engagement.
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Figure 6. The serum total ANGPTL3 concentration versus time profile of Group A for Study 
1214  

Source: 1214-cp-report’s Figure 7

Study 1321 was a randomized, double-blind, placebo-controlled, multiple ascending dose study, 
conducted in 52 subjects with elevated TGs (150 mg/dL to 500 mg/dL) and LDL-C (≥ 100 
mg/dL), evaluating the safety, tolerability, PK, immunogenicity, and PD effects of evinacumab 
administered IV and SC.  The study consisted of a screening period, a baseline visit, and a 
treatment and follow-up period. A total of 5 SC dose cohorts and 1 IV dose cohort participated as 
the following:

 Cohort 1: 150 mg SC QW x 8 doses
 Cohort 2: 300 mg SC Q2W x 4 doses
 Cohort 3: 300 mg SC QW x 8 doses
 Cohort 4: 450 mg SC Q2W x 4 doses
 Cohort 5: 450 mg SC QW x 8 doses
 Cohort 6: 20 mg/kg IV Q4W × 2 doses

Within each cohort, 8 subjects were randomized at a ratio of 6:2 (evinacumab: placebo).

The elimination profiles exhibited nonlinear PK, consistent with target-mediated drug 
elimination.  Following the first SC administrations, the maximum serum total evinacumab 
concentrations (Cmax) were observed generally 3 to 7 days postdose (tmax).  For both QW and 
Q2W SC cohorts, trough concentrations increased consistently up to Day 57 (end of treatment), 
suggesting that steady-state concentrations were not achieved by Week 8 of treatment (Figure 8). 
Following administration of 20 mg/kg Q4W IV, the accumulation ratio was 1.44 (mean 
concentration at Day 36  that at Day 8 = 378 mg/L  262 mg/L). 
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Baseline total ANGPTL3 concentrations were similar across dose cohorts with the mean ranging 
from 0.0844 to 0.112 mg/L.  Following evinacumab administration, a dose-dependent increase in 
total ANGPTL3 from baseline was observed in all cohorts, suggesting target binding.  The 
maximal concentration of total ANGPTL3, about 0.6 mg/L, occurred on Day 29, following the 
second IV dose at 20 mg/kg.  The changes of total ANGPTL3, in general, paralleled the changes 
in evinacumab concentrations postdose.  Similar peak concentrations of total ANGPTL3 were 
reached at 450 mg SC QW and 20 mg/kg IV after repeated administration (Figure 8), despite 
large differences in evinacumab concentrations, suggesting systemic concentrations of 
evinacumab following both regimens were sufficient to achieve maximal target engagement.  No 
subjects had treatment-emergent ADA responses in this study.

Examining the total serum evinacumab concentrations and the % percent reduction from baseline 
in triglyceride (TG) over time (Figure 8) showed that the triglyceride reduction occurred rapidly 
following drug administration with the nadir in TG reduction generally occurring in concert with 
the Cmax of evinacumab.  An indirect pharmacokinetic-pharmacodynamic response relationship 
may describe the effect of evinacumab concentration on LDL-C reduction.  LDL-C reduction 
generally lagged behind the rise of drug concentration, with about 7-day delay between the Cmax 
of evinacumab and maximal LDL-C reduction. The 20 mg/kg Q4W IV dosing regimen showed 
maximal LDL-C reduction of > 40% on Day 35, 7 days after the second dose.
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Figure 7. Mean concentrations of total evinacumab and total ANGPTL3 and percent (%) change 
in LDL-C and TG from baseline vs. nominal sampling day by treatment group for Study 1321

Source: Module 2.7.2’s Figure 5

Study 1642 was a randomized, double-blind, placebo-controlled study, conducted in a total of 96 
healthy Caucasian and Japanese subjects with elevated LDL-C (≥ 100 mg/dL but < 160 mg/dL) 
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with or without elevations in TGs (≥ 150 mg/dL, but < 500 mg/dL), evaluating the safety, 
tolerability, PK, and PD of IV and SC administered evinacumab.

