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Discussion/Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. Both 
found the information sufficient to support approval.

Fremanezumab is a monoclonal antibody that binds to and inhibits the activity of 
α and β calcitonin gene-related peptide.

The potential for cardiovascular effects from inhibiting CGRP were discussed. 
Based on the Agency’s independent review of published literature, primarily on a 
well-established peptide probe, no nonclinical post-marketing studies to 
investigate this theoretical concern were recommended.

I concur that the nonclinical information is adequate to support approval for this 
indication.

Reference ID: 4320863



--------------------------------------------------------------------------------------------
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/
------------------------------------------------------------

PAUL C BROWN
09/14/2018

Signature Page 1 of 1

Reference ID: 4320863



1 
 

MEMORANDUM 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: September 14, 2018 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject: BLA 761089 (fremanezumab)  
_________________________________________________________________ 
 
BLA 761089 was submitted by Teva Pharmaceuticals on October 17, 2017, to request licensure 
of fremanezumab for the prophylaxis of migraine in adults; the BLA was filed as a Priority 
application, with no potential review issues identified (Filing Communication, December 14, 
2017). A major amendment was received on May 14, 2018, resulting in a 3-month extension of 
the goal date (Review Extension – Major Amendment, May 18, 2018). Clinical development of 
fremanezumab was conducted under IND 106533 (prophylaxis of migraine)

 
 
The nonclinical data submitted to support clinical development (IND 106533) were reviewed by 
Dr. D. Charles Thompson (Pharmacology/Toxicology IND Safety Evaluation, February 2, 2010; 
Pharmacology/Toxicology IND Review and Evaluation, June 20, 2011, August 16, 2011, and 
June 30, 2014) and Dr. Barbara J. Wilcox (Pharmacology/Toxicology IND Review and 
Evaluation, August 17, 2012). The BLA review was conducted by Dr. Wilcox 
(Pharmacology/Toxicology BLA Review and Evaluation, BLA 761089, September 14, 2018). 
Based on that review, Dr. Wilcox has concluded that the nonclinical data support approval of 
fremanezumab for the proposed indications. 
 
The following provides a brief discussion of the nonclinical data; a detailed description and 
discussion may be found in Dr. Wilcox’s review. 
 
Summary and Discussion 
 
Pharmacology 
Fremanezumab, a humanized IgG2∆a monoclonal antibody , binds to both α 
and β isoforms of calcitonin gene-related peptide (CGRP) and prevents their binding to the 
CGRP receptor. (The α isoform is predominant in the peripheral nervous system, whereas the β 
isoform is predominant in the enteric nervous system.) Fremanezumab is pharmacologically 
active in rat, rabbit, monkey, and human, as characterized in a series of binding and functional in 
vitro assays. Binding affinity values varied among studies but were slightly lower for rat and 
rabbit α-CGRP compared to human (KD’s of 889, 537, and 2.2 pM, respectively); affinity for β-
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CGRP was similar between rat and human (0.152 and 0.155 nM, respectively). In cell-based 
assays, the EC50 for inhibition of α-CGRP receptor activation in rat and human was similar (102 
and 71 nM, respectively).  
 
Safety pharmacology parameters were assessed in Sprague-Dawley rat and cynomolgus monkey. 
No adverse effects on CNS or respiratory parameters were observed in rat following acute 
subcutaneous (SC) doses of fremanezumab (0, 100, and 300 mg/kg). Minimal cardiovascular 
effects were observed in monkey following intravenous (IV) bolus doses of 0 or 100 mg/kg; the 
data were difficult to interpret because of the lack of control for order in the cross-over design. 
 
Cardiovascular risk: Because of the potent vasodilatory properties of CGRP, concerns were 
raised regarding long-term antagonism of the CGRP in humans, particularly in patients with 
cardiovascular risk factors. The sponsor was asked to provide a review of relevant published 
literature and data available to the sponsor. Since this request was made, the Agency has 
conducted an independent evaluation of available published literature, primarily on a well-
established probe (CGRP(8-37)), to investigate the potential for antagonism of CGRP to induce 
vasoconstriction or adversely affect coronary vessel size, blood flow, or coronary infarct size 
under ischemic conditions. The results of this evaluation suggest that regulation of vascular tone 
in healthy patients and those with cardiovascular risk factors involves multiple endogenous 
factors, of which CGRP is only one, and that there is limited understanding of the role of CGRP 
in normal hemodynamic processes or response to ischemic events. It was, therefore, concluded 
that there is insufficient information to dismiss the original concerns but that additional basic 
research is needed to further understand the role of CGRP in these processes. Without a better 
understanding of the role of CGRP, it is unlikely that nonclinical studies of fremanezumab could 
be designed and conducted that would provide useful information; therefore, no post-marketing 
study to further assess the cardiovascular safety of fremanezumab is recommended. 
 
PK/ADME 
Single-dose PK studies were conducted in CD-1 mouse, Wistar rat, and cynomolgus monkey 
(10, 30, and 100 mg/kg IV in all species). Vd was low in all species (0.07-0.14 L/kg). Tissue 
distribution and metabolism studies were not requested or conducted. 
 
Toxicology 
The pivotal (GLP) toxicity studies were conducted in Sprague-Dawley rat (1- and 3-month) and 
cynomolgus monkey (1-, 3-, and 6-month). In rat, doses of up to 100 mg/kg (1-month + 3-mo 
recovery) and 300 mg/kg (3-month + 4-month recovery) were administered weekly by IV 
injection. In the 3-month study, fremanezumab was administered SC to additional groups (0 and 
300 mg/kg QW). The high doses were identified as NOAELs. 
 
In monkey, doses of up to 100 mg/kg (1-month +3-month recovery) and 300 mg/kg (3-month + 
3-month recovery and 6-month) were administered weekly by IV injection. In a second 1-month 
(+3-month recovery) study, fremanezumab was administered SC at doses of 0, 100, and 300 
mg/kg QW. Fremanezumab was also administered SC to additional groups (0, 100, and 300 
mg/kg QW) in the 3-month study. In the 6-month study, doses of up to 300 mg/kg were 
administered weekly by IV injection. The only notable finding was inflammation of ciliary 
vessels, detected at 100 and 300 mg/kg IV and 300 mg/kg SC, in 3 animals in the 3-month study. 
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Follow-up assessments detected “low-grade” immune complex deposition, suggesting an 
immune-mediated reaction. Similar findings were not observed in the 6-month study; therefore, 
the ciliary vessel findings were considered of questionable relevance to humans.   
 
Reproductive and Developmental Toxicology 
A standard battery of reproductive and developmental toxicology studies was conducted in 
Sprague-Dawley rat and New Zealand White rabbit. In rat, SC doses of 0, 50, 100, and 200 
mg/kg QW were tested in a combined fertility and embryofetal development study (dosing prior 
to and throughout the mating period in males and continuing throughout gestation in females) 
and a pre- and postnatal development study (dosing throughout gestation and lactation). In 
rabbit, SC doses of 0, 10, 50, and 100 mg/kg QW were administered throughout gestation. No 
clearly drug-related findings were observed in either species, in either dams or fetuses/offspring. 
 
Genetic Toxicology 
Genetic toxicology studies are typically considered not applicable to biologic products and were 
not required. 
 
Carcinogenicity  
The sponsor was asked to provide a weight-of-evidence evaluation of the carcinogenic potential 
of fremanezumab. Based on published studies in CGRP knockout animals and on the biological 
activity of CGRP (e.g., promotion of angiogenesis) and on the results from the sponsor’s studies 
of fremanezumab, it was concluded that standard carcinogenicity studies of fremanezumab were 
not needed. 
 
Conclusions and Recommendations 
The nonclinical studies are adequate to support approval of fremanezumab for the proposed use. 
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1.  Executive Summary  
 

1.1.1 Brief discussion of nonclinical findings 
 

Fremanezumab is a humanized IgG2Δa monoclonal antibody designed to 
bind the vasoactive neuropeptide, calcitonin gene-related peptide (CGRP), 
thereby preventing activation of the CGRP receptor. Multiple studies were 
conducted demonstrating the selectivity and high affinity of fremanezumab for 
the two identified isoforms of CGRP (α-CGRP and β-CGRP), as well as 
binding to CGRP across species.  In vivo models were used to demonstrate 
the pharmacodynamic effects of fremanezumab through inhibition of CGRP 
activity: inhibition of neurogenic vasodilation, inhibition of capsaicin-induced 
vasodilation, inhibition of pain-related behaviors in two rat models of 
headache.  
 General toxicology studies were conducted in Sprague-Dawley rat and 
cynomolgus monkey. Studies in rat with dosing durations up to 3 months and 
dose levels up to 300 mg/kg showed no toxicities related to fremanezumab.  
In monkey studies with dosing duration up to 6 months and dose levels up to 
300 mg/kg, no fremanezumab-related toxicities were observed. 
 A full battery of reproductive toxicity studies was conducted and no 
adverse effects were observed on fertility, or postnatal development.  
Embryofetal studies were conducted in rat and rabbit.  No significant effects 
on embryofetal development were observed in the rat.   

