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BLA 761119 was submitted by Lundbeck Seattle BioPharmaceuticals, Inc. on February 21, 
2019, to support marketing approval of eptinezumab, a calcitonin gene-related peptide (CGRP) 
receptor antagonist, for the “preventive treatment of migraine in adults.” Clinical development of 
eptinezumab for the proposed indication was conducted by Lundbeck under IND 114647. 
 
Nonclinical studies submitted to the BLA include pharmacology (primary, secondary) and 
general toxicology (acute IV in rat and monkey; 28-day IV in rat and monkey; 6-month IV in 
monkey) studies and a standard battery of reproductive and developmental toxicology studies 
(rat and rabbit). (A chronic toxicity study in a second species (rat) and rodent carcinogenicity 
studies were not required, primarily because of data demonstrating development of anti-drug 
antibodies in rat that precluded conduct of meaningful long-term studies.)  These studies were 
reviewed by Dr. Siarey (Pharmacology/Toxicology NDA Review and Evaluation, BLA 761119, 
Richard Siarey, Ph.D., February 10, 2020). (Dr. Siarey’s review references those conducted by 
Drs. D. Charles Thompson and Edmond Nesti under IND 114647.) Based on the review, Dr. 
Siarey concludes the nonclinical data are adequate and support approval of the BLA. 
 
Pharmacology 
 
Eptinezumab is a humanized monoclonal IgG1 antibody that targets both α- and β-CGRP. In 
vitro binding and functional assays demonstrated pharmacological activity in human, rat, rabbit, 
and cynomolgus monkey. (In vitro binding data were not provided for monkey because of 
identical amino acid sequences in human and monkey for both CGRP isoforms.) 
 

SPECIES 
BINDING 
(KD, nM) 

cAMP 
ACCUMULATION 

(EC50, nM) 
α-CGRP β-CGRP α-CGRP β-CGRP 

human 0.015 0.057 1.43 0.91 
rat 0.170 0.0084  0.55 1.05 

rabbit 1.50 0.250 0.12 0.06 
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Eptinezumab demonstrated no cross-reactivity to other members of the gene family 
(adrenomedullin, adrenomedullin2/intermedin, amylin, or calcitonin). 
 
Safety pharmacology and PK/TK analyses were incorporated into general toxicology studies. 
 
Toxicology 
 
Non-GLP acute IV toxicity studies were conducted in Sprague-Dawley rat (0, 10, 30, and  
100 mg/kg) and cynomolgus monkey (0, 5, 10, 30, and 100 mg/kg). No toxicity was observed in 
either species. 
 
Pivotal (GLP) toxicity studies were conducted in the same species/strain. In rat, only a 28-day IV 
toxicity study was conducted. Doses of 0, 10, 30, and 100 mg/kg Q2W produced no toxicity; 
plasma exposures at the high dose were 3429 µg/mL and 272050 µg*hr/mL for Cmax and  
AUC(0-7d), respectively. In monkey, eptinezumab was tested in 28-day (0, 10, 30, and 100 mg/kg 
IV Q2W) and 6-month (0, 20, 50, and 150 mg/kg Q2W) studies. No product-related toxicity was 
evident in the 28-day study. In the 6-month study, death of one low-dose female was attributed to 
AND-mediated anaphylaxis, which was not considered relevant to human. Plasma exposures at 
the highest doses tested were 4623 µg/mL and 445733 µg*hr/mL for Cmax and AUC(0-7d), 
respectively, in the 28-day study and 12900 µg/mL and 1290000 µg*hr/mL for Cmax and  
AUC(0-14d), respectively, in the 6-month study. The exposures achieved in the 6-month study 
provide an adequate safety margin compared to that achieved in humans at the maximum 
proposed human dose of 300 mg/day (114 µg/mL and 69630 µg*hr/mL for Cmax and AUC(0-t), 
respectively; sponsor’s Summary of Clinical Pharmacology Studies, Study ALD403-CLIN-005).  
 
 Reproductive and developmental toxicology 
 
A standard battery of reproductive and developmental toxicology studies was conducted in 
Sprague-Dawley rat (fertility and early embryonic development, embryofetal development 
(EFD), and pre- and postnatal development) and New Zealand White rabbit (EFD).  
 
In the fertility study, eptinezumab (0, 75, and 150 mg/kg IV QW) was administered to male and 
female rats prior to and during mating and continuing in females to gestation day (GD) 3-4. The 
same doses were used in the EFD and pre- and postnatal studies in rat and in the EFD study in 
rabbit. In the EFD studies, eptinezumab was administered IV on GDs 6, 12, and 18 in rat and on 
GDs 7, 13, and 20 in rabbit. In the pre- and postnatal development study in rat, eptinezumab was 
administered IV on GDs 6, 12, and 18 and LDs 4, 10, 16, and 20. No adverse effects were 
observed. The higher dose tested (150 mg/kg) was the NOAEL in dams, fetuses, and offspring. 
Plasma exposure data at 150 mg/kg (collected in the pivotal EFD studies) were limited to mean 
concentrations at 5 min postdose: 4473 and 4116 µg/mL in rat and rabbit, respectively. 
Therefore, safety margins for labeling must rely on interspecies comparisons based on dose 
(mg/kg). 
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Recommendation 
 
The nonclinical studies conducted by the sponsor are adequate to support approval of the BLA 
for the proposed indication. To support clinical studies under PREA, the sponsor planned to 
conduct a juvenile animal toxicology study (Agreed iPSP Agreement letter, December 21, 2018); 
however, the study report has not been submitted. The study should be completed as a post-
marketing requirement.   
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1 Executive Summary
1.1 Introduction
ALD403 (eptinezumab) is a humanized immunoglobulin G1 (IgG1) monoclonal antibody 
that inhibits the calcitonin gene-related peptide (CGRP) by binding to the α- and β- 
forms of rat, rabbit, cynomolgus monkey, and human CGRP.  During a migraine attack, 
plasma levels of CGRP increase and lead to secretion of vasoactive, proinflammatory, 
and neurosensitizing mediators. The sponsor has developed eptinezumab for the 
preventive treatment of migraine.

1.2 Brief Discussion of Nonclinical Findings
Eptinezumab has high affinity and specificity for rat, rabbit, monkey, and human α- and 
β-CGRP without off target binding to amylin, calcitonin, adrenomedulin, or intermedin/ 
adrenomedulin-2.  In rat, rabbit, and monkey models of dermal blood flow, eptinezumab 
(IP, IV, and/or SC) reduced the capsaicin- or intradermal β-CGRP-induced increase in 
dermal blood flow.  Nonclinical studies of IV eptinezumab consisted of general 
toxicology studies in rat and monkey, which included safety pharmacology 
assessments, a rat fertility study, rat and rabbit embryofetal development studies, and a 
rat pre- and postnatal development study.  The Division agreed that only a monkey 
chronic (6-month) study was needed (email correspondence, April 4, 2013).  No 
adverse effects of IV eptinezumab were observed in either the rat 4-week or monkey 
6-month general toxicology studies; the NOAELs were determined to be 
100 mg/kg/week and 150 mg/kg every 2 weeks, respectively.  No adverse effects of IV 
eptinezumab were observed in any of the reproductive and development studies.  The 
NOAEL was 150 mg/kg/week in the rat fertility, rat and rabbit embryofetal development, 
and rat pre- and postnatal studies.  The Division accepted the justification from the 
sponsor not to conduct carcinogenicity studies (DARRTs IND 114,647; January 27, 
2016).  Overall, no adverse findings were observed in the toxicology studies.

1.3 Recommendations
1.3.1 Approvability
The nonclinical BLA package supports approval of eptinezumab.

1.3.3 Labeling
Rat and rabbit margins, in the label, appear to be calculated using a body weight of 

  Safety margins need to be calculated using 60 kg as the human body weight.