The study consisted of a screening, treatment, and follow-up period.  Cohorts 1 through 4 each 
enrolled 24 subjects (12 Japanese and 12 Caucasian), who were group matched to a target of an 
average age of ±10 years and an average body weight of ±20%.  Within each ethnic group in 
each cohort, subjects were randomized to receive evinacumab or placebo in a 3:1 ratio (9 active: 
3 placebo). All subjects were included in the PK analysis set.

The concentration-time profiles and PK parameters of evinacumab were comparable between 
Japanese subjects and Caucasian subjects, with geometric mean ratios of AUCtau and Cmax 
between 0.8 to 1.2.

The baseline ANGPTL3 concentrations were comparable across dose cohorts and both ethnic 
groups. The concentration-time profiles of total ANGPTL3 were overall comparable between 
Japanese and Caucasian subjects in each dose cohort.

No subjects had treatment-emergent ADA responses in this study.

4.3 Population PK Analyses
Summary of Applicant’s Population PK Analyses

The population PK (PPK) analyses (Report No. R1500-PK-19139-SR-01V1) were performed 
based on the pooled data of a total of 278 subjects (183 healthy subjects and 95 patients with 
homozygous familial hypercholesterolemia [HoFH]) from 6 studies (Table 1). The summary of 
baseline characteristics of the PPK population are presented in Table 2.

The base PK model for evinacumab was determined to be a two-compartment model with 
parallel linear and Michaelis-Menten elimination (Figure 4). Residual variability was modeled by 
a combined additive and proportional model. For the parameter estimates and basic goodness of 
fit plots, refer to Applicant’s PPK report Table 2, and Figure 5 on page 46-48). Forward addition 
was done by adding each covariate of interest and selecting the covariate that resulted in the 
largest decrease in -2LL. Subsequent rounds of forward addition added each of the remaining 
covariates of interest until none were statistically significant (at p<0.05) or the model became 
numerically unstable. Covariates tested include body weight, disease (HoFH vs healthy subjects), 
baseline LDL, baseline triglycerides, race, age, sex, baseline AngPTL3, baseline albumin, 
concomitant Anti-PCSK9. ADA was not evaluated, as no patients were reported to be ADA 
positive.

The final PPK model (run 164) describes the concentrations of evinacumab with a two-
compartment model with linear and saturable nonlinear (Michaelis-Menten clearance) 
elimination. The parameter estimates for the final model which were estimated in NONMEM by 
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IMPMAP are presented in Table 3. The final PPK model included the statistically and clinically 
significant covariates as following: 

 weight on linear clearance (a power model with exponent fixed to 0.75)
 weight on central volume (a power model with estimate of 0.875)
 disease on Vmax (HoFH subjects have 25% lower Vmax than healthy subjects)
 ANGPTL3 concentration on Vmax (increases in ANGPTL3 concentrations predicted a 

higher Vmax)
The Km for the saturable clearance of evinacumab was estimated to be 1.02 mg/L, well below 
the median concentration observed (88 mg/L). In the range of concentrations seen with the 
proposed dosing regimen, the Vmax for the saturable clearance was estimated to be 3.12 mg/day. 
The doses studied in HoFH subjects ranged from 150 mg to 450 mg every 2 to 4 (or even 12) 
weeks, for a daily dose of 10-20 mg/day. Thus, the saturable pathway is important in elimination 
at clinical doses, but the linear pathway is typically responsible for most of the elimination, 
which eliminates approximately 8.4 mg/day (Clearance = 0.095 L/day, median concentration of 
88 mg/L). 

ETA shrinkage was 20% for linear clearance and 14% for central volume, and the final model 
condition number was 431. Residual variability was added using a combined (additive and log 
normal) error model. Interindividual variabilities for linear clearance and volume of distribution 
were 36% and 21%, respectively. Basic goodness of fit plots for the final model are shown in 
Figure 1.

The post-hoc estimates of individual evinacumab exposure at steady-state were simulated using 
the final PPK model are summarized in Table 4. For the patients who were in study R1500-CL-
1331 and R1500-CL-1719 and have been assigned different IDs, only the estimated from R1500-
CL-1719 were used, therefore, post-hoc prediction was performed for 95 patients. In the post hoc 
prediction performed in subgroups of renal functions in HoFH patients (N=95), a similar linear 
clearance as well as exposures were observed among groups. 

