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Preventive treatment of migraine in adult patients   

Applicant Proposed Dosing Regimen(s) 
Two dosing options: 

 225 mg monthly 
 675 mg quarterly

Recommendation on Regulatory Action Approval
Recommended 
Indication(s)/Population(s)  

Preventive treatment of migraine in adults 
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Benefit‐Risk Assessment Framework 
 

Benefit‐Risk Integrated Assessment 
Fremanezumab is a humanized monoclonal antibody that is a calcitonin gene-related peptide (CGRP) antagonist that binds to the CGRP ligand.  
The applicant provided information supporting use both in patients with chronic migraine (i.e., at least 15 headache days/month, with features of 
migraine headache on at least 8 days/month) and in patients with episodic migraine (i.e., up to 14 migraine headache days/month). 
 
There are several FDA-approved drugs for the prophylaxis of migraine.  Another drug in this class, erenumab, was approved in May, 2018 for the 
preventive treatment of migraine in adults.  Whereas fremanezumab binds to the CGRP ligand, erenumab binds to the CGRP receptor.  
Topiramate, propranolol, valproate, and timolol are approved for the prophylaxis of migraine, and onabotulinumtoxinA is approved for the 
prophylaxis of chronic migraine in adults.  Of note, the distinction between episodic and chronic migraine did not exist at the time of approval of 
topiramate, propranolol, valproate, and timolol (the diagnostic entity of chronic migraine was introduced in the international classification of 
headache in 2004), and their labels, therefore, do not include mention of episodic or chronic migraine (but the trial populations consisted mostly 
of patients who would now be described as having episodic migraine).  
 
The efficacy of fremanezumab was demonstrated in two adequate and well-controlled studies, one in patients with episodic migraine, and one in 
patients with chronic migraine.  The studies used well-validated and clinically interpretable primary endpoints, the number of monthly migraine 
days in the episodic migraine study, and the number of monthly headache days of at least moderate severity in the chronic migraine study.  Both 
studies tested monthly and quarterly dosing regimens of fremanezumab.  
 
Both dosing regimens were similarly effective in the two patient populations.  In patients with episodic migraine, treatment with fremanezumab 
led to approximately 3 to 4 fewer migraine headache days/month, whereas placebo-treated patients had approximately 2 fewer migraine headache 
days/month, both groups improving, on average, from a baseline rate of about 9 migraine headache days/month.  The treatment effect size (the 
difference between fremanezumab and placebo; approximately 2 fewer migraine headache days/month) is similar to that observed with drugs 
already approved for episodic migraine.  
 
In patients with chronic migraine, treatment with fremanezumab led to approximately 4-5 fewer headache days/month, while placebo-treated 
patients had about 2.5 fewer headache days/month, both groups improving from a mean baseline of about 13 headache days/month.  
Fremanezumab’s treatment effect was similar to that of erenumab and of onabotulinumtoxinA, the two products currently approved for the 
preventive treatment of chronic migraine.  It is noteworthy that a fraction of fremanezumab-treated patients experienced relatively large 
reductions in migraine headache days; however, there is no way to identify these patients prospectively. 
 
No serious safety issues were identified in the fremanezumab safety database.  It should be noted, however, that the trials enrolled generally 
young, healthy, female patients, and excluded patients older than 70 years and those with significant cardiovascular disease. The most frequent
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adverse event in controlled clinical trials was injection site reaction (about 45% in fremanezumab-treated patients vs. 38% on placebo). A few 
cases of hypersensitivity reactions, including rash, pruritus, drug hypersensitivity, urticaria, and angioedema, were reported in patients treated 
with fremanezumab.  Most reactions were mild to moderate, but some led to discontinuation or required corticosteroid treatment. A warning will 
be included in labeling regarding the risk of hypersensitivity reactions, and fremanezumab will be contraindicated in patients with a history of 
serious hypersensitivity reaction.  As CGRP is a vasodilator, a theoretical concern has been raised in the literature that inhibition of CGRP could 
impair protective vasodilation in patients with tissue ischemia or infarction.  FDA conducted an independent evaluation of available published 
literature to investigate the potential for antagonism of CGRP to induce vasoconstriction or adversely affect coronary vessel size, blood flow, or 
coronary infarct size under experimental 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 in the response to ischemia or infarction.  It was concluded, therefore, 
that there is insufficient information to dismiss the original concerns, but that additional basic research would be needed to further understand the 
role of CGRP in these processes.  Without a better understanding, it is not likely that nonclinical studies of fremanezumab could be designed and 
conducted that would provide useful information; therefore, postmarketing study to assess the cardiovascular safety of fremanezumab will not be 
required. 
 
The risk/benefit profile of fremanezumab is clearly favorable for patients with episodic or chronic migraine.  Absent head-to-head studies 
comparing fremanezumab to currently approved therapies, it is not possible to determine whether fremanezumab has a greater efficacy than those 
products, but it is clear that fremanezumab will be an important addition to the migraine prophylaxis armamentarium, as it is the second drug of a 
new therapeutic class, and will offer a treatment alternative to patients with episodic or chronic migraine. 
 

