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1 Executive Summary

1.1 Introduction
Regeneron seeks to market Evkeeza® (evinacumab solution for intravenous infusion) as an 
adjunct to diet and other lipid lowering therapies for the treatment of adult and adolescent patients 
ages 12 years and older with homozygous familial hypercholesterolemia (HoFH). Evinacumab 
was granted Orphan Drug and Breakthrough Therapy designations for the treatment of HoFH. 
This BLA was submitted as rolling submissions with Priority Review status.

Evinacumab is a first-in-class recombinant human IgG4 monoclonal antibody that specifically 
binds to the N-terminal coiled-coil domain of angiopoietin-like 3 (ANGPTL3) and prevents it from 
inhibiting the activity of lipoprotein lipase (LPL) and endothelial lipase (EL). Evinacumab blockade 
of ANGPTL3 results in lower circulating levels of low-density lipoprotein cholesterol (LDL-C), 
triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C), consistent with the phenotype 
observed in humans with ANGPTL3 loss-of-function (LOF) mutations. The mechanism by which 
inhibiting ANGPTL3 results in lower LDL-C appear to occur independently of LDL receptor (LDLR) 
status through EL-mediated acceleration of very low-density lipoprotein (VLDL) particle 
processing and clearance upstream of LDL formation, suggesting evinacumab might be beneficial 
in reducing LDL-C levels in HoFH patients lacking functional LDLR.

1.2 Brief Discussion of Nonclinical Findings
The nonclinical program of evinacumab was conducted consistent with recommendations 
outlined in ICH S6(R1) to support its development for chronic clinical use. The pivotal general 
toxicology, reproductive, and juvenile animal toxicity studies were conducted with subcutaneous 
(SC) administration of evinacumab. Nevertheless, most studies included separate dose groups 
treated with a high dose of evinacumab with administration via intravenous (IV) injection, which 
is consistent with the proposed clinical route of IV infusion. The toxicology profile of evinacumab 
was evaluated in rats, monkeys and rabbits, which are pharmacologically relevant nonclinical 
species based on high evinacumab binding affinity and functional activity demonstrated at 
ANGPTL3 as well as apparent reductions in cholesterol and other lipid parameters in these 
species.

Activity supporting mechanism of action and proposed indication
In vitro, evinacumab binds the N-terminal domain of ANGPTL3 proteins containing LPL binding 
regions from humans, mice, rats, and monkeys with high affinity (sub to low-nanomolar KD values 
ranging from 0.3 to 1.3 nM). In cell-free functional assays, evinacumab blocked ANGPTL3-
mediated inhibition of LPL (IC50 of 5.4 to 105.5 nM) and EL (IC50 of 30 to 96 nM) from humans, 
mice, rats, and monkeys. ANGPTL3, ANGPTL4, and ANGPTL8 (members of the “3-4-8 triad”) 
are known for their crucial role as negative regulators of LPL activity. Evinacumab did not show 
cross-activity with other human ANGPTL family members (e.g., ANGPTL4 and ANGPTL5). 
Binding to ANGPTL8 is not expected based on low (~19%) amino acid sequence similarity 
between human ANGPTL3 and ANGPTL8.

Evidence of pharmacodynamic activity of evinacumab was established following single and 
multiple dose (8 week) SC administration in normolipidemic (C57BL/6) and multiple 
hyperlipidemic (ApoE-/-, Ldlr-/-, db/db and high-fat diet fed) mouse models based on reductions in 
circulating TG (40 to 72%), LDL-C (up to 49%), TC (up to 35%), and HDL-C (up to 19%) levels. 
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While the pathways contributing to TG and HDL-C reduction with ANGPTL3 inactivation are well 
characterized, the exact mechanism responsible for evinacumab-mediated LDL-C lowering is less 
clear. The Applicant conducted a series of in vivo mechanistic studies to explore the potential 
mechanisms for how blockade of ANGPTL3 reduces LDL-C levels. In these studies, evinacumab 
consistently reduced plasma LDL-C and all other lipid fractions (TG, TC, LDL-C and HDL-C) in 
the absence of LDLR (Ldlr-/- mice), with the most profound changes observed in VLDL-C. On the 
other hand, the cholesterol-lowering effect of evinacumab was abrogated in mice deficient in 
LDLR and EL (double knock-out Ldlr-/-/Lipg-/- mice), suggesting EL is necessary for evinacumab’s 
LDLR-independent lowering of LDL-C. In ApoE-/- mice (a model with decreased clearance of 
remnant lipoproteins), treatment with evinacumab accelerated the clearance of VLDL-C without 
impacting LDL-C. Taken together, the data demonstrate that inhibition of ANGPTL3 increases 
EL-mediated VLDL processing and clearance and that this pathway operates independently of 
LDLR.

Secondary (Off-Target) Pharmacology 
Evinacumab did not demonstrate any potential to induce Fc-mediated effector functions, including 
antibody-dependent cell-mediated cytotoxicity (ADCC), complement-dependent cytotoxicity 
(CDC) or circulating immune complex (CIC) complement fixation. 

Pharmacokinetics 
In general, intravenous pharmacokinetic studies of evinacumab in rats and monkeys 
demonstrated that evinacumab possesses nonlinear kinetics (greater than dose-proportional 
increase in exposure) due to target-mediated clearance at lower concentrations and linear (dose-
proportional) kinetics at higher concentrations. The elimination half-life was shorter in rats (4 to 6 
days) compared to monkeys (6 to 10 days) and humans (approximately 25 days).  The volume of 
distribution for evinacuamb was consistent with the plasma volume. In accordance with current 
guidance, tissue distribution, drug metabolism and excretion studies were not conducted with 
evinacumab, as it is a protein-based therapeutic expected to undergo degradation to non-
functional small peptides and individual amino acids.

Immunogenicity
Anti-drug antibody (ADA) responses were generally low in rats and monkeys, but evinacumab 
was highly immunogenic in rabbits. The presence of ADA did not affect the ability to characterize 
the pharmacokinetic or safety profiles of evinacumab in rats and monkeys as continuous exposure 
was maintained during the dosing periods in these species. In contrast, the presence of ADA 
correlated with lower evinacumab exposure in the majority of treated rabbits, suggesting ADA-
mediated acceleration of evinacumab clearance. Exposure to evinacumab was intermittent in 
pregnant rabbits administered lower SC doses of evinacumab (≤ 10 mg/kg/Q3D) by gestation day 
(GD) 22 and at all doses (≥ 1 mg/kg/Q3D) by GD 29, consistent with significant ADA responses 
in all dose groups. ADA-related decreased exposure was also observed in the serum from virtually 
all rabbit fetuses whose mothers received SC doses of evinacumab at 1 or 5 mg/kg/Q3D. In 
addition, the ADA responses appeared to contribute to premature deaths, and adverse clinical 
and pathological findings in paternal (male) rabbits treated with evinacumab. As evinacumab is a 
human antibody, the presence of ADA following evinacumab administration to rat, rabbit, and 
monkey is not unexpected and, moreover, not generally predictive of immunogenicity in humans. 
The absence of any apparent ADA response in the Applicant’s phase 3 clinical studies is noted. 

General Toxicology
Evinacumab was well-tolerated in repeat dose toxicology studies in rats and monkeys 
administered evinacumab weekly via IV and SC dosing for up to 13 and 26 weeks in duration, 
respectively. Evinacumab-related findings were generally consistent with the intended 
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pharmacology and included dose-dependent reductions in plasma TG, TC and HDL-C levels (up 
to 63, 47 and 57%, respectively) in monkeys and reduction in TG (up to 31%) in rats. LDL-C levels 
were unaffected in both species, which points to potential species-specific differences between 
humans and nonclinical species or may be the result of performing studies in normal healthy 
animals. No target organs of toxicity were identified with the administration of evinacumab in 
toxicology studies, suggestive of low clinical risk. The NOAELs for chronic administration of 
evinacumab in rats and monkeys were 100 mg/kg/week IV for both species, or ~1 and 4-fold, 
respectively, the maximum recommended human dose (MRHD) of 15 mg/kg IV every 4 weeks 
based on AUC)1 and 100 mg/kg/week in both species by the SC route (0.4 and 3-fold the MRHD 
in rats and monkeys, respectively, based on AUC). 

Reproductive toxicity
The reproductive toxicity of evinacumab was assessed using male and female fertility endpoints 
collected from the chronic 26-week monkey toxicity study, and by conducting combined female 
fertility/early embryonic/pre and postnatal development study in rats, embryofetal development 
studies in rats and rabbits, and a male fertility and paternally-mediated EFD study in male rabbits.

Evinacumab did not affect surrogate markers of male and female fertility (e.g., estrous cyclicity 
testicular volume, ejaculate volume, sperm motility, or total sperm count and histology of 
reproductive organs) in the 6-month chronic toxicology study in sexually-mature male and female 
monkeys administered up to 100 mg/kg/week IV (4-fold MRHD, based on AUC) and 
100 mg/kg/week SC (3-fold MRHD, based on AUC).

In rats, a combined female fertility and early embryonic development (to implantation) and pre 
and postnatal developmental study was conducted to assess the effects of evinacumab at doses 
of 30 and 100 mg/kg administered subcutaneously every three days (Q3D) to females from 2 
weeks premating through gestation day (GD) 21 or lactation day (LD) 21. No effects on female 
fertility (estrus cycle, mating and fertility indices) or early embryo-fetal development were 
observed based on cesarean section data on GD21. There were also no adverse effects noted 
on pre and postnatal development landmarks (growth, sexual maturation and neurobehavioral 
development) in the F1 generation of animals born to dams administered up to 100 mg/kg/Q3D. 
The expected evinacumab-related decreases in serum TG, HDL-C, LDL-C, and TC were noted 
in the treated females (F0) and F1 offspring at ≥ 30 mg/kg/Q3D and were considered non-adverse. 
Therefore, the NOAELs for maternal toxicity, female fertility, and pre and postnatal toxicity in rats 
are all considered to be 100 mg/kg/Q3D SC, the highest dose tested, yielding exposure less than 
the clinical exposure. 

An embryo-fetal development study in rats was conducted with SC administration of evinacumab 
at 5, 10, 30, or 100 mg/kg/every three days (Q3D) during the period of organogenesis from GD 6 
to GD 18. Unexplained maternal deaths occurred in two pregnant females on GD 18 and 19 at 
the 100 mg/kg/Q3D, therefore the NOAEL for maternal toxicity was conservatively set at 30 
mg/kg/Q3D (less than clinical exposures). Evinacumab crossed the placenta in rats, with mean 
fetal to maternal concentration ratios ranging from 0.42 to 0.65; fetal exposures were not 
associated with any adverse effects. Hence, the NOAEL for embryofetal developmental toxicity 
was 100 mg/kg/Q3D SC (less than clinical exposures).  

1Safety margins to human exposure were estimated using Cmax,ss = 689 mg/L and AUC0-24,ss= 10286 
mg.day/L plasma exposure in HoFH subjects at the proposed maximum recommended human dose 
(MRHD) of 15 mg/kg once every 4 weeks (Q4W).

Reference ID: 4743495



BLA 761181                                                                                    Lydia Haile, Ph.D.

8

In the pivotal embryofetal development study in rabbits, SC administration of evinacumab at 1, 5, 
10, 30 mg/kg/Q3D during the period of organogenesis from GD 7 to 19 resulted in dose-
dependent increases in the incidence of major fetal malformations, including internal 
hydrocephaly, characterized by domed heads with a correlative moderate or extreme dilation of 
the lateral and third ventricles of the brain at ≥ 10 mg/kg/Q3D and flexed hind/fore paws at 30 
mg/kg/Q3D. Notably, these particular findings occurred in the absence of maternal toxicity in a 
DRF rabbit study and occurred at doses resulting in less than clinical exposures. In the pivotal 
study, unlike in the DRF study at similar doses, maternal toxicities were observed that consisted 
of early deaths (with abortion and premature delivery as evidenced by red substance in the cages) 
at all doses, reduction in body weight gains (36 to 100%) and food consumption (11 to 37%) at ≥ 
5 mg/kg/Q3D (less than the clinical exposure). However, maternal toxicity did not account for the 
findings of brain and limb malformations, based on similar malformations noted in a prior rabbit 
pilot study in the absence of maternal toxicity. 

Additional adverse findings were observed only in the pivotal rabbit EFD study and are likely 
secondary to maternal toxicity and are not considered relate to evinacumab. These findings 
included those related to delayed ossification, such as enlarged anterior and/or posterior 
fontanelles, irregular/abnormal ossification of the skull, palate and metacarpals, which were 
observed at ≥ 5 mg/kg/Q3D. Other more severe findings included embryo-fetal deaths and post-
implantation losses at 1, 10 and 30 mg/kg/Q3D, increased total resorptions at ≥ 10 mg/kg/Q3D 
(due to higher early resorptions at ≥ 1 mg/kg/Q3D and late resorptions at 30 mg/kg/Q3D), as well 
as dose-dependent increases in mean percent dead/resorbed conceptuses at ≥ 10 mg/kg/Q3D. 
A lower number of viable fetuses was also noted at 30 mg/kg/Q3D. Fetal body weights were lower 
at ≥ 5 mg/kg/Q3D. Due to these findings, the NOAELs for maternal and embryo-fetal toxicity 
(considered related to maternal toxicity) were not determined. However, and more critically, the 
NOAEL for drug-related major fetal malformations as observed in the pilot study was 5 mg/kg/Q3D 
(less than the clinical exposure). 

Evinacumab was present in 38% of rabbit fetuses with fetal serum levels typically higher than the 
maternal concentration. The mechanism of evinacumab-mediated fetal malformations (domed 
head, brain ventricular dilation and flexed paws) is unclear, whereas the other adverse 
embryofetal outcomes (embryo-fetal lethalities, delays/abnormal ossification and low fetal 
weights) are consistent with effects owing to maternal toxicity. In general, dose groups with higher 
frequency of brain and limb malformations had lower incidences of ADA; however, the presence 
of excess drug exceeding the drug tolerance limit (DTL) of the ADA assay might have confounded 
measurement of the ADA response at higher dose levels.
 
Juvenile animal study
The available data from adult patients and the absence of any drug-related toxicities observed in 
healthy animals supports the use of evinacumab in the currently proposed patient population (≥ 
12 years). Based on the potential neurodevelopmental risk (domed head and internal 
hydrocephaly) identified with evinacumab in fetal rabbits exposed in utero, a juvenile animal study 
was requested to support including pre-adolescent patients < 12 years old in clinical studies.  In 
these studies, evinacumab treatment was initiated in juvenile rats and rabbits from postnatal day 
(PND) 21 (broadly approximating a 7 to 9-month old human, based on general species 
estimations of brain development) continuing through PND 84 in rats and PND 141 in rabbits.  
Exposure to evinacumab was well-tolerated in both juvenile rats up to 100 mg/kg/week SC or IV 
and in juvenile rabbits up to 300 mg/kg/Q5D IV. There were no adverse effects noted on growth, 
sexual maturation, or neurological and neurobehavioral development in either species. Based on 
the absence of toxicities at the highest dose administered, the NOAEL in juvenile rats is 
considered to be 100 mg/kg/week SC (similar to clinical exposure at the MRHD, based on AUC) 
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or 100 mg/kg/week IV (similar to clinical exposure, based on AUC) and 300 mg/kg/Q5D IV (5-fold 
the MRHD, based on AUC) in rabbits. 

Genotoxicity
Evinacumab is not expected to interact directly with DNA and mutagenicity studies are not 
appropriate for this reason. 

Carcinogenicity
The Applicant submitted a weight of evidence assessment to address the carcinogenic potential 
of evinacumab, which was based on information available from relevant literature and animal 
toxicology studies completed under the IND. No in vivo animal carcinogenicity studies were 
requested by the Division after consulting with CDER’s Executive Carcinogenicity Assessment 
Committee (April 18, 2017) and the sponsor’s carcinogenicity assessment is considered 
adequate.

1.3 Recommendations

1.3.1 Approvability
The nonclinical data support approval of evinacumab for the treatment of adult and adolescent 
patients aged 12 years and older with homozygous familial hypercholesterolemia (HoFH).

1.3.2 Additional Non-Clinical Recommendations
The reproductive risk with evinacumab based on major malformations observed in a rabbit 
embryofetal developmental toxicity study, which were observed absent confounding maternal 
toxicity, should be adequately addressed in product labeling.

1.3.3 Labeling
Comments on the Sponsor’s proposed text for sections of the label containing nonclinical 
information (Established Pharmacologic class, sections 5, 8 and 13) are provided below.

The established pharmacological class (EPC) of “ANGPTL3 (angiopoietin-like 3) inhibitor’’, is 
acceptable. 

The nonclinical review team, in consultation of internal reproductive toxicology expert Dr. Daniel 
Minck, along with DPMH and clinical review team, agreed that the observed rabbit embryo-fetal 
malformations (doomed head/internal hydrocephaly) represent a potential human risk considering 
the unknown mechanism, the severity of the findings, their occurrence at below clinical exposures, 
the similarity of findings with other known human teratogens, and the unlikely relationship to 
maternal toxicity. Therefore, inclusion of a statement pertaining to the risk for embryofetal toxicity 
in the Section 5 Warning and Precaution of the proposed product label appears warranted. 

The Pregnancy Section 8, both the Risk Summary and Data subsection were extensively edited 
to comply with PLLR language requirements and to include additional potentially clinically relevant 
rabbit embryo-fetal development toxicity findings that occurred at low multiples of the clinical 
exposure. The Applicant’s statement,  

’ 
was rejected, . During 
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labeling negotiations, the Applicant agreed with the Agency's inclusion of embryo-fetal toxicity in 
the Warning and Precautions section and suggested additional details from the embryofetal 
development study in rabbits be added, but the Applicant strongly disagreed with the deletion of 
quoted statement,  

 
 

 

 
 
 

 
 
 
 
 
 
 

Section 8.3 was edited to include a recommendation to consider obtaining pregnancy status for 
females of reproductive potential prior to initiating therapy and advise patients to use effective 
contraception during and for at least 5 months following the final dose of evinacumab due to long 
half-life of the drug. Whether to include this statement is at the discretion of the clinical team.

Section 13.1 was amended to include additional nonclinical fertility data. 

Section 13.2 was revised to remove animal toxicology/pharmacology data, because all the finding 
in the 13 and 26-week study are adequately addressed clinically. Negative findings from juvenile 
animal toxicity studies do not warrant inclusion in to the label.  

Changes made to applicant’s proposed product label are underlined and/or shown with 
strikethrough, below. 

HIGHLIGHTS OF PRESCRIBING INFORMATION
---------------------INDICATIONS AND USAGE-------------------------------

EVKEEZA is an ANGPTL3 (angiopoietin-like 3) inhibitor indicated as an adjunct to diet and other 
LDL-C lowering therapies for the treatment of adult and adolescent patients aged 12 years and 
older with homozygous familial hypercholesterolemia (HoFH). 

----------------------- WARNINGS AND PRECAUTIONS ------------------------
 Embryofetal toxicity: EVKEEZA may cause fetal harm based on animal studies. Advise 

patients who may become pregnant of the risk to a fetus. Consider obtaining a pregnancy 
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test prior to initiating treatment with EVKEEZA. Advise patients who may become pregnant 
to use effective contraception during treatment with EVKEEZA and for at least 5 months 
following the last dose of EVKEEZA (5.2, 8.2, 8.3).

FULL PRESCRIBING INFORMATION: CONTENTS

5             Warnings and Precautions

5.2 Embryo-Fetal Toxicity
Based on the findings in animal reproduction studies, EVKEEZA may cause fetal harm when 
administered to pregnant patients. Administration of evinacumab to rabbits during organogenesis 
caused increases in fetal malformations at doses below the human exposure. Advise patients 
who may become pregnant of the risk to a fetus. Consider obtaining a pregnancy test prior to 
initiating treatment with EVKEEZA.  Advise patients who may become pregnant to use effective 
contraception during treatment with EVKEEZA and for at least 5 months following the last dose 
of EVKEEZA [see Use in Specific Populations (8.1, 8.3)].