 
Recommendations: 

The nonclinical data are adequate to support approval for the intended use.  
  
Labeling Recommendations 

 
8  USE IN SPECIAL POPULATIONS 
8.1  Pregnancy 
Animal Data 
 

Following subcutaneous administration of fremanezumab to pregnant rats and 
rabbits during organogenesis (doses of 0, 50, 100, or 200 mg/kg every six days 
in rat; 0,10, 50, or 100 mg/kg every six days in rabbit) no adverse effects on 
embryofetal development were observed in the rat.  In the rabbit, early 
implantation loss was observed at 50 and 100 mg/kg.  The NOAEL in the rabbit 
was similar to the high human dose of 675 mg, on a mg/kg basis.  Subcutaneous 
administration of fremanezumab to pregnant rats throughout organogenesis and 
continued through lactation (doses of 0, 50, 100, or 200 mg/kg on gestational day 
6, 12, and 17 and postnatal days 4, 10, 17, and 21) demonstrated no adverse 
effects on prenatal or postnatal development of the offspring.  Detectable levels 
of fremanezumab in the offspring of dosed dams were observed at postnatal 
days 4 and 21.  The high doses tested in these studies were approximately 17 
and 9 times for the rat and rabbit, respectively, compared to the high 
recommended human dose of 675 mg, on a mg/kg basis. 
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12  CLINICAL PHARMACOLOGY  
 
12.1 Mechanism of Action 

 
The precise mechanism by which fremanezumab exerts its therapeutic effect in 
migraine is unknown, but is presumed to be through binding of CGRP.  Selective 
binding of CGRP would prevent activation of the CGRP receptor complex and 
inhibit CGRP-induced vasodilatory activity. 
 
 
13 NONCLINICAL TOXICOLOGY 
 
13.11 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 
No carcinogenicity studies have been performed to assess the carcinogenic 
potential of fremanezumab. 
No studies have been performed to assess the mutagenic potential of 
fremanezumab. As an antibody, fremanezumab is not expected to interact 
directly with DNA. 
 
No effects on mating behavior or fertility following weekly subcutaneous 
administration in rats (doses of 50, 100, or 200 mg/kg beginning 4 weeks prior to 
mating in males and 2 weeks prior to mating in females).  The high dose in this 
study is approximately 17 times the high recommended dose of 675 mg, on a 
mg/kg basis. 
 
 
2. Drug Information  

2.1. Drug: 

2.1.1. Generic name:  fremanezumab 
2.1.2. Code name:  TEV-48125, LBR-101, PF-04427429, RN307 
2.1.3. Molecular weight: 148 kDa 
2.1.4. Pharmacological class: humanized monoclonal antibody, IgG2Δa 
2.1.5. Structure: (Figure from the Sponsor) 
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2.2. Relevant INDs, NDAs, and DMFs:   

 

IND 106533 
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2.3. Clinical formulation:  

2.3.1. Drug formulation: (Table from the sponsor) 

 

2.4. Proposed clinical population and dosing: 

Patients: Adult migraine patients 
Route of administration:  SC 
Dosing regimen:  225 mg monthly or 675 mg quarterly (every 3 months) 

2.5. Regulatory background: 

IND 106,533 was originally submitted on October 27, 2009.    The IND was placed 
on partial clinical hold on November 11, 2009, due to inadequate nonclinical 
safety data to support the proposed SC route of administration or the proposed 
clinical doses.  Clinical dosing was limited to a high dose of   The partial 
hold was removed on July 12, 2012, after submission of nonclinical studies of 
longer duration, higher doses, and use of the SC route of administration.  
 

 
3. Studies submitted within this submission:   

3.1. Studies reviewed within this submission:   

Studies submitted to BLA 761089 not previously reviewed: 
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(b) (4)

(b) (4)



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 8 

 26-week toxicity study in cynomolgus monkey  

 Combined male and female fertility and embryofetal development 
in rat  

 Embryofetal development in rabbit 

 Pre- and postnatal development in rat 

3.2. Previous reviews referenced: 

 
IND 106533: Pharmacology/Toxicology IND Safety Evaluation, D. Charles 
Thompson, R.PH, Ph.D., D.A.B.T., February 2, 2010 
 
IND 106533: Pharmacology/Toxicology IND Safety Evaluation, D. Charles 
Thompson, R.PH, Ph.D., D.A.B.T., July 1, 2011 
 
IND 106533: Pharmacology/Toxicology IND Safety Evaluation, D. Charles 
Thompson, R.PH, Ph.D., D.A.B.T., August 11, 2011 
 
IND 106533: Pharmacology/Toxicology IND Safety Evaluation, Barbara J. 
Wilcox, Ph.D., August 17, 2012 
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4.    Pharmacology 
Fremanezumab (PF-04427429, RN307, LBR-101, TEV-48125) is a humanized 
IgG2Δa kappa monoclonal antibody that binds selectively to calcitonin gene-
related peptide (CGRP) and prevents binding of the peptide to the CGRP 
receptor complex.  The product is intended for treatment of adult migraine. 

      4.1. Primary pharmacology 

Mechanism of action:  Fremanezumab binds CGRP, a multifunctional 
neuropeptide with major activity as a potent vasodilator.  The peptide exists in 2 
major isoforms (α and β) and is synthesized and released primarily from sensory 
nerves widely distributed throughout the body (β-CGRP is found primarily in the 
enteric plexus).  Fremanezumab binds both α-and β-CGRP with similar affinity.  
α-CGRP is localized to perivascular neural networks and is also released from 
trigeminal ganglion cells as well as dorsal root ganglion cells.  Localization to 
sensory nerve fibers (particularly C and Aδ fibers) and co-localization with 
Substance P suggests an association with pain mechanisms.   

Clinical and nonclinical data have implicated CGRP in the pathophysiology 
of migraine through trigeminal innervation to meningeal blood vessels.1 These 
data suggest that CGRP is released from afferent trigeminal nerve fibers during 
migraine resulting in vasodilation and neurogenic inflammation. Fremanezumab 
inhibits CGRP activity by selectively blocking binding of the peptide to the CGRP 
receptor. 

 
Pharmacodynamics:  The pharmacodynamic effect (inhibition of vasodilation) of 
fremanezumab was demonstrated in the following studies: 
 
Inhibition of Capsaicin-induced dermal flare:  At a single dose (1, 10, or 100 
mg/kg, no control group) administered IV to female cynomolgus monkeys, 
fremanezumab resulted in dose-related inhibition (magnitude and duration) of 
capsaicin-induced dermal flare (study #8225-772), as measured by skin blood 
flow using scanning laser Doppler, in all dose groups (LD results were not 
statistically significant).  Inhibition of skin blood flow, relative to baseline, 
persisted in MD and HD animals up to 56 days post dose.   
 
Inhibition of Neurogenic vasodilation:  In study #121930, a rat blood flow model 
was used to evaluated the effect of fremanezumab on neurogenic flare in the 
skin.  Male Sprague-Dawley rats were administered fremanezumab IV at a dose 
of 0, 1, or 10 mg/kg.  The saphenous nerve was surgically exposed and 
electrically stimulated. Neurogenic flare was measured in the skin in response to 
the stimulation using a laser Doppler flow meter at time points up to 130 minutes 
post dose.  Results showed that a dose of 10 mg/kg resulted in a significant 
decrease in blood flow beginning 90 minutes post dose.  In a separate 
experiment using the same model, the duration of the inhibitory effect of 10 
mg/kg fremanezumab was up to 7 days. 
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Inhibition of Neurogenic vasodilation in dural vessels: The inhibition of CGRP-
mediated vasodilation by fremanezumab was investigated using the rat 
meningeal artery closed cranial window model of vasogenic dural vasodilation 
(Study #121231).  Under anesthesia, electrodes were surgically placed in the left 
parietal area of Sprague-Dawley rats.  A near adjacent area was exposed for 
monitoring of the diameter of the middle meningeal artery after electrode 
stimulation.  Stimulation was applied for 30 seconds every 30 minutes. 
Fremanezumab was administered via IV injection at doses of 0, 1, 3, or 10 
mg/kg.  For comparison, fremanezumab (7E9) antibody 
was administered at a dose of 10 mg/kg and a known CGRP receptor inhibitor, 
BIBN1096BS, at a dose of 300 µg/kg, were administered in separate trials.  After 
stimulation of the cranial window in vehicle-treated animals, a significant increase 
was observed in dural blood vessel diameter (108 ± 32.1%).  The increase in 
dural blood vessel diameter was inhibited significantly by both 7E9 and 
BIBN1096BS from 5 minutes up to 120 minutes post dose.  No data were 
provided for fremanezumab in the acute assessment (with no explanation).  
However, when tested 7 days after dosing, fremanezumab showed significant 
inhibition at doses of 3 and 10 mg/kg. 
 