 
Benefit‐Risk Dimensions 

Dimension  Evidence and Uncertainties   Conclusions and Reasons  

Analysis of 
Condition 

 Migraine is a primary headache disorder characterized by 
recurrent headaches that are moderate to severe, accompanied by 
various associated symptoms.  The typical headache of migraine 
is throbbing, unilateral, and aggravated by motion, but bilateral 
and/or non-throbbing headaches are also commonly reported.  
Typical migraine-associated symptoms include nausea, vomiting, 
photophobia, and phonophobia, but a myriad of other 
neurological symptoms may occur, and various degrees of 
cognitive impairment are often present.  Migraine attacks 
typically last from 4 to 72 hours in adults.  About one-third of 
people with migraine experience transient neurological 
symptoms before and/or during an attack, referred to as a 
migraine aura. 

Migraine is a serious and at times disabling 
condition that can impact the quality of 
patients’ lives. 
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Dimension  Evidence and Uncertainties   Conclusions and Reasons  

 Migraine was found to be the sixth highest cause of disability in 
the Global Burden of Disease Study in 2013.  The prevalence of 
migraine is approximately 9% in males and 20% in females in 
the U.S, thus resulting in a major impact to public health.  

Current 
Treatment 
Options 

 There are several FDA-approved therapies for the preventive 
treatment of migraine: erenumab, topiramate, propranolol, 
timolol, and valproate are approved for the preventive treatment 
of migraine in adults, and Botox is approved for prophylaxis of 
chronic migraine.  Erenumab is another monoclonal antibody in 
the same therapeutic class as fremanezumab (CGRP antagonist). 
The other preventive treatments listed above, with the exception 
of erenumab, have a number of contraindications, warnings and 
precautions, as well as side effects limiting their use.  In addition, 
many drugs and supplements are used off-label for migraine 
prophylaxis. 

 Erenumab is administered subcutaneously as monthly injections. 
OnabotulinumtoxinA is recommended to be administered 
intramuscularly every three months, and all of the other 
medications are to be taken orally one to three times per day.   

Approved treatments are moderately effective.  
Although many drugs have indications that 
include the word “preventive” or 
“prophylaxis,” generally none renders patients 
migraine-free.  Erenumab, a monoclonal 
antibody in the same therapeutic class as 
fremanezumab, was approved earlier this year.  
Medications approved for the preventive 
treatment of migraine have a number of side 
effects, and some patients lack a tolerable drug 
to reduce the frequency of their monthly 
migraines.  

Benefit 

 The efficacy of fremanezumab was demonstrated in two 
adequate and well-controlled clinical studies (Study 30050 in 
patients with episodic migraine and Study 30049 in patients with 
chronic migraine).  In Study 30050, patients were randomized to 
receive subcutaneous injections of either fremanezumab 675 mg 
every three months (quarterly), fremanezumab 225 mg monthly, 
or placebo monthly over a 3-month treatment period.  In Study 
30050, patients were randomized to receive subcutaneous 
injections of either fremanezumab 675 mg as an initial loading 
dose followed by 225 mg monthly, 675 mg every 3 months 
(quarterly), or placebo monthly over a 3-month treatment period.  
The studies used well-validated and clinically interpretable 
primary endpoints: the mean change from baseline in the  
monthly average number of migraine days for the episodic 
migraine study, and the mean change from baseline in the  
monthly average number of headache days with at least moderate 

For both episodic and chronic migraine, the 
mean effect of fremanezumab treatment was 
approximately a 15% reduction in migraine 
days (episodic migraine) or headache days of at 
least moderate severity (chronic migraine), 
relative to placebo.  This treatment effect is 
similar to that of other products approved for 
the preventive treatment of migraine (effect 
size over placebo of approximately 1 to 2 days 
per month).  And like the many other approved 
drugs with the indication of “preventive” 
treatment of migraine, or migraine 
“prophylaxis,” fremanezumab is not likely to 
render patients migraine-free. 
 
Fremanezumab administered monthly or 
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Dimension  Evidence and Uncertainties   Conclusions and Reasons  

severity for the chronic migraine study.  
 

 Results are summarized in Table 1; comparisons between the 
fremanezumab groups and placebo are highly statistically 
significant.  The monthly and quarterly dosing regimens had 
similar efficacy in both episodic migraine and chronic migraine. 
 

Table 1: The Monthly Average Number of Migraine Days in the Episodic Migraine Study 
and the Monthly Average Number of Headache Days of at Least Moderate Severity in 
the Chronic Migraine Study, by Treatment Group 

 Baseline On Treatment 
Change from 

baseline 
Study 30050 (episodic migraine) 

Placebo 9.1 6.9 -2.2
Fremanezumab 
225 mg monthly  

8.9 5.2 -3.7 

Fremanezumab 
675 mg quarterly 

9.2 5.8 -3.4 

Study 30049 (chronic migraine) 
Placebo 13.3 10.8 -2.5
Fremanezumab 
675/225/225 mg 
monthly  

12.8 8.2 -4.6 

Fremanezumab 
675 mg monthly 

13.2 8.9 -4.3 

 For both episodic and chronic migraine, the mean effect of 
fremanezumab treatment was approximately a 15% reduction in 
migraine days (episodic migraine) or headache days of at least 
moderate severity (chronic migraine) relative to placebo.  

 Like many other approved drugs with the indication of 
“preventive” treatment of migraine or migraine “prophylaxis,” 
fremanezumab is not likely to render patients migraine-free. 
 

quarterly was similarly effective, both in 
patients with episodic migraine and in patients 
with chronic migraine.  The two dosing options 
allow for patient preference with regard to 
frequency of administration.     
 
Monthy administration could be a convenience 
factor for some patients.  (Approved oral agents 
are given at least daily; erenumab is also 
approved for monthly administration.) 
 