8 Use in Specific Populations

8.1 Pregnancy

Risk Summary

 
 

Based on 
data from animal reproduction studies, EVKEEZA may cause fetal harm when administered to a 
pregnant woman. Available human data are insufficient to evaluate for a drug-associated risk of 
major birth defects, miscarriage or adverse maternal or fetal outcomes. Evinacumab-dgnb is a 
human IgG4 monoclonal antibody [see Description (11)], and human IgG is known to cross the 
placental barrier; therefore, evinacumab-dgnb has the potential to be transmitted from the mother 
to the developing fetus.  Subcutaneous administration of evinacumab-dgnb to 
pregnant rabbits  during the period of organogenesis resulted in fetal malformations 
(domed head,  hydrocephalus and flexed limbs) at doses below the maximum recommended 
human dose (MRHD).  

 nNo adverse embryofetal effects on embryo fetal 
development when rats were observed with subcutaneously administration  

to pregnant rats during the period of organogenesis at doses below 
the MRHD.  

 
Measurable evinacumab serum concentrations were observed in the fetal rabbit and rat 

serum at birth, indicating that evinacumab-dgnb, like other IgG antibodies, crosses the placental 
barrier (see Data). Advise pregnant women of the potential risk to a fetus. EVKEEZA should only 
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be used during pregnancy if the expected benefit to the patient justifies the potential risk to the 
fetus.

The estimated background risk of major birth defects and miscarriage for the indicated population 
are unknown. In the U.S. general population, the estimated background risk of major birth defects 
and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively.

If a patient becomes pregnant while receiving EVKEEZA, healthcare providers should report 
EVKEEZA exposure by calling 1-833-385-3392.  

Data

Animal Data

 
 
 
 
 
 
 

  In an embryo-fetal development 
study in pregnant rabbits, evinacumab-dgnb was administered subcutaneously at doses of 1, 5, 
10 and 30 mg/kg every 3 days (Q3D) during the period of organogenesis from gestation day 7 to 
19. Evinacumab-dgnb was teratogenic in rabbits, causing domed head and dilation of the lateral 
and third ventricles of the brain at maternal evinacumab-dgnb exposures below the human 
exposure at the MRHD of 15 mg/kg every 4 weeks, based on AUC. Other fetal malformations, 
consisting of irregular and abnormal ossification in the skull, palate, and metacarpal, and enlarged 
anterior and/or posterior fontanelles occurred and were consistent with significant maternal 
toxicity (including early deaths due to abortion and premature delivery at all doses, reduction in 
maternal body weight gains, and reduced maternal food consumption). Increased incidences of 
post-implantation losses, resorptions (total, early, and late), and decreased fetal body weight were 
also consistent with maternal toxicity. Evinacumab-dgnb was present in the serum of fetuses born 
from mothers at 10 and 30 mg/kg/Q3D at levels higher than in maternal serum.

 In an embryo-fetal development study in  pregnant rats, 
evinacumab-dgnb  was  administered subcutaneously at doses of 5, 10, 30 
and 100 mg/kg/Q3D  during the period 
of organogenesis from gestation day 6 to  18  

 Maternal exposures to evinacumab-dgnb 
 were below the human exposure  measured at MRHD  

Evinacumab-dgnb resulted in unexplained maternal deaths at 100 mg/kg/Q3D.  Evinacumab-
dgnb crossed the placenta and was present at ratios (CFetal/CMaternal) ranging from 0.42 to 0.65. No 
adverse effects on embryofetal development were observed at any the dose. 

In a combined fertility and pre and postnatal development study, female rats were administered 
evinacumab-dgnb via subcutaneous injection at doses of 30 and 100 mg/kg/Q3D beginning 2 
weeks prior to mating and continuing to gestation day 21 or lactation day 21. Mean maternal 
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systemic exposures were below the human exposure at the MRHD throughout the study. No 
maternal or developmental toxicity was observed.

8.2 Lactation

Risk Summary
There is no  data on the presence of evinacumab-dgnb in human or animal 
milk,  on the breastfed infant  or the effects on milk 
production.  

 Maternal IgG is known to be present in human milk.  
The effects of local  gastrointestinal  exposure and limited 

systemic exposure in the breastfed infant to evinacumab-dgnb are unknown.  
 

 The developmental and 
health benefits of breastfeeding should be considered along with the mother’s clinical need for 
EVKEEZA and any potential adverse effects on the breastfed infant from EVKEEZA or from the 
underlying maternal condition.

8.3 Females and Males of Reproductive Potential
Pregnancy Testing

Consider pregnancy testing in patients who may become pregnant prior to starting treatment with 
EVKEEZA [see Warnings and Precautions (5.2), Use in Specific Populations (8.1)].

Contraception

Females

Based on animal studies, EVKEEZA may cause fetal harm when administered to a pregnant 
woman [see Use in Specific Populations (8.1)]. Patients who may become pregnant  

should use effective contraception during treatment with EVKEEZA and for 
at least 5 months following the last dose of EVKEEZA.

13 Nonclinical Toxicology
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis and Mutagenesis

Carcinogenicity studies have not been conducted with evinacumab-dgnb. The mutagenic 
potential of evinacumab-dgnb has not been evaluated; however, monoclonal antibodies are not 
expected to alter DNA or chromosomes.

Impairment of Fertility

There were no adverse effects on surrogate markers of fertility (eg, estrous cyclicity, testicular 
volume, ejaculate volume, sperm motility, or total sperm count per ejaculate and histology of 
reproductive organs) in a 6-month chronic toxicology study in sexually-mature monkeys 
subcutaneously administered 10, 30, or 100 mg/kg/week (0.2, 1, and 3-fold MRHD based on 
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AUC, respectively) and intravenously administered 100 mg/kg/week (4-fold MRHD, based on 
AUC).    

 

In a combined fertility and early embryonic and pre-and postnatal development study in female 
rats administered evinacumab-dgnb via subcutaneous injection at doses 30 and 100 mg/kg/Q3D 
beginning 2 weeks prior to mating, no adverse effect on female fertility were observed at any 
dose. Exposures to evinacumab-dgnb represented less than the human exposure at the MRHD, 
based on AUC. No effects on male fertility were observed with evinacumab-dgnb administration 
to male rabbits for 40 days prior to mating with treatment-naïve females. Evinacumab-dgnb was 
administered to male rabbits intravenously at 100 and 300 mg/kg/Q5D, representing exposures 
2 and 5-times, respectively, the human exposure at the MRHD, based on AUC).

 
 
 
 

2 Drug Information

2.1 Drug
CAS Registry Number: 1446419-85-7

Generic Name: Evinacumab

Code Name: REGN1500

Chemical Name: Immunoglobulin G4, anti-(human protein angptl3 (angiopoietin-like 3)) (human 
monoclonal REGN1500 heavy chain), disulfide with human monoclonal REGN1500 light chain, 
dimer

Molecular Formula: C6480H9992N1716O2042S46

Molecular Weight
Theoretical:                     145,827.6 Da
Experimental:                  145,826.2-145,826.4 Da
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Structure or Biochemical Description: 

 Figure 1. Schematic Representation of the Structure of Evinacumab

[Applicant]

Pharmacologic Class: ANGPTL3 (angiopoietin-like 3) inhibitor

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 761181 was developed under IND 116398.

2.3 Drug Formulation
Evinacumab drug substance is a human monoclonal antibody produced by recombinant DNA 
technology in Chinese hamster ovary (CHO) cell suspension culture. Evinacumab drug product 
will be marketed as liquid formulation of 150 mg/mL evinacumab in an aqueous buffered solution, 
pH 6.0, containing 10 mM L-histidine, 70 mM L-arginine hydrochloride (L-arginine HCl), 3% (w/v) 
L-proline, and 0.1% (w/v) polysorbate 80 as shown in Table 1 below.

Reference ID: 4743495



BLA 761181                                                                                    Lydia Haile, Ph.D.

16

Table 1.Quantitative composition of evinacumab drug product

[Applicant]

2.4 Comments on Novel Excipients
The proposed excipient levels are within approved ranges for intravenous administration as listed 
in the FDA inactive ingredient database for chronic exposure, by the relevant route, and in a 
comparable patient population. Therefore, there are no novel excipients.

2.5 Comments on Impurities/Degradants of Concern
There are no identified safety concerns related to evinacumab impurities for the proposed dose,
duration, route and patient population.

2.6 Proposed Clinical Population and Dosing Regimen
Population: Adult and adolescent patients aged 12 years and older with HoFH

Dosing regimen: 15 mg/kg once monthly (every 4 weeks)

Route: Intravenous infusion over 60 minutes

2.7 Regulatory Background
Evinacumab was granted Orphan Drug (February 8, 2016) and Breakthrough Therapy 
designations (March 14, 2017) for the treatment of HoFH. This BLA is rolling submission and the 
nonclinical package was submitted on February 28 and May 20, 2020. The final clinical 
submission was submitted on June 11, 2020 which started the review clock. The application was 
granted Priority Review with a PDUFA goal date of February 11, 2021.

3 Studies Submitted

3.1 Studies Reviewed 
Evinacumab underwent testing in a battery of toxicology studies consistent with the International 
Conference on Harmonization (ICH) S6 and S6(R1) guidances for industry. Most of these 
nonclinical studies, which evaluated the pharmacology, ADME/PK, general toxicology, 
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reproductive toxicology and juvenile animal toxicity, were previously submitted and reviewed 
under the IND and are summarized in this review. 

The following study was reviewed in detail:  

A Subcutaneous Female Fertility and Early Embryonic Development to Implantation Study 
Combined with Prenatal and Postnatal Development in Rats/ R1500-TX-17096

3.2 Studies Not Reviewed 
None

3.3 Previous Reviews Referenced
None

4 Pharmacology

4.1 Primary Pharmacology
Evinacumab is a first-in-class recombinant human IgG4 monoclonal antibody inhibitor that 
specifically binds to the N-terminal coiled-coil region of ANGPTL3 and inhibits its function. 
ANGPTL3 belongs to a family of eight structurally similar, secreted proteins (ANGPTL1-8) that 
play important roles in lipid, glucose, and energy metabolism. Of these, ANGPTL3 is expressed 
predominantly in the liver and contains a N-terminal heparin-binding motif, a coiled-coil domain 
(CCD), and a C-terminal fibrinogen-like domain (FLD) that binds integrin v34. The N-terminal 
fragment of ANGPTL3 plays a critical role in lipid trafficking and metabolism through reversible 
inhibition of lipoprotein lipase (LPL), an enzyme that metabolizes triglycerides in triglyceride-rich 
lipoprotein particles, and endothelial lipase (EL), an enzyme that metabolizes phospholipids in 
high density lipoprotein particles. Inhibition of ANGPTL3 by evinacumab increases LPL and EL 
activity, leading to lower circulating serum levels of TG, HDL-C, and LDL-C consistent with the 
phenotype of individuals with ANGPTL3 loss of function (LOF)5. The Applicant showed that 
evinacumab lowers LDL-C levels through EL-mediated promotion of VLDL processing and 
clearance upstream of LDL formation, independent of LDL-R status (Figure 3), hence blocking 
ANGPTL3 represents a potential therapeutic approach for individuals with homozygous familial 
hypercholesterolemia due to loss-of-function LDLR mutations. 

4Anna Tikka and Matti Jauhiainen. The role of ANGPTL3 in controlling lipoprotein metabolism. Endocrine 
2016 52:187-193.
5Dewey FE et al., Genetic and pharmacologic inactivation of ANGPTL3 and cardiovascular disease.  N 
Engl J Med. 2017 377:211-221.
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Figure 2. Proposed mechanism of action of evinacumab in the lowering of serum lipids

[Reference: Zwol WV et al 2019]6

6Zwol WV et al., The Future of Lipid-lowering Therapy. J Clin Med. 2019 8(7): 1085.
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Figure 3. Evinacumab lowers LDL-C through promoting VLDL clearance

[Reference: Adam RC et al]7

Evinacumab was evaluated in a series of nonclinical studies characterizing its ability to bind 
ANGPTL3, block its inhibition of LPL and EL activities, and modulate circulating lipid levels in vivo
in multiple mouse models.

7Adam RC et al., Angiopoietin-like protein 3 (ANGPTL3) governs LDL-cholesterol levels through endothelial 
lipase-dependent VLDL clearance. J Lipid Res. 2020 61(9):1271-1286.
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In Vitro Activity Supporting the Mechanism of Action
 The human ANGPTL3 N-terminal domain (amino acids 17-220) shares 98%, 90%, 83%, 

and 81% amino acid sequence identity with the corresponding region of cynomolgus 
monkey, rabbit, rat, and mouse ANGPTL3, respectively.

 The binding affinity of evinacumab to surface-captured recombinant ANGPTL3 protein 
from different species and other ANGPTL family members were determined using a 
surface plasmon resonance (SPR) assay. 

o Evinacumab demonstrated high affinity binding to N-terminal domain of ANGPTL3 
proteins containing LPL binding regions from human, monkey, rat, mouse and 
rabbit with KD values ranging from 0.3 to 1.3 nM (Table 2). 

o Of note, a similar sub-nanomolar KD values were obtained for evinacumab binding 
to full-length and N-terminal forms of human and mouse ANGPTL3. 

o Evinacumab was specific to ANGPTL3, as no binding was noted to full length 
human ANGPTL family members (ANGPTL4 and ANGPTL5) and full-length 
mouse ANGPTL4.

 Binding to ANGTPL8 is not expected based on low (~19%) amino acid sequence similarity 
between human ANGPTL3 and ANGPTL8.

Table 2. Summary of binding affinity of evinacumab to recombinant ANGPTL3 from 
different species

Protein Description KD (nM)

hANGPTL3 (S17-K170)-His6 N-terminal domain human ANGPTL3, aa 17-170 1.29

hANGPTL3 (S17-P220)-His6 N-terminal domain human ANGPTL3, aa 17-220 0.442

hANGPTL3 (S17-K170)-mFc N-terminal domain human ANGPTL3, aa 17-170 0.486

hANGPTL3 (S17-E460)-His10 Full length human ANGPTL3 0.915

MfANGPTL3 (S17-K170)-mmH N-terminal domain M. fascicularis, aa 17-170 0.261

rANGPTL3 (S17-D240)-mmH N-terminal domain rat ANGPTL3, aa 17-240 0.385

mANGPTL3 (S17-D240)-His6 N-terminal domain mouse ANGPTL3, aa 17-240 0.435

mANGPTL3 (S17-T455)-His6 Full length mouse ANGPTL3 0.344

rbANGPTL3 (S17-Q170)-mFc N-terminal rabbit ANGPTL3, aa 17-170 0.365
aa: amino acids

The ability of evinacumab to block the inhibition of LPL and EL activity mediated by recombinant
human, monkey, rat, and mouse ANGPTL3 proteins was characterized using a cell-free in vitro 
lipase-dependent fluorescence assay. Evinacumab potently blocked human, mouse, rat, and 
monkey ANGPTL3 from inhibiting LPL and EL activities, with IC50 values ranging from 6.4 to 105.5 
nM and 30.2 to 96 nM, respectively (Table 3 and Table 4).  
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Table 3. Summary of IC50 values for evinacumab for blockade of ANGPTL3-mediated LPL 
inhibition

[Applicant]

Table 4. Summary of IC50 values for evinacumab for blockade of ANGPTL3-mediated EL 
inhibition

[Applicant]

In Vivo Activity Related to Proposed Indication
The nonclinical in vivo efficacy of evinacumab was assessed in various single dose studies in 
normolipidemic C57Bl/6 mice, hyperlipidemic ApoE-/- and Ldlr-/- mice, and diabetic dyslipidemic 
db/db mice and sub chronic study in C57Bl/6 mice fed a high-fat, high-cholesterol diet by 
measuring lipid related pharmacodynamic markers.

Single dose studies
 Single SC administration of evinacumab at doses ranging from 5 to 25 mg/kg to 

normolipidemic mice (C57Bl/6), hyperlipidemic (ApoE-/-, Ldlr-/-), and diabetic dyslipidemic 
(db/db) mice decreased circulating serum TG levels (40 to 72%). Reductions in other lipid 
parameters depended on the mouse strain and/or lipid profile. LDL-C was reduced up to 
49% in hyperlipidemic and diabetic dyslipidemic models. Additionally, evinacumab 
lowered the level of TC, HDL-C, and non-HDL-C in all mice models tested, except in db/db 
mice.

 Evinacumab increased serum ANGPTL3 levels in normolipidemic and dyslipidemia mice, 
which might be due to reduced clearance of ANGPTL3 secondary to evinacumab:antigen 
complex formation.
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Multiple dose studies
 In WT C57Bl/6 mice maintained on a high-fat, high-cholesterol diet, weekly administration 

of 25 mg/kg evinacumab for 8 weeks significantly reduced circulating TG (up to 53%), TC 
(up to 35%), LDL-C (up to 45%), and HDL-C (up to 19%) levels without impacting body, 
liver, white adipose tissue, or heart weights, ALT/AST ratio, or hepatic TG content, over 
the course of the study.

 To assess the ability of evinacumab to reduce progression of atherosclerosis, 
APOE*3Leiden.CETP mice were fed a Western diet and treated with weekly SC injections 
of evinacumab (25 mg/kg) or control for 13 weeks.  Weekly SC administration of 25 mg/kg 
evinacumab prevented the progression of atherosclerosis in APOE*3Leiden.CETP mice, 
and weekly administration of 25 mg/kg evinacumab in combination with atorvastatin 
(mixed with diet) or with alirocumab (10 mg/kg/week) to APOE*3Leiden.CETP mice with 
pre-existing atherosclerosis significantly reduced plasma total cholesterol (52%), and TG 
levels (84%), prevented the rate progression of atherosclerosis (in combination with 
atorvastatin), led to regression of pre-existing atherosclerotic lesions (in combination with 
atorvastatin and alirocumab), and improved plaque phenotype.

Mechanistic studies
ANGPTL3 regulates plasma TG and HDL-C levels by inhibiting LPL and EL. Pharmacological 
inhibition of ANGPTL3 with evinacumab lowers plasma LDL-C levels in mice and humans. A 
series of in vivo mechanistic studies employing multiple transgenic mouse models and 
biochemical assays were performed to elucidate the mechanism of how blockade of ANGPTL3 
with evinacumab reduces LDL-C levels. The results from these studies are summarized below. 

 Treatment with evinacumab reduced the circulating levels of LDL-C and other lipid 
fractions including TG, VLDL, TC, HDL-C independently of LDLR in LDLR deficient mice 
(Ldlr-/- mice). The most pronounced changes were observed in the circulating levels of 
VLDL-C.

 On the other hand, evinacumab was ineffective in lowering cholesterol levels (LDL-C, 
HDL-C, TG), but not TG in EL and LDLR-deficient mice (Ldlr-/-/Lipg-/- mice), suggesting 
that the LDLR-independent cholesterol-lowering effect of evinacumab is attributable to 
blocking ANGPTL3-mediated inhibition of EL.

 VLDLs are secreted into circulation by the liver and are converted to VLDL remnants 
through TG lipolysis mediated by LPL. VLDL remnants are either cleared by the liver or 
undergo further lipolysis and are converted to LDLs, thus VLDL serves as a direct 
precursor of LDL. In ApoE-/- mice, a model in which the absence of ApoE impeded the 
normal VLDL and LDL-C clearance, treatment with evinacumab lead to faster clearance 
of VLDL as compared to isotype-control antibody treated mice, while LDL clearance was 
unaffected.

 Taken together, the data from these studies showed that evinacumab reduces LDL-C 
levels primarily through de-repression of EL, which promotes VLDL processing and 
clearance upstream of LDL formation, and independent of LDLR.