Results are summarized in the tables below. (Tables from the study report) 

 
 
Rat model of post-concussion headache:  A rat model of concussion was used to 
investigate the efficacy of  anti-CGRP monoclonal antibody in alleviating 
headache symptoms associated with mild head trauma (study #DPR-2017-037).  

Reference ID: 4320837

(b) (4)

(b) (4)



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 11 

After induction of mild head trauma via weight drop, Sprague-Dawley rats 
showed signs of headache pain as measured by cephalic allodynia and 
conditioned place preference or aversion testing paradigms.  Approximately 2 
weeks after the concussive event and resolution of the post-trauma headache 
signs, rats were a given a low-dose migraine trigger (glyceryl trinitrate, 100 
µg/kg) followed by anti-CGRP antibody (30 mg/kg, IP), sumatriptan, or 
vehicle.  Results demonstrated that the anti-CGRP antibody significantly inhibited 
pain-related behaviors as did sumatriptan. 
 
 
Rat model of medication overuse headache: A rodent model was used to test the 
efficacy of fremanezumab in treating medication overuse headache (study 
#DPR-2017-038).  Sprague-Dawley rats were dosed for 7 days with commonly 
used migraine remedies (morphine and sumatriptan).  After a 14-day drug 
washout period, a presumed migraine stimulus (sodium nitroprusside or bright 
light stress) was administered to the sensitized rats with or without pre-treatment 
with fremanezumab at doses of 0, 10, or 30 mg/kg SC.  The migraine trigger was 
expected to produce signs of peri-orbital cutaneous allodynia, representing 
medication overuse headache, as measured by withdrawal thresholds to tactile 
stimulation of the periorbital region or the hind paw (model characterized in 
published literature).  Results demonstrated that pre-treatment of the rats with 
fremanezumab reduced the cutaneous allodynia produced by the migraine 
triggers relative to vehicle or a control monoclonal antibody that does not bind 
CGRP. 
   
  
Selectivity/Affinity: 
Pharmacology data demonstrate that fremanezumab binds selectively to CGRP 
(both α and β isoforms) and does not bind other related peptides, including 
calcitonin, amylin, and intermedin, and only very weakly binds to adrenomedullin. 
(study #DPR-2017-039).  The sequence of CGRP is highly conserved across 
species; thus, fremanezumab binds CGRP across multiple species with high 
affinities.  
 
(Table from study report #DPR-2017-036) 

 
 
A series of studies were conducted to investigate the binding affinity of 
fremanezumab to human, rat, and rabbit CGRP (studies #100516, DPR-2017-
036, NDS 092905, and DPR-2017-039). 
(Table from study report #100516) 
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Comparison of affinity for 2 species from study #DPR-2017-036: 
 

 
 
The potency of fremanezumab in blocking the activity of rat and human α-CGRP 
was assessed in vitro using a cell-based cAMP assay. Results demonstrated that 
fremanezumab reduced activation of adenylate cyclase after incubation of cells 
with human or rat α-CGRP.  The EC50 for fremanezumab inhibition of human and 
rat α-CGRP activation of adenylate cyclase was 71±19.6 and 102.2±38.8 nM, 
respectively. 
 

4.2. Secondary pharmacology 

Binding of fremanezumab to human Fc gamma receptors was assessed in study 
#111747. The structure of fremanezumab includes 2 mutations in the heavy 
chain constant region that were introduced to limit antibody effector function by 
reducing the potential for binding to human Fc gamma receptors.  In this study, 
binding of fremanezumab to a panel of recombinant human Fc gamma receptors 
was investigated using surface plasmon resonance.  The results demonstrated 
that fremanezumab binding to all of the screened Fcγ receptors was 
“insignificant” relative to a IgG1 control antibody with the exception of the FcγIIA 
receptor.  Binding of fremanezumab to the FcγIIA receptor was equivalent to the 
control antibody.  In addition, fremanezumab demonstrated reduced binding to 
the human Fcγ receptors relative to a wild-type IgG2 antibody.  
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4.3. Safety pharmacology 

A GLP-compliant cardiovascular safety pharmacology study was conducted in 
telemetered male cynomolgus monkeys (Study #08GR358).  Eight monkeys 
received slow bolus IV injections of fremanezumab at doses of 0 or 100 mg/kg.  
Each animal first received the vehicle control followed 6 days later with the 100 
mg/kg dose of fremanezumab.  Results reported decreased activity and heart 
rate only in the early morning 1, 3, 7, 10, and 14 days post fremanezumab dose.  
No explanation could be provided for the effects or the timing of the effects (only 
early morning).  This study was considered inadequate by design for support of 
safety for fremanezumab. (Reviewed by D. Charles Thompson, Ph.D., review 
dated 2/2/2010.)  
 
Study #DS-2017-01 
Title: TEV-48125: Irwin profile test following subcutaneous administration in the 
rat 
 
Testing Facility:   
GLP Compliance: Yes 
Date of Study Initiation: 2/7/2017 
Drug, Lot #:  Fremanezumab/ T160419DP 
 
Methods/Summary 
Animals:  Rat, Sprague-Dawley (6/sex/group) 
Age/Weight: approximately 7 weeks old, 245 to 289 g for males, 179 to 209 g for  

females 
Doses: 0, 100, or 300 mg/kg 
Route of administration:  SC 
Regimen: Single dose 
 
A standard FOB (Irwin) was conducted on all animals pre-dosing and at 1, 24, 
48, 72, 120, and 168 hours post dose.  Body temperature and body weight were 
measured at each time point.  Blood samples for plasma drug analysis were 
collected from each animal prior to dosing and 72.5 hours post dose.  No 
fremanezumab-related effects were noted at either dose levels.  The NOAEL was 
set at 300 mg/kg. 
 
Plasma exposure was confirmed by analysis of plasma sample.  TK parameters 
were not calculated. 
 
(Table from the study report) 
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Study 3 DS-2017-014 
Title:  TEV-48125:  Measurement of respiratory parameters following 
subcutaneous administration in the rat by whole body plethysmography 
 
Testing Facility:   
GLP Compliance:  Yes. 
Date of Study Initiation: 2/14/2017 
Drug/Lot #: Fremanezumab/T160419DP 
 
Methods/Summary 
 
Animals: Rat, Sprague-Dawley, 8/sex/group 
Age/weight: approximately 7 weeks old/ 2443 to 282 g for males, 181 to 206 g for  

females 
Doses:  0, 100, or 300 mg/kg 
Route of administration:  SC 
Regimen:  Single dose 
 
Each rat was placed in the plethysmography chamber and acclimatized for 1 
hour.  Respiratory signals were recorded for at least 30 minutes as baseline.  
Each animal was dosed and respiratory signals were recorded at 24, 48, and 72 
hours post dose using the same procedures as for baseline recording.  
Respiratory parameters measured were respiratory rate, tidal volume, and 
minute volume.  Blood samples were collected 3 days prior to dosing and at 73 
hours post dose. 
 
No effects related to fremanezumab were observed at either dose level.  The 
NOAEL was 300 mg/kg. 
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(Table from the study report) 
 

 
 

5.   Pharmacokinetics 
 

Single-dose pharmacokinetic studies were conducted in Sprague-Dawley rat, 
cynomolgus monkey, and New Zealand White rabbit.  The tables below (from the 
sponsor) summarize the calculated PK parameters in rat, rabbit, and monkey.  In 
the rabbit, most animals showed a rapid decrease in plasma fremanezumab 
levels considered due to anti-drug antibody (ADA) development. Thus, the PK 
parameters for rabbit were calculated using a truncated PK curve analysis. 
 
(Tables below are from the study reports.) 
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Comparison of PK parameters in rat and monkey to those in humans: 
 
(Table from the sponsor) 
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A series of methods validation studies was submitted, which cover the assays for 
detection of fremanezumab and fremanezumab anti-drug antibodies in plasma of 
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rat, rabbit, and cynomolgus monkey.  All studies are considered adequate for the 
intended purpose. 

  
6.  General Toxicology 

     6.1 Single-dose toxicity   

Study #07AM203 (Reviewed by D. Charles Thompson, Ph.D., 2/2/2010) 
Title: Single dose intravenous in vivo toleration study of RN-307 in male rats 
 
GLP Compliance:  No 
 
Groups of 5 male Sprague-Dawley rats received single IV injections of 
fremanezumab at doses of 0, 10.7, 32, or 107 mg/kg followed by 7 days of 
observations including clinical signs, body weight, food consumption, clinical 
pathology, toxicokinetics, necropsy, organ weights, and histopathology.  The 
sponsor reported that there were no fremanezumab-related effects but did not 
include the data to support this conclusion for this study.  Therefore, the study 
was not considered useful to support the safety of fremanezumab. 