2 Drug Information
2.1 Drug
Generic Name:  Eptinezumab

Reference ID: 4558804
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Code Name:  ALD403

Chemical Name:  Immunoglobulin G1, anti-(calcitonin gene-related peptide) 
(human-Oryctolagus cuniculus monoclonal ALD403 heavy chain), disulfide with 
human-Oryctolagus cuniculus monoclonal ALD403 κ-chain, dimer (Sponsor’s 
description).

Molecular Formula/Molecular Weight:  C6352H9838N1694O1992S46/143,283 Daltons

Structure or Biochemical Description:  Schematic diagram of eptinezumab from the 
sponsor

Pharmacologic Class:  Anti-CGRP humanized monoclonal antibody

2.2 Relevant INDs, NDAs, BLAs, and DMFs
IND 114,647 (DNP, prevention of migraine).

2.3 Drug Formulation
 

 The drug 
substance (100 mg/mL) is a sterile, nonpyrogenic, aqueous solution formulated in 
L-histidine, L-histidine monohydrochloride, sorbitol, polysorbate 80, pH 5.8, and is 
stored at °C.

2.4 Comments on Novel Excipients
There are no novel excipients, and all inactive ingredients in the drug product formulation 
meet compendial requirements.

2.5 Comments on Impurities/Degradants of Concern
The CMC reviewer noted that  

in the final drug substance 
(corresponding to ).  The sponsor states that a 2-week 
bolus IV study (№ -TOX) qualifies  however, a 2-week study is not long 

Reference ID: 4558804
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enough to qualify chronic dosing. is present at less than the qualification threshold 
, but as the level of  per dose is greater than the 

µg/day limit for individual impurities and whether had a genotoxic structural alert 
is unknown, a calculation of lifetime intake was performed.  The proposed dosing 
regimen for eptinezumab is once every 3 months; therefore, a comparison with 
cumulative lifetime limit (  can 
be conducted to confirm that the exposure to  is at an acceptable limit.

2.6 Proposed Clinical Population and Dosing Regimen
The proposed clinical population for eptinezumab is individuals that have 
migraine.  The MHRD is 300 mg IV, administered as a 30-min infusion, every 
3 months.

2.7 Regulatory Background
A pre-IND meeting for IND 114,647 was held with the sponsor on May 3, 2012 (meeting 
minutes, June 1, 2012). The original IND was received on December 14, 2012, and 
allowed to proceed (Agency Letter, February 8, 2013).  An EoP2 meeting between the 
sponsor and FDA was held on October 13, 2016 (see Meeting Minutes, November 2, 
2016).  A pre-BLA meeting between the sponsor and FDA was held on September 5, 
2018 (see Meeting Minutes, October 4, 2018).

3 Studies Submitted
3.1 Studies Reviewed 
Reproductive and Developmental

 Study №:  ALD403-073-TOX.  A fertility and early embryonic development to 
implantation study of ALD403 by intravenous injection in rats.

 Study №:  ALD403-062-TOX.  A dosage range-finding embryo-fetal development 
study of ALD403 by intravenous injection in rats.

 Study №:  ALD403-071-TOX.  An embryo-fetal development study of ALD403 by 
intravenous injection in rats.

 Study №:  ALD403-063-TOX.  A dosage range-finding embryo-fetal development 
study of ALD403 by intravenous injection in rabbits.

Reference ID: 4558804
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 Study №:  ALD403-072-TOX.  An embryo-fetal development study of ALD403 by 
intravenous injection in rabbits.

 Study №:  ALD403-085-TOX.  A pre and postnatal study of ALD403 by 
intravenous injection in rats.

3.3 Previous Reviews Referenced
 Pharmacology/Toxicology Review IND 114,627, D.C. Thompson, March 11, 2013
 Pharmacology/Toxicology Review, IND 114,627, D.C. Thompson, February 1, 2016
 Pharmacology/Toxicology Review, IND 114,627, E.D. Nesti, August 16, 2016

Reference ID: 4558804
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4 Pharmacology
Eptinezumab binding affinity to rat, rabbit, and human α- and β-CGRP were determined 
to be in the pM-nM range (see table below).

Table: Binding affinity of eptinezumab for α- and β-CGRP in different species (Sponsor’s)

In in vitro assays, eptinezumab functionally antagonized α- and β-CGRP-induced 
accumulation of intracellular cAMP.  This was observed in rat myoblast L6 cells using 
rat α- and β-CGRP and in human neuroepithelioma SK-N-MC cells using rabbit and 
human α- and β-CGRP (see table below).

Table: Half maximal effective (EC50) and half maximal inhibitory (IC50) concentrations of 
eptinezumab on CGRP-driven intracellular cAMP accumulation in different species 
(Sponsor’s)

An assessment of the ability of eptinezumab to inhibit peptide targets similar to CGRP 
(amylin, calcitonin, adrenomedulin, and intermedin/adrenomedulin-2) demonstrated no 
binding of eptinezumab at these targets.

Eptinezumab reduced topical capsaicin-induced increase in dermal blood flow in rats 
and cynomolgus monkeys and intradermal β-CGRP-induced increase in dermal blood 
flow in rabbits.  Effective doses of eptinezumab were 0.1-30 mg/kg IP in rats, 
10-100 mg/kg IV in rabbits, and 30 mg/kg IV and 30-100 mg/kg SC in monkeys.

Reference ID: 4558804
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Figure: Effects of eptinezumab on capsaicin or β-CGRP induced increase in skin blood 
flow (Sponsor’s)
Rat

Rabbit

Monkey
30 mg/kg IV 30 mg/kg SC# 100 mg/kg SC

# animal 3003 excluded
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4.3 Safety Pharmacology
No standalone safety pharmacology studies were conducted.  Neurological 
(Studies ALD403-003-TOX, ALD403-004-TOX, ALD403-014-TOX, ALD403-015-TOX, 
and ALD403-055-TOX), cardiovascular (Studies ALD403-003-TOX, ALD403-015-TOX, 
and ALD403-055-TOX), and respiratory (ALD403-015-TOX) endpoints were evaluated 
in single and repeat dose toxicology studies, although an FOB, or equivalent was not 
conducted and only respiratory rate evaluated.  Eptinezumab had no effect on the 
neurological, cardiovascular, and respiratory systems when given up to 100 mg/kg/week 
or on the neurological and cardiovascular systems at up to 150 mg/kg once every 
2 weeks.

(Summarized from Pharmacology/Toxicology IND Review and Evaluation, IND 114,647, 
Thompson, March 11, 2013 and February 1, 2016)

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME
No standalone pharmacokinetic studies were conducted.  The toxicokinetic profile of 
eptinezumab was characterized in the general toxicology studies 
(studies ALD403-004-TOX, ALD403-003-TOX, ALD403-014-TOX, ALD403-015-TOX, 
ALD403-055-TOX, and reproductive/developmental toxicology studies in rats and 
rabbits).  Eptinezumab serum concentrations were measured in rat, rabbit, and monkey 
using either an electrochemiluminescense or ELISA assay.  The t½ of eptinezumab 
ranged from 200 to 264 hours in rats and 151 to 299 hours in cynomolgus monkeys.  
The sponsor stated that distribution of eptinezumab is limited to the vascular 
compartment, consistent with the general PK of biologics, and metabolism is expected 
to proceed via proteolysis with incorporation into the endogenous amino acid pool.

6 General Toxicology
6.1 Single-Dose Toxicity
6.1.1 Previously reviewed studies

Rat studies

 A single dose range-finding study of ALD403 by intravenous bolus 
injection in Sprague-Dawley rats followed by 14-Days recovery (Study 
No. ALD403-004-TOX; DARRTs, IND 114,647; Thompson review March 11, 
2013); 0, 10, 30, and 100 mg/kg, n = 6/sex/group.
Summary:  Findings included 1 MDM death on Day 4 and 1 HDF death on Day 1 
shortly after dose administration.  Clinical signs, clinical pathology, and 
histopathology findings did not suggest a relationship between the deaths and 
eptinezumab treatment; however, the proximity of the death in the HDF to dosing 
suggests that an association cannot be ruled out.  Otherwise, drug-related 

Reference ID: 4558804



BLA 761-119 Reviewer: Richard Siarey

10

adverse effects were not observed.  Plasma exposure to eptinezumab was 
comparable between M and F and increased in a generally dose-proportional 
fashion.  The HD (100 mg/kg) was considered the NOEL associated with plasma 
exposure (AUC0-336h) of 203,424 and 164,289 µg*h/mL in M and F, respectively.