4.2 Secondary Pharmacology
 Evinacumab did not induce antibody-dependent cell-mediated cytotoxicity (ADCC) or 

complement-dependent cytotoxicity (CDC) in two different human hepatic tumor cells 
(HepG2 and HepG3) in the presence of soluble human ANGPTL3.
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 Evinacumab did not form circulating immune complexes (CIC) capable of binding C1q 
protein at low concentrations (10 nM, 1.5 µg/mL), but did form C1q-binding CIC at higher 
concentrations (50 nM, 7.3 µg/mL) in the presence of ANGPTL3.

 In an SPR assay to determine the binding affinity of evinacumab to neonatal Fc receptor 
(FcRn), the affinity of evinacumab for the rat FcRn receptor (KD =0.67 µM) was 2.8 to 3.9-
fold weaker than the affinity for evinacumab for FcRn from rabbits and humans (KD 1.9 
and 2.6 µM, respectively). 

 Evinacumab binds both the N-terminal domain containing a coiled-coil region and full 
length ANGPTL3. The lipase inhibitory activity of ANGTPL3 resides in the N-terminal 
domain, whereas the fibrinogen-like C-terminal domain of Angptl3 mediates putative 
angiogenic effects. The angiogenic potential of ANGTPL3 and the potential for 
evinacumab to inhibit ANGPTL-3-induced angiogenesis were evaluated in a rodent model 
of corneal implantation and neovascularization. The results showed that:

o Corneal implantation of sucralfate pellets containing human ANGPTL3, human IgG 
Fc, or human VEGF in rats induced corneal neovascularization. 

o Human ANGPTL3 induced corneal neovascularization in rats that was not inhibited 
by evinacumab. 

o However, the corneal neovascularization with hANGPTL3 were considered non-
specific as the same effect was also noted with hFc. 

o Thus, the results of the assay were not considered informative.

4.3 Safety Pharmacology
Safety pharmacology studies were integrated into pivotal GLP repeat dose toxicology studies of 
evinacumab conducted in rats and cynomolgus monkeys. Administration of evinacumab at up to 
100 mg/kg/week (SC or IV) for 5 and 26 consecutive weeks (in rats and monkeys, respectively), 
did not result in any test article-related cardiovascular (heart rate, blood pressure, and 
electrocardiography), respiratory (breaths/minute and pulse oximetry), or CNS (neurobehavioral 
observation battery) effects. 

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Methods of Analysis
Plasma concentration of evinacumab: ELISA using a mouse monoclonal anti-human IgG4 
antibody that recognizes the Fc region of evinacumab. The assay has a lower limit of quantitation 
(LLOQ) of 0.078 μg/mL (78 ng/mL) in neat serum.

ADA: Electrochemiluminescence-based bridging assay (ECL assay) was used to detect anti-
human IgG4 antibodies (ADAs) generated against the Fc region (not the variable) of human IgG4 
antibody (including evinacumab). The ADA assay may not detect neutralizing antibodies since 
the assay is designed to detect ADAs directed against the Fc region of evinacumab.
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Pharmacokinetics

Single dose IV pharmacokinetics

Single dose pharmacokinetics of evinacumab was evaluated in rats (N=7 males) and monkeys 
(N=3 males and females) following single IV or SC dose of 1 to 15 mg/kg administration.

 In general, the pharmacokinetics of total evinacumab in both species was characterized 
by nonlinear kinetics (greater than dose-proportional increase in exposure) due to 
saturation of target-mediated clearance (TMC) mechanisms at low concentrations and 
linear (dose-proportional) kinetics at high concentrations (Table 5). 

 Cmax increased roughly proportionally with dose, while the increase in AUC0-inf was greater 
than dose-proportional. 

 The mean total body clearance (CL) values decreased with increasing dose, consistent 
with the observed nonlinear PK.

 Tmax occurred 0.08 to 0.21 h in rats and 0.03 to 0.08 h in monkeys.
 The elimination half-life was shorter in rats (t1/2 ~ 4 to 6 days) compared to monkeys (t1/2 ~ 

6 to 10 days). 
 The volume of distribution for evinacumab was consistent with plasma volume (54.3 to 

98.4 mL/kg in rats, 53.2 to 75.6 mL/kg in monkeys). 

Single dose SC pharmacokinetics
 Cmax and AUCinf increased in a greater than dose-proportional manner at low doses and 

dose-proportionally at high doses.
 SC bioavailability ranges from 37 to 84% in rats and 39 to 82% in monkeys.
 Tmax occurred 36 to 72 hours in rats and 20 to 106 hours in monkeys.
 The elimination half-life was 2 to 5 days in rats and 3 to 6 days in monkey.

Table 5. PK of evinacumab following a single IV or SC injection of evinacumab to rats 
and monkeys

[Applicant]

Metabolism, mass balance, and elimination studies were not performed, because evinacumab is 
an IgG that is expected to be eliminated by target-mediated uptake and protein catabolism. 
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Because the metabolism of IgG is known, mass balance studies were not warranted. Tissue 
distribution of REGN1500 was evaluated by immunohistochemical staining tissues from humans, 
monkeys, and rats, but evinacumab did not specifically bind to any of the examined tissues.

Human PK

 Following the IV administration of evinacumab at a dose of 15 mg/kg every 4 weeks to 
HoFH patients, steady state, Cmax is 689 ± 157 mg/L and steady-state was reached after 
4 doses and the accumulation ratio was 2 (Table 6). 

 The total volume of distribution estimated by population PK analysis was approximately 
4.8 L, indicating that it is primarily distributed in the vascular system.

 The median times for evinacumab concentrations to decrease below the lower limit of 
detection (78 ng/mL) was 19 weeks.

 Due to non-linear clearance, a slightly greater than dose proportional increase was 
observed, with a 4.3-fold increase in area under the concentration-time curve at 
steady-state (AUCtau.ss) for a 3-fold increase in dose from 5 mg/kg to 15 mg/kg IV every 
4 weeks.

Table 6. Post-hoc prediction of exposure parameters for evinacumab in patients with 
HoFH

[Applicant]
Immunogenicity

 Antidrug antibodies (ADA) responses were generally low in rats (5 to 28%) and monkeys 
(up to 42%, but primarily at lower doses), but evinacumab was highly immunogenic in 
rabbits (16 to 100%) and appeared to occur in a dose-independent manner in rats and 
rabbits and was inversely related to dose in monkeys. The drug tolerance limit (DTL) of 
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the assay was generally exceeded at doses ≥ 30 mg/kg, hence ADA response might be 
underestimated at higher dose levels.

 The neutralizing activity of ADAs was not determined, however, the presence of ADA 
correlated with lower evinacumab exposures than those observed in ADA negative 
animals, suggesting ADA-mediated acceleration of evinacumab clearance.

 Pharmacologic activity was apparent in ADA positive rats and monkeys whereas effect on 
plasma lipids was transient in ADA positive rabbits.

 The presence of ADA did not affect the ability to characterize the safety of evinacumab in 
rats and monkeys general or reproductive toxicity studies as continuous exposure and PD 
activity were maintained during the dosing period in these species. 

 Conversely, exposures to evinacumab were intermittent in pregnant rabbits administered 
with lower doses of SC evinacumab (≤ 10 mg/kg/Q3D) by gestation day (GD) 22 and at 
all doses (≥ 1 mg/kg/Q3D) by GD 29, consistent with high ADA responses in the same 
dose groups. Positive ADA responses that likely impacted exposures were also observed 
in the serum from virtually all fetuses whose mothers received SC doses of 1 or 5 
mg/k/Q3D evinacumab. Additionally, ADA were associated with premature deaths, 
adverse clinical and pathological (inflammatory changes in the kidney, lung and testes) of 
paternal male rabbits treated with evinacumab. 

5.2 Toxicokinetics 
The toxicokinetic profiles of evinacumab were evaluated in repeat-dose toxicity studies in rats 
and monkeys, in developmental and reproductive toxicology studies in rats and rabbits, and 
in juvenile animal toxicity studies. A summary of notable toxicokinetic information is provided 
below.

 Exposure to total evinacumab was continuous throughout the dosing periods in ≥ 90% of 
all animals at all dose levels (10 to 100 mg/kg/week; IV/SC) in repeat dose toxicity studies 
of up to 13 and 26-week in rats and monkeys. 

 Exposure (Cmax and AUC) increased in an approximately dose-proportional manner 
throughout the treatment periods in rats and monkeys. 

 Evinacumab was detectable throughout the 10 to 13-week recovery periods. During the 
recovery periods, exposures measured during the elimination phase were greater than 
dose-proportional in both species, and a nonlinear target-mediated clearance (TMC) was 
apparent at the lower doses (<30 mg/kg/week) in monkeys, consistent with the nonlinear 
kinetics and TMC observed in the corresponding single-dose PK studies.

 Accumulation of evinacumab of 1.3 to 2-fold in rats and 3 to 5-fold in monkeys was noted 
upon repeated administration by the IV/SC route.

 No substantive sex differences were observed. 
 Steady-state was achieved after approximately 7 weekly doses in the 13-week study in 

rats and after approximately 12 weekly doses in the 26-week study in monkeys.
 Exposures and kinetics of evinacumab in juvenile rats were comparable to that of adults.
 Continuous exposure was maintained in all pregnant rats, whereas exposure was 

intermittent in pregnant rabbits treated at lower doses (due to ADA-mediated clearance) 
and evinacumab was maintained in 84% of pregnant rabbits through GD22 and 53% on 
GD 29 at the high dose. 

 Evinacumab, as expected for an antibody that may be placentally transferred, was 
measurable in all rat fetuses with CFetal/CMaternal 0.419 to 0.619 and in 38% of rabbit fetuses 
with fetal serum levels typically greater than the maternal concentration. 
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 Detectable concentrations of total evinacumab were noted in the semen of 91% of treated 
rabbits, with a percentage of total evinacumab concentrations in seminal fluid of ~0.6% of 
the concentration detected in serum.

6 General Toxicology

6.1 Single-Dose Toxicity
Single dose toxicity of evinacumab was not evaluated in nonclinical species.

6.2 Repeat-Dose Toxicity
The general toxicity of evinacumab was assessed in repeat-dose GLP-compliant studies in 
Sprague Dawley rats and cynomolgus monkeys for durations up to 13 weeks and 26 weeks, 
respectively. In these studies, exposure to evinacumab ranged from 0.04 to 1-fold the clinical 
exposures at the MRHD for rats and 0.3 to 4-MRHD for monkeys, based on plasma exposure 
comparisons (AUC). All studies were previously reviewed, and the results of pivotal 13-week rat 
and 26-week monkey studies are summarized below.

 
Rat: A 13-Week Intravenous and Subcutaneous Toxicity Study with REGN1500 in Sprague-
Dawley Rats with a 13-week Recovery Period/REGN1500-TX-12062

Key Study Findings
 The toxicity of evinacumab was evaluated in a GLP-compliant 13-week study in Sprague 

Dawley rats with evinacumab administered SC at 10, 30, or 100 mg/kg/week, and by IV 
at 100 mg/kg/week, followed by 13-week recovery period. The concurrent control group 
received control article (the vehicle formulation) via IV and SC injection on a comparable 
regimen.

 Evinacumab was well-tolerated in rats and no adverse effects or target organs of toxicity 
were identified in this study.

 Consistent with the pharmacology of evinacumab, serum TG levels were reduced 15 to 
31% in males and females treated at ≥ 30 mg/kg/week SC and 100 mg/kg/week IV. No 
effect on serum cholesterol (TC, HDL-C and LDL-C) was reported.

 At the end of treatment, ANGPTL3 levels were increased in males and females (dose-
dependently) compared to controls at ≥10 mg/kg/week SC. 

 Higher serum ANGPTL3 levels might be attributable to reduced clearance of ANGPTL3 
due to evinacumab-ANGPTL3 complex formation. Reversibility of evinacumab-related 
increases in ANGPTL3 was not assessed. The toxicological significance of this findings is 
unclear.

 The NOAEL was established at 100 mg/kg/week SC/IV [AUCtau= 3630 mg.day/L (SC); 
AUCtau =11700 mg.day/L (IV)]8 based on the absence of adverse clinical signs and target 
organs of toxicity.

8AUCtau represents the AUC over the 7-day dosing interval.
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Table 7. Methods and study design of the 13-week rat study
Study features Methods details
Dose and frequency of dosing: IV: 0, 100 mg/kg/week,

SC: 0, 10, 30,100 mg/kg/week
Once a week for 13 weeks (total of 13 doses)

Exposure multiples: IV:1x
SC:0.04, 0.2, 0.4x

Route of administration: IV, SC
Formulation/Vehicle: 10 mM histidine, 0.1% w/v

polysorbate 80, 5% w/v sucrose, pH 6.0
Species/Strain: CRL:CD IGS Sprague Dawley rats
Number/Sex/Group: Main: 10/sex/group

Recovery: 5/sex/group
Age: 8-9 weeks at initiation
Satellite groups/ unique design: TK and recovery groups

Serum ANGPTL3 levels were measured at the end 
of treatment.

Observation and results 

Table 8. Summary of study findings for 13-week rat study
Parameters Major findings
Mortality Evinacumab did not cause mortality. Incidental 

deaths were reported in one recovery male (# 
3013 at 30 mg/kg/week SC) and TK female (# 
10503 at 100 mg/kg/week IV) due to fractured/ 
misaligned teeth and blood collection, 
respectively.

Clinical Signs Unremarkable
Neurobehavioral 
assessment

Unremarkable

Body Weights and Food 
Consumption

Unremarkable 

Ophthalmoscopy Unremarkable
Hematology/coagulation Unremarkable
Clinical Chemistry At the end of dosing, serum TG levels were 

decreased in a non-dose dependent manner by 
15 to 31% in males and females treated at ≥ 30 
mg/kg/week SC and 100 mg/kg/week IV. Other 
lipid and clinical chemistry parameters were 
unaffected.

In addition, plasma ANGPTL3 levels were 
increased 56% to 243% compared to control in 
males and 160% to 1013% in females (dose-
dependent) at ≥10 mg/kg/week SC.

Urinalysis Unremarkable
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Parameters Major findings
Gross Pathology There was no test article related macroscopic 

findings.
Organ Weights At the end of treatment, relative liver weight 

(normalized to body weight) was statistically 
significantly 10% higher than concurrent controls 
at 100 mg/kg/week SC, but the increase was not 
considered toxicologically relevant because it did 
not occur at 100 mg/kg/week IV (a higher 
exposure) and increased liver weight lacked 
correlative microscopic pathology.

Histopathology
Adequate battery: Yes
Target organs: None

At the end of the treatment, the incidence of 
minimal mononuclear cell infiltrate in prostate 
exceeded the incidence in the control group at ≥ 
30 mg/kg/week SC and 100 mg/kg/week IV. At the 
end of recovery, moderate mononuclear cell 
infiltrate in prostate occurred in 1/5 males at 100 
mg/kg/week SC. These findings were not 
considered adverse.

Toxicokinetics Serum evinacumab Cmax and AUC increased with 
dose. All the treated animals were continuously 
exposure to evinacumab except for 4 rats. Of 
these, 3 out 4 were ADA positive. Serum 
evinacumab accumulated 1.2- to 2.2-fold after 13 
weekly SC doses and 1.7-fold after 13 weekly IV 
doses. Evinacumab was detectable up to Day 164 
(61 days after the last dose) at ≥ 10 mg/kg/week 
SC and 100 mg/kg/week IV.

ADA In toxicokinetic groups, 19/72 (26%) of 
evinacumab-treated rats were ADA positive (13 
rats) or were ADA negative tests but showed 
increased clearance (6 rats) consistent with an 
ADA response. 

26-Week Subcutaneous and/or Intravenous Toxicity and Toxicokinetic Study with 
REGN1500 in Sexually-Mature Cynomolgus Monkeys with a 13-Week Recovery Phase/ 
REGN 1500-TX-14006

Key Study Findings
 Evinacumab was administered once-weekly to sexually mature male and female 

cynomolgus monkeys (4 to 8 years old) for 26 weeks via SC injection at 10, 30, or 100 
mg/kg/week or IV injection at 100 mg/kg/week, followed by a 13-week recovery. The 
concurrent control group received the vehicle formulation via IV and SC injection on a 
comparable regimen.

 Consistent with the findings in short-term studies, chronic repeat-dose oral administration 
of evinacumab was well tolerated with no adverse effect and target organ of toxicity 
identified in monkeys. 

 At the end of dosing, there were mild to moderate decreases in TG (38 to 63%), total 
cholesterol (16-47%), and HDL-C (30 to 57%), but without any changes in LDL-C at all 
dose levels throughout the dosing phase. Lowering of plasma lipids (TG and HDL-C and 
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TG) persisted in some groups, predominantly in males given 100 mg/kg/week IV or SC. 
This may be due to continued exposure to evinacumab during the recovery period.

 Histological findings were limited to minimal to mild lymphocytic infiltrates in the subcutis 
at the SC injection sites at ≥ 10 mg/kg/week SC. Findings were reversible.

 Evinacumab did not affect fertility parameters in sexually mature male and female 
monkeys up to the highest dose tested 100 mg/kg/week SC/IV.

 Continuous exposure to total evinacumab was maintained in all drug-treated animals 
throughout the 26-week dosing period.

 Evinacumab was weakly immunogenic in monkeys, with ADAs occurring in 10% of treated 
monkeys. Apparent clearance of evinacumab was increased in ADA positive animals.

 The NOAEL was considered 100 mg/kg/week via SC or IV injection [AUCtau= 32800 
mg.day/L (SC); AUCtau =37700 mg.day/L (IV) or AUCcum=659000 mg.day/L (SC); AUCcum 
=776000 mg.day/L (IV)]9, based on the absence of adverse toxicological findings.

9 AUCtau represents the AUC over the 7-day dosing interval. 
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Table 9. Methods and study design of the 26-week monkey study
Study features Methods details
Dose and frequency of dosing*: IV: 0, 100 mg/kg/week,

SC: 0, 10, 30,100 mg/kg/week
Once a week for 26 weeks (total of 26 doses)

Exposure multiples: IV:3.7x
SC:0.3, 1, 3.2x

Route of administration: IV, SC
Formulation/Vehicle: 10 mM histidine, 0.1% w/v polysorbate 80, 5% w/v 

sucrose, pH 6.0
Species/Strain: Cynomolgus monkeys
Number/Sex/Group: Main: 4/sex/group

Recovery: 2/sex/group
Age: 4 to 8-year-old males and 4-year-old females 

(Sexually matured monkeys)
Satellite groups/ unique design: Recovery groups

Male and female fertility endpoints were evaluated 
in males (testicular measurements, semen 
analysis) and females (menstrual cycle 
determination). Neurological examinations and 
ECG recordings were conducted.
Bone marrow smear evaluation was conducted.

Observation and results 

Table 10. Summary of study findings for 26-week monkey study
Parameters Major findings
Mortality None
Clinical Signs Unremarkable
Vital signs Unremarkable
Body Weights and food 
Consumption

Unremarkable 

Ophthalmoscopy Unremarkable
Neurological Unremarkable

ECG Unremarkable
Hematology/coagulation Unremarkable
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Parameters Major findings
Clinical Chemistry At the end of dosing, serum TC was 16 to 35% lower in males 

at ≥ 30 mg/kg/week SC and 100 mg/kg/week IV and 28.4% 
to 46.9% lower in females at all SC and IV doses. Lower TC 
was due predominantly to reductions in HDL-C (37.1 to 
57.1% in males, and 30.3 to 53.9% in females) at all doses. 
Serum TG was reduced by 43.8 to 62.5% in males and 37.8 
to 49% in females treated at all doses as compared to the 
concurrent control.  LDL-C was unchanged.

After a 13-week recovery period, low serum TG (up to 67%) 
and HDL-C (up to 34%) persisted in male monkeys treated at 
≥ 10 mg/kg/week SC. Lower TG, TC and HDL-C (up to 82%, 
55% and 63%, respectively) were noted in males dosed at 
100 mg/kg/week SC/IV.