Fremanezumab offers an alternative for patients 
who do not tolerate, or do not have an adequate 
response to, currently marketed drugs.  
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Dimension  Evidence and Uncertainties   Conclusions and Reasons  

Risk and Risk 
Management  

Risk 
 No serious safety issues were identified with a clear causal 

relationship to fremanezumab. 
 The most common adverse reactions in controlled studies 

(occurring in ≥3% of treated patients and more often than in 
placebo) were injection site reactions, which were generally self-
limited, and hypersensitivity reactions. 

 CGRP is a vasodilator, and there is a theoretical concern from 
animal studies that CGRP inhibition could impair protective 
vasodilation in patients with tissue ischemia or infarction.  We 
conducted an independent evaluation of available published 
literature to investigate the potential for antagonism of CGRP to 
induce vasoconstriction or adversely affect coronary vessel size, 
blood flow, or coronary infarct size under experimental ischemic 
conditions.  The results of this evaluation suggest that regulation 
of vascular tone in healthy patients and those with cardiovascular 
disease involves multiple factors, of which CGRP is only one, 
and that there is limited understanding of the role of CGRP in 
normal hemodynamic processes or in the response to ischemia or 
infarction.  It was concluded, therefore, that there is insufficient 
information to dismiss the original concerns, but that additional 
basic research is needed to understand further the role of CGRP 
in these processes.  Without a better understanding, it is unlikely 
that nonclinical studies of fremanezumab could be designed and 
conducted that would provide useful information; therefore, no 
postmarketing study will be required to assess the cardiovascular 
safety of fremanezumab.  A review of cardiovascular events, 
ECGs, and vital signs in the fremanezumab database did not 
identify a cardiovascular risk to patients; however, the number of 
patients was too small to be very reassuring, and the patients in 
the development program generally had few cardiovascular risk 
factors.  One cardiac-related death was reported in the 
fremanezumab database, but that death did not appear to be 
related to fremanezumab.  Isolated ischemic events were also 
reported, but the rate of these events was no greater than the 

Fremanezumab has an acceptable safety 
profile for the migraine population.  No 
major safety issues related specifically to 
fremanezumab have been identified to 
date. 
 
Based on experimental data in animals, 
there is a theoretical concern that CGRP 
receptor blockade with fremanezumab 
could precipitate ischemic events in 
patients with underlying cardiovascular 
disease.  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. 
Considering the current state of 
knowledge, no postmarketing study to 
assess further the cardiovascular safety 
of fremanezumab is recommended.  
 
The applicant’s plan to defer the study of 
pediatric patients age 6-17 years for 
episodic migraine, and age 12-17 years 
for chronic migraine, is acceptable.  A 
pregnancy registry study must also be 
conducted.  
 
Routine pharmacovigilance is appropriate for 
fremanezumab. 
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Dimension  Evidence and Uncertainties   Conclusions and Reasons  

background rate in this patient population. 
 Liver toxicity was an area of special interest because liver 

toxicity has been observed with an oral CGRP antagonist in 
development, and there are concerns about a class effect. 
Although transaminase elevations were more frequent in the 
fremanezumab group, there was no evidence of frank liver 
toxicity attributable to fremanezumab. 

 The risk of adverse outcomes in pregnancy has not been 
characterized.   

 
The following PMRs will be required: 

 A pregnancy registry study 
 Pediatric studies in patients age 6-17 years.
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2.  Background 

This memo discusses the data presented by Teva in support of a new biologics license 
application (BLA) for fremanezumab solution for subcutaneous injection, a calcitonin gene-
related peptide (CGRP) inhibitor proposed for the preventive treatment of migraine.   
 
Migraine is a primary headache disorder characterized by recurrent headaches that are 
moderate to severe, accompanied by various associated symptoms.  The typical headache of 
migraine is throbbing, unilateral, and aggravated by motion, but bilateral and/or non-throbbing 
headache is also commonly reported.  Typical migraine-associated symptoms include nausea, 
vomiting, photophobia, and phonophobia, but a myriad of other neurological symptoms may 
occur, with various degrees of cognitive impairment often present.  Migraine attacks typically 
last between 4 to 72 hours in adults.  About one-third of individuals with migraine experience 
transient neurological symptoms before and/or during a migraine attack, referred to as 
migraine aura.  
 
Generally accepted diagnostic criteria for migraine are presented in the International 
Classification of Headache Disorders (ICHD).  The second edition (2004) of that classification 
introduced the diagnostic entity of chronic migraine, defined as 15 headache days per month, 
with features of migraine headache on 8 days per month.  Patients with 14 migraine 
headache days per month are defined as having episodic migraine.  The distinction between 
episodic and chronic migraine did not exist prior to 2004, and all drugs approved for migraine 
prophylaxis prior to 2010 have an indication without reference to the episodic or chronic 
nature of migraine.  The first drug to include an indication specific to the prophylaxis of 
chronic migraine was Botox, which was approved for that indication in 2010.  Although there 
is clearly a continuum and overlap between episodic and chronic migraine, differences in 
epidemiology, biological mechanisms, and treatment response have been described, and it is 
noteworthy that multiple adequate and well-controlled studies failed to show the efficacy of 
Botox for the treatment of episodic migraine, whereas Botox was shown to be effective for 
chronic migraine.  Erenumab is a monoclonal antibody that received marketing authorization 
for the preventive treatment of migraine in adults in May, 2018.  Whereas erenumab binds to 
the CGRP receptor, fremanezumab binds to the CGRP ligand. 
 