     6.2 Repeat-dose toxicity   

 

Studies reviewed by D. Charles Thompson, Ph.D. included the following 1- 
month studies in rat and monkey (2/2/2010, 7/1/2011). 
 
Study #08GR354 
Title: 1-month intravenous toxicity study of PF-04427429 in rats with a 3-month 
recovery period 
 
Testing Facility:   
GLP Compliance:  Yes 
 
Sprague-Dawley rats (10/sex/group for the main study, an additional 
5/sex/control and HD for recovery, 6-8/sex/group for TK) received weekly IV 
injections of fremanezumab at dose levels of 0, 10, 30, or 100 mg/kg for 4 weeks, 
followed by a 3-month recovery.  No fremanezumab-related adverse effects were 
observed for any parameter monitored including clinical signs, body weight, food 
consumption, ophthalmology, clinical pathology, organ weights, gross pathology, 
and histopathology.  Toxicokinetics showed that AUC increased generally 
proportional to dose, with a small amount of accumulation between SD1 and 22 
at all dose levels.  ADAs were detected in a few animals (one or two from each 
dose group) and, in those animals, plasma drug levels were reduced. 
 
Study #08GR296 
Title: 1- month intravenous toxicity study of PF-04427429 in monkeys with a 3-
month recovery period 
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Testing Facility:   
GLP Compliance:  Yes 
 
Cynomolgus monkeys (5/sex/group for control and HD groups, 3/sex/group for 
LD and MD groups) received weekly IV injections of fremanezumab at doses of 
0, 10, 30, or 100 mg/kg for 4 weeks, followed by a 3-month recovery period.  No 
fremanezumab-related effects were observed on clinical signs, body weight, food 
consumption, clinical pathology, ophthalmology, ECG, blood pressure, vital 
signs, urinalysis, gross pathology, organ weight, or histopathology.  Toxicokinetic 
analyses showed slightly less than dose proportional increases in AUC.  Five 
animals tested positive for ADAs, which correlated with decreased plasma drug 
levels. 
 
 
Study #09GR293 
Title:  1-month subcutaneous toxicity study of PF04427429 in male monkeys with 
a 3-month recovery period 
 
Testing Facility:   
GLP Compliance:  Yes 
 
Male cynomolgus monkeys (5/group) received weekly SC injections for one 
month (total of 5 doses) at doses of 0, 100, or 300 mg/kg, followed by a 3-month 
recovery period.  The only potentially fremanezumab-related effects were small 
increases in WBC (lymphocytes and basophils), glucose, and cholesterol in the 
HD group.  No histological correlate was observed.  TK analyses showed that 
AUC increased proportionally with dose and accumulation was observed 
between SD1 and 22.  One MD animal developed detectable ADAs that resulted 
in reduced drug exposure.  This study was considered inadequate to support the 
proposed human SC dosing because only male animals were used and there 
was an inadequate number/group. 
 
The following 3-month studies in rat and monkey have been previously reviewed 
(B. Wilcox, Ph.D., 8/17/2012). 
 
Study #11LJ014 
Title:  3-month intravenous and subcutaneous injection toxicity and toxicokinetic 
study of RN307 in rats with a 4-month recovery phase. 
 
Testing Facility:  
GLP Compliance:  Yes 
 
Sprague-Dawley rats (15/sex/group) received weekly IV or SC injections of 
fremanezumab for 13 weeks (14 total doses) at doses of 0, 30, 100, or 300 
mg/kg, followed by a 4-month recovery period. No adverse effects related to 
fremanezumab were reported for mortality, body weight, food consumption, 

Reference ID: 4320837

(b) (4)

(b) (4)

(b) (4)



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 20 

clinical signs, ophthalmoscopy, clinical pathology, gross pathology, organ 
weights, or histopathology; plasma AUC increased proportional with dose.  T1/2 

after IV dosing was 18.9, 21.0, and 21.8 days for the LD, MD, and HD, 
respectively. T1/2 after SC dosing was approximately 13.4 days for the HD group.  
A low incidence of ADA development was noted that did not have a significant 
effect on exposure.  The NOAEL was established at 300 mg/kg. 
 
Study # 10SN155 
Title: 3-month intravenous bolus and subcutaneous toxicity and toxicokinetic 
study of PF-04427429 in monkeys with a 4-month recovery 
 
Testing Facility:  
GLP Compliance:  Yes 
 
Cynomolgus monkeys (6/sex/group) received weekly bolus IV or SC injections of 
fremanezumab at doses of 0, 100, or 300 mg/kg for 3 months, followed by a 4-
month recovery period.  No fremanezumab-related effects were observed on 
mortality, clinical observations, body weight, food consumption, ophthalmology, 
ECG (including body temperature and blood pressure), clinical pathology, gross 
pathology, or organ weights.  Histological examination of tissue resulted in no 
fremanezumab-related findings, with the exception of perivascular inflammation 
associated with ciliary arteries in 2 HD males and 1 MD female, observed at the 
end of the dosing period but not at the end of the recovery period.  The findings 
were unilateral in one HD male (SC dosing) and the MD female (IV dosing) and 
bilateral in one HD male (IV dosing). The sponsor suggested that the finding was 
due to immunogenicity. Special stains were used to demonstrate “granular 
deposits,” consisting of fremanezumab, monkey IgG, IgM, and C3, associated 
with the ciliary vessels.  These results are consistent with antigen-antibody 
deposition. 
 
Plasma AUC increased proportional with dose.  ADAs were detected in animals 
in all groups including controls, suggesting a problem with assay accuracy.  None 
of the animals that showed the ciliary vessel inflammation tested positive for 
ADAs.  Due to the perivascular inflammation, the NOAEL was set at 10 mg/kg. 
 
 
Study title:  26-week subcutaneous injection chronic toxicity and toxicokinetic 
study with once-weekly dosing of LBR-101 in cynomolgus monkeys with a 16-
week recovery phase 
 
Study no.:  DS-2015-010 (8292076) 
Testing Facility and location:    
      
Date of study initiation:     April 22, 2014 
GLP compliance:      Yes 
QA statement:      Yes 
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Drug, lot #:  (Table from the sponsor) 
 

 
 

 
Methods: 
 Doses:  0, 10, 100, or 300 mg/kg 
 Species/strain:  Cynomolgus monkey 
 Number/sex/group (main study):  4/sex/group 
 Route:  SC injection 
 Regimen/duration:  weekly for 26 weeks 
 Formulation/vehicle:   

 Dose volume:  2 mL/kg 
 Satellite groups used for recovery: See table below. 
 Age:  2-3 years 
 Weight:   2.1 to 2.6 kg for males, 2.2 to 2.9 for females     
 Study design: (Table from the sponsor)  
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Main study animals were euthanized on SD183; a full necropsy was conducted.  
On SD113 of recovery, recovery animals were euthanized and full necropsy was 
conducted. 
 
Observations times and results:  

Mortality: (Observations were recorded twice daily.)   

 All animals survived to scheduled euthanasia. 
 
Clinical signs: (Cageside observations were recorded once daily. Detailed 
signs were conducted weekly.  On dosing days, observations were 
recorded 1 hour post dose.)  

 No clinical signs attributable to the test article were observed. 
 
Physical examinations: (Examinations were conducted once prior to 
initiation of dosing, on SD 90 and 180 of the dosing period, and on SD 42 
and 106 of the recovery period.) 

 No fremanezumab-related effects were observed. 
 
Blood pressure and vital signs: (Data were recorded once prior to initiation 
of dosing, 2 to 4 hours before and 24 hours post dose on SD85 and 176 of 
the dosing period, and on SD113 of the recovery period.) 

 No fremanezumab-related effects were observed on blood 
pressure, body temperature, heart rate, or respiratory rate. 

 
Body weights: (Data were recorded weekly beginning prior to initiation of 
dosing.) 

 No fremanezumab-related effects on body weight were observed. 
  
Food consumption: (Food consumption was estimated qualitatively once 
daily.)  

 No effects attributable to the test article were observed. 
   
Ophthalmoscopy: (Examinations were conducted on all animals once prior 
to initiation of dosing, once on SD 90 and 180 of the dosing phase, and on 
SD42 and 113 of the recovery phase.) 

 No effects related to fremanezumab were observed. 
   
ECG: (Testing was conducted once prior to initiation of dosing, predose 
and 24 hours post dose on SD85 and 176, and once on SD113 of the 
recovery period.) 

 No effects on ECG parameters attributable to fremanezumab were 
observed. 

 
Clinical Pathology: (Samples were collected twice prior to initiation of 
dosing, on SD28, 84, and 183 of the dosing period, and on SD113 of the 
recovery period.  Urine samples were collected on 183 of the dosing 
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period and 113 of the recovery period. A standard battery of hematology, 
clinical chemistry, and urinalysis parameters was assessed.) 

 No fremanezumab-related effects were observed. 
 