Urinalysis Unremarkable
Gross Pathology There were no test article related macroscopic findings.
Organ Weights Unremarkable
Histopathology

Adequate battery: Yes
Target organs: None

At the terminal sacrifice, minimal to mild lymphocytic 
infiltrates were occasionally seen at the SC injection sites of 
animals administered via SC, and they were considered 
evinacumab-related (Table 11).

Toxicokinetics Continuous exposure to evinacumab was maintained in the 
dosing phase in all treated animals. Cmax and AUC values for 
total evinacumab were increased with dose in SC groups. 
There were no substantive sex differences in serum drug 
exposure and evinacumab accumulated in serum 4.4 to 5.1-
fold after 26 weekly injections. At the end of the 13-week 
recovery period, evinacumab was detectible in the serum of 
the treated monkeys, due to its long half-life.

ADA Evinacumab was weakly immunogenic in monkeys; a positive 
ADA response was observed in 10.4% (5/48) of treated 
animals.   ADAs were not neutralizing, considering that PD 
was maintained in all dose groups. However, increased 
clearance of evinacumab was noted in ADA positive 
monkeys.

Special evaluation
Reproductive Assessments Administration of evinacumab did not affect testes size, 

semen parameters (sample weight, total sperm count, sperm 
density, percent motility of sperm, or sperm morphology). No 
apparent effect on menstrual cycle length was evident.
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Table 11. Incidence and severity of evinacumab-related local injection site reactions in 
monkeys treated with evinacumab SC/IV in the 26-week monkey study

[Applicant]

7 Genetic Toxicology
Evinacumab is a monoclonal antibody and is not expected to interact directly with DNA or other 
chromosomal material. Therefore, no genotoxicity studies were performed with evinacumab, per 
ICH S6.

8 Carcinogenicity
The Applicant submitted a weight of evidence carcinogenicity assessment for evinacumab based 
on available evidence from relevant literature and completed animal toxicology studies, which 
suggested that there is no identified risk of carcinogenicity for evinacumab. The Division, after 
consultation with CDER’s Exec CAC, decided that no additional nonclinical studies were 
warranted to further evaluate the risk of carcinogenicity from evinacumab. 

9 Reproductive and Developmental Toxicology
The reproductive and developmental toxicity of evinacumab was assessed in GLP-compliant 
combined SC female fertility/early embryonic/pre and postnatal development study in rats, SC 
embryo-fetal development (EFD) studies in rats and rabbits, and in IV male fertility and male 
(paternally)-mediated EFD study in rabbits. EFD studies in rat and rabbits were reviewed under 
the IND and are summarized here. 
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9.1 Fertility and Early Embryonic Development

A Subcutaneous Female Fertility and Early Embryonic Development to 
Implantation Study Combined with Prenatal and Postnatal Development in Rats

Study no.: R1500-TX-17096
Study report location: EDR: SDN 1

Conducting laboratory and location:

Date of study initiation: January 07, 2019
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: REGN1500, 9030700001, 98.7%

Key Study Findings
 Evinacumab was administered by the SC route to female rats at doses of 0 (vehicle), 30, 

or 100 mg/kg/Q3D beginning 2 weeks prior to pairing and continuing either through GD 
21 (embryo-fetal cohort) or LD 21 (pre and postal development cohort). Males were not 
dosed.

 There was no maternal toxicity observed in this study. 
 Evinacumab-related decreases in serum TG, HDL-C, LDL-C, and TC were noted in the 

treated females (F0) and F1 offspring at ≥ 30 mg/kg/Q3D; these changes were consistent 
with the intended pharmacology of evinacumab and were considered non-adverse.

 No clear test article-related effects on female reproductive performances (estrous cycles 
or mean cycle length, mating, fecundity, or fertility indices) were observed in the 
evinacumab-treated females.

 Evinacumab did not affect growth, sexual maturation, or neurobehavioral development in 
F1 generation born to F0 females administered up to 100 mg/kg/Q3D.

 Therefore, the NOAEL for maternal toxicity, female fertility and pre- and postnatal toxicity 
are 100 mg/kg/Q3D SC [AUCtau= 3980 mg.day/mL]10, the highest dose tested, based on 
the absence of any effect on maternal health, female fertility parameters and pre- and 
postnatal development landmarks.

10AUCtau represents the AUC over the 3-day dosing interval.
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Table 12. Methods of combined SC female fertility/early embryonic development/prenatal 
and postnatal development study in rats

Methods
Doses: 0, 30 and 100 mg/kg/Q3D

Frequency of 
dosing:

Every 3 days (total of 17 and 25 doses EFD and pre and 
postnatal cohort, respectively).
F0 (EFD toxicity and TK cohort): 2 weeks prior to pairing 
and continuing GD21
F0 (pre and postnatal toxicity and TK cohort): 2 weeks 
prior to pairing and continuing until LD 21
Offspring: Not treated
Males: Not treated

Dose volume: 2 mL/kg
Route of administration: SC

Formulation/Vehicle: 10 mM Histidine, containing 0.1% w/v Polysorbate 80, 5% 
w/v Sucrose, pH 6.0.

Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: F0 (pre- and postnatal): 20/females/group

F0 (pre- and postnatal toxicity TK): 9/females/group
F0 females (EFD TK): 4/ females/group
F0 males were not dose, but were assigned to Group 1 
through 3 for pairing

Satellite groups: TK, F0 females
Study design: Combined fertility, early embryonic and pre and postnatal 

development study:  Evinacumab was administered SC at 
30 and 100 mg/kg/Q3D to female rats (denoted F0) 
beginning 2 weeks prior to pairing and continuing LD 21 
(pre- and postnatal main study and maternal TK cohorts 
[total of 25 doses]) or GD 21 (embryo-fetal TK cohort [total 
of 17 doses]). Assessment of toxicity was based on 
mortality, clinical observations, body weights, food 
consumption, clinical pathology, functional observation 
battery (FOB), and necropsy and cesarean section findings. 
Developmental landmarks and growth were assessed in 
offspring (denoted F1) prior to weaning. At weaning, 2 F1 
offspring/sex/litter were selected to continue to the 
maturation portion of the study (Table 13).

Deviation from study 
protocol:

None that affect the study interpretation.
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Table 13. Study design of combined SC female fertility/early embryonic 
development/prenatal and postnatal development study in rats

[Applicant]

Observations and Results
F0 generation
Mortality

 No evinacumab-related mortality was noted. 
 Two animals from the vehicle group (R0309 and R0319), two from 30 mg/kg/Q3D (R0401 

and R0416) and two animals from 100 mg/kg/Q3D (R0515 and R0517) were sacrificed 
before the scheduled termination on LD 0, 1, and 2, due to total litter loss. Since litter loss 
occurred at comparable incidences across all dose groups, these findings were not 
considered drug-related. 

 One female (R0516) administered 100 mg/kg/Q3D was sacrificed on its presumed GD 23 
due to adverse clinical observations.  This morbidity occurred due to prolonged pregnancy 
and this isolated incidence was not considered evinacumab-related.

Clinical Signs
 No evinacumab-related clinical observations were observed during premating, pairing, 

gestation, or lactation. 
 Thinning of the hair coat, alopecia, and hyperactivity were reported across dose groups 

during premating, gestation and lactation phase, but these showed no trend with dose, 
and were hence considered incidental. 

Body Weight
Changes in body weight gain and absolute body weight observed during premating, paring, 
gestation, or lactation phases were unremarkable (Figure 4 and Figure 5).
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Figure 4. Female body weight (F0 generation) during premating phase in combined SC 
female fertility/early embryonic development/prenatal and postnatal development study 

in rats

Figure 5. Female body weight (F0 generation) during gestation and lactation phase in 
combined SC female fertility/early embryonic development/prenatal and postnatal 

development study in rats

[Applicant]
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Feed consumption
A statistically significant increase in mean food consumption was observed during the interval of 
premating (PM) days 3-6, gestation day (GD) 12-15 and lactation days (LD) 6-9 and 9-12 in 
females administered 100 mg/kg/Q3D (Figure 6 and Figure 7). However, these changes did not 
correspond with any toxicologically relevant changes in body weight, and hence were not 
considered adverse. 

Figure 6. Female food consumption (F0 generation) during premating phase in combined 
SC female fertility/early embryonic development/prenatal and postnatal development 

study in rats
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Figure 7. Female food consumption (F0 generation) during gestation and lactation phase 
in combined SC female fertility/early embryonic development/prenatal and postnatal 

development study in rats

[Applicant]
Clinical chemistry
F0 generation

 Evinacumab-related maternal effects on serum lipid-related clinical chemistry parameters 
were observed at all doses and these changes were consistent with the pharmacologic 
activity of the test article. 

 Plasma TG levels were decreased in a non-dose-dependent manner (Table 14) on GD 6 
(77-85%) and GD 12 (70-85%) and LD 6 (57-61%), LD 15 (45-52%), and LD 27 (72-75%). 

 Additional findings on LDs 6 and 15 in F0 females administered ≥ 30 mg/kg/Q3D included 
minimal to mild decreases in serum concentrations of TC (19-30%), HDL-C (19-27%), and 
LDL-C (22-25%; LD 15 only). The TC, HDL-C, and LDL-C changes were dose-related on 
LD 15, and TC and HDL-C decreases showed an increasing trend from LD 6 to 15 (Table 
15).
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Table 14. Summary of serum lipid levels for pregnant rats (F0) during gestation phase in 
combined SC female fertility/early embryonic development/prenatal and postnatal 

development study in rats 

Evinacumab (mg/kg/Q3D)Parameters Gestation day
0 30 100

GD 6 95.9 93.1 93.4
GD 12 84.7 78.4 80.2

TC (mg/dL)

GD 21 104.4 109.1 107.1
GD 6 76.2 72.4 72.1
GD 12 64.1 62.1 60.9

HDL (mg/dL)

GD 21 67.6 71.2 67.0
GD 6 10.4 12.1 14.0
GD 12 11.2 11.7 13.5

LDL (mg/dL)

GD 21 18.5 15.4 18.2
GD 6 144 33.3

(↓77%)
21.9

(↓85%)
GD 12 184.7 41.2

(↓85%)
55.4

(↓70%)

TG (mg/dL)

GD 21 296.3 331.8 413.9
Statistically significant differences from the control are underlined.

Table 15. Summary of serum lipid levels for pregnant rats (F0) during lactation phase in 
combined SC female fertility/early embryonic development/prenatal and postnatal 

development study in rats

Evinacumab (mg/kg/Q3D)Parameters Lactation day
N=15 -18 0 30 100

LD 6 103.1 81.6
(↓21%)

83.6
(↓19%)

LD 15 107.6 81.4
(↓24%)

75.3
(↓30%)

TC (mg/dL)

LD 27 119.8 127.8 128.4
LD 6 83.2 65.5

(↓21%)
64.2

(↓23%)
LD 15 78.1 63.0

(↓19%)
56.7

(↓27%)

HDL (mg/dL)

LD 27 96.5 104.4 104.0
LD 6 15.1 12.2 13.8
LD 15 18.7 14.5

(↓22%)
14.1

(↓25%)

LDL (mg/dL)

LD 27 13.6 16.7 16.7
LD 6 51.2 19.9

(↓61%)
22.0

(↓57%)
LD 15 39.1 21.7

(↓45%)
18.9

(↓52%)

TG (mg/dL)

LD 27 158.5 39.5
(↓75%)

44.4
(↓72%)

Statistically significant differences from the control are underlined.
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Toxicokinetics
Blood samples for the determination of total evinacumab serum concentrations were collected
from 3 TK F0 females/group/timepoint during the premating, gestation and lactation periods. 
Blood samples were collected on GD21 from the 4 embryo-fetal TK F0 females/group and their 
offspring. In addition, blood samples for the determination of total REGN1500 concentrations in 
serum of F1 animals (offspring of TK F0 females) were collected on post-natal day (PND; also 
referred to as LD) 7, (pooled samples from litters), and from individual animals on PND 14, 21 
and maturation days (MD) 0, 32, and 63.

 Continuous maternal exposure to evinacumab was maintained in nearly all (~89%) 
evinacumab-treated females throughout the dosing period. The cause of loss of exposure 
in 2 animals (1 animal each in TK F0 treated at 30 and 100 mg/kg/Q3D) is not known 
(Table 16).

 Evinacumab was also detectable in the offspring of fetuses (F1) and the ratio of total 
evinacumab in serum of fetus to maternal plasma ranged from 0.2 to 1.2 (Table 17).

 Evinacumab was also detectable in pooled samples from litters on PND 7 and individual 
F1 animals (12 of 22) at all sampling timepoints up to maturation day 63. 

 Exposure increased dose proportionally.
 Accumulation was observed in all dose groups following multiple dosing. 

Table 16. Summary of toxicokinetics for maternal rats treated SC with evinacumab in 
combined female fertility/early embryonic development/prenatal and postnatal 

development study in rats

[Applicant]
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Table 17. Group mean evinacumab concentration in offspring serum exposed to 
evinacumab in utero in combined female fertility/early embryonic development/prenatal 

and postnatal development study in rats

[Applicant]

Antidrug antibodies
Blood samples collected prior to dosing on PM Day 0 through LD 21 in F0 TK animals, on
GD21 in embryo-fetal F0 TK animals and on LD 14 through MD63 in F1 animals were also
used for the evaluation of evinacumab ADA responses.

 ADA responses were observed in 2 out of 18 (11%) evinacumab-treated F0 females and 
in 9 of 22 (40%) F1 animals (one at 30 mg/kg/Q3D and 8 at 100 mg/kg/Q3D). Assessments 
of ADA on plasma evinacumab levels were not conclusive (Table 18). 
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Table 18. Summary of serum ADA response for maternal rats treated SC with 
evinacumab in combined female fertility/early embryonic development/prenatal and 

postnatal development study in rats

[Applicant]

Dosing Solution Analysis
Concentrations of evinacumab in dose formulations ranged from 96.6 to 99.4% of their theoretical 
concentrations and were acceptable.

Necropsy
No evinacumab-related macroscopic observations were noted at necropsy.

Reproductive performance

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.)
 No evinacumab-related effects on estrous cycling or mean cycle length, mating, fecundity, 

or fertility indices were observed in the evinacumab-treated females (F0). Evinacumab did 
not affect natural delivery, litter data, or pup survival.
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F1 generation pup observation (prior to weaning)

Clinical Observations: No evinacumab-related clinical observations were observed in F1 
offspring of either sex prior to weaning.

Body Weight: Statistically significantly lower mean body weights were observed in male and 
female pups of females administered 30 mg/kg/Q3D (up to 12%) and 100 mg/kg/Q3D (up to 9%) 
on PND 14 and PND  21 (only at 100 mg/kg/Q3D) as compared to controls (Figure 8 and Figure 
9). Due to the transient nature of this finding, and because no changes in mean body weights 
were observed through maturation, the observed body weight changes were not considered 
adverse.

Figure 8. Mean male pup body weight (F1 generation) during gestation and lactation 
phase in combined SC female fertility/early embryonic development/prenatal and 

postnatal development 
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Figure 9. Mean female pup body weight (F1 generation) during gestation and lactation 
phase in combined SC female fertility/early embryonic development/prenatal and 

postnatal development 

[Applicant]

Pup necropsy: Unremarkable.

Sexual maturation landmarks: No evinacumab-related effects on balanopreputial separation or 
vaginal opening were observed. A statistically significant increase in the mean number of days 
(33.6) to reach vaginal opening was observed for pups of animals administered 30 mg/kg/Q3D 
as compared to controls (Table 19). These occurred in a non-dose-dependent manner and were 
within the  DART Historical Control Data testing facility range values (31.8 to 33.7); 
therefore, the findings were not considered treatment-related.
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Table 19. Summary of sexual maturation landmarks (F1 Generation) for offspring exposed 
to evinacumab in utero in combined female fertility/early embryonic 

development/prenatal and postnatal development study in rats

[Applicant]

F1 generation (animals selected for maturation, PND 21 to MD 63)
Mortality: All F1 animals survived to their scheduled sacrifice.

Clinical signs: Unremarkable.

Body weight: Unremarkable. There were transient and statistically significant decreases in mean 
body weight gains during maturation days 42 to 45 in female offspring of F0 females administered 
evinacumab at 30 mg/kg/Q3D. 

Clinical chemistry: Evinacumab-related mildly lower triglyceride concentrations were noted on 
PND 14, 21, and 35 in F1 offspring of F0 females administered ≥ 30 mg/kg/Q3D (increased at 
100 mg/kg/dose only); minimally lower TC concentration on PND 14 in F1 male offspring of F0 
females administered 100 mg/kg/Q3D on PND 21 in F1 offspring of F0 females administered ≥ 
30 mg/kg/dose (dose-dependent in females); minimally lower HDL-C concentrations on PND 21 
in F1 male offspring of F0 females administered ≥ 30 mg/kg/dose and F1 female offspring of F0 
females administered 100 mg/kg/Q3D; and minimally lower LDL-C concentrations on PND 14 in 
F1 male offspring of F0 females administered 100 mg/kg/Q3D and on PND 21 in F1 female 
offspring of F0 females administered 100 mg/kg/Q3D (Table 20).
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Table 20. Summary of serum lipid levels for F1 male and female offspring exposed to 
evinacumab in utero in combined female fertility/early embryonic development/prenatal 

and postnatal development study in rats

Sex F1 Male F1 FemaleParameters
Evinacumab 
(mg/kg/Q3D)

0 30 100 0 30 100

PND 14 165.8 156.4 146.4 165.6 160.3 150.1
PND 21 122.0 107.3 107.5 124.8 112.3 104.8

TC (mg/dL)

PND 35 108.3 107.5 105.5 101.6 104.6 99.0
PND 14 76.7 75.0 73.8 77.1 77.1 76.3
PND 21 78.9 71.0 71.9 79.5 73.4 70.8

HDL
(mg/dL)

PND 35 82.7 82.8 81.0 77.0 79.0 75.6
PND 14 81.8 77.1 70.2 79.1 77.1 71.8
PND 21 38.2 33.8 34.4 40.0 36.4 32.1

LDL
(mg/dL)

PND 35 21.1 23.6 23.1 18.5 21.1 19.5
PND 14 171.8 88.5 73.2 203.9 86.5 77.7
PND 21 100.2 34.8 38.7 98.0 53.2 41.4

TG (mg/dL)

PND 35 98.2 40.5 32.2 96.4 48.3 37.8
Statistically significant differences from the control are underlined.

Reproductive performances
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.)

 No drug-related effects on estrus cycling, mating, fecundity, or fertility indices were 
observed for either sex of the F1 generation.

 The pregnancy rates were 95, 95, or 97% for F1 animals administered vehicle control and 
test article at 30 or 100 mg/kg/Q3D, respectively.

 No effects were observed on any cesarean section parameter assessed.
 Evinacumab-related, statistically significant, but non-adverse decreases in mean sperm 

concentration (40.6% lower as compared to the vehicle control) was observed in F1 
offspring of animals administered 100 mg/kg/Q3D (Table 21). As no effects on 
reproductive indices were observed at similar doses, the decrease in sperm count was not 
considered adverse.
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Table 21. Summary of sperm data for F1 male and female offspring exposed to 
evinacumab in utero in combined female fertility/early embryonic development/prenatal 

and postnatal development study in rats

[Applicant]

Neurobehavioral Assessments (functional observation battery): Evinacumab did not affect 
neurobehavioral parameters. 

Necropsy: Unremarkable.

Cesarean section data: Unremarkable.

An Intravenous Male Fertility and Early Embryonic development to Implantation 
and Toxicokinetics Study in Pregnant Rabbits [Paternally-mediated toxicity study]

Study no.: R1500-TX-17095
Study report location: EDR:SDN 1

Conducting laboratory and location:

Date of study initiation: April 26, 2019
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: REGN1500, 903070001, 98.7%
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Key Study Findings
 Evinacumab was administered by IV to male New Zealand White rabbits at 0 (vehicle), 100 

and 300 mg/kg/Q5D from premating (PM) Days 0 through 40, on paring (PR) Day 2 and from 
Post-Pairing (PP) Days Day 1 to 26 (total doses ~16 over 11 weeks) to assess the potential 
for paternally-mediated toxicity. Drug-naïve females were assigned to each group for mating 
purposes only and were not dosed.