The Division had extensive interactions with the applicant during the development program 
with respect to the design of the clinical studies, and it was agreed that a single study in 
patients with episodic migraine and a single study in patients with chronic migraine could 
provide substantial evidence of effectiveness for both populations.  As anticipated, the 
applicant provides data from two efficacy studies, one in episodic migraine and one in chronic 
migraine.  Two dosing regimens of fremanezumab were evaluated in the two pivotal efficacy 
studies: 225 mg monthly and 675 mg quarterly.  In the chronic migraine study, patients in the 
225-mg group were to receive an initial loading dose of 675 mg, with 225 mg administered 
once each month thereafter. 
 
The applicant used a  priority review voucher for this application.  The 
original planned PDUFA data was June 16, 2018.  At the late cycle meeting, a discussion 
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 led the 
applicant to submit additional information on May 14, 2018, which was identified as a major 
amendment that reset the PDUFA date to September 16, 2018. 

3.  Product Quality   

The technical lead on the Office of Product Quality (OPQ) review was Dr. Leslie A. Rivera 
Rosado (refer to her review for the entire OPQ list of participants in the review of this 
application).  Fremanezumab is a fully humanized monoclonal antibody that binds to the 
CGRP ligand and blocks both CGRP isoforms from binding to the CGRP receptor.  
Fremanezumab consists of two identical light chains and two identical heavy chains, both 
composed of 214 and 447 amino acids, respectively.  Fremanezumab-vfrm is produced in 
genetically engineered Chinese hamster ovary (CHO) cells.  The fremanezumab-vrfm drug 
product (DP) is a clear, colorless to slightly yellow, sterile solution containing fremanezumab 
antibody formulated at a concentration of 150 mg/mL for subcutaneous (SC) injection.  The 
DP is packaged as a single-use prefilled syringe (PFS) delivering 1.5 mL of sterile solution.  
Each PFS contains 225 mg of fremanezumab.  
 
OPQ states that the methodologies and processes used for drug substance and drug product 
manufacturing, release and stability testing are robust and sufficiently controlled to result in a 
consistent and safe product.  The drug substance manufacturing process is robust for 
inactivation and removal of adventitious agents.  No approvability issues were identified from 
a sterility assurance or microbiology product quality perspective.  
 
Consults were obtained from Drs. Jacqueline Gertz and John McMichael from CDRH/ODE 
and Dr. Robert Kang from CDRH/OC.  No approvability issues were identified from a device 
perspective.  
 
Dr. Jacek Cieslak (OPQ/OBP/DBRR IV) performed the immunogenicity assay review for 
fremanezumab.  He concludes that the assays to detect anti-fremanezumab antibodies were 
suitable for use in clinical studies.  
 
OPQ concludes that the data submitted in this application are adequate to support the 
conclusion that the manufacture of Ajovy is well-controlled and leads to a product that is pure 
and potent.  OPQ recommends that this product be approved for human use under the 
conditions specified in the package insert. 

4.  Nonclinical Pharmacology/Toxicology 

The nonclinical reviewer for this application was Dr. Barbara Wilcox, with Dr. Lois Freed 
performing the secondary review.  As discussed by Dr. Freed, Dr. Wilcox has concluded that 
the nonclinical studies conducted by the applicant support approval of fremanezumab for the 
preventive treatment of migraine in adults.  
 
Dr. Freed discusses in her memorandum that because of the potent vasodilatory properties of 
CGRP, concerns were raised regarding long-term antagonism of CGRP in humans, particularly 
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in patients with cardiovascular risk factors.  The applicant was asked to provide a review of 
relevant published literature and data available to the applicant.  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 coronary vasoconstriction, or adversely affect coronary blood flow, or 
myocardial 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 in the response to 
ischemia or infarction.  It was concluded, therefore, that there is insufficient information to 
dismiss the original concerns, but that additional basic research would be needed to further 
understand the role of CGRP in these processes.  Without a better understanding of the role of 
the CGRP system under physiological and pathophysiologaicl conditions, it is unlikely that 
nonclinical studies of fremanezumab could be designed and conducted that would provide 
useful information; therefore, no postmarketing study to assess the cardiovascular safety of 
fremanezumab is recommended. 

5. Clinical Pharmacology 

An integrated Office of Clinical Pharmacology (OCP) review was written by Dr. Hristina 
Dimova (the primary reviewer), Dr. Sabarinath Sreedharan (the clinical pharmacology team 
leader), Dr. Gopichand Gottipati, and Dr. Kevin Krudys. 
 
Dosing recommendations 
As discussed below, both pivotal efficacy studies tested monthly and quarterly dosing 
regimens, but the study in chronic migraine (CM) used an initial dose of 675 mg of 
fremanezumab for the monthly regimen (with a 225-mg maintenance dose thereafter), while 
the study in episodic migraine (EM) used initial and maintenance doses of 225 mg.  The 
applicant, however, proposed using the same monthly dosing regimen for both populations, 

  The applicant used modeling to 
evaluate the degree of benefit that a 675-mg initial dose may provide.  Based on that model, a 
very small benefit (in the range of 0.2 to 0.5 days) was predicted with the use of the 675-mg 
initial dose.  OCP agrees that the available data support not having a 675-mg initial loading 
dose , based on the shallow 
dose-exposure-response relationship, the similar response in EM and CM patients to a 675-mg 
quarterly dosage, and the durability of the 675-mg quarterly response up to Month 3, when 
lower exposures are present. 
 