Gross pathology: (Four/sex/group were euthanized on SD183.  All 
surviving animals were euthanized on SD113 of the recovery period. 
Microscopic examination of all tissues collected at the end of the main 
study was conducted.  Microscopic examination of tissues from the 
recovery animals was limited to injection sites from females only, eyes, 
optic nerves and macroscopic lesions.)   

 No fremanezumab-related macroscopic observations were 
reported. 

 Ovarian cysts were observed in 2 MD females that correlated with 
follicular cysts observed microscopically.  The finding is not dose-
related, thus was considered incidental. 

 At the recovery 2 HD males had “collapsed eyes” unilaterally, with  
no microscopic correlates.  The cause of this finding was not 
discussed. 
 

 
Tissues were collected and examined according to the table below, from 
the sponsor. 
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Organ weights:  No effects related to fremanezumab on organ weights 
were observed. 
 
Histopathology:  
    Adequate Battery:      Yes. 
 Peer review:  No 
 Signed, dated Pathology Report:  Yes 
 
Injection sites:  Increased incidence (but not severity) of inflammatory 
reactions at the injection site were observed in MD and HD females at the 
end of the dosing period.  Findings were described as perivascular 
monocellular infiltrates and were not observed in males. (Table below from 
the study report.) 
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(Bone marrow smears were not evaluated.  The sponsor considered these 
evaluations unwarranted.) 
 
 
Toxicokinetics:  
 
Tables below are from the study report: 
 
 
 
Table 1: SD1 
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SD85: 
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Immunogenicity: (Blood samples were collected for TK and ADA detection 
from the femoral vein on SD1, 85, and 176 of the dosing phase, pre-dose 
and at 1, 6, 24, 48, 72, and 168 hours post dose.  During recovery, 
samples were collected on recovery days 8, 22, 56, and 113.) 
 
Anti-drug antibodies were detected at the following incidence in each 
group: Control: 0/12, LD: 0/8, MD: 3/8, HD 3/12.  Animals that had ADAs 
had slightly lower plasma drug levels. 
 
Based on the TK data, the mean plasma AUC at the MD and HD 
increased greater than proportional to dose in males and less than 
proportional to dose in females.   
 
Formulation Analysis: (Samples were taken from dosing formulations on 
SDs 1, 85, and 176.)  All formulations were determined to be within the 
pre-established acceptance criteria for concentration.   

 
 
7. Genetic toxicology   
Not applicable for monoclonal antibodies. 
 
8. Carcinogenicity   
 A waiver was granted for rodent carcinogenicity assessments (letter issued 
8/18/2014). 
 

9.       Reproductive and developmental toxicology   

9.1     Fertility and early embryonic development  
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Study title:  Combined male and female fertility and embryo-foetal development 
study in the Sprague Dawley rat by once weekly subcutaneous injection 
 
 
Study no.:  DS-2015-018 
Testing Facility and location:     
Date of study initiation:     4/27/2015 
GLP compliance:     Yes 
QA statement:     Yes  
Drug, lot #:      fremanezumab, 1-FIN-1060 
 
 Dose levels:  0, 50, 100, or 200 mg/kg 
 Species/strain:  Rat, Sprague-Dawley 

Age/weight: males: 9 weeks old and 284 to 342 g at initiation of dosing;  
 females: 9 weeks old and 194 to 260 g at initiation of dosing  

 Number/sex/group:  24 
 Route: SC 
 Regimen: Administered weekly beginning 4 weeks prior to mating for 
males and 2 weeks prior to mating for females. Dosing was continued through 
mating for males and for females every 6 days until GD 17. 
 
 Study design:   

 
 
 
Caesarian sections were conducted on GD 20.   
 
Observations/Results:   
 
Mortality: (All animals were observed twice daily.)  No unscheduled deaths were 
reported. 
  
Clinical signs: (Observations were recorded daily.  On dosing days, observations 
were recorded before and at least once after dosing.) 

 No fremanezumab-related effects were observed. 
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Body weight: (Body weight of males was recorded twice weekly.  Body weight of 
females was recorded twice weekly through the mating period, then on GDs 0, 4, 
8, 13, 17, and 20.) 

 There were no fremanezumab-related effects on body weight or 
body weight change in males or females. 

 
Food consumption: (Measured weekly during pre-mating period for males and 
females.  For females, food consumption was measured in intervals during 
gestation [GDs 0-8, 8-13, 13-17, and 17-20].) 

 No fremanezumab-related effects on food consumption were observed. 
 
Estrous cycles: (Vaginal smears were taken daily beginning one week prior to 
initiation of dosing until identification of sperm plug or separation from the male.) 

 No fremanezumab-related effects on estrous cycles were observed. 
 
Mating: (Animals were paired and cohabitation was continued for 14 days.) 

 One HD pair failed to mate.  No explanation was given.  

 Sperm plug was observed within 4 days in females that mated. 

 No fremanezumab-related effects on fertility were observed.  
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Toxicokinetics:   

 Exposure increased dose proportionally.  After repeated dosing, 
exposures in males were higher than in females. 
 

(Table from the study report) 
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Necropsy: (Males were euthanized and necropsied after caesarean sections of 
the females.  Caesarean sections were conducted on GD20. Females that failed 
to conceive were necropsied at the end of the mating period.) 

 No fremanezumab-related effects were observed for gross examination of 
F0 animals or adult males.   

 
Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, 
etc.):   
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Fetal observations:  
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Organ weights:  (Left and right testes and epididymides of all males were 
weighed as were ovaries of all females.) 

 No effects on organ weight were observed. 
 
Sperm analyses were conducted on all males (number, motility).  Limited tissues 
were preserved as listed in the table below, from the sponsor. 
 

 Sperm analysis: No fremanezumab-related effects on sperm count were 
observed.  Two LD males showed low sperm count and/or reduced sperm 
motility.  Due to the lack of dose relationship, these findings were 
considered incidental. 

 
 

Reference ID: 4320837



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 35 

 

9.2     Embryofetal development  

 
Study title:  Intravenous dose range-finding study of PF-04427429 in pregnant 
rats 
 
Study no.:  09GR291 
Testing Facility and location:    
     
Date of study initiation:     8/20/2009 
GLP compliance:     No 
QA statement:     No 
Drug, lot #:      fremanezumab, STL20080502 
 
Methods  
 Doses:  0, 10, 30, or 100 mg/kg 
 Species/strain:  Rat, Sprague-Dawley 
 Number/sex/group:  6 timed pregnant females /group 
 Route, volume, and infusion rate: IV, slow bolus, see table below for 
volumes 
 Regimen: weekly 
  Study design:   
(Table from the sponsor) 
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Cesarean sections were conducted on GD 21. 
 
 
Observations/Results 
 
Mortality (dams): (Observations were recorded at least twice per day.) 

 One unscheduled death occurred during the study. One MD female died 
due to an “accident.”  The death was not considered related to the test 
article. 

 
Clinical signs (dams): (Observations were recorded at least twice per day. On 
dosing days, observations were recorded at least 3 times including pre-dose and 
one hour post dose.) 

 No fremanezumab-related clinical signs were observed. 
 
Body weight (dams): (Body weights were recorded on arrival and on GDs 3, 5, 6, 
9, 12, 15, 18, and 21.) 

 No fremanezumab-related effects on body weight were observed. 
 
Food consumption (dams): (Data were recorded on GDs 6, 9, 12, 15, 18, and 
21.) 

 No fremanezumab-related effects on food consumption were observed. 
 
Toxicokinetics:  Toxicokinetic data confirm fetal exposure to fremanezumab.  
Fetal plasma levels were generally dose-related.  Anti-drug antibodies were 
detected on GD 21 in 4 LD and 1 HD dam.  Plasma levels of fremanezumab 
were not significantly affected. 
 
(Table from the study report) 
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Maternal plasma CGRP levels were measured to assess the potential for 
saturation of peptide binding to fremanezumab at the doses used in this study.  
Plasma CGRP levels continued to rise with dose, showing no sign of saturation 
of binding. 
 
(Table from the study report) 
 

 
 
Terminal and necropsy evaluations-cesarean section data (implantation sites, 
pre- and post-implantation loss, etc.):   

 No fremanezumab-related effects were observed on litter parameters. 
 
Offspring (malformations, variations, etc.):   

 No fremanezumab-related effects on fetal weight or fetal external 
examinations were observed.  

 
Study title:  Intravenous dose range-finding study of PF-04427429 in pregnant 
rats 
 
Study no.:  09GR439 
Testing Facility and location:   
    
Date of study initiation:    8/20/2009 
GLP compliance:    No 
QA statement:   No  
Drug, lot #:     Fremanezumab, STL20080502  
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Methods   
 Doses:  0, 150, or 300 mg/kg 
 Species/strain:  Rat, Sprague-Dawley, timed-pregnant 
 Number/sex/group:  8/group 
 Route, volume, and infusion rate: IV, slow bolus (See table below) 
 Regimen:  once or twice weekly  
 Study design:   
 Cesarean sections were conducted on GD21. 
 