 During the PM phase, 6 males (3 each in the 100 and 300 mg/kg/Q5D groups) were sacrificed 
early in moribund condition due to an adverse clinical signs and inflammatory lesions in the 
kidney (mesangioproliferative glomerulonephritis) and lungs (severe granulomatous 
inflammation). These changes were ascribed to ADA-related responses, because they were 
unlikely related with pharmacological properties of evinacumab and were not observed in 
other studies.

 Consistent with findings noted in earlier studies and the known pharmacology of the test-
article, minimal to mild evinacumab-related decreases in serum lipids were observed in the 
treated males at ≥ 100 mg/kg/day/Q5D. 

 No effects on mating, fertility, or sperm parameters were observed in male rabbits 
administered IV evinacumab at up to 300 mg/kg/Q5D.

 Evinacumab was not present in the serum of treatment-naïve females and the lipid levels were 
unaffected in all females during gestation phase. 

 Detectable concentrations of total evinacumab were observed in semen of 91% of treated 
male animals (PP Day 12 or Study Day 60). Total evinacumab concentrations ranged between 
0.0193 to 177 μg/mL or semen to plasma ratio ~0.6%. 

 At the terminal sacrifice, evinacumab (likely ADA)-related microscopic observations of 
glomerulonephritis and interstitial nephritis were evident in the kidneys of males administered 
≥ 100 mg/kg/Q5D.

 A non-adverse, and transient variation (unossified caudal vertebra) was observed in fetuses 
born from treatment-naïve females mated with evinacumab-treated males at 300 mg/kg/Q5D.     

 Based on the early mortality and kidney histopathology data (mesangioproliferative 
glomerulonephritis and interstitial nephritis), the paternal (male) NOAEL was not determined. 

 The NOAEL established for male-mediated EFD is 300 mg/kg/Q5D IV [AUCtau=55100 
mg.day/L or AUCcum=578000 mg.day/L]11, based on the absence of adverse effect on embryo-
fetal development. 

11AUCtau represents the AUC over the 5-day dosing interval. 
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Table 22. Method of rabbit fertility and male-mediated EFD study
Doses: 0, 100, 300 mg/kg/Q5D

Frequency of dosing: Once every 5 days

Dose volume: 2 mL/kg
Route of administration: IV

Formulation/Vehicle: 10mM Histidine, containing 0.1% w/v Polysorbate 80, 5% 
w/v Sucrose, pH 6.0

Species/Strain: Rabbits/ Hra:(NZW)SPF (New Zealand white) 
Number/Sex/Group: Treated males: 20/group

Drug naïve females 20-25/group
Satellite groups: None

Study design: Male fertility and male (i.e., paternally)-mediated EFD study: 
Evinacumab was administered IV to male New Zealand White 
rabbits from PM Day 0 through 40, on Day 2 of PR, and 
continuing PP Day 1 through 26 (total of 16 doses) at 0, 100, 
or 300 mg/kg/Q5D. Drug-naïve females were assigned to 
each group for mating purposes only and were not dosed. 
Males were sacrificed following the last dose on PP Day 27, 
while females with confirmed mating were sacrificed and 
cesarean sections performed on GD 29. Assessment of 
toxicity was based on mortality, clinical observations, body 
weights, food consumption, and macroscopic and 
reproductive assessment (sperm assessment), anatomic 
pathology, ovarian/uterine examination and fetal evaluation. 
Blood and semen samples were collected for toxicokinetic 
(TK) and clinical pathology evaluation.

Deviation from study 
protocol:

None
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Observations and Results

Table 23. Summary of key observations and results in IV male rabbit fertility and early 
embryonic development study

Parameters Major Findings
Mortality: Six treated males (3 animals each at 100 and 300 mg/kg/Q5D) were sacrificed in 

moribund condition during the PM phase and these animals were present with:
 Adverse clinical signs including abnormal discoloration in the eyes, ears and 

testis/scrotum, whole body convulsion, latent recumbent behavior, irregular 
and labored respiration and thin appearance.

 Discoloration of spleen (also large size), epididymis/scrotum, un-collapsed 
lung lobes, darkened bilateral yellow discolored sclera of the eye, blue 
discolored spleen, tan gelatinous testes, and dark red pinpoints in the cortex 
of the kidney. 

 Severe granulomatous inflammation and marked mixed cell inflammation in 
the lungs and marked interstitial nephritis in the kidneys.

 Positive ADA responses were observed in 5 of 6 of males sacrificed in 
moribund condition and one animal had decline in exposure.  As these 
changes were not related with the pharmacological properties of evinacumab 
and were not observed in other studies, it is likely that the observed 
inflammatory findings in unscheduled deaths were attributed to an ADA-
related inflammatory response.

Clinical signs: In surviving animals, no adverse clinical signs were observed. 

Body weights: Lower mean body weight (8.7%) and mean body-weight gain (18%) with 
concomitantly lower food consumption were noted in males administered 300 
mg/kg/Q5D relative to vehicle controls during entire dosing phase (PM Day 0 
through PP Day 26). 

Clinical pathology:  Changes suggestive of regenerative anemia, including lower RBC (11-37%), 
HgB (16 to 37%), and hematocrit (11-37%), increased RDW (18-40%) and 
reticulocyte count (11-99%), as compared to predose values were noted in the 
four unscheduled animals. 

 Findings suggestive of an inflammatory response and dehydration included 
increased fibrinogen (up to 3x), protein changes (decreased albumin (0.6 to 
0.8x) and increased globulin concentration, which resulted in decreased 
albumin: globulin ratio), and mild white blood cell changes (increased white 
blood cell, neutrophil, and monocyte counts), increased urea nitrogen and 
creatinine concentrations.   

 No changes in hematology were noted in the surviving males.
Fertility 
Parameters:

 No effect in corpora lutea, pre and post-implantation, and live fetuses were 
observed. 

 No evinacumab-related effects on sperm motility, concentration, or caudal 
epididymal weight were observed.

Necropsy findings: 
Paternal 

At the terminal sacrifice, evinacumab-related microscopic observations were noted 
in the kidney and liver of males administered ≥ 100 mg/kg/Q5D.
 Non-dose dependent increased incidence of minimal tubular 

basophilia/regeneration and tubular dilatation, slight to moderate interstitial 
nephritis, minimal to moderate mesangioproliferative glomerulonephritis 
(adverse) and increased incidence or severity of PAS staining were noted in 
males administered ≥ 100 mg/kg/Q5D. 

 Treatment-related non-adverse findings in the liver of males administered ≥ 
100 mg/kg/Q5D included minimally to slightly increased glycogen and minimal 
to moderate centrilobular vacuolation. 
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Parameters Major Findings
Necropsy findings: 
Fetal

 A statistically significant increase in unossified caudal vertebra was 
observed in fetuses of naïve females mated with males administered 300 
mg/kg/Q5D. 

 The litter incidence for unossified caudal vertebra (33%) at 300 
mg/kg/Q5D was outside the test facility DART Historical control 
range (0 to 25%). The percent fetal incidence of 4.74% fell within the 

 DART Historical control database minimal and maximum values 
of 0 to 5.25%. 

 A statistically significant increases in unossified 15th caudal vertebra was 
observed in fetuses born from treatment-naïve females mated with 
evinacumab-treated males at 300 mg/kg/Q5D. This finding could be drug-
related as evinacumab was present in the semen of 91% of treated males 
(approximately 32 and 34 μg/mL at 100 and 300 mg/kg/Q5D, respectively). 
Unossified 15 h caudal vertebra is not considered adverse since this type 
of skeletal variations is transient known to reverse postnatally12. Moreover, 
the effect on ossification occurred in a single bone and underlying bone 
cartilage was present as evidenced by staining with alizarin red.

TK  Continuous exposure to total evinacumab was maintained in almost all 
animals (97%) except one male at 100 mg/kg/Q5D, which could be due to 
ADA. Dose-proportional increases in exposure (Cmax and AUCtau) were 
observed during the treatment period.

 Detectable concentrations of total evinacumab were observed in semen of 
91% (31 of 34 animals; 6 animals were euthanized early) of treated male 
animals (at the single sampling time point evaluated (PP Day 12 or Study 
Day 60). Total evinacumab concentrations ranged between 0.0193 to 177 
μg/mL or semen to plasma ratio ~0.6%. 

 No detectable concentrations of total evinacumab were observed in serum 
of naïve females.

ADA  Positive ADA responses were observed in the 21% (8 of 39) evinacumab-
treated animals (5 out of 20 and 3 out of 19 at the 100 mg/kg/Q5D and 300 
mg/kg/Q5D IV dose groups, respectively) as early as PM Day 5. 

 Unexpected ADA findings were noted in 17 of 18 (94%) animals that 
received control article without detectable levels of evinacumab in the 
serum. 

 ADA positive responses caused enhanced clearance of evinacumab as 
evidenced by lower exposure in 4 out of 5 and 1 out of 3 animals at 100 
mg/kg/Q5D and 300 mg/kg/Q5D, respectively. 

           

9.2 Embryonic Fetal Development
Effects of evinacumab on maternally-mediated embryofetal development were assessed 
in rats and rabbits (dose range-finding and definitive studies). These studies were 
previously submitted and reviewed by Dr. Anthony Parola under the IND, and summaries 
of key study findings are provided in this review. 

12DeSesso JM and Scialli AR. Bone Development in Laboratory Mammals Used in Developmental Toxicity 
Studies. Birth Defects Res. 2018 110(15):1157-1187.
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A subcutaneous embryo-fetal development study in pregnant Sprague-Dawley rats
Study no.: REGN1500-TX-14149

Study report location: EDR: SDN1
Conducting laboratory and location:

Date of study initiation: January 13, 2015
GLP compliance: Yes, 

QA statement: Yes
Drug, lot #, and % purity: REGN1500, 9010900015, 97.2%

Key Study Findings
 Evinacumab was administered to pregnant Sprague Dawley rats during the period of 

organogenesis from GD 6 to (a total of 5 doses) via SC injection at doses of 0 (vehicle), 
5, 10, 30, or 100 mg/kg/Q3D. All animals were sacrificed on GD 21.

 Two pregnant rats treated at the high dose 100 mg/kg/Q3D died on GDs 18 and 19 due 
to unknown cause. The drug relatedness of maternal mortalities cannot be excluded.

 There were decreases in maternal serum TG (21 to 34%) and higher HDL levels (42 to 
54%) noted at ≥ 10 mg/kg/Q3D. Decreases in TG were considered a pharmacologic 
effects, whereas the cause of increased HDL-C is unknown.

 Evinacumab crossed the placenta, with mean ratio of fetal to maternal total evinacumab 
concentration (CFetal/CMaternal) ratios ranging from 0.419 to 0.647.

 Evinacumab caused increases in the fetal and litter incidence of non-adverse skeletal 
variation, bipartite ossification in the centrum of thoracic vertebrae at ≥ 5 mg/kg/Q3D with 
the litter incidence in the 100 mg/kg/Q3D group (21%) statistically significantly higher 
compared to the concurrent (0%) group and test facility historical control group (10%).

 The NOAEL for maternal toxicity was 30 mg/kg/Q3D (AUCtau= 419 mg.day/L), due to the 
unscheduled deaths of two pregnant rats at 100 mg/kg/Q3D from an unknown cause on 
GDs 18 and 19. 

 The NOAEL for embryo-fetal development toxicity was 100 mg/kg/Q3D SC [AUCtau=2370 
mg.day/L or AUCcum= 9880 mg.day/L]13, based on the absence of adverse fetal 
malformations. The skeletal variation bipartite ossification in the centrum of thoracic 
vertebrae was not considered adverse, because this finding is not likely to affect body 
conformity and well-being of animals and therefore is considered a variation and not a 
malformation.

Table 24. Method and design of SC female mediated rat EFD study

Doses: 0 (vehicle), 5, 10, 30, or 100 mg/kg/Q3D
Frequency of dosing: Once every 3 days on GDs 6, 9, 12, 15, and 18

Dose volume: 2 mL/kg
Route of administration: SC

Formulation/Vehicle: 10 mM histidine, 0.1% w/v polysorbate 80,
5% w/v sucrose, pH 6.0)

Species/Strain: Time-mated female Crl:CD(Sprague-Dawley) rats

13AUCtau represents the AUC over the 3-day dosing interval. 
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Number/Sex/Group: Main group: 22 mated females
TK group: 6 mated females

Satellite groups: TK
Study design: Standard; Evinacumab was administered to pregnant 

Sprague Dawley rats once every 3 days during the 
period of organogenesis (GD 6 through GD 18; total 
of 5 doses) via SC injection at doses of 0, 5, 10, 30, 
or 100 mg/kg/Q3D. Fetuses were delivered by 
caesarian section from mated main study group 
females surviving to GD 21. Evaluation of maternal, 
fetal parameters, TK and ADA were conducted.

Deviation from study protocol: None
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Table 25. Summary of key observations and results in SC female mediated rat EFD study
Parameters Major Findings
Mortality Three main study females that received 100 mg/kg/Q3D died before the 

scheduled termination, two (B23943 and B23944) were found dead from 
unknown cause(s) on GD 18 and GD 19, and one was euthanized on GD 
20 after it aborted its litters on GD 20. These animals showed decreases in 
food consumption before death, with no effect on the body weight.  The 
relationship of this effect to treatment is unclear.

Clinical signs None
Body weights There were no drug-related effects on body weight or body weight gain. 

Statistically significant 28.1% and 41.7% decreased body weight gains 
compared to controls were noted in the 10 and 30 mg/kg/Q3D dose groups, 
respectively, from GDs 14 to 15. This was considered incidental, due to the 
absence of a dose-response relationship and due to the absence of effects 
on body weights during the entire treatment period (from GDs 6 to 18). 

Clinical pathology Evinacumab administration was associated with dose-related mildly lower 
TG concentration on GD 10 (21 to 34%) and moderately lower triglyceride 
concentration on GD 21 (39 to 43%) at ≥10 mg/kg/Q3D. Non-dose 
dependent mildly higher (42 to 54%) HDL-C levels were seen higher at 
≥10 mg/kg/Q3D. Decreased serum triglycerides were considered a 
pharmacologic effect, and although the cause of increased HDL-C was not 
known, it was not considered adverse.

Necropsy findings: 
Cesarean-section 
data

At necropsy, there were no test article-related macroscopic findings, or 
effects on any cesarean section parameters examined.

Necropsy findings: 
Offspring

Dose-related increases in the litter (21%) and fetal (8%) incidences of 
skeletal variation, bipartite ossification of the centrum of thoracic vertebrae 
were observed at ≥ 5 mg/kg/Q3D and this finding was statistically 
significantly increased at 100 mg/kg/Q3D, compared to the controls (0%) 
and was above the historical control maximum litter incidence of 10% (Table 
26). Additionally, the affected fetuses had no other skeletal findings that 
suggested delayed ossification at other sites. Other bipartite ossification 
also occurred in centrum of lumbar vertebrae in 1 fetus in the 100 
mg/kg/Q3D dose group, and in sternebrae in 1 fetus in the 10 mg/kg/Q3D, 
but this was not considered test article-related, because it did not show 
dose-related pattern. The bipartite ossification of the thoracic centrum in the 
100 mg/kg/Q3D group was considered test article-related but not adverse, 
because this finding is not expected to affect body conformity and well-being 
of the animal.

TK and ADA Mean Cmax values and exposure (AUCtau) increased in an approximately
dose-proportional manner. All dams and corresponding fetal samples were 
ADA negative. However, a decrease in evinacumab concentration was 
noted in some animals. Evinacumab crossed placenta, and mean ratio of 
fetal and maternal total evinacumab concentration (CFetal/CMaternal) ratios 
ranged from 0.419 to 0.647.
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Table 26. Summary of fetal skeletal variation in SC female mediated rat EFD study

Evinacumab (mg/kg/Q3D) 0 5 10 30 100
Number of Dams/Fetus 22/275 22/272 22/254 22/238 22/236
Number Examined 
Litter/Fetus:

22/136 21/134 22/127 21/119 19/118

V-thoracic centrum-bipartite 
ossification

0/0 1/1 1/1 2/2 4/8

% Litter 0 5 5 10 21
% fetal 0 0.68 0.76 1.75 7.86

Statistically significant differences from the control are underlined.

An intravenous and subcutaneous dose range-finding embryo-fetal development 
study in pregnant rabbits

Study no.: REGN1500-TX-14016
Study report location: EDR: SDN1

Conducting laboratory and location:

Date of study initiation: May 20, 2014
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: REGN1500, 9010900013, 97%

Key Study Findings
 In a dose range-finding (DRF) EFD toxicity study in time-mated New Zealand White 

rabbits, evinacumab was administered at 0 (vehicle), 10, 30, or 100 mg/kg/Q5D SC or 100 
mg/kg/Q5D IV every 5 days during the period of organogenesis from GDs 7 to 17 (total of 
3 doses). All rabbits were sacrificed on GD 29. 

 The MTD and NOAEL for maternal toxicity were 100 mg/kg/Q5D (SC/IV), based on the 
absence of evinacumab-related maternal deaths or adverse clinical signs observed at any 
of the tested doses. 

 Consistent with the intended pharmacology of evinacumab, reductions in serum TG were 
measured at 100 mg/kg/Q5D IV or SC, reduced HDL-C was observed in all dose groups, 
and reduced TC was detected at 100 mg/kg/Q5D IV.

 Evinacumab-related fetal malformations, including macroscopic domed head with 
correlative moderate, marked, or extreme dilation of lateral ventricles in brain, were noted 
in ≥ 10 mg/kg/Q5D SC and 100 mg/kg/Q5D IV dose groups and flexed forepaws were 
seen at ≥ 10 mg/kg/Q5D SC, short limbs and small lungs at ≥ 30 mg/kg/Q5D SC and 
umbilical hernia was observed at 100 mg/kg/Q5D SC. All these findings occurred in the 
absence of maternal toxicity.  

 Hence, the NOAEL for embryo-fetal development was not established, based on 
evinacumab-related major fetal malformations all the tested SC and IV doses. 
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Table 27. Method and design of pilot SC/IV female mediated rabbit EFD study 
Doses: SC:  0 (vehicle), 10, 30, or 100 mg/kg/Q5D

IV: 100 mg/kg/Q5D
Frequency of dosing: Once every 5 days on GDs 7, 12, and 17

Dose volume: 2 mL/kg
Route of administration: SC and IV

Formulation/Vehicle: 10 mM histidine, 0.1% w/v polysorbate 80,
5% w/v sucrose, pH 6.0)

Species/Strain: Time-mated female New Zealand White (NZW) 
rabbits

Number/Sex/Group: 6 mated females/group
Satellite groups: None

Study design: Standard; Evinacumab was administered to pregnant 
New Zealand white rabbits once every 5 days during 
the period of organogenesis (GD 7 through GD 17; 
total of 3 doses) via SC injection at doses of 10, 30, 
100 and IV at 100 mg/kg/Q5D. Fetuses were 
delivered by caesarian section from mated main study 
group females surviving to GD 29. Evaluation of 
maternal, fetal parameters, TK and ADA was 
conducted.

Deviation from study protocol: None

Table 28. Summary of key observations and results in pilot SC/IV female mediated rabbit 
EFD study

Parameters Major Findings
Mortality No-drug related deaths occurred. One female (3612) in the 10 mg/kg/Q5D 

evinacumab SC group was euthanized on GD 22 after aborting and had elevated 
LFTs (118x AST, 12x ALT, 3x GGT compared to baseline). The cause of death 
was not identified but was unlikely to be drug-related due to single occurrence 
and no similar effects at higher exposure. 