Pharmacokinetics 
OCP notes that following a single SC dose of 225 mg, 675 mg, and 900 mg of fremanezumab, 
the median time to maximum concentration (Tmax) was 5 to 7 days.  Fremanezumab exhibits 
linear pharmacokinetics, with approximately dose-proportional exposures in the range of 225 
to 900 mg.  The mean terminal elimination half-life of fremanezumab is approximately 31 
days.   
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Food Effect 
Fremanezumab is administered by the SC route; therefore, food-drug interactions are not 
anticipated.    
 
Intrinsic Factors 
No clinically significant pharmacokinetic differences were noted by age, body weight, or 
gender, and no dose adjustments are needed for these factors.   
 
No dedicated clinical studies were conducted to evaluate the effect of hepatic or renal 
impairment on fremanezumab PK.  
 
Thorough QT Study 
FDA waived the requirement for a thorough QT study for this monoclonal antibody. 
 
Pharmacometrics 
OCP conducted pharmacometric analyses in EM and CM to assess fremanezumab’s exposure-
response.  The exposure-response analyses showed shallow relationships between efficacy and 
fremanezumab concentrations, i.e., the slopes of the relationships are close to 0.  Refer to 
Figures 1 and 2 for EM and CM, respectively (below). 
 
Figure 1: Final Model-predicted Change from Baseline in Monthly Average Number of 
Migraine Days at Month 3 Versus the Average Plasma Concentration (Cav) of 
Fremanezumab over the Dosing Interval in Episodic Migraine (Source: applicant 
exposure response analyses report (CP-17-06) Figure 17) 
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Figure 2: Final Model-predicted Change from Baseline in Monthly Average Number of 
Headache Days of At Least Moderate Severity at Month 3 vs. Fremanezumab Cav in 
Chronic Migraine (Source: applicant exposure response analysis report (CP-17-06) 
Figure 32) 

 
 
 
 

Immunogenicity 
In controlled studies 050, 049, and in the long-term safety study 051, 1888 patients were tested 
for anti-drug antibodies (ADA).  Among those tested, 30 patients (1.6%) had treatment-
emergent anti-fremanezumab antibody responses.  Seventeen of these patients developed 
neutralizing antibodies against fremanezumab.  To evaluate whether efficacy was affected by 
the presence of ADA, data from studies 050 and 049 were evaluated.  In this dataset, the 
incidence of ADA was relatively low (i.e., 19 out of 1308 patients).  There was no general 
trend on immunogenicity affecting the exposure or efficacy of fremanezumab.  Although these 
data do not demonstrate an impact of anti-drug antibody development on the efficacy or safety 
of fremanezumab in these patients, the available data are too limited to draw definitive 
conclusions. 

6.  Clinical Microbiology  

Not applicable. 

7.  Clinical/Statistical - Efficacy 

Dr. Suhail Kasim was the clinical reviewer for this application.  Dr. Sharon Yan was the 
biometrics reviewer, and Dr. Kun Jin was the biometrics team leader.  Dr. Ebony Dashielle-
Aje was the primary reviewer for the Clinical Outcomes Assessment (COA) review for 
following patient reported outcomes (PRO): the Migraine Disability Assessment questionnaire 
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(MIDAS) and Headache Impact Scale (HIT)-6, and Dr. Sarrit Kovacs was the COA team 
leader. 
 
The applicant conducted two pivotal placebo-controlled efficacy trials (Table 2): one trial in 
episodic migraine (EM) [Study 30050 (referred to as Study 050 in this memo)] and one trial in 
chronic migraine (CM) [Study 30049 (referred to as Study 049 in this memo)].   
 
Table 2: Clinical Efficacy Studies 
 

Population 
Double‐blind 

 treatment period 
Dosing regimen 

Study 050  Episodic migraine  3 months 
225 mg monthly, 675 mg 
quarterly, or placebo 

Study 049  Chronic migraine  3 months 
675/225/225 mg monthly,  

675 mg quarterly, or placebo 

 
The primary endpoint for the EM pivotal trial (050) was the mean change from baseline in the  
monthly average number of migraine days (MMD).  For the CM pivotal trial (049), the 
primary endpoint was the mean change from baseline in the monthly average number of 
headache days of at least moderate severity.  The key secondary endpoints differed between 
studies, and will be further discussed below.   
 
Study 050 (Episodic Migraine) 
Study 050 was a 12-week randomized, double-blind, placebo-controlled trial in patients with 
episodic migraine.  After a four-week baseline period, patients were randomized in a 1:1:1 
ratio to receive placebo, fremanezumab 225 mg subcutaneously (SC) monthly, or 
fremanezumab 675 mg SC quarterly.  After participation in the double-blind portion of the 
trial, patients were offered enrollment into a 12-month long-term safety study.   
 
Subjects eligible for enrollment into this study were adults 18 to 70 years of age with a history 
of migraine with or without aura for ≥ 12 months who experienced ≥ 4 to < 15 migraine 
headache days/month.  Subjects could be on one prophylactic medication if the dose had been 
stable for at least 2 months prior to the start of the baseline period.  Subjects were excluded if 
they had a history of clinically significant cardiovascular disease, vascular ischemia, or 
thromboembolic events.  
 
The primary endpoint for Study 050 was the mean change from baseline in the monthly 
average number of migraine days during the 12-week period after the first dose of study 
medication.  
 