Table: Eptinezumab toxicokinetic data (Sponsor’s)

Monkey studies

 A single dose tolerability study of ALD403 by intravenous bolus injection in 
Cynomolgus monkeys with a 28 day recovery period (Study 
No. ALD403-003-TOX; DARRTs IND 114,647; Thompson review March 11, 
2013); 0, 5, 10, 30, and 100 mg/kg, n = 1/sex/group.
Summary:  No deaths and no drug-related effects on clinical signs, body weights, 
food consumption, ECG, hematology, clinical chemistry, and urinalysis were 
evident.  No histopathological assessment was conducted as animals were 
released back to the test facility colony.  Plasma exposure to eptinezumab was 
comparable between M and F and generally increased in a dose-proportional 
manner between 5 and 100 mg/kg.  The HD (100 mg/kg) was considered the 
NOEL, which was associated with plasma exposure (AUC0-648h) of 456,838 and 
507,371 µg*h/mL in M and F, respectively.

Table: Eptinezumab toxicokinetic data (Sponsor’s)

Reference ID: 4558804
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6.2 Repeat-Dose Toxicity
6.2.1 Previously reviewed studies
Rat studies

 A 4-Week study of ALD403 by intravenous bolus injection in 
Sprague-Dawley rats with a 6-Week recovery period (Study 
No. ALD403-014-TOX; DARRTs, IND 114,647; Thompson review March 11, 
2013); 0, 10, 30, and 100 mg/kg/week.
Summary:  Findings included 2 premature deaths in TK groups (1 control M and 
1 MDF on Days 56 and 3, respectively).  The control M death was undetermined 
and clinical signs (recumbent and dyspneic immediately after blood collection) 
and gross necropsy observations (expanded lung lobe and thoracic hemorrhage) 
observed in the MDF suggested a blood collection injury; therefore, these deaths 
were not considered to be drug-related.  Mean body weight in LDM was 
decreased by 14% at the end of the study compared with the control M, this 
observation appeared to correlate with reduced food consumption.  Microscopic 
findings included mild to moderate seminiferous tubule degeneration and atrophy 
in 1 control M and in HDM at the end of both dosing (n = 2) and recovery periods 
(n = 1); LDM and MDM were not evaluated.  Anti-eptinezumab antibodies were 
detected in all drug-treated groups during the dosing and recovery periods.  
Anti-eptinezumab antibodies presence appeared to correlate with decreased 
plasma exposure of eptinezumab, although this was more apparent in LDF and 
MDF during the dosing period (see tables below).  The original reviewer decided 
that a NOAEL could not be determined in M because of adverse HDM 
reproductive tract findings coupled with lack of data for LDM and MDM; however, 
as moderate degeneration and atrophy were also observed in 1 control M this 
reviewer accepts the sponsors determination that this finding was not an issue 
and the NOAEL in M was the HD.  Therefore, the NOAEL was determined to be 
100 mg/kg/week, which was associated with plasma exposure (AUC0-168h) to 
eptinezumab on Day 22 of 285,574 and 258,526 µg*h/mL in M and F, 
respectively.

Table: Eptinezumab toxicokinetic data (Sponsor’s)

Reference ID: 4558804
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Group Dose Level Tmax Cmax AUC(O-t) AUC(0-168) AUC(O-in[) Tl/2 

Gender No. (mg/kpdose) (h) <i1W1nL) SE (!;!g•h/ mL) SE (!t~·h/mL) (!;!g•h/mL) ( h) 

Males 6 10 390 27.7 61 193 12075 2627 1 RNR RNR 
7 30 0.25 964 54.9 172297 36475 73698 180537 260 

8 100 3481 207 585039 99424 28557-l 6 126 14 264 

Fema les 6 10 0.25 497 72.7 68258 10847 31280 69520 217 

7 30 0.25 975 236 189277 54508 83220 19131 7 200 

8 100 3376 646 574298 142055 258526 599321 254 
RNR = Result not reported because the AUC(O-iuf) was exrrapolated by more than 20% or Rsq was <0.800. 
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Table: Eptinezumab toxicokinetic data compared with anti-eptinezumab antibody 
data (Sponsor’s)

 

Monkey studies

 A 28-Day GLP repeat dose study of ALD403 by intravenous bolus injection 
in Cynomolgus monkeys with a 6 Week recovery period (Study 
No. ALD403-015-TOX; DARRTs IND 114,647; Thompson review March 11, 
2013); 0, 10, 30, and 100 mg/kg/week.
Summary:  Findings included decreased body weight gain in HDM (0.04 kg; 
60%) and HDF (0.02 kg; 50%) compared to control M (0.1 kg) and F (0.04 kg).  

Reference ID: 4558804
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No notable microscopic findings were noted apart from perivasculitis/vasculitis in 
the uterus (minimal) and cervix (mild) in 1 HDF at the end of dosing and mild 
perivasculitis/vasculitis in the cervix of 1 LDF.  Anti-eptinezumab antibodies were 
detected in all drug-treated groups (2/10, 3/10, and 2/10 animals at the LD, MD, 
and HD, respectively), but decreased plasma exposure was observed in only 
1 MDM.  The NOAEL was determined to be the HD (100 mg/kg/week), which 
was associated with plasma exposures (AUC0-168h) to eptinezumab on Day 22 of 
458,826 and 432,640 µg*h/mL in M and F, respectively.

Table: Eptinezumab toxicokinetic data (Sponsor’s)

 A 6-month repeat dose study of ALD403 by intravenous bolus injection in 
Cynomolgus monkeys with a 3-month recovery period (Study 
No. ALD403-055-TOX; DARRTs IND 114,647; Thompson review February 1, 
2016); 0, 20, 50, and 150 mg/kg once every 2 weeks.
Summary:  Findings included 1 LDF death that occurred within approximately 
30 minutes post-dose on Day 71 (6th dose) after exhibited an anaphylactoid-like 
reaction.  All other animals survived to scheduled necropsy.  Mean body weight 
gain was greater in HDM (0.44 kg; 83%) compared to control M (0.24 kg), 
whereas body weight gain was less in HDF (0.19 kg; 57%) compared to control F 
(0.44 kg).  Globulin levels were dose-dependently increased in F (up to 25%) and 
in M, following the dosing and remained elevated in MDM and HDM at the end of 
the recovery period. The A/G ratio was correspondingly reduced.  Inflammatory 
cell infiltrates (mononuclear and/or mixed cell), a common background finding in 
cynomolgus monkeys, were observed in numerous tissues at the end of dosing 
and the recovery period including bone marrow, brain, pancreas, parathyroid 
gland, skeletal muscle, skin, spinal cord, and thyroid gland.  The effect was 
generally minimal to mild in severity, but the incidence did appear to be slightly 
increased in animals exposed to eptinezumab compared to control animals.  
Anti-eptinezumab antibodies were detected in 5/10 (50%), 5/10 (50%), and 
11/14 (79%) animals at the LD, MD, and HD, respectively.  Eptinezumab 
exposure did not decreased after repeated administration and exposure in 
anti-eptinezumab antibody-positive animals did not differ appreciably from 
anti-eptinezumab antibody-negative animals.  Therefore, the presence of 
immunoreactive anti-eptinezumab antibodies does not appear to have an overall 
adverse impact on eptinezumab exposure.  The NOAEL was determined to be 
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the HD (150 mg/kg every 2 weeks), which was associated with plasma 
exposures (AUC0-t) to eptinezumab on Day 183 of 1,480,000 and 
1,020,000 µg*h/mL in M and F, respectively.