Clinical signs None
Body weights Mean body weights were comparable across dose groups throughout gestation; 

body weight gain was 61% to 118% higher in all evinacumab groups compared 
to the control group with correlative 100% to 123% increased absolute food 
consumption; the toxicological relevance of these changes is unclear.

Clinical 
pathology

At the end of treatment, serum TG was lowered (67 to 78%) on GD 22 at 100 
mg/kg/Q5D IV and SC compared to controls. Additional reductions in HDL-C 
were observed on GD 22 (67-78%) and GD 29 (46 to 69%) in all treated groups 
as compared to controls. Lower serum TC (59%) was only noted at 100 
mg/kg/Q5D IV. These changes were attributed to inhibition of ANGPTL3.

Transient increases in UN and creatinine without histologic correlates were 
reported in one rabbit (3617) on GD 22 and in another (3623) at 100 mg/kg/Q5D 
SC group.
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Parameters Major Findings
Necropsy 
findings: 
Cesarean-
section data 
[Implantation 
sites, pre- and 
postimplantation 
loss, etc.]

Numerical but non-dose related increases in percentage of post-implantation 
loss and dead fetuses, decreases in the mean litter size and live fetuses were 
noted at 10, 30, 100 mg/kg/Q5D SC compared to controls. The increase in pre-
implantation loss observed at 100 mg/kg/Q5D IV was not considered drug-
related, because treatment with evinacumab was not started until post-
implantation on GD 7 (Table 29).

In addition, mean fetal body weights were reduced (5 to 11%) non-dose 
dependently in all SC dose groups (10, 30, and 100 mg/kg/Q5D) and at 100 
mg/kg/Q5D IV compared to controls, except for male fetal body weights at 30 
mg/kg/Q5D SC.

Necropsy 
findings: 
Offspring

 There were dose-independent increases in the fetal/litter incidence of 
external and visceral malformations (domed heads with correlative slight 
to extreme dilation of the lateral ventricles in the brain) at ≥ 10 mg/kg/Q5D 
SC and 100 mg/kg/Q5D IV dose groups (Table 30). 

 Additionally, incidences of flexed fore and/or hindlimbs paws were higher 
in all SC evinacumab-treated groups as compared to controls.

 Individual fetus data shows, the brain and limb malformations occur 
concurrently in the same fetuses. 

 High incidence of short limbs and small lungs were noted at ≥ 30 
mg/kg/Q5D SC, and one intestine umbilical hernia at 100 mg/kg/Q5D SC.

 In general, the incidence of fetal malformations was lower in 100 
mg/kg/Q5D IV group as compared to SC group in this study despite 
attaining high exposure. The reason for this discrepancy is not clear.

TK and ADA Both mean Cmax and AUC values for evinacumab increased in a greater than 
dose-proportional manner across the dose levels tested in this study, which likely 
reflects the higher incidence of clearing ADAs observed at the lower doses rather 
than any meaningful differences in the kinetics between the groups. Exposure to 
evinacumab was demonstrated through GD 22 in all but one of the rabbits 
administered 30 or 100 mg/kg/Q5D SC or 100 mg/kg/Q5D IV. 

A positive ADA response was observed in 11 out of  24 (46%) of  maternal rabbits 
administered evinacumab, including 5 out of 6 rabbits in the 10 mg/kg/Q5D SC 
dose group, 4 out of  6 rabbits in the 30 mg/kg/Q5D SC group, and 1 out of 6 
rabbits for each of the 100 mg/kg/Q5D SC and 100 mg/kg/Q5D IV dose groups.
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Table 29. Summary of ovarian and uterine parameters in pilot SC/IV female mediated 
rabbit EFD study

[Applicant]
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Table 30. Summary of fetal alterations in pilot SC/IV female mediated rabbit EFD study

Evinacumab (mg/kg/Q3D) 0 10 30 100 100

Route IV/SC SC SC SC IV
Total # litters evaluated
Total # live fetuses evaluated 60 49 52 49 46
Fetal BW (male & female fetuses), g 40.4±1.8 37.2±1.7

(↓8%)
38.3±3.7

(↓5%)
36.1±6.1
(↓11%)

36.5±5.6
(↓10%)

Gross external abnormalities
Head: Domed head 
fetal incidence 0(0%) 1(2%) 11 (21.2%) 3(6.1%) 2(4.3%)
litter incidence 0(0%) 1(20%) 3(50%) 2(40%) 1(20%)
Fore/hindlimbs: flexed 
fetal incidence 0(0%) 1(2%) 2(3.8%) 4(8.2%) 0(0%)
litter incidence 0(0%) 1(20%) 2(33.3%) 3(60%) 0(0%)
Fore/hindlimbs:  short
fetal incidence 0(0%) 0(0%) 1(1.9%) 2(4.1%) 0(0%)
litter incidence 0(0%) 0(0%) 1(16.7%) 1(20.0%) 0(0%)
Body: umblical hernia
fetal incidence 0(0%) 0(0%) 0(0%) 1(2.0%) 0(0%)
litter incidence 0(0%) 0(0%) 0(0%) 1(20%) 0(0%)
Visceral abnormalities
Brain: slight ventricular dilation brain
fetal incidence 0(0%) 4(8.2%) 1(1.9%) 1(2.0%) 0(0%)
litter incidence 0(0%) 2(40%) 1(16.7%) 1(20%) 0(0%)
Brain: moderate ventricular dilation brain
fetal incidence 0(0%) 0(0%) 1(16.7%) 0(0%) 1(2.2%)
litter incidence 0(0%) 0(0%) 1(1.9%) 0(0%) 1(20.00%)
Brain: extreme ventricular dilation brain
fetal incidence 0(0%) 0(0%) 6(11.5%) 2(4.1%) 0(0%)
litter incidence 0(0%) 0(0%) 3(50%) 2(40.0%) 0(0%)
Lungs: small
fetal incidence 0(0%) 0(0%) 1(16.7%) 2(40%) 0(0%)
litter incidence 0(0%) 0(0%) 1(1.9%) 2(4.1%) 0(0%)
Intestines: umbilical hernia
fetal incidence 0(0%) 0(0%) 0(0%) 1(2%) 0(0%)
litter incidence 0(0%) 0(0%) 0(0%) 1(20%) 0(0%)

A definitive subcutaneous embryo-fetal development study in pregnant rabbits
Study no.: REGN1500-TX-14092

Study report location: EDR: SDN1
Conducting laboratory and location:

Date of study initiation: October 10, 2014
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: REGN1500, 9010900015, 97.2%
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Key Study Findings
 The definitive rabbit female-mediated EFD toxicity study was conducted in time-mated 

New Zealand White rabbits with SC administration evinacumab at 0 (vehicle), 5, 10, 30 
mg/kg/Q3D every three days during the main study and 1 mg/kg/Q3D during the extension 
study covering the period of organogenesis from GD 7 to 19 (5 total doses).  All surviving 
rabbits were sacrificed on GD 29. 

 There were early maternal deaths (due to abortion, premature delivery as evidenced by 
red substances in the cage) at all doses, lower maternal body weight gains (36 to 100%) 
and reduction in food consumption (11 to 37%) at ≥ 5 mg/kg/Q3D. The reason for 
significant maternal toxicity in this study, when a similar finding was not observed in the 
DRF study, is unclear.

 Similar to the results of the rabbit DRF study, evinacumab was teratogenic in rabbits, as 
it caused a dose-related increased incidence of findings of domed heads with correlative 
moderate to extreme dilation of the lateral and third ventricles of the brain (fetal 
malformations were consistent with internal hydrocephaly) at ≥ 10 mg/kg/Q5D and 
fore/hind limbs flexed noted at 30 mg/kg/Q3D. These findings were considered drug-
related based on a similarity of findings noted in prior DRF study where these findings 
were observed in the absence of maternal toxicity.  

 Additionally, a variety of irregular ossification findings in the skull, enlarged anterior and/or 
posterior fontanelles and decreases in embryo-fetal viability including abortions, 
premature delivery at all doses, increases in post-implantation losses at 1, 10 and 30 
mg/kg/Q3D, and early/late/total resorptions, higher mean percent dead or resorbed 
conceptuses at ≥ 10 mg/kg/Q3D and lower number of viable fetuses at 30 mg/kg/Q3D and 
reductions in mean fetal body weights from 8 to 12% ≥ 5 mg/kg/Q3D were likely result of 
maternal toxicity.

 The NOAEL for maternal toxicity and embryo-fetal toxicity (related to maternal toxicity) 
were not determined. The NOAEL for fetal malformations was 5 mg/kg/Q3D [AUCtau =5.6 
mg. Day/L]14 based on eviancumab related doomed head and internal hydrocephaly 
finding at ≥ 10 mg/kg/Q3D. 

 Evinacumab was highly immunogenic in pregnant rabbits with ADA responses that 
resulted in discontinuous maternal exposure on GD 22 at ≤ 10 mg/kg/Q3D and in all dosed 
animals on GD 29, due to ADA-mediated enhanced evinacumab clearance.

 On GD 29, evinacumab was detected in the serum of fetuses born from mothers at 10 and 
30 mg/kg/Q3D, typically at higher levels than maternal serum.

Table 31. Method and design of definitive SC female mediated rabbit EFD study

Methods
Doses: SC:  0 (vehicle), 1, 5, 10, or 30 mg/kg/Q3D

Frequency of dosing: Once every 3 days on GDs 7, 10, 13, 16 and 19
Dose volume: 2 mL/kg

Route of administration: SC 
Formulation/Vehicle: 10 mM histidine, 0.1% w/v polysorbate 80,

5% w/v sucrose, pH 6.0)
Species/Strain: Timed-mated female New Zealand White (NZW) 

rabbits
Number/Sex/Group: 6 mated females/group

14AUCtau represent AUC over the 3-day dosing period in the first dosing interval as evinacumab was 
undetectable for the vast majority of animals by dose 2, due to the presence of ADA.
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Satellite groups: none
Study design: Standard; Evinacumab was administered to pregnant 

New Zealand white rabbits once every 3 days via SC 
injection at doses of 0, 1, 5, 10 and 300 mg/kg/Q3D 
during the period of organogenesis (GD 7 through GD 
19; total of 5 doses). Fetuses were delivered by 
caesarian section from mated main study group 
females surviving to GD 29. Evaluation of maternal, 
fetal parameters, TK and ADA was conducted.

Deviation from study protocol: None

Table 32. Summary of key observations and results in definitive SC female mediated 
rabbit EFD study

Parameters Major Findings
Mortality: There were non-dose dependent early maternal deaths in 12 pregnant 

rabbits between GD 21 to 29 (three at 1 mg/kg/Q3D, one each at 5 and 10 
mg/kg/Q3D, seven at 30 mg/kg/Q3D). 

 Of these, eight pregnant rabbits were euthanized early due to 
abortions, three dams were euthanized due to premature delivery 
of entire litters between GDs 21 to 29 and one was found dead with 
resorbed litters. 

 The number of mortalities and females that had abortions achieved 
statistical significance at 30 mg/kg/Q3D as compared to the control.  
Though these effects occurred in a non-dose related manner, the 
relationship of early mortalities to treatment cannot be excluded.

Clinical signs: Red substance in cage pan that were notable as early as GD 15 at ≥ 1 
mg/kg/Q3D and these are attributed to early termination of pregnancy 
(abortions premature delivery). Other clinical signs include scant feces and 
ungroomed hair coat at ≥ 1 mg/kg/Q3D; spare hair coat a multiple sites at 
≥ 5 mg/kg/Q3D; thin body condition at 1, 10 and 30 mg/kg/Q3D; cold to 
touch and soft or liquid feces at ≥ 10 mg/kg/Q3D (Table 33).

Body weights: Dose-dependent decreases in maternal body weight gain (36 to 100%) 
were noted between GD7 to GD 28 in pregnant females treated at ≥ 5 
mg/kg/Q3D. Changes in absolute body weights were limited to body weight 
loss by 7% at ≥ 10 mg/kg/Q3D. Food consumption was also reduced at 
multiple timepoints from GD 7 through GD 28 (11 to 37% at ≥ 5 
mg/kg/Q5D).

Notably, the Applicant did not evaluate gravid uterine weight, and therefore 
lower maternal body weights and body weight gains at ≥ 5 mg/kg/Q3D 
might also be due to decreased litter sizes at ≥ 10 mg/kg/Q3D and lower 
fetal body weights at ≥ 5 mg/kg/Q3D.   

Clinical pathology: Consistent with the pharmacology of evinacumab, there were reductions in 
TG (30 to 44%) at ≥ 10 mg/kg/Q3D, and reductions in HDL-C (56 to 72%) 
and TL (20 to 33%) at ≥ 5 mg/kg/Q3D observed on GD 10. Effects on 
maternal lipid parameters were transient, and no changes in lipid 
parameters were evident at GD 29.
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Parameters Major Findings
Necropsy findings: 
Cesarean-section 
data [Implantation 
sites, pre- and 
postimplantation 
loss, etc.]

Lower embryo-fetal survival was evident as mean litter sizes were reduced 
at ≥ 10 mg/kg/Q3D with correlatively increased postimplantation losses at 
1, 10 and 30 mg/kg/Q3D, which might be due to increased total resorptions 
at ≥ 10 mg/kg/Q3D (with increased early resorptions at ≥ 1 mg/kg/Q3D and 
increased late resorptions at 30 mg/kg/Q3D). A corresponding dose-
dependent increases in the mean percentage of dead or resorbed 
conceptuses and females with all conceptuses dead or resorbed were 
observed at ≥ 10 mg/kg/Q3D and lower number of viable fetuses at 30 
mg/kg/Q3D (Table 34). 

Mean fetal body weights (male and female combined) were reduced 
independently of dose (8 to 12%) at ≥ 5 mg/kg/Q3D compared to controls.

Low embryo-fetal viabilities are likely attributed to maternal toxicities.
Necropsy findings: 
Offspring

Evinacumab was teratogenic in rabbits and it caused:
 Dose-dependent increases of domed heads was observed at gross 

external examination at 10 and 30 mg/kg/Q3D relative to control. 
These observations correlated with moderate or extreme dilation of 
the lateral and third ventricles of the brain at ≥ 10 mg/kg/Q3D (Table 
35). Acephaly was observed in 1 of 191 fetuses at 5 mg/kg/Q3D, 
the findings may not drug-related due to the absence of similar 
findings at the high doses.

 Higher fetal/litter incidences of one or both fore/hind paws flexed 
were increased at 30 mg/kg/Q3D compared to the respective 
controls. One litter each in the control (extension study), 5 and 10 
mg/kg/Q3D also had flexed paws, but this is not considered 
treatment-related.

 In general, the head and limb malformations were noted 
concomitantly in the fetuses based on the individual fetus data.

 Both doomed head, ventricular dilation, and flexed paws were 
reported in the pilot rabbit EFD study at ≥ 10 mg/kg/Q5D SC and 
100 mg/kg/Q5D IV in the absence of maternal toxicity. Therefore, 
these fetal malformations were considered drug-related.

Additionally, a variety of skeletal abnormalities likely represents 
developmental delays in ossifications secondary to maternal toxicity were 
observed at ≥ 5 mg/kg/Q3D and include:

o Incompletely ossified skull bone (parietal, interparietal, frontal, 
palate) at ≥ 10 mg/kg/Q3D, 

o Enlargement (posterior fontanelle and anterior fontanelle) at ≥ 10 
mg/kg/Q3D and,

o Incomplete ossification of cervical vertebrate 30 mg/kg/Q3D, 
o Reductions in the mean numbers of ossified metacarpals at ≥ 5 

mg/kg/Q3D.  
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Parameters Major Findings
TK Mean Cmax and AUC increased in a greater than dose-proportional manner. 

By GD 22, exposures were maintained in a majority of animals at 30 
mg/kg/Q3D, whereas discontinuous exposures were observed at ≤ 10 
mg/kg/Q3D (0/ 18, 2/20, 8/19, and 16/19 animals in the 1, 5, 10, and 30 
mg/kg Q3D groups, respectively). By GD 29, detectable concentrations 
were only observed in 2 of 20 and 10 of 19 animals in the 10 and 30 
mg/kg/Q3D, respectively.

Serum evinacumab was detected in fetuses from 3/16 and 7/10 litters in 10 
and 30 mg/kg/Q3D, respectively on GD 29, but not in litters in 1 or 5 
mg/kg/Q3D groups (likely due to ADA-mediated increased clearance). In 
general, evinacumab concentrations in fetal serum were greater than in the 
respective maternal serum at ≥ 10 mg/kg/Q3D.

ADA A positive ADA response was observed in 88% (70 of 80) animals that 
received evinacumab, with the highest incidence observed at ≤ 10 
mg/kg/Q3D, (19/20, 20/20, 18/20 and 13/20 animals in the 1, 5, 10, and 30 
mg/kg groups, respectively). ADA was responsible for increased clearance 
in 97% (68 of these 70) ADA-positive animals. 

The incidence of fetuses with detectable ADAs in serum was inversely 
related to maternal dose with ADAs detected in 100%, 100%, 81.2%, and 
48.3% of fetuses from 1, 5, 10, and 30 mg/kg/Q3D, respectively.