Table 1. Studies included in PPK and population PK-PD analysis

Study No./Study Design Study Population/Analysis
Sets

Treatment

R1500-HV-1214
Phase 1 SAD study

Group A: healthy adults with 
moderate elevations in TGs (≥ 
150 mg/dL but ≤ 450 mg/dL) 
and/or
LDL-C (≥ 100 mg/dL)
Group B: adults with TGs ≥ 450 
mg/dL. 
Group C: adults with TGs > 
1000 mg/dL who are on LLTs.

Group A (N=62): 
75 mg SC, 150 mg SC, 250 mg SC
5 mg/kg IV, 10 mg/kg IV, 20 mg/kg IV 
Group B (N=5)
10 mg/kg IV 
Group C (N=6)
250 mg SC, 20 mg/kg IV 

R1500-CL-1321
Phase 1 MAD study

Otherwise healthy adults with 
moderate elevations in TGs
(150 to 500 mg/dL) and LDL-C
(≥ 100 mg/dL)

Cohort 1: 150 mg SC QW x 8 doses
Cohort 2: 300 mg SC Q2W x 4 doses
Cohort 3: 300 mg SC QW x 8 doses
Cohort 4: 450 mg SC Q2W x 4 doses
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Cohort 5: 450 mg SC QW x 8 doses
Cohort 6: 20 mg/kg IV Q4W x 2 doses
(N=38)

R1500-CL-1642
Phase 1 in healthy
Japanese and Caucasian
subjects

Otherwise healthy adult 
Caucasian and first-generation 
Japanese subjects with modest 
elevations in LDL-C (≥ 100 
mg/kg but < 160 mg/dL) and 
possibly modest elevations in 
TGs (≥ 150 mg/dL but < 500 
mg/dL)

Cohort 1: 300 mg SC x 1 dose
Cohort 2: 5 mg/kg IV Q4W x 2 doses
Cohort 3: 15 mg/kg IV Q4W x 2 doses
Cohort 4: 300 mg SC QW x 8 doses
(N=72)

R1500-CL-1331*
Phase 2 proof-of-concept
study 

Dense sampling for PK

Patients with HoFH who are not 
currently undergoing LDL
apheresis therapy

Main study period
Day 1: 250 mg SC x 1 dose
Day 15: 15 mg/kg IV x 1 dose
Day 85: 450 mg SC QW x 4 doses

Open label extension (N=9)
Week 26: 300 mg SC QW x 4 doses
Week 38: 20 mg/kg IV x 1 dose
Week 58: 20 mg/kg IV Q12W

R1500-CL-1629*
Phase 3, randomized,
24-week, double-blind,
placebo-controlled study
with a 24-week open-label
extension period

Patients with HoFH 15 mg/kg IV Q4W
(N=38)

R1500-CL-1719*
Phase 3 open-label safety
and efficacy study

Patients with HoFH. (including 
patients from study R1500-CL-
1331 and study R1500-CL-1629, 
and evinacumab naïve patients)

15 mg/kg IV Q4W 
(N=64)

*The subjects in these studies are included in Population PKPD analysis. 
Source: Adapted from Appendix Table 1, Applicant’s PPK report, page 76-78.

Table 2. Relevant Baseline Characteristics of PPK dataset
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Source: Table i, and Table ii from Applicant’s study synopsis for PPK analysis, page 4. 
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Table 3. Parameter Estimates for Final PPK Model

Source: Table 3 from Applicant PPK report, page 55.
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Figure 1. Goodness of Fit Plots for Final PPK Model 

Source: Figure 10 from Applicant’s PPK report, page 56.
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Table 4. Mean (SD) of Individual Post-hoc Estimates of Exposure at Steady-State (AUCtau, 
Cmax, and Ctrough), Categorized by Covariates

Source: Table C, Applicant’s PPK report, page 15.

Source: Table D, Applicant’s PPK report, page 19.