Table: Eptinezumab toxicokinetic data (Sponsor’s)
Day 1

Day 85

Day 183

8 Carcinogenicity
On December 4, 2015 (IND 114,647, SD 041) the sponsor submitted a request that the 
Division evaluate the need for carcinogenicity studies for eptinezumab.  The Division 
informed the sponsor, by email on January 27, 2016, that the information provided 
supported the sponsor’s justification not to conduct carcinogenicity studies.

Reference ID: 4558804
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9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development
Study title:  A fertility and early embryonic development to implantation study 
of ALD403 by intravenous injection in rats

Study no.: ALD403-073-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: October 5, 2015
GLP compliance: Yes, OECD

QA statement: Yes
Drug, lot #, and % purity: ALD403, lot № 1-FIN-2348, 99.4%

Key Study Findings
 No adverse clinical signs, change in body weight, or effects on estrous cycle, 

reproductive parameters, or macroscopic findings were observed at any dose.
 The NOAEL for fertility and early embryofetal development was 150 mg/kg/week.

Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Weekly
Dose volume: 7.5 mL/kg

Route of administration: IV slow bolus
Formulation/Vehicle:  Histidine / sorbitol,  

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rat/Sprague-Dawley Crl:CD(SD)

Number/Sex/Group: 22
Age: 9-12 Weeks

Weight: Males - 413-517 g; Females - 211-266 g
Study design: M were dosed starting 4 weeks prior to mating, 

during mating until necropsy in Week 9 (9 doses).
F were dosed starting 2 weeks prior to mating, during 
the mating period, and on Days 3 and 4 postcoitum.

Observations and results
Mortality
Observations for mortality and moribundity were conducted twice daily.

One HDF was found dead on GD 3.  No adverse clinical signs, effect on body weight, 
food consumption, or macroscopic findings were noted.  Although the death was 
undetermined, the sponsor considered the death unlikely drug-related as there had 
been no drug-related deaths or effects observed in previous studies.
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Clinical Signs
Detailed observations were conducted on days that body weights were evaluated.

No adverse clinical signs were noted.  A dose-dependent increase in incidence of 
hypersensitivity was observed in M; 9 from 4 control M, 49 from 10 LDM, and 74 from 
15 HDM.

Body Weight
Animals were weighed twice weekly from day of randomization until the day of 
necropsy.  Body weights for F were also recorded on GDs 0, 3, 7, 10, and 13.

There were no drug-related effects on body weight in M or F at any dose.

Food Consumption
Food consumption was recorded twice weekly from day of randomization until the day 
of necropsy, and in F was also recorded on GDs 0-3, 3-7, 7-10, and 10-13.

Food consumption was increased by 7% during the study (Days 0-28) in HDM.

Vaginal cytology
Vaginal cytology was examined daily, and estrous cycles assessed by collecting 
samples for 14 days before mating and then daily until spermatozoa and/or a copulatory 
plug were observed.

There were no drug-related effects on the estrous cycle at any dose.

Reproductive performance
One F was placed with 1 M in the same dose group for a maximum of 14 days.  F were 
considered to have mated if spermatozoa were observed in a smear of the vaginal 
lavage and/or a copulatory plug was observed.

There were no drug-related effects on the mean number of days to mating, the mating 
index, fertility index, or conception rate at any dose.

Reproductive Parameters
Sperm samples were collected from the vas deferens and motility determined; sperm 
concentration and morphology were determined from sperm collected from the cauda 
epididymis.  The number of corpora lutea were recorded, implantation sites identified as 
either a live fetus or early resorption, early resorptions noted, and placentae size, color, 
and shape recorded.  Right testes were collected and prepared for histological 
examination; spermatogenic cycle assessment was conducted on sections of testes 
from control M and HDM.

There were no differences in M or F reproductive parameters.
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Gross findings
M were sacrificed in Week 9 and F were sacrificed on GD 13, and a necropsy 
examination conducted.

Enlarged mandibular lymph nodes were observed in 5 LDF and 4 HDF; otherwise, no 
major macroscopic findings were observed.

Organ weights
The following organs were collected and weighed.

No adverse changes in organ weights were observed.

Histopathology
At necropsy, the right testis from control and HD animals was collected and examined 
microscopically.

Mild tubular atrophy was observed in 1 of 22 HDM.

9.2 Embryofetal Development
Study title:  A dosage range-finding embryo-fetal development study of ALD403 
by intravenous injection in rats

Study no: ALD403-062-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 25, 2014
GLP compliance: Yes, OECD

QA statement: Yes
Drug, lot #, and % purity: ALD403, Lot № 361.008, 99.5%

Key Study Findings
 There were no drug-related changes in any parameter at any dose.
 The maternal and embryofetal development NOAEL was 150 mg/kg/week.  

Plasma exposure (C5min) at the HD on GD 18 was 5,082 µg/mL.
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Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Weekly
Dose volume: 7.5 mL/kg

Route of administration: IV slow bolus
Formulation/Vehicle: Histidine / sorbitol,  

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rat/Sprague-Dawley Crl:CD(SD)

Number/Sex/Group
Main:

Toxicokinetic:
5 F
2 F control and 4 F LD and HD

Age: 11-12 Weeks
Weight: Females - 273-336 g

Study design: F were dosed on GD 6, 12, and 18 days

Observations and results
Mortality
Observations for mortality and moribundity were conducted twice daily.

No unscheduled deaths occurred in dams.

Clinical Signs
Detailed observations were conducted on days that body weights were evaluated.

No adverse clinical signs were noted.

Body Weight
Body weight recordings were taken on GDs 0, 3, 6, 9, 12, 15, 18, and 21.

No drug-related change in body weight was noted.

Food Consumption
Food consumption recordings were taken on GDs 3-6, 6-9, 9-12, 12-15, 15-18, and 
18-21.

A slight increase (6%) in food consumption occurred in HD dams between GDs 6-18.

Necropsy
On GD 21, F were sacrificed, and the reproductive tract removed, placentas examined 
macroscopically, and a necropsy conducted that included evaluation of the carcass and 
musculoskeletal system, all external surfaces and orifices, cranial cavity and external 
surfaces of the brain, and thoracic, abdominal, and pelvic cavities with the associated 
organs and tissues.  The uterus was removed for assessment of fertility parameters.  
The gravid uterus was weighed.

No notable macroscopic findings or changes in gravid uterine weight were noted.

Reference ID: 4558804

(b) (4) (b) (4) (b) (4)



BLA 761-119 Reviewer: Richard Siarey

20

Cesarean Section Data
Rats were examined for number and distribution of corpora lutea, implantation sites, 
placentae, live and dead fetus, and early and late resorptions.  Fetuses were sexed, 
weighed, and examined for external findings.

There were no notable differences in numbers of corpora lutea, implantations, pre- and 
post-implantation losses, or resorptions.  No malformations, variations, or changes in 
fetal body weight were noted. 

Toxicokinetics
Maternal blood samples were taken from TK animals on GD 6 at 5 minutes post-dose 
and on GD 18 pre-dose and at 5 minutes post-dose.

Plasma exposure to eptinezumab was generally dose-proportional and did not 
accumulate during the dosing period.

Table: Toxicokinetic data of eptinezumab
Time 75 mg/kg/day (µg/mL) 150 mg/kg/day (µg/mL)
Day 6, 5 min post-dose 2,681 5,391
Day 18, pre-dose 307 487
Day 18, 5 min post-dose 2,828 5,082

Detection of anti-eptinezumab antibody in serum
Blood samples were taken from animals prior to dosing on GD 6 and prior to necropsy 
on GD 21.