(Table from the sponsor)  
 

 
 
 
Observations/Results 
 
Mortality (dams): (Data were recorded at least twice daily) 

 No unscheduled deaths occurred. 
 
Clinical signs (dams): (Data were recorded at least twice daily and on dosing 
days at least 3 times.) 

 No fremanezumab-related clinical signs were observed. 
 
Body weight (dams): (Data were recorded on the day of arrival and on GD3, 5, 6, 
9, 12, 15, 18, and 21.) 

 No fremanezumab-related effects on body weight were observed. 
 
Food consumption (dams): (Data were collected on GD6, 9, 12, 15, 18, and 21.) 

 No fremanezumab-related effects on food consumption were observed. 
 
Toxicokinetics: (Blood samples were collected according to the schedule below 
(table from the study report). 
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 Similar exposures were observed between the LD administered twice 
weekly and the HD.  Fetal exposure to fremanezumab was confirmed in all 
litters. 
 

(Table from the study report) 

 
 
Immunogenicity:  No ADAs were detected in any dam.  The sponsor reports that 
high levels of fremanezumab could mask presence of ADAs.  However, no 
significant effect on plasma exposure potentially attributable to ADAs was 
observed. 
 
Biomarker evaluation:  The level of CGRP peptide was used as a marker to 
evaluate PD (binding) saturation.  The assay detects CGRP peptide bound to 
drug.  Therefore, peptide levels are expected to rise with dose of fremanezumab.  
Results indicated that both dose levels produced similar total plasma levels 
(bound and free) indicating saturation of binding.  (Table from the study report) 
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Terminal and necropsy evaluations-cesarean section data (implantation sites, 
pre- and post-implantation loss, etc.):   

 No fremanezumab-related effects were observed on litter parameters. 
 
Offspring (malformations, variations, etc.):   

 No fremanezumab-related effects were observed on fetal weights or 
external examinations. 

 
 
Study title:  Dose range-finding study by the subcutaneous route in the pregnant 
rabbit 
 
Study no.:  DS-2015-008  
Testing Facility and location:   
    
Date of study initiation:    2/17/2015 
GLP compliance:    No 
QA statement:    No 
Drug, lot #:     Fremanezumab, 1-FIN-1060 
 
Methods   
 Doses:  0, 50, 100 (MD1), 100 (MD2), 200 mg/kg 
 Species/strain:  New Zealand White rabbit, 19 weeks at mating 
 Weight: 3.4 to 3.9 kg 
 Number/sex/group:  6 females per group 
 Route, volume, and infusion rate: SC, every 6 days (See the table below) 
 Study design:   
 
Doses were administered on GD6, 12, and 18. 
(Table from the study report) 
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Observations/Results 
 
Mortality (dams):  No unscheduled deaths occurred. 
 
Clinical signs (dams): (Data were recorded twice daily) 

 No fremanezumab related clinical signs were observed. 
 
Body weight (dams): (Data were recorded on GD0, 6, 9, 13, 20, 24, and 29) 

 No fremanezumab-related effects on body weight were observed. 
 
Food consumption (dams): (Data were collected daily.) 

 No significant fremanezumab-related effects on food consumption were 
observed. 

 
Toxicokinetics:   
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Terminal and necropsy evaluations-cesarean section data (implantation sites, 
pre- and post-implantation loss, etc.):   

 No fremanezumab-related macroscopic observations were reported for 
the dams at cesarean section. 

 Litter parameters:  No significant fremanezumab-related effects on litter 
parameters were observed. 
 

Table from the study report 
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\ 
Offspring (malformations, variations, etc.):   
 
Fetal weight:  No effects on fetal weight were observed. 
 
External examinations:  No external fetal findings related to fremanezumab were 
observed. 
 
 
Study title:  Embryo-foetal development study by the subcutaneous route in the 
rabbit (Segment II) 
 
Study no.:  DS-2015-022 
Testing Facility and location:    
    
Date of study initiation:    May 6, 2015 
GLP compliance:    Yes 
QA statement:   Yes  
Drug, lot #:     Fremanezumab, 1-FIN-1060 
 
Methods   
 Doses:  0, 10, 50, or 100 mg/kg 
 Species/strain:  New Zealand White rabbit 
 Age/weight:  17 to 19 weeks old, 3.4 to 4.2 kg 
 Number/sex/group:  20 dams/group for the main study. An additional 4 
dams/group were designated as satellite animals.  Eight dams/ group were 
added to control, MD, and HD groups due to low pregnancy rate (14 and 14 
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litters, respectively. The low pregnancy rate was not considered drug-related by 
the sponsor because dosing did not begin until GD6.  However, dosing of the 
additional dams was initiated in October of 2016, nearly 6 months after the 
original 20/group).  
 Route of administration: SC, bolus injection 
 Regimen: every 6 days. 
  
Study design:   
Doses were administered on GD6, 12, and 18.  Caesarean sections were 
conducted on GD29. 
 
(Table from the study report) 
 

 
 
 
Observations/Results 
 
Mortality (dams): (Observations were conducted twice daily.) 

 One HD dam (#74) died after a seizure (“convulsive episode”) on GD15.  
Pre-death observations included reduced food intake from GD6 to GD13 
(40 g/day relative to average of 160 to 190 g/day for other animals) and 
body weight loss (-300 g).  No macroscopic observations were noted at 
necropsy.  Similar findings were not noted in other HD dams (including in 
the dose-ranging study where higher doses were administered). 
Therefore, the sponsor considers this death to be incidental.  However, 
due to the incidence in the HD group, a relationship to the test article 
cannot be ruled out.  

 One MD dam aborted on GD28 and was euthanized.  This case was 
considered incidental and not test-article related. 

 
Clinical signs (dams): (Clinical signs were recorded once daily.  On dosing days, 
observations were conducted once prior to dose administration and at least once 
post dose.  Injections sites were assessed for erythema, edema, hematoma, 
induration, and scab formation.) 
 

 No effects related to fremanezumab were observed. 
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Body weight (dams): (All animals were weighed on GD0, 6, 9, 13, 16, 20, 24, and 
29 of gestation.) 

 No fremanezumab-related effects on body weight or body weight gain 
were observed (except as described above for #74) 

 
 
Food consumption (dams): (Food consumption was measured daily.) 
 

 Slightly lower food consumption (-11%) was observed for HD dams from 
GD24 to GD29 (final days of the study), relative to the other dose groups. 

 
 
Toxicokinetics: (Blood was collected from satellite animals on GD6 and GD18 
prior to dosing and 1, 6, 24, 72, and 144 hours post dose.  Blood was collected 
from fetuses from all satellite dams on GD25, the final sampling of the dams and 
about 168 hours after the last dose.) 
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 On GD25, fremanezumab was detectable in fetal plasma of all dose 

groups.  In HD fetuses, plasma femanezumab was 23% of maternal levels 
at 144 hours after the final dose on GD18. 

 
Terminal and necropsy evaluations- cesarean section data (implantation sites, 
pre- and post-implantation loss, etc.):   

 No macroscopic observations were reported at necropsy.  No 
fremanezumab-related effect on gravid uterine weight was observed. 

 At cesarean section, there were 17/20, 17/20, 14/20, and 14/20 
pregnancies in the control, LD, MD, and HD groups, respectively, at the 
end of the main study.  Of the added dams, there were 8/8, 7/7, and 8/8 
pregnancies in the control, MD, and HD groups, respectively. 

 All pregnancies had viable fetuses except 1 MD dam and 2 HD dams. 

 Of the 20 dams/group that started the study, the pregnancy rate was 
17/20, 17/20, 14/20, and 14/20 for the control, LD, MD, and HD groups, 
respectively. One HD dam had no viable fetuses, so only 13 litters were 
available from the HD group. 
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  Litter data:  
 Main study: 

 A small reduction in mean number of implantations was observed in the 
HD group. 

 The reduction in implantations corresponded to increased pre-implantation 
loss (18.3% for the HD group, 10.8% for the control group, 9.8% for 
historical control data).   