Reviewer’s Assessments on PPK analyses

The applicant’s final model adequately described the observed evinacumab PK data and is 
acceptable to be used to derive individual PK parameters and exposure metrics and to estimate 
the concentrations to be used in the PK-PD analysis. Details of the key elements assessed by 
Pharmacometrics Reviewer are the following:

 The parameters were estimated with reasonable precisions (RSE < 15%) except for 
disease covariate effect on Vmax. The GOF plots stratified by study did not show 
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obvious bias. Individual predicted concentration-time profiles (Appendix Figure 27 in 
Applicant’s PPK report, page 250-255) reasonably agree with the observed data. The 
VPC plots stratified by the studies (Figure 12 in Applicant’s PPK report, page 58) 
showed that the model adequately captures and predicts the single dose PK for Study 
1214 (SAD study) and the first dose PK for Study 1331 where intense pk samples were 
collected. In the VPC plots (Figures 13, and 14 in Applicant’s PPK report, page 58-61) 
stratified by route of administration, disease state, the simulated concentrations are well 
in line with the observed concentrations. 

 Body weight effect was incorporated by allometric scaling with fixed exponent of 0.75 
and there is no notable bias in GOF plots by weight categories and the distribution of 
ETA for linear CL (Figure 2a). 
 
Figure 2a. The relationship between Eta for CL and Vc

Source: Reviewer’s plot based on the sponsor’s final model fit.

 In the applicant’s PPK model, IIV was not estimated on the nonlinear elimination. This is 
reasonable as the observed PK data and PPK analyses suggest that a linear clearance is 
dominant in the total clearance at the exposure range following the proposed dosing 
regimen. Therefore, the variability in the total clearance is likely to be captured by the 
variability in the linear component of clearance. 

 The applicant’s PPK model utilized Michaelis-Menten kinetics to incorporate nonlinear 
clearance from the central compartment as Eq. 2 in the table below. With this model, the 
unit for Vmax should be mg/L/day instead of mg/day presented in Table 3 and the unit 
should be taken into consideration in interpreting Vmax. The reviewer conducted a 
sensitivity analysis using Eq.1, which incorporated the Michaelis-Menten elimination as 
the pseudo, first-order rate constant. Most estimates are similar between the reviewer’s 
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sensitivity model and applicant’s model except for linear CL, Vmax, Km, and disease 
effect on Vmax. The Km which represents the concentration at the half of the maximal 
velocity is still well below the observed concentrations. The predicted concentrations 
(IPRED and PRED) between these two models were very similar. Therefore, the reviewer 
determined that the way Michaelis Menten kinetics was incorporated is not likely to 
affect the estimates of exposure metrics (Ctrough, Cmax, or AUC) at the proposed dosing 
regimen. 

Description Reviewer’s sensitivity model
 

Applicant’s final model
 

Differential 
equation for 
Central 
compartment

Equation 1. 
𝑑𝐴(2)

𝑑𝑡 = 𝑘𝑎 ∗ 𝐴(2) ―𝑘 ∗ 𝐴(2) ― 𝑘23 ∗ 𝐴(2)

 + 𝑘32 ∗ 𝐴(3) ― 
𝑽𝒎𝒂𝒙

𝑽𝟐 ∗ (𝑲𝒎 +
𝑨(𝟐)
𝑽𝟐 ) ∗ 𝐴(2)

Equation 2. 
𝑑𝐴(2)

𝑑𝑡 = 𝑘𝑎 ∗ 𝐴(2) ― 𝑘 ∗ 𝐴(2) ― 𝑘23 ∗ 𝐴(2) + 𝑘32 ∗  

Parameters Estimates RSE (%) IIV (%CV) Estimates RSE (%) IIV (%CV)
CL (L/HR) 0.132 3.30% 65.5 0.0995 2.80% 35.60
V (L) 2.53 2.70% 18.8 2.56 1.90% 20.80
KA (1/HR) 0.202 10% 97.1 0.194 6.10% 68
F 0.718 3.40% 0.739 1.70%
K23 (1/HR) 0.148 14.70% 0.132 7.80%
K32 (1/HR) 0.188 13.30% 0.147 7.70%
VMAX 6.75 8.70% 3.21 2.50%
KM 0.699 59.70% 0.973 11.80%
PROPERROR 0.298 14.20% 0.324 5.30%
ADDTIVE ERR 0.188 2.60% 0.189 1.70%
ALAG1 (HR) 0.167 9.80% 114 0.171 9.90% 108.60
WT ON 
VOLUME