Table 33. Summary of clinical observation in definitive SC female mediated rabbit EFD 
study

Evinacumab (mg/kg/Q3D) 0a 0b 1 5 10 30
Scant feces 4/1 14/5 52/12 27/5 55/12 83/16
No feces in cage pan 0/0 0/0 0/0 1/1 1/1 1/1
Soft/liquid feces 1/1 0/0 0/0 1/1 2/2 4/2
Sparse hair coat (underside, limb, and/or 
neck)

12/1 0/0 0/0 11/4 78/8 61/7

Thin body condition 0/0 22/4 67/8 11/3 47/5 32/5
Ungroomed coat 3/2 0/0 0/0 15/3 22/4 29/5
Red substance in cage pan 0/0 0/0 2/1 2/1 3/2 9/5
Cold to touch 0/0 0/0 0/0 0/0 4/1 3/2

N/N=total number of observations/number of rabbits with observation.
Statistically significant differences from the control are underlined.

aControl group used for comparison against the 5, 10, and 30 mg/kg/Q3D dose groups. 
bControl group used for extension 1 mg/kg/Q3D dose groups.
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Table 34. Summary of ovarian/uterine findings in definitive SC female mediated rabbit 
EFD study

Evinacumab (mg/kg/Q3D) 0a 0b 1 5 10 30
Mean implantation 10.7±2.2 10.7±2.4 11.1±2.4 11.3±2.6 10.0±3.2 11.0±2.9
Mean litter size 10.2±2.2 9.9±2.8 9.8±4.4 10.6±2.7 8.5±3.8 7.1±4.8
Live fetuses 193 197 156 190 160 91
Mean dead fetuses 0.0±0.2

(1)
0.0±0.2

(1)
0.0±0.0 0.0±0.2 0.0±0.2 0.0±0.3

Mean total resorption 0.5±0.8 0.6±0.7 1.1±2.7 0.7±1.2 1.5±2.5 3.9±3.9
Mean early resorption 0.2±0.4

(3)
0.3±0.6

(6)
1.1±2.7

(17)
0.6±1.2

(10)
1.0±2.5

(20)
2.6±3.7

(34)
Mean late resorption 0.3±0.6

(6)
0.2±0.4

(5)
0.1±0.2

(1)
0.2±0.5

(3)
0.5±0.8

(9)
1.3±3.0

(17)
% post implantation loss 5.1±8.9 5.3±6.5 13.7±33.8 6.5±11.4 20±29.9 39.8±38.7
Females with any resorption 7 9 4 6 12 11
Females with all conceptuses 
dead or resorbed

0 0 2 0 2 3

Females with viable fetuses 19 20 14 18 17 10
% dead or resorbed conceptuses 5.1±8.9 5.3±6.5 1.4±3.6 6.5±11.4 10.6±10.7 21.7±20.6

Statistically significant differences from the control are underlined.
aControl group used for comparison against the 5, 10, and 30 mg/kg/Q3D dose groups. 

bControl group used for extension 1 mg/kg/Q3D dose groups.
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Table 35. Summary of fetal alterations in definitive SC female mediated rabbit EFD

Evinacumab (mg/kg/Q3D) 0a 0b 1 5 10 30

Pregnant rabbits evaluated 19 20 19 19 20 20
Died or sacrificed moribund 0 0 0 0 0 1
Abortion 0 0 3 0 1 4
Total # early delivery 0 0 0 1 0 2
Total # litters evaluated 19 20 14 18 17 10
Total # live fetuses evaluated 193 197 156 190 160 91
Fetal BW (male & female fetuses), g 39.4±4.3 39.0±7.5 38.5±4.7 36.4±3.8

(↓8%)
34.7±6.7
(↓12%)

35.7±4.7
(↓9%)

% Fetuses with any alteration/litter 8.4±13 10.2±13.4 4.4±5.8 6±9.6 6.1±9.7 27.7±29
Gross external abnormalities
Head: Domed head 
fetal incidence 0(0%) 1(0.5%) 0(0%) 0(0%) 5(3.1%) 18(19.8%)
litter incidence 0(0%) 1(5%) 0(0%) 0(0%) 4(23.5%) 6(60.0%)
Fore/hindlimbs: flexed 
fetal incidence 0(0%) 1(0.5%) 0(0%) 1(0.5%) 2(1.2%) 5(5.5%)
litter incidence 0(0%) 1(5.0%) 0(0%) 1(5.6%) 1(5.9%) 3(30%)
Visceral abnormalities
Brain: moderate ventricular dilation 
brain
fetal incidence 0(0%) 0(0%) 0(0%) 0(0%) 1(0.6%) 5(5.5%)
litter incidence 0(0%) 0(0%) 0(0%) 0(0%) 1(5.9%) 4(40.0%)
Brain: extreme ventricular dilation 
brain
fetal incidence 0(0%) 0(0%) 0(0%) 0(0%) 5(3.1%) 16(17.6%)
litter incidence 0(0%) 0(0%) 0(0%) 0(0%) 4(23.5%) 4(40.0%)
Skeletal abnormalities
Skull: irregular ossification (parietal, 
interparietal, frontal, superoccipital)
fetal incidence 2(1.0%) 8(4.1%) 2(1.3%) 1(0.5%) 5(3.1%) 20(22.0%)
litter incidence 2(10.5%) 5(25%) 2(14.3%) 1(5.6%) 3(17.6%) 6(60%)
Skull: posterior fontanelle, large
fetal incidence 0(0%) 0(0%) 1(0.6%) 0(0%) 1(0.6%) 16(17.6%)
litter incidence 0(0%) 0(0%) 1(7.1%) 0(0%) 1(5.9%) 4(40.0%)
Skull: anterior fontanelle, large
fetal incidence 1(0.5%) 0(0%) 0(0%) 0(0%) 3(1.9%) 19(20.9%)
litter incidence 0(5.3%) 0(0%) 0(0%) 0(0%) 2(11.8%) 5(50.0%)
Skull: palate, incompletely ossified
fetal incidence 1(0.5%) 0(0%) 0(0%) 0(0%) 2(1.2%) 3(3.3%)
litter incidence 1(5%) 0(0%) 0(0%) 0(0%) 2(5.9%) 1(10%)
Cervical vertebrae: Incompletely 
ossified
fetal incidence 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(1.1%)
litter incidence 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(10%)
Metacarpals: ossification sites 4.99±0.2 4.91±0.18 4.92±0.09 4.93±0.13 4.91±0.13 4.86±0.25

Statistically significant differences from the control are underlined.
aControl group used for comparison against the 5, 10, and 30 mg/kg/Q3D dose groups.

bControl group used for comparison against the extension 1 mg/kg/Q3D dose group.

9.3 Pre and postnatal development
A standalone pre and postnatal development study was not conducted. Pre and postnatal 
development parameters were collected from a combined SC female fertility/early embryonic 
development to implantation prenatal and postnatal development study in rats (R1500-TX-
17096).
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9.4 Juvenile Animal Studies
Toxicity of evinacumab was evaluated in three completed repeat-dose studies in juvenile animals: 
a definitive study in juvenile rats, a pilot study in juvenile rabbits, and definitive study in juvenile 
rabbits.  These studies were previously submitted and reviewed under the IND. The following are 
summaries of the key study findings. 

9.4.1 A Subcutaneous or Intravenous (Bolus) Injection Juvenile Toxicity Study in 
Sprague Dawley Rats/R1500-TX-17094

Key study Findings
 Evinacumab was administered to juvenile SD rats once-weekly from PND 21 through PND 

84 (a total of 10 doses) via SC injection at doses of 30, or 100 mg/kg/week or 100 
mg/kg/week IV. A subset of animals was allowed to complete an 8-week treatment-free 
recovery period.

 Evinacumab did not affect the growth, sexual maturation landmarks, neurobehavioral 
parameters (FOB, startle response, motor activity, learning, and memory), or enhanced 
neuropathology parameters in juvenile rats treated at up to 100 mg/kg/week SC or IV.

 As expected, there were decreases in serum TG during the dosing period on PND 49 (up 
to 84.2%) and PND 85 (up to 48%) and HDL-C on PND 49 (9 to 28%) noted at ≥ 30 
mg/kg/week SC or 100 mg/kg/week IV in males and females. Lower TG levels were also 
notable on PND 112 (up to 80%) but not on PND 112, consistent with diminishing drug 
concentrations in serum. 

 Local injection site reactions characterized by mixed cell infiltrates, fibrosis, and 
hemorrhage were noted in males and females at ≥ 30 mg/kg/week SC and 100 
mg/kg/week SC. 

 A low incidence of ADA (6%) with no effect on TK, PD, or toxicity were noted in the 100 
mg/kg/week SC or IV groups.

 The MTD and NOAEL was 100 mg/kg/week SC or IV [AUCtau=9620 mg.day/L (SC) and 
AUCtau=13200 9620 mg.day/L (IV)]15, based on the absence of overt toxicity at the highest 
dose evaluated.

15 AUCtau reflects the AUC over the 7-day dosing interval.
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Table 36. Methods and design of SC/IV juvenile rat toxicity study
Parameter Method Details
Dose and frequency of 
dosing:

SC: 0 (vehicle), 30, 100 mg/kg/week, once weekly for 11 weeks
IV: 100 mg/kg/week 

Route of administration: SC and IV
Formulation/Vehicle: 151.2 mg/mL REGN1500 solution in 70 mM arginine

HCl, 10 mM histidine, 3% w/v proline, 0.1% w/v
polysorbate 80, pH 6.0

Species/strain: Rat/Sprague Dawley [Crl:CD(SD)]
Number/sex/group: Main: 20/sex/group

Recovery: 10/sex/group
Age at start of 
experiment:

PND 21

Satellite groups: TK:  24/sex/group
Study design: Juvenile rats were injected with evinacumab once-weekly from PND 

21 to 84 (10 doses). Main study groups were euthanized on PND 85 
and recovery groups were euthanized on PND 141. The study 
included enhanced neurobehavioral endpoints (functional 
observational battery, auditory startle response, motor activity 
monitoring, and Biel maze swimming test) and enhanced 
neuropathology endpoints (perfusion fixed brain, brain weight, brain 
length and width, and macroscopic and microscopic examination 
brain, nerves and skeletal muscle).

Deviation from study 
protocol affecting 
interpretation of results:

None
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Table 37. Summary of key observations and results in SC/IV juvenile rat toxicity study
Parameters Major findings
Mortality No drug-related deaths. Unscheduled deaths of 3 rats in treatment 

groups (1 male and 1 female at 30 mg/kg/week and 1 male at 100 
mg/kg/week SC) were considered equivocal due to the absence of 
a relationship to dose.

Clinical signs None
Body weights Unremarkable
Hematology Minimally increased reticulocyte parameters in females at 100 

mg/kg/week SC or IV were observed. The toxicological significance 
is unlikely, because of the absence of decreased RBC parameters.

Clinical chemistry Consistent with the findings in adult animals, decreases in serum 
TG on PND 49 (73 to 85%), PND 85 (29 to 48%), and HDL-C on 
PND 49 (9 to 28%) were observed at ≥ 30 mg/kg/week SC or 100 
mg/kg/week IV in males and females. These findings were 
considered to be pharmacologic effects. Effects on TG levels were 
detected during the recovery period on PND 112 (35 to 80%), but 
were absent by PND 141, which is consistent with diminishing drug 
concentrations in the serum.

Histology Subcutaneous injection site reactions characterized by macroscopic 
dark red areas, microscopic minimal to moderate mixed cell 
infiltrates, and minimal to mild fibrosis were seen in males and 
females treated SC at ≥ 30 mg/kg/week, and minimal hemorrhage 
occurred at 100 mg/kg/week. Findings were not dose-limiting and 
were partially reversible. 

Neurodevelopment [FOB] None
Sexual maturation None
TK Exposure (Cmax and AUC0-168h) increased across the dose range 

during the treatment period with 3.1- to 5.3-fold accumulation after 
SC and 3.6- to 3.9-fold after 10 weekly IV doses. Nonlinear 
elimination was observed at the end of the recovery period, which is 
likely due to target-mediated clearance.

ADA Low incidences of positive ADA responses were observed in 3 out 
of 54 (6%) of animals. The presence of ADA did not affect exposure, 
PD, or assessment of toxicity in this study. 

9.4.2 A Definitive Intravenous (Slow-Push) Injection Juvenile Toxicity Study in 
Rabbits/R1500-TX-17093

Key study Findings
 Evinacumab was administered to juvenile rabbits once every 5 days for 17 weeks from 

PND 21 through PND 141 (total of 25 doses) via IV injection at doses of 30, 100, or 300 
mg/kg/Q5D. A subset of animals was maintained for an 8-week treatment-free recovery 
period.

 There were hematological changes characteristic of regenerative anemia with decreases 
in RBC, Hgb, Hct, and increases in absolute and relative reticulocyte counts noted in high 
dose females at 300 mg/kg/Q5D.

 Lower serum TG (up to 92%), TC (up to 82%), HDL-C (up to 89%), and LDL-C (up to 72%) 
were measured throughout the dosing phase in all treated animals. 
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 Acceleration of vaginal patency with lower body weight at the attainment of this sexual 
landmark was noted in females treated at ≥ 30 mg/kg/Q5D. However, this is confounded 
by an unusually delayed vaginal patency and higher body weight observed in the 
concurrent vehicle treated groups as compared to the testing laboratory historical control 
value, hence acceleration of vaginal patency is not considered evinacumab-related. 

 No effects on pup survival, growth, neurobehavioral, or CNS development were observed 
in this study, in contrast to the neurotoxicity (internal hydrocephaly) findings reported in 
fetal rabbits exposed to evinacumab in utero.

 A NOAEL was established at 300 mg/kg/Q5D IV [AUCtau=45800 mg.day/L (IV)]16,  based 
on the absence of effects of evinacumab on growth, sexual maturation, or neurobehavioral 
and neuropathological endpoints.

Table 38. Methods and design of IV juvenile rabbit toxicity study
Parameter Method Details
Dose and frequency of 
dosing:

IV: 0 (vehicle), 30, 100 and 300 mg/kg/Q5D, once every 5 days for 
11 weeks

Route of administration: IV
Formulation/Vehicle: 151.2 mg/mL REGN1500 solution in 70 mM arginine

HCl, 10 mM histidine, 3% w/v proline, 0.1% w/v
polysorbate 80, pH 6.0

Species/strain: Rabbit/New Zealand White (Hra:[NZW]SPF)
Number/sex/group: Main: 14/sex/group

Recovery: 6/sex/group
Reproductive phase: 20 females/group

Age at start of experiment: PND 21
Satellite groups: None
Study design: Juvenile rabbits were injected once every 5 days IV from PNDs 21 

to 141 (total 25 doses) with 30, 100 or 300 mg/kg/Q5D. Assessment 
of toxicity was based on clinical evaluation, sexual and 
developmental landmarks, enhanced neurobehavioral assessments 
(functional observational battery and conditioned eye blink 
response), enhanced neuropathology assessments, and TK and 
ADA analyses.

Deviation from study 
protocol affecting 
interpretation of results:

None

16AUCtau reflects the AUC over the 5-day dosing interval.
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Table 39. Summary of key observations and results in SC/IV juvenile rabbit toxicity study
Parameters Major findings
Mortality There were a total of 5 unscheduled deaths (one in control two in 30 

mg/kg/Q5D, and one at 100 mg/kg/Q5D) that occurred during the 
study. Due to the lack of a dose-response relationship and in the 
absence of a trend or identifiable cause of death, none of the deaths 
were attributable to treatment.

Clinical signs The incidence of clear discharge from eyes was higher compared to 
the control group in males and females at >30 mg/kg/Q5D, but this 
clinical sign lacked adverse correlative ophthalmology or eye 
pathology findings.

Body weights Unremarkable
Hematology At the end of dosing, evinacumab-related mild regenerative anemia 

was observed in females treated at 300 mg/kg/Q5D, which was 
characterized by decreased RBC (8.4%), HgB (4.5%), Hct (3.6%), 
and increased relative (58.3%) and absolute reticulocytes (41.1%), 
RDW (12.1%) and HDW (23.6%). 

Clinical chemistry Evinacumab-mediated lowering of serum TG (44 to 92%), TC (44 to 
82%), HDL-C (44 to 89%, and LDL-C (32 to 72%) was reported 
during treatment from PND 51 to 141 in males and females at all 
doses ≥ 30 mg/kg/Q5D. Findings were reversible.

Histology Unremarkable
Neurodevelopment [FOB] None
Sexual maturation Non-dose related acceleration of the onset of vaginal patency was 

seen in females at ≥ 30 mg/kg/Q5D. Mean ages of vaginal patency 
were 3.8 to 4.9 days early and body weights were 16 to 18% lower 
at attainment in evinacumab-treated females compared to 
concurrent controls. However, these changes were attributed to 
delayed vaginal patency and higher body weight of the control 
compared to the testing laboratory historical control values. Hence, 
the relationship of these findings to treatment is considered unlikely. 

TK Continuous exposure was maintained in ~95% of the treated 
animals throughout the treatment period. Mean Cmax and exposures 
(AUCtau) increased in a dose-proportional manner across all dose 
levels. Drug accumulation (4.7 to 6.0-fold) was observed in all dose 
groups upon repeated dosing. 

ADA Positive ADA responses were lower and noted in 9% (16 of 180) 
evinacumab-treated animals at 30 and 100 mg/kg/Q5D (8 animals 
in each dose group).

10 Special Toxicology Studies

1) Local tolerability
Local tolerability of IV and SC administration of evinacumab was evaluated as part of the
GLP repeat-dose toxicology studies conducted in rats, monkeys, and rabbits. In the 26-week 
monkey study, reversible local injection site reactions were observed in SC injected monkeys at 
≥ 10 mg/kg/week. Local injection site reactions with the administration of human IgG in non-
human primates are expected and not considered predictive of a similar human response. 
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Moreover, SC injection site reactions are less relevant considering the to-be-marketed product 
will be given to patients via an IV infusion. 

2) Tissue reactivity study
No target-specific evinacumab staining was observed in an ex-vivo tissue cross reactivity study 
using rat, cynomolgus monkey, and human tissues.

3) Container closure system (CCS)
The primary container closure system for evinacumab drug product consists of a  glass vial 
and stopper  

 

Extractable studies
An evaluation of forced extraction studies of the CCS for the evinacumab drug product was used 
to guide the detection and identification of potential leachable. The extraction conditions used are 
shown in the Table 40. 

Table 40. Extraction conditions for container closure components
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11 Integrated Summary and Safety Evaluation
Regeneron seeks to market Evkeeza® (evinacumab) solution for intravenous infusion for the 
treatment of adult and adolescent patients ages 12 years and older with homozygous familial 
hypercholesterolemia. Evinacumab is a first-in-class recombinant human IgG4 monoclonal 
antibody, which specifically binds to the N-terminal coiled-coil region of ANGPTL3 and reverses 
its inhibitory activity on lipoprotein lipase (LPL) and endothelial lipase (EL). Evinacumab blockade 
of ANGPTL3 results in lower circulating levels of low-density lipoprotein cholesterol (LDL-C), 
triglycerides (TG) and high-density lipoprotein cholesterol (HDL-C), consistent with the phenotype 
observed in humans with ANGPTL3 loss-of-function (LOF) mutations. The mechanism by which 
inhibiting ANGPTL3 results in lower LDL-C appeared to occur independent of LDL receptor 
(LDLR) status through EL-mediated acceleration of very low-density lipoprotein (VLDL) 
processing and clearance upstream of LDL formation. 

Pharmacology
In SPR assays measuring affinity between evinacumab and recombinant ANGPTLs, evinacumab 
demonstrated high binding affinity (KD= 0.3 to 1.3 nM) to the N-terminal domain of the ANGPTL3 
LPL-binding region from human, mice, rat and monkeys. Moreover, no differences in binding to 
the human full length and N-terminal domain of ANGPTL3 were observed. In cell-free functional 
assays, evinacumab block LPL (IC50= 5.4 to 105.5 nM) and EL (IC50=30 to 96 nM) inhibition 
mediated by N-terminal domain of human, mice, rat and monkey ANGPTL3. 

Evinacumab does not bind or inhibit the activity of mouse or human ANGPTL4 or human 
ANGPTL5. Binding to ANGTPL8 is not expected based on low (~19%) amino acid sequence 
similarity between human ANGPTL3 and ANGPTL8. Evinacumab also did not demonstrate the 
potential to induce Fc-mediated effector functions, including antibody dependent cell mediate 
cytotoxicity (ADCC) or complement dependent cytotoxicity (CDC) of the target cells in the 
presence of soluble ANGPTL3.
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In vivo efficacy studies demonstrated that evinacumab consistently reduced circulating lipid levels 
in multiple mouse models of dyslipidemia. Administration of single SC doses of evinacumab (5 to 
25 mg/kg) to normolipidemic (C57BL/6), hyperlipidemic (ApoE-/-, Ldlr-/- mice), and diabetic 
dyslipidemic (db/db mice) models reduced circulating LDL-C (up to 49%), TG (60-72%) and HDL 
(39-45%), depending on the mouse model. In sub-chronic studies in WT mice maintained on a 
high-fat, high-cholesterol diet, weekly administration of 25 mg/kg evinacumab for 8 weeks 
significantly reduced circulating LDL-C (45%), TG (53%), TC (35%), and HDL-C (19%). In these 
studies, serum ANGPTL3 levels increased, perhaps due to antibody: antigen complex formation 
and effects on clearance.

Pharmacological inhibition of ANGPTL3 with evinacumab lowers plasma LDL-C levels in mice 
and humans. While the pathways contributing to TG and HDL-C reduction with ANGPTL3 
inactivation have been well characterized, the mechanism responsible for evinacumab mediated 
LDL-C lowering was unclear. The Applicant conducted a series of in vivo mechanistic studies 
using multiple transgenic mouse and biochemical assays to elucidate the mechanism of how 
blockade of ANGPTL3 with evinacumab reduces LDL-C levels. These studies showed that 
evinacumab lowers LDL-C independent of LDLR in Ldlr-/- mice, but evinacumab was ineffective 
in mice deficient in both EL and LDLR (Ldlr-/-/Lipg-/- mice), suggesting that EL is required for 
evinacumab-mediated LDL-C reduction. Furthermore, treatment with evinacumab led to faster 
clearance of VLDL compared to isotype-control antibody-treated mice, while LDL-C clearance 
was unchanged, suggesting that inhibition of ANGPTL3 with evinacumab might modify VLDL 
catabolism, i.e., may accelerate the clearance of VLDL upstream of LDL formation. Taken 
together, these studies provide evidence that evinacumab reduces LDL-C levels via de-
repression of EL, which promotes VLDL clearance.

Safety pharmacology endpoints incorporated into GLP repeat-dose toxicology studies did not 
identify cardiovascular, respiratory and CNS liabilities.