 Post-implantation loss was also slightly greater in the HD group.  The 
combined pre-and post-implantation loss resulted in a small reduction in 
the litter size of surviving fetuses in the HD group.  (Control: 9.4 fetuses/ 
litter, HD: 8.3 fetuses/litter) 

 
(Tables from the study report) 
 
 
Main Study: 
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Added dams: 
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Offspring (malformations, variations, etc.):   
 
No femanezumab-related effects on fetal weight or sex were observed. 
A small increase in total abnormalities (and total number of pups with 
abnormalities and total number of dams with pups that had abnormalities) was 
observed in the HD group. The sponsor states that the findings and incidence are 
considered part of normal background for this strain of rabbit. No reference to 
support this claim was provided. 
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9.3 Prenatal and postnatal development  

 
Study title:  Pre- and Post-natal development study by subcutaneous injection in 
the Sprague-Dawley rat (Segment III) 
 
Study no.:  DS-2016-068 
Testing Facility and location:    
Date of study initiation:    12/12/21016 
GLP compliance:    Yes 
QA statement:     Yes  
Drug, lot #:     Fremanezumab, T160419DP 
 
Methods  
 Doses:  0, 50, 100, or 200 mg/kg 
 Species/strain:  Rat, Sprague-Dawley 
 Number/sex/group:  24 mated females 
 Age/weight: 10 to 15 weeks at mating, 194 to 304 g at mating (main study) 
             198 to 295 g (satellite) 
 Regimen: Dose administered to dams on GD6, 12, and 17 and PND4, 10, 
17, and 21. 
 Route/ volume: SC bolus injection 
 Satellite groups used for toxicokinetics:  Groups of 6 dams (and litters) 
were sampled on GD6 and on PND4 and PND21; Groups of 6 dams were 
sampled on GD5 and GD17 and on PND 24 for immunogenicity analyses. 
 Study design: 
One male and one female from each litter were selected for the F1 generation.  
Dams and unselected pups were euthanized after weaning. 
 
(Table from the study report)  
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Partial doses were administered on the following days: 
(from the study report)   
 

 
   The sponsor did not indicate what portion of the dose was not administered 
(control dams, 2 LD dams, 2 MD dams, 1 HD dam).  However, TK data 
demonstrated that all dams and pups were exposed to the test article. Only 1 MD 
and 1 HD animal received a single partial dose late in gestation, and 1 MD 
animal received a partial dose late in the lactation period.  Due to the long t1/2 of 
fremanezumab, the partial doses most likely did not have a significant effect on 
exposure. 
 
Observations/ Results 
Formulation analysis:  All samples met the acceptance criteria for concentration. 
 
F0 in-life:   
Mortality: (Data were recorded twice daily.) 

 No unscheduled deaths were reported. 
 
Clinical signs: (Data were recorded once daily.) 
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 No fremanezumab-related clinical signs were observed. 
 
 
Body weight:  Data were recorded according to the following schedule, from the 
study report: 

 
 

 No fremanezumab-related effects on body weight or food consumption 
were observed. 

 
F0 necropsy:   

 No test article effects on parturition or gestation length were observed.  
There were 23, 24, 24, and 24 pregnancies in the control, LD, MD, and 
HD groups, respectively. 

 No fremanezumab-related macroscopic findings were reported. 
 
Litter parameters 
 
(Tables from the study report) 
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Data for satellite animals: (Tables from the study report) 
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Mean pup body weight:  No effects observed. 
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F1 physical development:   
 
No effects on pre-weaning development including pinna unfolding, incisor 
eruption, eye opening, surface righting, gripping, or pupillary or auditory reflexes 
were observed. 
 
No unscheduled deaths occurred in the F1 generation.  
 
Sexual development:  No effect on sexual maturation was observed for either 
female or male F1 pups.  The mean timing of balano-preputial separation was 
slightly later in MD and HD males but was considered incidental because it was 
due to a single pup in each group (48.5 and 48.7 for the MD and HD groups, 
respectively, relative to 46.6 days in the control group). 
 
F1 behavioral evaluation:   
 
A multiple T-shaped water maze test was administered to F1 pups at 8 (learning) 
and 9 (retention) weeks of age.  No fremanezumab-related effects were 
observed. 
 
Open field test: Administered to F1 pups at 10 weeks of age.  (Pups were 
previously tested for learning and memory in the water maze test).  

 No fremanezumab-related effects were observed. 
 
 
F1 reproduction:   
F1 pups were paired (female and male from the same dose group) and cohabited 
for up to 21 days.  Mating was confirmed with sperm plug identification on vaginal 
smear. 
 
No fremanezumab-related differences in mating performance or rate of 
pregnancy was observed among groups.  Evidence of insemination was 
observed within the first 4 days of cohabitation.  Pregnancy incidence was 17/20, 
19/20, 17/20, and 19/20 for the control, LD, MD and HD groups, respectively. 
 
Litter data: (Table from the study report)   

 No fremanezumab-related effects were observed on the litter parameters 
listed in the table below. 
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F1 necropsy:  No significant fremanezumab-related effects were observed on 
macroscopic evaluation of F1 rats at necropsy. 
 
F2 findings:  No F2 data were collected. 
 
Toxicokinetics: (Blood samples were collected from all satellite dams on GD6, 
PND4, and PND21, according to the schedule summarized in the table below.  
(Table from the study report) 

 
Samples were collected from all satellite pups culled on PND4 and 3 pups per 
litter on PND21. 
 
 
F0 dams: 
AUC increased in proportion to dose. 
Table from the study report: 
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F1 pups: 
Measurable levels of fremanezumab were detected in F1 plasma 72 hours after 
dosing on PND 4 and 21. 
 
The table below (from the study report) shows the ratio of plasma levels of 
fremanezumab of dams to pups on PNDs 4 and 21.  The data confirm exposure 
of the F1 pups to fremanezumab after administration to the dams. 

Reference ID: 4320837



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 61 

 
 
NOAEL for this study is 200 mg/kg 
 
10.    Special toxicology studies:  
 

Study # 08GR369 (Reviewed by D. Charles Thompson, Ph.D.) 
Title:  1-day in vitro hemolysis compatibility study of PF-04427429 with human 
blood 
 
A series of concentrations of fremanezumab (undiluted at 51 mg/mL up to 1:100 
dilution) were combined with whole human blood. After incubation, the samples 
were analyzed for hemolysis in comparison to positive and negative control 
samples.  No hemolysis or precipitation was observed in fremanezumab-
containing samples.  The sponsor concludes that fremanezumab is compatible 
with human blood. 
 
 
 
Study #111320 
Title: In vitro human whole blood cytokine release assay for therapeutic 
monoclonal antibody PF-04427429 
 
Testing Facility:  
    
 
Summary 
Fremanezumab was tested for stimulation of selected pro-inflammatory cytokines 
(TNF-α, IL-6, and IFN-γ) in whole blood from 8 healthy human donors.  Blood 
cultures were incubated with fremanezumab at concentrations of 1, 10, or 100 
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µg/mL or control antibodies.  No significant cytokine release above background 
levels was detected in the presence of fremanezumab up to 100 µg/mL.  
 
Study #DS-2017-025 
Title: A single dose local tolerance in the New-Zealand White rabbit by the 
intravenous, intra-arterial, perivenous, subcutaneous, or intramuscular routes of 
administration 
 
Testing Facility:     
 
Summary 
Male New Zealand White rabbits (3/group) were dosed once at a dose level of 
150 mg/kg by a variety of routes: IV, SC, IM, perivenous, or intra-arterial injection 
on the left side.  Vehicle was injected on the right side.  Groups of 3 rabbits from 
each group were euthanized at 24 hours and 96 hours post dose.  Injection sites 
were evaluated macroscopically and microscopically.  No difference in severity or 
incidence of local reactions related to fremanezumab were identified at either 
time point post dose.  Any effects were considered related to the route 
differences and not the test article. 
 
 
Tissue Cross reactivity (Reviewed by D. Charles Thompson, Ph.D.) 
Tissue cross reactivity of fremanezumab was evaluated with human, rat, 
cynomolgus monkey, and rabbit tissues (Studies #IM1327, IM1328, IM1329, and 
IM1355).  The results demonstrated that binding of fremanezumab was similar 
among all tested species. 
 
 
 
 
11.   Integrated summary and safety evaluation: 
 
Intro 

Fremanezumab is a humanized IgG2Δa kappa monoclonal antibody 
designed to bind selectively to calcitonin gene-related peptide (CGRP). Binding 
of CGRP to fremanezumab prevents binding to the CGRP receptor complex, 
thus inhibiting CGRP activity.  The product was developed for preventive 
treatment of migraine in adults. 
 CGRP is a multifunctional neuropeptide with prominent vasodilatory 
activity that is released from sensory nerve fibers throughout the body.  
Localization of CGRP to sensory nerve fibers known to mediate pain (C and Aδ) 
and co-localization with Substance P suggest an association with pain 
mechanisms.  CGRP has been implicated in migraine pathophysiology due to the 
localization to sensory nerves in perivascular neural networks and the cells of the 
trigeminal ganglion and detection of elevated levels of CGRP in humans during 
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migraine episodes.  The binding of CGRP by fremanezumab would block 
activation of the CGRP receptor, and inhibit the vasodilatory effect. 
 