0.754 10.20% 0.877 6.40%

ANGBL ON 
Vmax

0.34 30% 0.473 7.80%

DISEASE ON 
VMAX

-0.678 14.90% -0.341 8.90%

WT on VMAX 0* Fix 0* Fix
WT ON CL 0.75 Fix 0.75 Fix

 The covariate modeling and the post hoc exposure estimates suggest there are no 
clinically meaningful differences in exposure based on the covariates listed in Table 4. 
The disease status (HoFH vs. HV) and AngPTL3 on Vmax were identified as significant 
covariates on evinacumab PK. The magnitude of effects on evinacumab exposure (AUC 
and Cmin) is small. While the body weight is the most influential covariate on 
evinacumab PK, the proposed weight-based dosing reduced the variability in exposure. 
There is a slight trend of lower body weight and lower exposure, which is expected as the 
CL changes in lesser magnitude with body weight (exponent of 0.75) than the change in 
total dose (linear). The potential impact on response (LDL lowering) was further assessed 
in Section 4.4
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Baseline ANGPTL3 and body weight were significant covariates.  The applicant generated the 
tornado plots to illustrate the range of effect of the identified covariate on evinacumab exposure 
(Figure 2b).  Extreme cases with highest and lowest observed value in the study population were 
generated, the ratio of the exposures was calculated by comparing to a reference subject (HoFH 
patient, median weight of 74.1 kg, median baseline ANGPTL3 value of 0.08 mg/L from the 
whole population pharmacokinetic dataset).  

The predicted exposure at steady-state for patients with extreme values of baseline ANGPTL3 or 
body weight did not deviate from a typical patient by more than 30%.  Moreover, compared to 
the between subject variability (BSV) of the exposures, the magnitude of covariate effect is not 
pronounced and is not expected to be clinically significant.

Figure 2b. Effect of statistically significant covariates on steady-state evinacumab exposure- 
AUCtau, Cmax and Cmin

Source: Modified from Module 5.3.3.5 R1500-PK-19139-SR-01V1 Figure D

Lipid apheresis: During the double-blind phase in the pivotal Phase 3 study (R1500-CL-1629), the 
mean (SD) for the pre-dose evinacumab concentrations at week 24 was 258 mg/L for non-
apheresis patients and the mean post-apheresis concentrations at week 24 was 144 mg/L for the 
patients with apheresis. The descriptive plot (Figure 4, Appendix 4.3) for the observed pre-dose 
concentrations and % change from baseline in LDL-C at week 24  did not show any trend between 
the pre-dose (pre-apheresis concentrations for apheresis patients) and LDL-C lowering. 
Evinacumab can be administered without regard to lipoprotein apheresis. 

4.4 Exposure-Response Analyses

Summary of Applicant’s PK-PD analyses 

The applicant performed a population PK-PD (Report No. R1500-PK-19141-SR-01V1) analysis 
of evinacumab in HoFH patients: 1) to explore the potential relationships between evinacumab 
concentrations and low-density lipoprotein cholesterol (LDL-C) reduction and 2) to estimate the 
population and individual PD parameters and to explore and characterize clinically relevant 
covariates to explain potential variability in the PD parameters. 
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The popPK-PD model development was performed using a two-step sequential procedure, based 
on predicted PK data and observed PD data from one phase 2 and two phase 3 studies, conducted 
in 95 HoFH patients. The studies included in popPK-PD analysis are presented in Table 1. The 
summary of baseline characteristics of the popPK-PD dataset is presented in Table 5. Individual 
PK parameters from the final PPK model were used to calculate the evinacumab concentrations 
matching to the time points needed for the development of the popPK-PD model. Then, the 
popPK-PD relationship was analyzed with the predicted PK data and observed PD data with an 
indirect turnover model to link the effect of evinacumab concentration with LDL-C 
concentration, via the inhibition of production of response (LDL-C production) as shown in the 
diagram below. 

Source: Figure 1 from Applicant PKPD report, page 21.