Key secondary endpoints were:   

 Proportion of patients achieving at least a 50% reduction in the mean number of MMD 
during the 12-week period after the first dose of study drug (i.e., a responder analysis 
based on the primary endpoint) 

 Mean change from baseline in the mean number of monthly days of use of any acute 
headache medication during the 12-week period after the first dose of study drug  
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 Mean change from baseline in the number of migraine days during the 4-week period 
after the first dose of study drug   

 Mean change from baseline (day 0) in disability score, as measured by the MIDAS 
questionnaire, at 4 weeks after administration of the last (third) dose of study drug. 
 

To control the overall type-1 error rate, a multiplicity adjustment was applied to the primary 
and key secondary endpoints in this study, with overall alpha set at 0.05, apportioned to cover 
the two dosing regimens for the primary and secondary endpoints.  A fixed-sequence 
(hierarchical) testing procedure to control the type-1 error rate was specified in the statistical 
analysis plan (SAP) and was deemed adequate.   
 
The full analysis set (FAS) was used for all efficacy analysis. The FAS was defined as all 
randomized patients who received at least one dose of investigational product and had at least 
10 days of post-baseline efficacy assessments on the primary endpoint.  
 
049 (Chronic Migraine) 
Study 049 was a 12-week randomized, double-blind, placebo-controlled trial in patients with 
chronic migraine.  Eligible subjects were randomized in a 1:1:1 ratio to placebo, 
fremanezumab 675 mg quarterly, or fremanezumab 225 mg monthly with an initial loading 
dose of 675 mg.  Subjects eligible for enrollment were adults 18 to 70 years of age with a 
history of migraine with or without aura who experienced ≥15 headache days per month, with 
≥8 migraine days per month.  Subjects could be on one prophylactic medication if the dose had 
been stable for at least 2 months prior to the start of the baseline period.  Subjects were 
excluded if they had a history of clinically significant cardiovascular disease, vascular 
ischemia, or thromboembolic events. 
 
The primary endpoint for this study was mean change from baseline in the monthly average 
number of headache days of at least moderate severity during the 12-week period after the first 
dose of study drug.   
 
Key secondary endpoints were: 

 Mean change from baseline in the monthly average number of migraine days during 
the 12-week period after the first dose of study drug  

 Proportion of patients achieving at least a 50% reduction in the monthly average 
number of headache days of at least moderate severity during the 12-week period after 
the 1st dose of study drug (i.e., responder definition based on the primary endpoint) 

 Mean change from baseline in the monthly average number of days of use of any acute 
headache medication during the 12-week period after the first dose of study drug 

 Mean change from baseline in the number of headache days of at least moderate 
severity during the 4-week period after the first dose of study drug 

 Mean change from baseline in disability score, as measured by the HIT-6 at 4 weeks 
after administration of the last (third) dose of study drug 

 
The efficacy analysis set was defined in the same way as described above for Study 050.  A 
multiplicity adjustment method was pre-specified and deemed adequate by Dr. Yan.  
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Results 
 
In the two pivotal efficacy studies, the median age of the subjects was 41 to 43 years.  Eighty 
four to 88% of subjects were female, and 77 to 84% were Caucasian.  Demographics were 
generally balanced between treatment groups.  
 
Baseline disease characteristics were balanced between treatment groups in both trials.  The 
mean number of migraine days was 9 days in the EM population and the mean number of 
headache days of at least moderate severity at baseline was 13 days in the CM population.  
Treatment groups were also generally balanced with respect to concomitant use of 
prophylactic medication (20-22%), which was allowed in both trials.   
 
Change in Monthly Average Number of Migraine Days from Baseline (Primary Efficacy 
Endpoint) 
 
Study 050 (Episodic Migraine) 
 
For Study 050, Dr. Yan reports the estimates of the mean change from baseline in the monthly 
average number of migraine days from the ANCOVA model were -2.2, -3.4, and -3.7 days for 
the placebo group, fremanezumab 675 mg quarterly group, and fremanezumab 225 mg 
monthly group, respectively.  The adjusted mean treatment difference was -1.3 days between 
fremanezumab 675 mg quarterly and the placebo group, and the difference was -1.5 between 
fremanezumab 225 mg monthly group and the placebo group, both p <0.0001.  
 
Because of significant deviation from the normal distribution assumption, the non-parametric 
analysis of Wilcoxon rank-sum test was assumed to be the primary analysis based on the SAP.  
The Wilcoxon rank-sum test resulted in p-values that were essentially the same for 
comparisons of both of the active treatment groups versus placebo.  The Wilcoxon rank-sum 
test does not provide estimates of the treatment difference; the relevant observed medians of 
the treatment groups are provided in Table 3. 
 
Sensitivity analysis using the specified MMRM model confirmed the positive findings as well, 
demonstrating that results were consistent throughout all 3 months of the trial.  Dr. Yan agreed 
that the results of the ANCOVA should be  included 
in Table 3 below. 
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Table 3: Study 050- Change from Baseline in Monthly Average Number of Migraine 
Days (Source: Table 15 of Dr. Yan’s Review) 

Change in Monthly Average 
Number of Migraine Days 

 
Placebo 
(N=290) 

Fremanezumab 

675 mg quarterly 
(N=288) 

225 mg monthly 
(N=287) 

Baseline 
   Mean (SD) 
   Median 

 
9.1 (2.7) 

9.0 

 
9.2 (2.6) 

9.0 

 
8.9 (2.6) 

9.0 

ANCOVA Analysis 
   LS mean (SE)  
   95% C.I. 
   LS mean difference vs. placebo 
   95% C.I.  
   p‐value 

 
‐2.2 (0.24) 

(‐2.68, ‐1.71) 