Pharmacology 

CGRP exists as two isoforms (α and β- CGRP).  Fremanezumab binds 
both isoforms with high affinity and selectivity.  The sequence of CGRP is highly 
conserved across species.  A series of studies was conducted to assess the 
selectivity and binding affinity of fremanezumab to rat, rabbit and human CGRP. 
The in vitro affinity of fremanezumab was variable among studies but in each 
study was similar across species, with the Kd for all species in the pM range 
(human: 2.2 pM, rat: 889 pM, rabbit: 537 pM).  Fremanezumab was shown to 
bind both α-and β-CGRP but did not bind other related peptides in the CGRP 
family. 

A series of studies was conducted to investigate the effect of 
fremanezumab on CGRP activity.  The models used included capsaicin-induced 
vasodilation in cynomolgus monkey, peripheral neurogenic vasodilation in rat, 
and vasodilation of dural vessels in rat.  In all models, fremanezumab 
significantly inhibited the dilation of vessels in response to stimulation.   

Fremanezumab was tested in 2 rat models of headache (post-concussion 
headache and medication overuse headache) in which pain-related behaviors 
were measured after application of a presumed migraine stimulus.  In both 
paradigms, fremanezumab significantly inhibited pain-related behaviors relative 
to vehicle.  These studies indicate that fremanezumab can modify presumed 
CGRP activity.  How relevant these models are for predicting efficacy in human 
migraine is not known. 

Concern has been raised that chronically blocking CGRP activity may 
result in potentially harmful vasoconstriction, particularly in patients with pre-
existing cardiovascular or cerebrovascular disease.2 CGRP is thought to have a 
protective role in vasodilatory activity during cerebrovascular and cardiovascular 
events.  The concern is that long-term inhibition of CGRP activity could result in 
transformation of transient, mild ischemic events into larger infarct events.  At the 
pre-BLA meeting, the sponsor was asked to address this concern by providing a 
literature search and discussion of the risks.  The response offered in the BLA 
was not considered adequate.  The data provided in the cardiovascular safety 
pharmacology study and the cardiovascular data in the general toxicology 
studies, all conducted on normal healthy animals, do not address the concern for 
safety during cardiovascular or cerebrovascular ischemic events.  However, 
based on the results of an independent review of published literature (primarily of 
a probe) conducted by the Agency, the decision was made that further 
investigation regarding this concern would not be warranted at this time. 
Therefore, no further nonclinical studies are recommended. 

Studies were conducted to assess the potential for binding of 
fremanezumab to Fc gamma receptors as well as initiation of cytokine release.  
The Fc region of fremanezumab was engineered to reduce the potential for 
binding to Fc gamma receptors that may result in unwanted effector activity. 
Binding of fremanezumab was tested against a panel of human Fc gamma 
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receptors in vitro.  Results indicated that fremanezumab binding to Fcγ receptors 
was “insignificant” relative to the IgG1 control antibody, with the exception of the 
FcγIIA receptor to which binding was equivalent to control.  In addition, binding of 
fremanezumab to the human Fc receptors was reduced relative to a wild-type 
IgG2.  These results suggest that, although some effector function is possible, 
the mutations to the Fc region do confer reduced risk of unwanted effector 
activity. 

Tissue cross-reactivity studies were conducted to assess the binding of 
fremanezumab in tissue from human donors, cynomolgus monkey, and rat.  The 
studies were considered adequate and demonstrated that fremanezumab binding 
in rat and monkey tissues was similar to binding observed in human tissues. 
 
Toxicology 

General toxicology studies were conducted in rat and cynomolgus 
monkeys. In general, fremanezumab was well tolerated, with no significant 
adverse effects in either species. 

In a 1-month study conducted in rat, animals received weekly IV injections 
of fremanezumab at dose levels of up to 100 mg/kg for 4 weeks, followed by a 3-
month recovery period.  No adverse effects related to fremanezumab were 
reported.  AUC increased generally proportional with dose, but in a few animals 
development of ADAs resulted in reduced exposure.  In the 3-month rat study, 
doses levels of up to 300 mg/kg were administered weekly by IV or SC injection 
for 13 weeks, followed by a 4-month recovery period.  No adverse effects related 
to fremanezumab were observed.  The NOAEL was 300 mg/kg (HED of 18,000 
mg in a 60 kg person).  The t1/2 after SC dosing was 13.4 days for the high dose. 
 In a 1-month study in cynomolgus monkey, animals received weekly IV 
injections of fremanezumab for 4 weeks at dose levels of up to 100 mg/kg, 
followed by a 3-month recovery period. No adverse effects related to 
fremanezumab were observed.  Five animals tested positive for ADAs and 
showed reduced exposure.  In the 3-month study in cynomolgus monkeys, 
animals received weekly IV or SC injection of fremanezumab at doses levels of 
up to 300 mg/kg.  The dosing period was followed by a 4-month recovery period.  
No adverse effects were observed, with the exception of the finding of 
perivascular inflammation associated with ciliary vessels in 3 animals (2 HD 
males and 1 MD female).  The sponsor provided data from tissue examined 
using special stains showing the presence of deposits of fremanezumab, monkey 
IgG, and C3.  The results are consistent with antigen-antibody deposition and is 
the most likely explanation for the effect. Immunogenicity in animals is generally 
not considered predictive of safety in humans. In addition, the effect was not 
observed in the 26-week monkey study.  Therefore, the finding is not considered 
a safety concern for humans. 
 Because the shorter duration studies in rat and monkey demonstrated no 
toxicity, the chronic study was conducted only in cynomolgus monkey.  Monkeys 
were dosed weekly via SC injection at dose levels of up to 300 mg/kg for 25 
weeks, followed by a 16-week recovery period.  No adverse effects except 
injection site inflammation were observed at any dose.  ADAs were detected in 3 

Reference ID: 4320837



BLA 761089  Reviewer: Barbara J. Wilcox, Ph.D. 

 

 65 

animals in each of the MD and HD groups.  Although ADA development may 
have reduced exposure in a few animals, mean exposures did increase with 
dose and duration, indicating that ADA development did not interfere with 
exposure sufficiently to invalidate the study.  The t1/2 at the high dose was 14.25 
days for males and 18 days for females.  The NOAEL for this study was 300 
mg/kg. 
 
Reproductive toxicology 

The effects of fremanezumab on embryofetal development were assessed 
in rat and rabbit. For both species, doses were based on results of dose-ranging 
studies and the selected dose levels were considered adequate.  In a combined 
fertility and embryofetal development study, male and female Sprague-Dawley 
rats were dosed via SC injection weekly at dose levels of 0, 50, 100, or 200 
mg/kg.  Males were dosed beginning 4 weeks prior to mating and continued 
through mating.  Females were dosed beginning 2 weeks prior to mating and 
continued after mating every 6 days until GD17.  Caesarian sections were 
conducted on GD20.  No adverse effects related to fremanezumab on fertility 
parameters for either sex or on embryofetal development were observed.  The 
NOAEL was 200 mg/kg. 
 In the embryofetal development study conducted in NZW rabbit, animals 
were dosed, via SC bolus, at dose levels of 0, 10, 50, or 100 mg/kg every 6 days 
beginning on GD6.  Caesarean sections were conducted on GD29. One HD dam 
died on GD15; death was preceded by reduced food intake and weight loss.  No 
cause of death was identified.  Because this death occurred in the HD group, a 
relationship to fremanezumab cannot be ruled out.  However, since no other 
early deaths occurred and no fremanezumab-related toxicities were identified, 
this death is most likely incidental. (A low pregnancy rate was observed for the 
MD and HD groups.  Additional dams per group were added, but the data could 
not be pooled because the additional dams were added after completion of the 
in-life portion of the original study. Therefore, the data from each set of dams 
were considered separately.)  The pregnancy and litter data showed small effects 
at the MD and HD including the reduced pregnancy rate in the original groups of 
dams, small increases in pre-implantation loss, and small increases in early 
resorptions.  Although the data appeared to reflect a small dose-related effect in 
the MD and HD groups, due to the small magnitude and variability of the effect 
and lack of similar effects in the rat the biological significance is not clear. 

Pre- and postnatal development was evaluated in rat.  Pregnant Sprague-
Dawley rats were dosed via SC bolus injection at dose levels of 0, 50, 100, or 
200 mg/kg on GD6, 12, and 17 and PND4, 10, 17, and 21.  F1 pups were 
evaluated for physical, sexual, and neurobehavioral development.  F1 pups were 
cohabited with pups from the same dose group and mating behavior was 
assessed.  No fremanezumab-related effects on any parameter were observed.  
The NOAEL for this study is 200 mg/kg.  Measurable levels of fremanezumab 
were detected in F1 plasma 72 hours after dosing on PND4 and 21, indicating 
exposure of the offspring after dosing of the dams. 
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Carcinogenicity 
Carcinogenicity assessments were not conducted for fremanezumab.  The 

sponsor submitted a request for waiver of the carcinogenicity assessment. which 
was granted. 
 
 
Recommendation:  From a nonclinical perspective, the nonclinical data support 
approval of fremanezumab for use in otherwise healthy adult migraine patients.  
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