The final model describes LDL-C with a zero-order rate constant for production of LDL-C (Kin), 
the maximum drug-induced inhibitory effect (Imax), and the evinacumab concentration inducing 
50% of Imax (IC50). Covariates in the final model include body weight, and race (white vs. 
nonwhite) on Imax, baseline LDL-D on IC50. The final model parameters and their relationship 
to covariates are presented in Table 6. The standard GOF plots are presented in Figure 3.

The effects of covariates on population PD parameters are summarized in Table 7. Patients with 
a higher baseline LDL-C concentration and associated smaller IC50 appear to be more sensitive 
to treatment. Patients who are white and/or have a lower baseline weight were associated with 
increased potential maximum effect (Imax). 
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Table 5. Demographics and Baseline Characteristics for popPK-PD dataset
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Source: Table 4, Applicant’s PK-PD report, page 26.

Table 6. Population PD parameters and Bootstrap Confidence Intervals for Final Model

Source: Table 10, Applicant PKPD report, page 36.
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Figure 3. GOF plots for Final PK-PD model 

Source: Figures 16 (top left), 15 (top right), 10 (bottom left), and 12 (bottom right) from Applicant PKPD 
report, page 38-41.

Table 7. Effect of Covariates on PD parameters
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Source: Table 11 and Table 12 from Applicant PKPD report, page 37.

Table 8. Summary of Individual Post-Hoc Estimates of LDL-C Concentration Endpoints at 
24 Weeks Categorized by Covariates

Source: Table 14. Applicant’s PKPD report, page 45. 

Reviewer’s Assessments on Exposure-Response Analyses
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The applicant’s final model reasonably described the observed LDL-C data. The parameters for 
the PK-PD model were estimated with reasonable precisions (RSE < 25%) for fixed effect 
parameters. The GOF plots stratified by study did not show any obvious trend or bias (Figures 
11, and 14 in Applicant’s PK-PD report, page 38-39). The reviewer further examined individual 
LDL-C - time profiles and confirmed the predicted time course of LDL-C values are generally in 
line with the observed data. In the VPC plots (Figures 17, and 18 in Applicant’s PK-PD report, 
page 42), the simulated LDL-C concentrations agree with the observed data. 

The PKPD model suggests that evinacumab exposure-response relationship showed that the 
proposed dosing regimen are not expected to impact LDL-C lowering at the proposed dosing 
regimen. During the double-blind phase in the pivotal Phase 3 study (R1500-CL-1629), the mean 
(SD) for the pre-dose evinacumab concentrations at week 24 was 258 mg/L for non-apheresis 
patients and the mean post-apheresis concentrations at week 24 was 144 mg/L for the patients 
with apheresis. These pre-dose levels are well above the IC50 of 57.4 mg/L estimated by the 
applicant’s PKPD model. The descriptive plot (Figure 4) for the observed pre-dose 
concentrations and % change from baseline in LDL-C at week 24 also did not show any trend 
between the pre-dose (pre-apheresis concentrations for apheresis patients) and LDL-C lowering. 

Figure 4. Observed Evinacumab Pre-dose concentration and %CFB in LDL-C at Week 24

Source: Reviewer’s plot based on adpcef.xpt. Pre-apheresis concentrations were used for the patients with 
apheresis. 

Using the PKPD model, the applicant performed exploratory simulations to predict the LDL-C 
response for two dosing regimens; a low dose (5 mg/kg Q4W) and a high dose (20 mg/kg Q4W). 
At the dosing regimen of 5 mg/kg Q4W, which is one third of the proposed dose (15 mg/kg 
Q4W), the evinacumab concentrations are likely to be close to or at the sigmoidal slope (IC50 of 
57.4 mg/L estimated by the PKPD model), hence the reduced LDL-C response is expected. The 

Reference ID: 4711454



40

reviewer noted an uncertainty in the prediction of LDL-C response for the  exposure range 
following 20 mg/kg Q4W as the model was developed based on the data where most subjects 
received 15 mg/kg Q4W (Table 1). Though there were 9 subjects from Study 1331 who received 
20 mg/kg, the dosing interval was long (12 weeks). Therefore, the PKPD model may not fully 
capture the E-R relationship at the steady-state exposures of higher dose levels (i.e., 20 mg/kg 
Q4W) than the studied dose regimen 15 mg/kg Q4W. 