Immunoreactive anti-eptinezumab antibodies was observed at scheduled termination 
(PND 21) in 3 out of 9 LD dams and 3 out of 9 HD dams.  Of the dams that tested 
positive for anti-eptinezumab antibody, 3 were TK animals (1 LD and 2 HD) and had no 
effect on Day 18 eptinezumab plasma exposure.

Study title:  An embryo-fetal development study of ALD403 by intravenous 
injection in rats

Study no: ALD403-071-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: June 2, 2015
GLP compliance: Yes, OECD

QA statement: Yes
Drug, lot #, and % purity: ALD403, Lot № 1-FIN-1722, 99.4%
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Key Study Findings
 Eptinezumab was well tolerated with no embryolethality or teratogenicity.
 The maternal and embryofetal development NOAEL was 150 mg/kg/week.  

Plasma exposure (C5min) on GD 18 at the HD was 4,606 µg/mL.

Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Weekly
Dose volume: 7.5 mL/kg

Route of administration: IV slow bolus
Formulation/Vehicle: Histidine / sorbitol,  

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rat/Sprague-Dawley Crl:CD(SD)

Number/Sex/Group
Main:

Toxicokinetic:
20 F
4 F control and 8 F LD and HD

Age: 11-12 Weeks
Weight: Females - 243-338 g

Study design: F were dosed on GDs 6, 12, and 18

Observations and results
Mortality
Observations for mortality and moribundity were conducted twice daily.

No unscheduled deaths occurred in dams.

Clinical Signs
Detailed observations were conducted on days that body weights were evaluated.

No adverse clinical signs were noted.

Body Weight
Body weight recordings were taken on GDs 0, 3, 6, 9, 12, 15, 18, and 21.

No drug-related change in body weight was noted.

Food Consumption
Food consumption recordings were taken on GDs 3-6, 6-9, 9-12, 12-15, 15-18, and 
18-21.

A slight increase (3%) in food consumption occurred in HD dams between GDs 6-18.

Necropsy
On GD 21, F were sacrificed, and the reproductive tract removed, placentas examined 
macroscopically, and a necropsy conducted that included evaluation of the carcass and 
musculoskeletal system, all external surfaces and orifices, cranial cavity and external 
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surfaces of the brain, and thoracic, abdominal, and pelvic cavities with the associated 
organs and tissues.  The uterus was removed for assessment of fertility parameters.  
The gravid uterus was weighed.

No notable macroscopic findings or changes in gravid uterine weight were noted.

Cesarean Section Data
Rats were examined for number and distribution of corpora lutea, implantation sites, 
placentae, live and dead fetus, and early and late resorptions.  Fetuses were sexed, 
weighed, and examined for external findings.  A visceral examination was conducted on 
approximately one-half of each litter.  A skeletal examination was conducted on the 
other half of fetuses.

No notable differences in numbers of corpora lutea, implantations, pre- and 
post-implantation losses, resorptions, or fetal body weight were noted.

External observations:  Malformations included hyperflexion of the hindlimbs in 1 control 
fetus and 2 LD fetuses and malrotated hindlimbs in 2 LD fetuses and 1 HD fetus.  No 
external variations were observed. 

Visceral findings:  There were no drug-related visceral variations.

Skeletal findings:  There were no drug-related skeletal malformations.  The total number 
of skeletal variations were statistically significant increased at the HD and included 
increase in ossification of the 7th cervical and incomplete ossification of the femur.  
However, the sponsor stated the incidence was within historical data range and 
therefore, can be considered related to biological variation and not drug exposure.

Reference ID: 4558804



BLA 761-119 Reviewer: Richard Siarey

23

Table: Skeletal variations (Sponsor’s)

Toxicokinetics
Maternal blood samples were taken from TK animals on GDs 6, 12, and 18 pre-dose 
and at 5 minutes post-dose and on GD 21.

Plasma exposure to eptinezumab was generally dose-proportional and did not 
accumulate during the dosing period.

Table: Toxicokinetic data of eptinezumab
Time 75 mg/kg/day (µg/mL) 150 mg/kg/day (µg/mL)
Day 6, pre-dose BLQ BLQ
Day 6, 5 min post-dose 1,820 3,554
Day 12, pre-dose 428 923
Day 12, 5 min post-dose 2,665 5,190
Day 18, pre-dose 259 432
Day 18, 5 min post-dose 2,313 4,606
Day 21 212 375
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Detection of anti-eptinezumab antibody in serum
Blood samples were taken from TK animals on GD 5 and prior to necropsy on GD 21.

Immunoreactive anti-eptinezumab antibodies were observed at scheduled termination 
(PND 21) in 7 of 28 LD dams and 10 of 27 HD dams.  Of the dams that tested positive 
for anti-eptinezumab antibody, 3 were TK animals (1 LD and 2 HD).  However, none of 
the affected animals tested positive for neutralizing antibodies, and there was no effect 
on plasma eptinezumab exposure.

Study title:  A dosage range-finding embryo-fetal development study of ALD403 
by intravenous injection in rabbits

Study no: ALD403-063-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 25, 2014
GLP compliance: Yes, OECD

QA statement: Yes
Drug, lot #, and % purity: ALD403, Lot № 361.008, 99.5%

Key Study Findings
 There were no drug-related changes in any parameter at any dose.
 The maternal and embryofetal development NOAEL was 150 mg/kg/week.  

Plasma exposure (C5min) on GD 20 at the HD was 5,218 µg/mL.

Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Weekly
Dose volume: 7.5 mL/kg

Route of administration: IV bolus
Formulation/Vehicle: Histidine / sorbitol, 0.015% 

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rabbit/New Zealand Hra(NZW)SPF

Number/Sex/Group: 5 F
Age: 5-6 Months

Weight: Females – 3.1-3.5 kg
Study design: F were dosed on GD 7, 13, and 20 days

Observations and results
Mortality
Observations for mortality and moribundity were conducted twice daily.
No unscheduled deaths occurred in dams.  One HD dam aborted on GD 28 and was 
sacrificed.
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Clinical Signs
Detailed observations were conducted on days that body weights were evaluated.

No adverse clinical signs were noted.

Body Weight
Body weight recordings were taken on GDs 0, 5, 7, 10, 13, 16, 20, 23, 26, and 29.

No drug-related change in body weight was noted.

Food Consumption
Food consumption recordings were taken on daily from GD 5.

No drug-related change in food consumption was noted.

Necropsy
On GD 29, F were sacrificed, the reproductive tract removed, and a necropsy 
conducted that included evaluation of the carcass and musculoskeletal system, all 
external surfaces and orifices, cranial cavity and external surfaces of the brain, and 
thoracic, abdominal, and pelvic cavities with the associated organs and tissues.  The 
uterus was removed for assessment of fertility parameters.  The gravid uterus was 
weighed.

No notable macroscopic findings or changes in gravid uterine weight were noted.

Cesarean Section Data
Rabbits were examined for number and distribution of corpora lutea, implantation sites, 
placentae, live and dead fetus, and early and late resorptions.  Fetuses were sexed, 
weighed, and examined for external findings.

One HD dam aborted on GD 28 There were no notable differences in numbers of 
corpora lutea, implantations, pre- and post-implantation losses, resorptions, or fetal 
body weight and there were no dead fetuses.  The malformation of a smaller lower jaw 
was observed in 1 control fetus.  No variations were noted.

Toxicokinetics
Blood samples were taken on GD 7, 13, 17, 20, and 29 at time points in the tables 
below.

Table: Blood sample collection time points (Sponsor’s)
GDs 7, 13, and 20
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GDs 17 and 29

Plasma exposure to eptinezumab was generally dose-proportional and did not 
accumulate during the dosing period.

Table: Toxicokinetic data of eptinezumab
Time 75 mg/kg/day (µg/mL) 150 mg/kg/day (µg/mL)
Day 7, pre-dose BLQ BLQ
Day 7, post-dose 2,795 4,365
Day 13, pre-dose 1,067 1,658
Day 13, post-dose 3,566 6,344
Day 17, post-dose 1,552 3,052
Day 20, pre-dose 967 1,095
Day 20, post-dose 3,116 5,218
Day 29, 5 min post-dose 431 219

Detection of anti-eptinezumab antibody in serum
Blood samples were taken from animals prior to dosing on GDs 7, 13, 20 and on 
GDs 17 and 29.