 
‐3.4 (0.25) 

(‐3.94, ‐2.96) 
‐1.3 (0.27) 

(‐1.79, ‐0.72) 
<0.0001 

 
‐3.7 (0.25) 

(‐4.15, ‐3.18) 
‐1.5 (0.28) 

(‐2.01, ‐0.93) 
<0.0001 

Observed median 
p‐value from Wilcoxon rank‐sum 

‐2.7  ‐4.0 
<0.0001 

‐4.2 
<0.0001* 

MMRM as sensitivity analysis 
   LS mean (SE) at Month 3 
   LS mean difference vs. Placebo 
   p‐value 

 
‐2.7 (0.27) 

 
‐3.7 (0.27) 
‐1.0 (0.32) 
0.0013 

 
‐3.9 (0.27) 
‐1.2 (0.32) 
0.0002 

*p‐value from the primary analysis 
 

 
Figure 3 shows a distribution of changes from baseline in mean MMD in bins of 2 days, by 
treatment group.  A leftward shift (toward improvement) is evident for both doses of 
fremanezumab relative to placebo. 
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Figure 3: Study 050- Distribution of Change from Baseline in Monthly Average Number 
of  Migraine Days (Source: Applicant, Verified by FDA) 

 
 
Study 049 (Chronic Migraine) 
 
For Study 049, Dr. Yan reports that the estimates of the mean change from baseline in the 
monthly average number of headache days of at least moderate severity from the ANCOVA 
model were -2.5, -4.3 and -4.6 days for the placebo group, fremanezumab 675 mg quarterly 
group, and fremanezumab 675/225/225 mg monthly group, respectively.  The adjusted mean 
treatment difference was -1.8 days between fremanezumab 675 mg quarterly group and the 
placebo group, and the difference was -2.1 between fremanezumab 675/225/225 mg monthly 
group and the placebo group (primary comparison), both with a p-value <0.0001.  
 
Because of significant deviation from the normal distribution assumption, the non-parametric 
analysis of Wilcoxon rank-sum test was assumed to be the primary analysis based on the SAP.  
The Wilcoxon rank-sum test resulted in similar p-values.  Because the Wilcoxon rank-sum test 
does not provide estimates of the treatment difference, the observed medians of the treatment 
groups are provided in Table 4.  Sensitivity analysis using a specified MMRM model 
confirmed the positive findings as well.  Table 4 includes these results.   
  

Reference ID: 4321165



    18

Table 4: Study 049- Change from Baseline Monthly Average Number of Headache Days 
(Source: Dr. Yan’s review, Table 28) 

Change in monthly average 
number of headache days of at 
least moderate severity 

 
Placebo 
(N=371) 

Fremanezumab 

675 mg quarterly 
(N=375) 

675/225/225 mg 
monthly 
(N=375) 

Baseline 
   Mean (SD) 
   Median 

 
13.3 (5.8) 

12.6 

 
13.2 (5.5) 

12.9 

 
12.8 (5.8) 

12.0 

ANCOVA Analysis 
   LS mean (SE)  
   95% C.I. 
   LS mean difference vs. placebo 
   95% C.I.  
   p‐value 

 
‐2.5 (0.31) 

(‐3.06, ‐1.85) 

 
‐4.3 (0.31) 

(‐4.87, ‐3.66) 
‐1.8 (0.33) 

(‐2.46, ‐1.15) 
<0.0001 

 
‐4.6 (0.30) 

(‐5.16, ‐3.97) 
‐2.1 (0.33) 

(‐2.76, ‐1.45) 
<0.0001 

Observed median 
p‐value from Wilcoxon rank‐sum 

‐2.5  ‐4.2 
<0.0001 

‐4.5 
<0.0001 

MMRM as sensitivity analysis 
   LS mean (SE) at Month 3 
   LS mean difference vs. Placebo 
   p‐value 

 
‐2.9 (0.35) 

 
‐4.2 (0.35) 
‐1.4 (0.41) 
0.0007 

 
‐4.8 (0.34) 
‐1.9 (0.41) 
<0.0001 

 
The distribution of change in the monthly average number of headache days of at least 
moderate severity from baseline during the 12-week treatment period for Study 049 is shown 
in Figure 4.  As in Study 050, a leftward shift (towards improvement) is evident for Study 049. 
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Figure 4: Study 049- Distribution of the Change from Baseline in Monthly Average 
Number of Headache Days of at Least Moderate Severity (Source: applicant, verified by 
FDA) 

 
 
In this trial, the mean change from baseline in the average number of migraine days was 
considered a key secondary endpoint.  As can be seen in Table 5, this endpoint also 
demonstrated robust findings, with a reduction in the mean number of migraine days from 
baseline observed across all treatment groups, with 4.9 days and 5.0 days of reduction in the 
fremanezumab 675 mg quarterly group and fremanezumab 675/225/225 mg monthly group, 
respectively, compared to a reduction of 3.2 days in the placebo group.  The treatment 
difference between both of the active treatment groups and the placebo group was statistically 
significant (p<0.0001). 
 
Key Secondary Endpoints 
 
Please refer to Table 5 below for a comparison of results for the two efficacy trials on the 
secondary endpoints.  The type-I error rate for all secondary endpoints was controlled for 
multiplicity.   
 
50% Reduction from Baseline in Mean Monthly Migraine Days 
 
In both efficacy trials, there was a statistically significant increase in the proportion of patients 
who demonstrated a 50% reduction in mean monthly number of migraine days in 
fremanezumab treatment groups, as compared to placebo.  
 