The PPK analysis (Section 4.3) estimated a lower exposure in patients with lower body weight. 
This trend is also observed in the descriptive summary plot of observed pre-dose concentrations 
(pre-apheresis concentrations for apheresis patients) over time (Figure 5, left). While the patients 
with lower body weight (42 kg to < 60 kg) had overall lower pre-dose concentrations throughout 
the treatment period of 24 weeks, a greater reduction in LDL-C levels were observed in this 
weight group (Figure 5, right), which is consistent with the findings of the applicant’s PKPD. 
Based on the PPK, PKPD analysis, and observed trend, the lower exposures in patients with 
lower body weight is not likely to impact the LDL-C lowering. 

Figure 5. Observed Means (SE) of Pre-dose Concentrations and % Change from Baseline 
in LDL-C by Body Weight Groups

Source: Reviewer’s plot generated using adpcef.xpt.

4.5 Genomics and Targeted Therapy Review
EXECUTIVE SUMMARY
On March 28, 2020, FDA received a Biologics License Application (BLA 761181) for 
evinacumab. Evinacumab is a recombinant human monoclonal antibody, which binds to and 
inhibits angiopoietin-like protein 3 (ANGPTL3). ANGPTL3 is expressed primarily in the liver and 
plays a prominent role in the regulation of lipid metabolism by inhibiting lipoprotein lipase (LPL) 
and endothelial lipase (EL). The proposed indication is as an adjunct to diet and other low-density 
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lipoprotein-cholesterol (LDL-C) lowering therapies for the treatment of adult and adolescent 
patients aged 12 years and older with homozygous familial hypercholesterolemia (HoFH) who 
require additional lowering of LDL-C.
HoFH is a rare and serious genetic condition resulting in severely elevated LDL-C and accelerated 
cardiovascular disease. The severity and clinical prognosis of the HoFH phenotype depends on 
residual LDL receptor activity (PMID: 25053660). HoFH is primarily caused by mutations in the 
low-density lipoprotein receptor (LDLR) gene, and less frequently by mutations in the proprotein 
convertase subtilisin/kexin type 9 (PCSK9), apolipoprotein B (APOB), and LDL receptor adaptor 
protein 1 (LDLRAP1) genes.
The Office of Clinical Pharmacology/Division of Translational and Precision Medicine 
(OCP/DTPM) has reviewed the applicant’s proposed classification of the LDLR mutations. The 
applied categorization in the submitted clinical studies varies from conventionally used 
classification (PMID: 25053660). However, evinacumab mechanism of action is independent of 
the LDLR status and the applicant’s proposed mutation classification should not affect study 
results of LDL-C reduction. 

1 BACKGROUND
HoFH is a rare life-threatening condition characterized by markedly elevated circulating levels of 
LDL-C affecting approximately 1 in 300,000 persons (PMID: 32813947). 
HoFH as a heterogeneous disease is mainly caused by mutations in LDLR (>95%) gene, 
followed by mutations in APOB (2-5%), PCSK9 (<1%), and LDLRAP1 (<1%) genes. 
Evinacumab is a recombinant human monoclonal antibody, which binds to and inhibits 
ANGPTL3. ANGPTL3 is a member of the angiopoietin-like protein (ANGPTL) family that is 
expressed primarily in the liver and plays a prominent role in the regulation of lipid metabolism. 
According to the applicant, evinacumab inhibition of ANGPTL3 leads to reduction in LDL-C 
levels by promoting upstream VLDL processing and clearance upstream of LDL-C and is 
independent of the presence of the LDL receptor. 

2 SUBMISSION CONTENTS RELATED TO GENOMICS
The pivotal study R1500-CL-1629 (ELIPSE [Evinacumab LIPid StudiES]-HoFH, DBTP) within 
this BLA is a phase 3, randomized, double-blind, placebo-controlled, parallel-group study to 
evaluate the efficacy and safety of evinacumab in patients with HoFH.