Immunoreactive anti-eptinezumab antibody was observed in 2 of 5 dams at the LD and 
all dams at the HD.  The LD dams had positive anti-eptinezumab antibody titers that 
increased from pre-dose (GD 7) to GD 29.  Of the 5 HD dams with positive 
immunoreactive anti-eptinezumab antibody titers, 2 were observed with increasing 
anti-eptinezumab antibody titers from pre-dose to GD 29, 2 were observed with a 
transient increase in immunoreactive anti-eptinezumab antibody titers, and 1 tested 
positive only on GD 29.  The presence of anti-eptinezumab antibody appeared to have 
a minimal decreasing affect the plasma exposure of eptinezumab.  Animals testing 
positive for anti-eptinezumab antibody were not positive for neutralizing antibody 
activity.
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Study title:  An embryo-fetal development study of ALD403 by intravenous 
injection in rabbits

Study no: ALD403-072-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: June 2, 2015
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: ALD403, Lot № 1-FIN-1722, 99.4%

Key Study Findings
 Eptinezumab was well tolerated with no embryolethality or teratogenicity.
 The maternal and embryofetal development NOAEL was 150 mg/kg/week.  

Plasma exposure (C5min) on GD 20 at the HD was 4,292 µg/mL.

Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Weekly
Dose volume: 7.5 mL/kg

Route of administration: IV slow bolus
Formulation/Vehicle:  Histidine / sorbitol,

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rabbit/New Zealand Hra(NZW)SPF

Number/Sex/Group
Main:

Toxicokinetic:
20 F
2 control and 4 LD and HD

Age: 5-6 Months
Weight: Females:  2.9-3.6 kg

Study design: F were dosed on GD 7, 13, and 20 days

Observations and Results for Dams
Mortality
Observations for mortality and moribundity were conducted twice daily.

No unscheduled deaths occurred in dams.

Clinical Signs
Detailed observations were conducted on days that body weights were evaluated.

No adverse clinical signs were noted.
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Body Weight
Body weight recordings were taken on GDs 0, 5, 7, 10, 13, 16, 20, 23, 26, and 29.

No drug-related change in body weight was noted.

Food Consumption
Food consumption recordings were taken daily from GD 5.

Food consumption was decreased by 7% between GDs 7 and 20 in HDF; otherwise, no 
notable change in food consumption was noted.

Necropsy
On GD 29, F were sacrificed, the reproductive tract removed, and a complete necropsy 
conducted.  The uterus was removed for assessment of fertility parameters.  The gravid 
uterus was weighed.

No notable macroscopic findings or changes in gravid uterine weight were noted.

Cesarean Section Data
Rabbits were examined for number and distribution of corpora lutea, implantation sites, 
placentae, live and dead fetus, and early and late resorptions.  Fetuses were sexed, 
weighed, and examined for external, visceral, and skeletal findings.

There were no notable differences in numbers of corpora lutea, implantations, pre- and 
post-implantation losses, resorptions, or dead fetuses.  Mean fetal weights were slight 
decreased in LD (6%) and HD (7%) fetuses.

External observations:  There were no malformations, and incidences of variants were 
comparable between the groups.

Visceral findings:  There were no malformations.  There was a slight increase in 
accessory lung lobes absent in LD (3) and HD (4) fetuses compared to control (1) 
fetuses; otherwise, incidences of variations were comparable among the groups.
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Table: Visceral variations (Sponsor’s)

Skeletal findings:  There were no malformations and apart from an increased 
occurrence of sternebral variations at the LD, incidences of variations were comparable 
among groups.

Table: Skeletal variations (Sponsor’s)

Toxicokinetics
Blood samples were taken from TK animals on GDs 7, 13, and 20 pre-dose and at 
5 minutes post-dose and on GD 29.

Plasma exposure to eptinezumab was generally dose-proportional and did not 
accumulate during the dosing period.
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Table: Toxicokinetic data of eptinezumab
Time 75 mg/kg/day (µg/mL) 150 mg/kg/day (µg/mL)
Day 7, pre-dose BLQ BLQ
Day 7, 5 min post-dose 2,009 3,928
Day 13, pre-dose 631 1,120
Day 13, 5 min post-dose 2,572 4,127
Day 20, pre-dose 328 1,035
Day 20, 5 min post-dose 2,173 4,292
Day 29 91 192

Detection of anti-eptinezumab antibody in serum
Blood samples were taken from TK animals prior to dosing on GDs 7, 13, and 20 and 
on GD 29.

Immunoreactive anti-eptinezumab antibody was observed at scheduled termination in 
10 of 24 LD dams and 9 of 24 HD dams.  Of the dams that tested positive for the 
presence of anti-drug antibody on GD 29, 4 were TK dams (3 LD and 1 HD).  The 
presence of anti-eptinezumab antibodies did not appear to affect the plasma exposure 
of eptinezumab on GDs 7, 13, and 20, as the mean exposure to eptinezumab did not 
decrease after repeated administration.  However, on the day of sacrifice (GD 29) 
plasma exposure to eptinezumab was 27 and 137 µg/mL at the LD and 56 and 
273 µg/mL at the HD in anti-eptinezumab antibody positive and negative animals, 
respectively.  Five of 10 LD dams and 3 of 9 HD dams were positive for neutralizing 
antibody activity, and the mean plasma exposure to eptinezumab in these dams was 
lower than dams testing negative for neutralizing antibody activity at both the LD 
(1 µg/mL compared to 52 µg/mL) and HD (3 µg/mL compared to 83 µg/mL).

9.3 Prenatal and Postnatal Development
Study title:  A pre and postnatal study of ALD403 by intravenous injection in 
rats

Study no: ALD403-085-TOX
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 2, 2016
GLP compliance: Yes, OECD

QA statement: Yes
Drug, lot #, and % purity: ALD403, Lot № 1-FIN-2598, 99.5%

Key Study Findings
 There was 1 undetermined F0 HD dam death; otherwise no notable findings were 

observed, apart from a slight decrease in food consumption at the HD.
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 There was 1 undetermined LDF F1 pup death; clinical signs observed in F1 pups 
included signs of domed skull in 1 HDM and 1 HDF with accumulation of fluid 
consistent with hydrocephaly noted in the HDM.

 Body weight was slightly increased at all doses in M and F F1 pups between 
PND 4-21.

 Malformations noted in 1 HDM F1 pup was dilated olfactory bulb and ventricles.
 Post weaning no adverse findings were observed in clinical signs, body weight, 

physical development, behavior, and reproduction in the F1 animals.
 The NOAEL for toxicity and reproductive performance in F0 dams and 

F1 generation development was 150 mg/kg administered once every 6 days.

Methods
Doses: 0, 75, and 150 mg/kg

Frequency of dosing: Once every 6 days
Dose volume: 7.5 mL/kg

Route of administration: IV slow bolus
Formulation/Vehicle: Histidine / sorbitol,

polysorbate 80 [w/w], pH 5.8
Species/Strain: Rat/Sprague-Dawley Crl:CD(SD)

Number/Sex/Group: 20 control and 30 F LD and HD
Age: 73-87 Days

Weight: Females - 222-350 g
Study design: F were dosed on GDs 6, 12, 18, and 24 and 

Lactation Days 4, 10, 16, and 20

Observations and Results for F0 Dams
Mortality
Observations were conducted twice daily.

One HD dam was found dead on Lactation Day 15.  The cause of death was 
undetermined. There were no clinical signs prior to death; macroscopic findings 
included failure for the lung to collapse and pale discoloration of the spleen.

Clinical Signs
Detailed examinations were conducted daily prior to initiation of dosing and on days 
body weight was evaluated.