Absorption, Distribution, Metabolism and Excretion

After single IV or SC administration, the pharmacokinetics of evinacumab in both rats and 
monkeys were characterized by nonlinear kinetics (greater than dose-proportional increase in 
exposure) due to target-mediated clearance (TMC) at lower concentrations and linear (dose-
proportional) kinetics at higher concentrations. The mean total body clearance values decreased 
with increasing dose, consistent with the observed nonlinear PK. The estimated half-lives of 
elimination were shorter in rats (4 to 6 days) compared to monkeys (6 to 10 days). The volume of 
distribution for evinacumab was consistent with the plasma volume (54.3 to 98.4 mL/kg in rats, 
53.2 to 75.6 mL/kg in monkeys). In accordance with current guidance, tissue distribution studies, 
drug metabolism studies and excretion studies were not conducted with evinacumab, as it is a 
protein-based therapeutic.

Nonclinical safety assessment of evinacumab 
A comprehensive battery of nonclinical studies was conducted consistent with ICH S6 to support 
the development of evinacumab for chronic clinical use. Pivotal general, reproductive and juvenile 
animal toxicity studies were conducted with SC administration of evinacumab. Nevertheless, most 
of these studies included separate dose groups treated with high doses of evinacumab via IV 
injection, which is consistent with the proposed clinical route of IV infusion. 
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The vehicle for the initial toxicology and clinical phase 1 studies was composed of 10 mM L-
histidine, pH 6.0, 5% (w/v) sucrose, and 0.1% (w/v) polysorbate 80. The late stage phase 2 and 
3 clinical formulation contained 10 mM L-histidine, pH 6.0, 70 mM L-arginine-HCl, 3.0% (w/v) L-
proline, and 0.1% (w/v) polysorbate 80 was used in the Applicant’s juvenile animal toxicity study 
in rat and rabbits. Hence, all excipients are considered qualified for their use in the proposed drug 
product.

The cynomolgus monkey, rabbit, and rat are pharmacologically relevant species for toxicologic 
evaluation of evinacumab considering the high sequence homology (83-98%) to human 
ANGPTL3 and evinacumab target binding data, as well as the available in vitro and in vivo activity 
data. The primary safety concern identified was the potential for reproductive toxicity (embryo-
fetal developmental malformations were observed in rabbits at clinically relevant evinacumab 
exposures, based on AUC).

Toxicity of evinacumab in rats and monkeys
Overall, once-weekly administration of evinacumab was well tolerated in both rats and monkeys 
when it is administered up to 13 and 26 weeks, respectively. Evinacumab-related effects were 
limited to pharmacologically-mediated reductions in serum TG, TC and HDL-C levels (up to 63, 
47 and 57%, respectively) in monkeys and lowering of TG (up to 31%) in rats at the end of dosing. 
Non-adverse and reversible minimal to mild lymphocytic infiltrates were noted at SC injection sites 
at all doses in monkeys. The NOAELs for chronic administration of evinacumab in rats and 
monkeys were 100 mg/kg/week IV (1.1-fold and 4-fold MRHD) and 100 mg/kg/week SC (0.4-fold 
and 3.2-fold MRHD).

Proatherogenic changes to the serum lipid profile
The possible therapeutic benefit of blocking ANGPTL3 of evinacumab for reduction of serum TG 
and LDL-C levels may carry a theoretical proatherogenic risk due to pharmacologically-mediated 
decreases in HDL-C levels secondary to the release of EL inhibition via blocking ANGPTL3. HDL-
C plays a key role in reverse cholesterol transport and low levels of HDL-C are a predictor of 
coronary heart disease risk23. Evinacumab decreased serum HDL-C levels in normolipidemic 
mice, monkeys, and multiple mice models of dyslipidemia in pharmacology and toxicology 
studies.  However, weekly administration of evinacumab either alone or in combination with 
atorvastatin or with alirocumab for 13 week decreased total cholesterol and reduced the rate of 
progression of atherosclerosis in APOE*3Leiden.CETP mice, a mouse model of atherosclerotic 
disease. This proatherogenic concern does not appear to be clinical relevant, due to the absence 
of clinically meaningful changes in HDL-C levels in phase 3 clinical studies. 

Female and male reproductive risks
Reproductive and developmental toxicity of evinacumab was evaluated by incorporating fertility-
related parameters in the 26-week monkey study and in four GLP-complaint reproductive 
toxicology studies: a combined SC female fertility/early embryonic/pre and postnatal development 
study in rats, SC embryofetal development (EFD) studies in rats and rabbits and an IV fertility and 
paternally-mediated EFD study in rabbits.

Evinacumab did not affect fertility-related parameters (semen analysis, testicular measurements, 
estrous cycling and macroscopic/microscopic examination of reproductive organs) in sexually 
mature male and female monkeys in the 26-week monkey study up to the highest doses tested 
of 100 mg/kg/week IV (4-fold MRHD) or 100 mg/kg/week (3.2-fold MRHD).

23Castelli WP. Cholesterol and lipids in the risk of coronary artery disease -- the Framingham Heart Study. 
Can J Cardiol. 1988 4: Suppl:5A-10A
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In a combined female fertility, early embryonic development to implantation, and pre and postnatal 
development study, evinacumab was administered SC to pregnant or lactating females 2 weeks 
prior to mating through gestation day 21 or continued through lactation day 21. Evinacumab-
related maternal and fetal effects were limited to pharmacologically mediated non-adverse lower 
serum TG and unexplained increases in HDL-C at ≥ 10 mg/kg/Q3D. No effects on fertility, embryo-
fetal, pre and postnatal development were observed with evinacumab SC doses up to 100 
mg/kg/Q3D SC (less than the clinical exposure). 

In the rat EFD study, evinacumab was administered SC to pregnant females during the period of 
organogenesis. Systemic maternal exposures were measured during the gestation period in 
maternal rats, which were below the human exposures measured at the MRHD. Unexplained 
deaths occurred in pregnant rats (2/22 on gestation days 18 and 19) in the 100 mg/kg/Q3D dose 
group. A NOAEL for maternal toxicity was set at 30 mg/kg/Q3D (0.04-fold MRHD). Evinacumab 
crossed the placenta, with mean fetal and maternal total evinacumab concentration (CFetal/CMaternal) 
ratios ranging from 0.42 to 0.65. Evinacumab did not cause fetal malformations, but higher 
incidences of fetal and litter skeletal variations of bipartite ossification in the centrum of thoracic 
vertebrae were noted at ≥ 5 mg/kg/Q3D. Bipartite ossification in the centrum of thoracic vertebrae 
is a skeletal variation that is known to diminish with age, and it is not considered adverse24. Hence, 
the NOAEL for fetal malformations was 100 mg/kg/Q3D SC (0.23-fold MRHD).  

In an embryofetal development study in rabbits, SC administration of evinacumab at 1, 5, 10, 30 
mg/kg/Q3D during the period of organogenesis from GD 7 to 19 resulted in dose-dependent 
increases in the incidence of fetal gross and visceral malformations, including internal 
hydrocephaly that was characterized by domed heads and moderate to extreme dilation of the 
lateral and third ventricles of the brain at ≥ 10 mg/kg/Q3D and flexed paws at 30 mg/kg/Q3D. 
These fetal malformations occur at doses that resulted in less than the clinical exposure. The 
internal hydrocephaly and flexed paws were considered drug-related based on similar finding 
noted in prior DRF study in the absence of maternal toxicity. Maternal toxicity in the form of early 
deaths (due to abortion and premature delivery as evidenced by red substance in the cages) at 
all doses, maternal toxicities, reduction in body weight gains (36 to 100%) and food consumption 
(11 to 37%) at ≥ 5mg/kg/Q3D (less than the clinical exposure). The additional embryo-fetal 
findings of skeletal abnormalities (irregular/abnormal ossification of the skull, metacarpal and 
enlarged anterior and/or posterior fontanelles) and increased deaths (post-implantation losses, 
early/late/total and a lower number of viable fetuses) occurred, but were considered secondary to 
maternal toxicity. Evinacumab was present in 38% of rabbit fetuses with fetal serum levels 
typically higher than the maternal concentration. Due to the excessive maternal toxicities at all 
doses, the NOAEL for maternal toxicity were not determined. The NOAEL for embryo-fetal 
development is 5 mg/kg/Q3D (less than the clinical exposure).  

The completed EFD toxicity studies demonstrated that evinacumab was teratogenic in rabbits at 
≥ 10 mg/kg/Q3D SC (AUCtau=5.6 mg.day/L), but not in rats treated up to 100 mg/kg/Q3D 
(AUCtau=2370 mg.day/L). The mechanism(s) of evinacumab-mediated fetal malformations 
(domed head and hydrocephalus) are unknown, whereas the other adverse embryofetal 
outcomes (embryo-fetal death, delayed/abnormal ossification and low fetal body weights) are 
consistent with maternal toxicity. The Applicant has not conducted any mechanistic studies and 
believes that evinacumab-mediated rabbit EFD toxicities are rabbit-specific and unlikely to occur 

24I.Chahoud, C.E. Talsness, A. Walter, K.Grote., Postnatal investigation of prenatally induced effects on 
the vertebral column of rats reduces the uncertainty of classification of anomalies.  Reprod Toxicol 2015 
58: 15-23.
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in humans, as rabbits have significantly lower baseline lipid levels relative to humans especially 
during pregnancy2,3. Cholesterol is known to play a crucial role in embryofetal development, 
including central nervous system development. Hence, drug-induced decreases in maternal 
cholesterol during a critical window of organogenesis could theoretically be detrimental, because 
the embryo is thought to be entirely dependent on maternal cholesterol during the early period of 
pregnancy. However, rabbits have been employed to assess the potential risks during pregnancy 
and during embryofetal development for most approved LDL-C and TG-lowering drugs and 
differences in the sensitivity to EFD toxicities between rat and rabbit were not clear25. Data from 
previously completed EFD toxicity studies in a different species (also with lower lipid levels at 
baseline during pregnancy) that were administered agents that reduced circulating lipids robustly 
did not cause fetal malformations. In the pilot embryo-fetal development toxicity study in rabbits, 
evinacumab showed a greater cholesterol lowering effect, but a reduced incidence of 
malformations, by the intravenous route compared to the subcutaneous route. Hence, there is no 
data showing that low cholesterol levels in pregnant rabbits along with evinacumab-related 
decreases in cholesterol are the cause of teratogenicity in that species. 

The neonatal Fc receptor (FcRn) is responsible for transplacental transfer of immunoglobulins 
(IgG) by transcytosis from the mother to the fetus26. In vitro, evinacumab was shown to bind with 
similar, micromolar affinities (KD =1.9 and 2.6 µM) to human and rabbit FcRn and with 3- to 4-fold 
higher affinity to rat FcRn (KD =0.67 µM). Therefore, species-related differences in binding affinity 
to FcRn and differences in baseline lipid do not exclude the human relevance of the evinacumab-
related rabbit EFD findings. The nonclinical review team, in consultation with Dr. Daniel Minck, 
DPMH and the clinical review team concluded that that the observed rabbit embryo-fetal 
malformations (doomed head/hydrocephaly) represent a potential human risk considering the 
unknown mechanism, the severity of the findings, occurrence at very low exposure margins 
compared to the MRHD and the unlikely relationship to maternal toxicity. Therefore, we 
recommend that the embryo-fetal toxicity signal in rabbits be included in the Warning and 
Precaution section of product labeling. 

Due to the severity of maternally-mediated evinacumab teratogenicity in rabbits and the potential 
for effects due to paternal exposure to evinacumab on fertility and embryofetal development, the 
Applicant assessed the effects of evinacumab on male fertility and paternally-mediated EFD in 
rabbits. Administration of evinacumab at 100 and 300 mg/kg/every five days (Q5D) IV to male 
rabbits for 11 weeks from premating, mating with drug naïve females through post pairing resulted 
in deaths in 6 males (3 each in the 100 and 300 mg/kg/Q5D groups) during the premating phase 
due to ADA-related inflammatory responses.  No effect on mating or fertility were noted up to 300 
mg/kg/Q5D (5-fold MRHD, based on AUC). Evinacumab was present in the semen of 91% of 
treated males at 32 and 34 μg/mL at 100 and 300 mg/kg/Q5D, respectively. Fetuses born from 
naïve females mated with evinacumab-treated males at 300 mg/kg/Q5D (5-fold MRHD, based on 
AUC) were present with non-adverse unossified 15 h caudal vertebra. This effect is not considered 
adverse based on the occurrence in a single bone, presence of underlaying bone cartilage, and 
moreover because delayed ossification is known to reverse postnatally. Thus, the NOAEL for 
EFD was 300 mg/kg/Q5D (5-fold MRHD, based on AUC). The findings from this study addressed 
the potential for paternally mediated EFD toxicity with evinacumab and no recommendation for 
male use of contraception is warranted. Based upon the early mortality and kidney histopathology 
data (at terminal sacrifice), the paternal NOAEL was not established. As evinacumab is a human 

25Theunissen PT et al., Comparing rat and rabbit embryo-fetal developmental toxicity data for 379 
pharmaceuticals: on systemic dose and developmental effects. Crit Rev Toxicol. 2017 47(5):402-414. 
26Wilcox CR., Factors affecting the FcRn-mediated transplacental transfer of antibodies and implications 
for vaccination in pregnancy. Front Immunol. 2017 8:1294.
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antibody, the presence of ADA following evinacumab administration to rabbits is not unexpected 
and is not considered to be predictive of immunogenicity risk in humans.

Immunogenicity
Antidrug antibodies (ADA) responses were generally low in rats (5 to 28%) and monkeys (up to 
42%, but primarily at lower doses), but evinacumab was highly immunogenic in rabbits (16 to 
100%). The presence of ADA correlated with lower evinacumab exposure, suggesting ADA 
enhanced the clearance of evinacumab. Continuous exposure to evinacumab was observed in 
most rats and monkeys in general toxicity studies and rats in reproductive toxicity studies. 
Therefore, the presence of ADA did not affect the ability to characterize the safety profiles of 
evinacumab in rats and monkeys. On the other hand, exposure to evinacumab was intermittent 
in pregnant rabbits administered SC at lower doses ≤ 10 mg/kg/Q3D by GD 22 and at all doses 
(≥ 1 mg/kg/Q3D) by GD 29 consistent with high ADA responses. ADA responses likely impacting 
exposure were observed in the serum from virtually all fetuses whose mothers received doses of 
1 or 5 mg/kg/Q3D evinacumab. Additionally, ADA were responsible for premature deaths and 
adverse clinical and histological changes in the kidney of paternal male rabbits. As evinacumab 
is a human antibody, the presence of ADA following evinacumab administration to rats, rabbits, 
and monkeys is not unexpected and is not generally predictive of immunogenicity in humans. 
Clinically meaningful ADA responses were not detected in the Applicant’s clinical studies. 

Juvenile animal studies
While not required to support the use of evinacumab in the currently proposed patient population 
(≥ 12 years), the Applicant conducted juvenile rat and rabbit toxicity studies. In these studies, 
evinacumab was administered for 11 weeks in rats and rabbits from postnatal day (PND) 21 
(equivalent to 7 to 9-month old humans, based on species comparison of brain growth) up to 100 
mg/kg/week SC or IV and 300 mg/kg/Q5D IV, respectively.  Exposure to evinacumab was well 
tolerated in both juvenile rats and rabbits and there were no adverse effects noted on growth, 
sexual maturation, or neurological development. Based on these results, the NOAEL in juvenile 
rats is considered to be 100 mg/kg/week SC (1-fold MRHD) or 100 mg/kg/week IV (1.3-fold 
MRHD) and 300 mg/kg/Q5D IV in rabbits (4.5-fold MRD), the highest doses administered. 

Genotoxicity
Per ICH S6, genotoxicity studies were not conducted as these studies are not applicable to 
biologics. 

Carcinogenicity
The Applicant submitted a weight of evidence carcinogenicity assessment for evinacumab based 
available evidence from relevant literature and animal toxicology studies completed under the IND 
No in vivo animal carcinogenicity studies were conducted.

CCS
Leachables and extractables from the container closure system are acceptable. The study 
methods for leachables and extractables were confirmed to be acceptable by the CMC review 
team. A total of four leachables were detected and were all below the 10 and 5 µg/day threshold 
for human exposure for genotoxicity and general toxicity, respectively.

Summary
Based on our review of the totality of the available nonclinical data for evinacumab, 
Pharmacology/Toxicology recommends that evinacumab be approved for the treatment of adult 
and adolescent patients aged 12 years and older with homozygous familial hypercholesterolemia 
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and clinical safety margins are shown in the table below (Table 45). The reproductive and 
developments toxicity of evinacumab will be mitigated through product labelling.

Table 45. Summary of safety margins for nonclinical assessment of evinacumab 

Type of study Species
/duration

NOAEL
(dose)

AUCtau
(mg.day/L)

Safety 
Margins*

Toxicity

Rat (13-week)
IV/SC

IV: 100 
mg/kg/week 

SC: 100 
mg/kg/week 

IV: 11700
SC: 3630

IV: 1.1x
SC:0.4x

None
General 

toxicology
(IV/SC)

 
Monkey (26-week)

IV/SC
IV: 100 

mg/kg/week 
SC: 100 

mg/kg/week

IV: 37700
SC:32800

IV: 4x 
SC:3x 

None

Maternal 30 mg/kg/Q3D 419 0.04x Mortality in 2 pregnant rats 
at 100 mg/kg/Q3D due to 
unexplained reason. 

Rat
(SC)

Embryo-fetal 
development

100 mg/kg/Q3D 2370 0.23x None

Maternal ND ND ND Early deaths at all doses, 
lower maternal body 
weight gains (36-100%) 
and food consumption (up 
to 37%) at ≥ 5 mg/kg/Q3D.

Female 
mediated EFD 

(SC)

Rabbit
(SC)

Embryo-fetal 
development

5 mg/kg/Q3D 5.6 0.0005x Fetal malformations 
(doomed head and brain 
ventricular dilation) at ≥ 

10 mg/kg/Q3D
Paternal
(male)

ND ND ND Early mortality and 
adverse histological 
changes in the kidney 
(mesangioproliferative 
glomerulonephritis and 
interstitial nephritis) at all 
tested.

Male fertility 300 mg/kg/Q5D 55100 5x None

Male-mediated 
EFD and 
fertility

(IV)

Rabbit
(IV)

Embryo-fetal 
development

300 mg/kg/Q5D 55100 5x Non-adverse unossified 
15th caudal vertebra at 300 
mg/kg/Q5D

Female 
fertility

100 mg/kg/Q3D SC 3980 0.4x None

Maternal 100 mg/kg/Q3D SC 3980 0.4x None

Combined 
FEED and 
PPND (SC)

Rat
(SC)

Early 
embryonic 
and PPND

100 mg/kg/Q3D SC 3980 0.4x None

Rat
(IV/SC)

IV: 100 
mg/kg/week  

SC: 100 
mg/kg/week

IV: 13200
SC: 9620

IV: 1x
   SC: 1.3x

NoneJuvenile animal 
toxicity
 (SC/IV)

Rabbit
(IV)

300 mg/kg/Q5D
 IV

45800 4.5x None

*Safety margins to human exposure were estimated using Cmax,ss = 689 mg/L and AUC0-24, ss= 10286 mg.day/L plasma 
exposure in HoFH subjects at the proposed maximum recommended human dose (MRHD) of 15 mg/kg once every 4 
weeks (R1500-PK-19139-SR-01V1). ND: Not established
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--------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically. Following this are manifestations of any and all
electronic signatures for this electronic record.
--------------------------------------------------------------------------------------------
/s/
------------------------------------------------------------

LYDIA A HAILE
02/08/2021 12:51:32 PM

CALVIN L ELMORE
02/08/2021 02:10:09 PM
I concur with AP recommendation, the W&P based on rabbit embryofetal toxicity, and
recommended edits to the PI.

TODD M BOURCIER
02/08/2021 02:59:05 PM
I concur
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