3 REVIEW OF EVIDENCE RELATED TO GENOMICS3.1 Study R1500-CL-1629
The pivotal study R1500-CL-1629 was a phase 3, randomized, double-blind, placebo-controlled, 
parallel-group study to evaluate the efficacy and safety of evinacumab in patients with HoFH. The 
study population consisted of male and female patients (≥12 years of age) with HoFH, who were 
diagnosed by either genetic or clinical criteria. Genetic criteria utilized for study enrollment were 
specified as:
1. Documented functional mutation or mutations in both LDLR alleles

 Note: patients who had null receptor mutations on both LDLR alleles, i.e., double null, were 
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eligible, or
2. Documented homozygous or compound heterozygous mutations in APOB or PCSK9

 Note: patients who are double heterozygous, i.e., mutations on different genes (e.g., 
LDLR/PCSK9) and patients with homozygous LDLRAP1 mutations were eligible.

Forty-four enrolled patients (67.7%) were diagnosed by genotyping and 21 patients (32.3%) by 
clinical criteria. All patients in the study were genotyped to identify or confirm known mutation(s) 
in the LDLR, APOB, PCSK9 and/or LDLRAP1 genes (Table 10).
Mutations in LDLR were classified into the following subtypes:
1. “Null/null” where little to no LDL binding and uptake activity exists (<15% LDLR activity), 
2. Genotypically “negative/negative” where mutations in stop codons, frame shifts, splice site 
changes, small and large insertions/deletions, and copy number variations (CNVs) result in the loss-
of-function (LoF) of both LDLR alleles, or
3. Genotypically "defective" where missense mutations (hypomorphs) result in diminished LDLR 
activity (>15% LDLR activity).

Source: Study Report, R1500-CL-1629, page 35
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Reviewer’s comments: The applicant’s proposed mutation classification in the LDLR gene 
is different than the classification described in the guidance for clinical management and 
diagnosis of HoFH (PMID: 25053660). Based on the guidance, patients with clinically 
defined HoFH have been conventionally classified as either receptor negative (<2% 
residual activity) or receptor defective (2-25% residual activity). However, the applicant’s 
proposed mutation classification should not affect study results of LDL-C reduction, since 
evinacumab mechanism of action is independent of presence and activity of LDLR.

The efficacy endpoint, reduction in the least squares (LS) means calculated LDL-C from baseline 
to week 24, were compared for every HoFH genotype group (Table 14). According to the applicant, 
all HoFH genotype groups, besides double heterozygous and other, had greater LDL-C reductions 
in the evinacumab treatment group compared with the placebo treatment group and treatment with 
evinacumab resulted in a similar degree of reduction in LS mean calculated LDL-C from baseline 
at week 24 regardless of the patient’s mutations.
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Source: Study Report, R1500-CL-1629, page 42

Reviewer’s comments: Patients who were categorized as double heterozygous and other, 
didn’t reach a significant percent change from baseline in calculated LDL-C at week 24, 
however, LDL-C values in both categories were trending towards LDL-C reduction. Data 
for double heterozygous and other categories are challenging to interpret due to low 
numbers of enrolled patients. Nevertheless, based on mechanism of action of evinacumab, 
which is independent of presence and activity of LDLR, it is reasonable to assume for all 
HoFH genotype groups to derive a similar efficacy effect.  

4 SUMMARY AND CONCLUSIONS
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HoFH is a rare and serious genetic condition resulting in severely elevated LDL-C and accelerated 
cardiovascular disease. HoFH is primarily caused by mutations in the LDLR gene, and less 
frequently by mutations in the PCSK9, APOB, and LDLRAP1 genes.
Evinacumab is a recombinant human monoclonal antibody, which binds to and inhibits 
ANGPTL3. According to the applicant, evinacumab inhibition of ANGPTL3 leads to reduction 
in LDL-C levels which is independent of presence or activity of the LDL receptor. 
The applicant’s proposed LDLR mutation classification differs from the conventionally used 
classification (PMID: 25053660). However, evinacumab mechanism of action is independent of 
the LDLR status and it is reasonable to assume that the provided mutation subgroup analysis is 
not affected by the proposed mutation classification.
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