No adverse clinical signs were observed in F0 dams.

Body Weight
Body weight recordings for F0 dams were taken on GDs 0, 3, 6, 9, 12, 15, 18, and 20 
and on Lactation Days 4, 7, 10, 14, 17, and 21.

No drug-related change in body weight was noted.
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Food Consumption
Food consumption for F0 dams were recorded on GDs 3-6, 6-9, 9-12, 12-15, 15-18, and 
19-20 and on Lactation Days 0-4, 4-7, 7-10, and 10-14.

Food consumption in HD dams was significantly increased (8%) during lactation.

Reproduction parameters
The time of onset, number of pups (dead and alive), implantation scars, and completion 
of parturition were recorded, with any sign of dystocia noted.

There was no notable change in reproduction parameters.

Tables: Summary of maternal reproduction parameters (Sponsor’s)

Necropsy
Necropsy of F0 dams occurred at scheduled termination after weaning (Lactation 
Days 21).

There were no notable macroscopic findings in F0 dams.

Observations and Results for F1 Generation (pre-weaning)
On PND 4, litters were culled to 8 (4 M and 4 F, where possible) pups per litter.  Culled 
pups were euthanized and the carcasses discarded.
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Mortality
Observations for general condition were conducted on F1 pups twice daily.

There was no effect on pup viability and survival.  The pups (4 M and 4 F) from the HD 
dam found dead on Lactation Day 15 were euthanized.

Clinical Signs
Clinical signs were evaluated in F1 pups daily during the lactation period.

Between PNDs 19 and 21 signs of a domed skull was observed in 1 HDM and 1 HDF 
from the same litter; the HDM had accumulation of fluid consistent with hydrocephaly.  
Fluid accumulation was also observed in another pup in the same litter and 1 control F 
pup.  There was an increase in thin fur in HD F1 pups.

Body Weight
Body weight recordings for F1 pups were taken on PNDs 0, 4, 7, 14, 17, and 21.

Litter mean F1 pup body weight was increased on PNDs 4-21 in M pups by 4% and 6% 
and in F pups by 3% and 5% at the LD and HD, respectively.

Physical development
Observations and tests were conducted for auricular startle response from PND 12 and 
negative geotaxis from PND 8.  Sexual maturation parameters were assessed in 
post-weanling animals (see below).

There were no notable changes in the negative geotaxis parameters or on auricular 
startle response in F1 pups.

Necropsy
Necropsy was conducted on F1 pups that were found dead or euthanized between 
PNDs 0 and 7 and on PND 21 on F1 pups not selected for mating.

No notable findings were observed in pups found dead (M: 6, 4, and 5 control, LD, and 
HD, respectively; F: 3, 7, and 4 control, LD, and HD, respectively).

Observations and Results for F1 Generation (post-weaning)
Placement of F1 adults (post-weaning animals)
On PND 21, 1 M and 1 F from each litter were selected for further evaluation; 18, 30, 
and 29 pups/sex were selected for control, LD, and HD groups, respectively.  Following 
blood sample collection for bioanalysis and anti-drug antibody determination, the 
remaining pups were euthanized on PND 21.

Mortality
Observations for mortality and moribundity were conducted twice daily.

No unscheduled deaths occurred in F1 adults.
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Clinical signs
Detailed examinations were conducted weekly.

No adverse clinical signs were observed in F1 adults.

Body Weight
Body weight recordings were taken twice weekly after weaning.  Mated F1 F body 
weight recordings were taken on GDs 0, 3, 7, 10, and 13.

No drug-related change in body weight was noted.

Physical development
Pupillary closure and visual placing responses were tested on PND 21.  Vaginal 
opening was assessed from PND 26 and preputial separation was assessed from 
PND 35.  Righting reflex was tested on Day PND 28.

There was no effect on pupillary closure, visual placing, righting reflex, preputial 
separation, or vaginal opening.

Behavioral assessment
Tests conducted included motor activity on PND 60 ± 2, auditory startle on PND 55, and 
Cincinnati water maze (learning and memory) between PNDs 60 and 70.  In the 
Cincinnati water maze, performance (ability to swim) was assessed and learning and 
memory was assessed using 2 paths.

Motor activity:  Motor activity was comparable between eptinezumab-dosed and control 
groups in M and F.

Auditory startle habituation:  Startle habituation was comparable between 
eptinezumab-dosed and control groups in M and F.

Cincinnati water maze:  Swimming ability, completion times, and number of errors in the 
Cincinnati water maze were comparable between eptinezumab-dosed and control 
groups in M and F.

Estrous cycle
The estrous cycle was determined by examination of the vaginal lavage for at least 
14 days prior to placement for mating, during the mating period, and until the day of 
confirmed mating.

Estrous cycle length was comparable between eptinezumab-dosed and control F 
groups.

Reproduction parameters
Mating pairs (1 M and 1 F) were established on PND 85 and cohabitated for up to 
21 days.  F were examined for evidence of mating.  On GD 13, animals were 
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euthanized, and the reproductive tract examined for number of corpora lutea, 
implantation sites, number of pups (dead and alive), and resorptions.

Mating and fertility indices, conception rate, mean number of days mating, number of 
corpora lutea, implantation sites, live and dead embryos, early resorptions, and pre- and 
post-implantation losses were comparable between eptinezumab-dosed and control 
groups.

Necropsy
Gross examination was conducted.

No notable macroscopic findings were noted in F1 adults.

10 Special Toxicology Studies
10.1 Local Tolerance
Local toxicity of eptinezumab was assessed after single (SC) and repeat-dose (4 weekly 
SC or IM doses) dosing in monkey and rats, respectively.  No injection site reactions to 
eptinezumab were observed, apart from minimal mononuclear cell infiltrate in IM repeat 
dosing in 5 of 6 HD (100 mg/mL) rats.

(Summarized from Pharmacology/Toxicology IND Review and Evaluation, IND 114,647, 
Thompson, March 11, 2013 and February 1, 2016, and Nesti, August 16, 2016)

10.2 Tissue Cross-Reactivity
Tissue cross-reactivity of ALD403 with human, Cynomolgus monkey, and rat 
tissues in vitro (Study №: ALD403-016-TOX; DARRTs, IND 114,647; Thompson 
review March 11, 2013).
The tissue cross-reactivity of eptinezumab (2.5 and 10.0 µg/mL) was assessed in a 
panel of tissues from Sprague-Dawley rats (n = 3), cynomolgus monkeys (n = 3), and 
normal humans (n = 3).  Staining was generally observed in tissues in blood vessels, 
endothelium, and adventitia, but binding was observed in more human tissues (31) than 
rats (9) and monkeys (10).  Binding of eptinezumab in human tissues included; bladder, 
breast, colon, eye, fallopian, lymph node, nerve, ovary, parotid, skin, small intestine, 
spinal cord, striated muscle, tonsil, ureter, and uterus.  Of these tissues; bladder, breast, 
eye, fallopian, nerve, parotid, skin, spinal cord, striated muscle, tonsil, ureter, and 
uterus, eptinezumab binding was generally negligible at the LD and with low intensity 
and incidence than at 10 µg/mL eptinezumab.  At the time the study was reviewed the 
sponsor was directed to provide additional information, if possible, on the nature of the 
specific binding (e.g., localization) to facilitate evaluation of these data.  The sponsor 
reported that the observed pattern of staining with eptinezumab was consistent with the 
expression of CGRP in tissues (Brain and Grant, Physiol Rev 84: 903-934, 2004) and 
differences in staining between human and the nonclinical species was due to individual 
variation and/or differences in age, disease status, death process, or true species 
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differences.  However, the sponsor provided no discussion on the location of the 
staining in human tissues, whether it was intracellular and therefore irrelevant.
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Summary of Incidence and Intensity in Human Tissues with Specific ALD403 Staining 

ALD403 10.0 ue/mL ALD403 2.5 ue/mL 
Tissue 

Incidence Intensity Incidence Intensity 

Adrenal 3/3 l+ - 2+ 213 l+ 

Bladder 313 l+ 013 Neg 

Breast 1/3 2+ 013 Neg 

Brain-Cerebellum 3/3 l+ 013 Neg 

Brain-Cerebral Cortex 3/3 l+ 013 Neg 

Colon 3/3 l+ - 3+ 1/3 l+ 

Eye 2/3 l+ 013 Neg 

Fallopian Tube 1/3 l+ 013 Neg 

GI-Tract-Small Intestine 313 2+ 213 l+ 

GI-Tract-Stomach 3/3 2+ -4+ 3/3 2+ - 3+ 

Heart 313 l+ - 2+ 013 Neg 

Kidney-Glomerulus 2/3 l+ 013 Neg 

Kidney-Tubule 2/3 l+ 013 Neg 

Liver 3/3 l+ - 2+ 313 l+ 

Lung 3/3 l+ - 2+ 013 Neg 

Lymph Node 3/3 l+-2+ 213 l+ 

Nerve-Peripheral 1/3 2+ 1/3 l+ 

Ovary 3/3 3+ 313 l+- 2+ 

Pancreas 3/3 3+ -4+ 3/3 l + - 2+ 

Parathyroid 313 2+- 3+ 313 l+ 

Parotid (Salivary) Gland 2/3 2+ 013 Neg 

Prostate 313 2+ - 3+ 313 l+- 2+ 

Skin 1/3 
l+ (vessels) -

1/3 
l+ (vessels) -

4+ (dermis) 2+ (dermis) 

Spinal Cord 3/3 l+ 013 Neg 

Spleen 3/3 l+ - 2+ 013 Neg 

Striated Muscle 2/3 l+-2+ 1/3 l+ 

Testis 3/3 l+ - 4+ 213 2+ 

Thymus 313 l+ - 2+ 313 l+ 

Thyroid 3/3 l+ 013 Neg 

Tonsil 313 2+ 213 l+ 

Ureter 2/3 l+ 013 Neg 

U terns-Cervix 2/3 l+-2+ 1/3 l+ 

Uterus-Endometrium 2/3 l+ 1/3 l+ 

Incidence: Number of individual tissue sections with specific staining I number of individual tissues evaluated. 
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11 Integrated Summary and Safety Evaluation
Eptinezumab is a human monoclonal antibody that inhibits CGRP by binding to the α- 
and β-forms of CGRP.  During a migraine, plasma levels of CGRP increase and this 
leads to secretion of vasoactive, proinflammatory, and neurosensitizing mediators.  It 
has been suggested that inhibiting CGRP receptor binding will prevent migraine.  The 
sponsor is proposing to administer eptinezumab once every 3 months for the 
preventative treatment of migraine.

Eptinezumab has pM-nM affinity for rat, rabbit, and human α- and β-CGRP, without 
off-target binding to peptide targets similar to CGRP, e.g., amylin, calcitonin, 
adrenomedulin, and intermedin/adrenomedulin-2.  In functional assays in rat myoblast 
L6 and human SK-N-MC cells, eptinezumab inhibited CGRP accumulation of cAMP, 
with IC50’s in the low nM range (≤1.8 nM).  In in vivo pharmacodynamics studies in rats 
and monkeys, eptinezumab (0.1-30 mg/kg IP in rats and 30 mg/kg IV and 30-100 mg/kg 
SC in monkeys) reduced capsaicin-induced increases in dermal blood flow; in rabbit, IV 
administration of eptinezumab (10-100 mg/kg) inhibited intradermal β-CGRP-induced 
increases in forearm dermal blood flow.

The pharmacokinetics of eptinezumab were assessed in toxicology studies.  The t½ of 
eptinezumab ranged from 200 to 264 hours in rats and 151 to 299 hours in cynomolgus 
monkeys.  The distribution of eptinezumab is expected to be limited to the vascular 
compartment, consistent with the general pharmacokinetic of biologics, and metabolism 
is expected to proceed via proteolysis, with incorporation into the endogenous amino 
acid pool.

In the rat 4-week toxicology study (0, 10, 30, and 100 mg/kg/week IV), the NOAEL was 
the HD (100 mg/kg/week), which was associated with plasma exposures of 285,574 and 
258,526 µg*h/mL in M and F, respectively.  The presence of anti-eptinezumab 
antibodies appeared to correlate with decreased plasma eptinezumab exposure. This 
was more apparent in LDF and MDF and much less at the HD; therefore, the study was 
not compromised.  A chronic rat toxicology study was not conducted.  Rationale for 
justifying the use of a single species (monkey) for chronic toxicology studies was 
submitted to IND 114,647 by the sponsor (February 12, 2013; SD005).  The Division 
agreed with the sponsor’s proposal to conduct a chronic toxicology study only in 
monkeys.  In the 6-month monkey study (0, 20, 50, and 150 mg/kg/2 weeks IV), 1 LDF 
died within approximately 30 minutes post-dose on Day 71 (6th dose) after exhibiting an 
anaphylactoid-like reaction.  At the end of dosing and recovery periods, a slight 
dose-dependent increase in inflammatory cell infiltration was observed in several 
tissues.  The NOAEL was the HD (150 mg/kg/2 weeks), which was associated with 
plasma exposures of 1,480,000 and 1,020,000 µg*h/mL in M and F, respectively.  The 
presence of anti-eptinezumab antibodies did not appear to have any overall adverse 
impact on eptinezumab exposure.  

Reproductive and development toxicity assessment of IV eptinezumab (0, 75, and 
150 mg/kg/week) consisted of a fertility study in rat, embryofetal development studies in 
rat and rabbit, and a pre- and postnatal development study in rat.  In the embryofetal 
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development studies in rat and rabbit, no drug-related effects were observed; therefore, 
the NOAEL was the HD, which was associated with plasma exposures (C5min) of 4,606 
and 4,292 µg/mL in rats and rabbits, respectively.  In the pre- and postnatal 
development study (0, 75, and 150 mg/kg Q6), no adverse changes were noted; 
therefore, the NOAEL was the HD.

The Division agreed with the sponsor’s justification not to conduct carcinogenicity 
studies.

In a tissue cross-reactivity study, eptinezumab staining was generally in blood vessels 
including endothelium, smooth muscle, and adventitia.  In local tolerance studies, 
eptinezumab caused no adverse injection site reactions in rats or monkeys after SC or 
IM injections.

In conclusion, eptinezumab was shown to have high affinity for α- and β-CGRP and to 
effectively antagonize CGRP activity.  In pharmacodynamics studies, eptinezumab 
administered to rat, rabbit, or monkey inhibited capsaicin or intradermal 
β-CGRP-induced dermal blood flow increases.  No effect on the neurological, 
cardiovascular, or respiratory systems was observed in safety pharmacology 
assessments.  No adverse findings were noted in the general toxicity and reproductive 
and developmental studies.  The main finding in the 6-month study in monkeys was 
inflammatory cell infiltrates in numerous tissues that appeared to be dose-related.  
Therefore, the submitted nonclinical package supports approval of eptinezumab.

Table of safety margins

Study Species Study duration
NOAEL
(mg/kg)

Margin based 
on AUC0-168h*

Margin based 
on dose#

Rat 4 Weeks 100 mg/kg/week 5-fold 20-fold
General toxicology Monkey 6 Months 150 mg/kg/2 week ND

(24-fold+) 30-fold

Rat GD 6 to 18 150 mg/kg/week ND 30-foldEmbryo-fetal 
development Rabbit GD 7 to 20 150 mg/kg/week ND 30-fold
Pre- and postnatal 
development Rat GD 6 to LD 20 150 mg/kg/week No TK 30-fold

*AUC in human:  52906 µg*h/ml at 300 mg/day.  +calculated from monkey AUC0-t value (0-2016h).  #Maximum 
recommend dose: 300 mg.  ND – not determined
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