In study 050 (EM), 44% of the subjects in the fremanezumab 675-mg quarterly group and 48% 
of subjects in the fremanezumab 225-mg monthly group had at least a 50% reduction in the 
monthly average number of migraine days during the 12-week treatment period, compared to 
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28% of subjects in the placebo group (p<0.0001).  
 
In study 049 (CM), 38% of the subjects in the fremanezumab 675 mg quarterly group and 41% 
of the subjects in the fremanezumab 675/225/225 mg monthly group, compared to 18% of the 
subjects in the placebo group, had at least a 50% reduction in the monthly average number of 
headache days of at least moderate severity during the 12-week treatment period (p<0.0001). 
 
Monthly Average Number of Days Using Acute Headache Medication  
 
In both efficacy trials, there were significantly greater reductions from baseline in the mean 
number of days (per month) with use of acute migraine-specific drugs in fremanezumab-
treated patients than in placebo-treated patients.  In Study 050, the mean reduction was about 3 
days in both fremanezumab dosing groups (monthly and quarterly), compared to 1.6 days in 
the placebo group (p<0.0001).  In Study 049, the reduction was 7 days and 4.2 days in the 
fremanezumab quarterly and monthly dosing groups, compared to 1.9 days in the placebo 
group (p<0.0001). 
 
Mean Change from Baseline in Monthly Migraine Days (EM) or Headache Days (CM) 
during the First Four Weeks Post Treatment 
 
In Study 050, the primary endpoint was measured based on a change in monthly migraine 
days.  During the 4-week period after the first dose of study drug, the reduction from baseline 
in the number of migraine days was significantly greater for both fremanezumab treatment 
groups than for placebo (3.3 days and 3.5 days for fremanezumab 675-mg quarterly group and 
fremanezumab 225-mg monthly group, respectively, compared to 1.7 days in the placebo 
group, p<0.0001). 
 
In Study 049, the primary endpoint was measured based on a change in monthly headache 
days.  During the 4-week period after the first dose of study drug, the reduction from baseline 
in the number of headache days of at least moderate severity was significantly greater for both 
fremanezumab treatment groups than for placebo (4.6 days for fremanezumab vs. 2.3 days for 
placebo, p<0.0001).  
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Table 5: Key Secondary Endpoints in Studies 050 and 049 (Source: adapted from Dr. 
Kasim’s review, Table 32) 

  Chronic Migraine‐049  Episodic Migraine‐050 

Placebo 
N=371 

675mg 
Quarterly 
N=375 

675/225/225mg 
Monthly 
N=375 

Placebo
N=290 

675mg 
Quarterly 
N=288 

225mg 
Monthly
 N=287 

Mean change from baseline 
in the monthly average 
number of migraine days 
during the 12‐week period 
after the first dose of study 
drug 

‐3.2  ‐4.9**  ‐5.0**  *** 

Reduction of at least 50% in 
the monthly average 
number of headache days 
of at least moderate 
severity 

18.1%  37.6%**  40.8%**  ‐  ‐  ‐ 

Reduction of at least 50% in 
monthly average number 
of migraine days 

‐  ‐  ‐  27.9%  44.4%**  47.7%**

Mean change from baseline 
in monthly average number 
of days of acute headache 
medication use 

‐1.9  ‐3.7**  ‐4.2**  ‐1.6  ‐2.9**  ‐3.0** 

Mean change from baseline 
in the number of monthly 
migraine days during the 
1st 4‐week period 

‐  ‐  ‐  ‐1.7  ‐3.3**  ‐3.5** 

Mean change from baseline 
in the monthly number of 
headache days of at least 
moderate severity during 
the 1st 4‐week period 

‐2.3  ‐4.6$$  N/A  ‐  ‐  ‐ 

Mean change from baseline 
in number of monthly 
headache hours 

‐23.3  ‐36.3  ‐42.3  ‐12.7  ‐22.1  ‐26.1 

** Significantly different from placebo (p<0.0001) 
* Significantly different from placebo (p<0.0025)  
*** Information not included since this was the primary analysis for 050 
$$ The first dose in study 30049 was 675 mg to both active treatment groups 
N/A – Not applicable 
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Other Endpoint Assessments 
 
Patient experience data  
Both studies included a patient-reported outcome intended to measure migraine-related 
disability as a secondary endpoint: the Migraine Disability Assessment questionnaire 
(MIDAS) in Study 050, and the Headache Impact Test (HIT-6) in Study 049.  Clinical 
Outcome Assessment (COA) staff consultation was obtained to review both scales.  A PRO 
dossier was not included for review at the time of the applicant’s original submission.   

 

 
  Dr. Dashielle-Aje states that neither the 

MIDAs nor the HIT-6 directly assesses disability in episodic or chronic migraine patients.  In 
addition, there are issues with the content validity of both scales that makes interpretation of 
the scores difficult (see separate COA review). 
 
Efficacy by subgroups 
In general, efficacy was demonstrated in all subgroups defined based on age, sex, race, region, 
BMI, and baseline migraine days.  Of interest, there were differences in the placebo response 
by region in both trials, with patients in North America demonstrating a higher placebo 
response than those in Europe (about 3 days in North America vs. about 1 day in Europe).   
 
Efficacy Conclusions 
The applicant has provided substantial evidence of effectiveness of fremanezumab based on 
two adequate and well-controlled investigations.  The studies demonstrated a significant 
reduction in the average monthly number of migraine days (EM) or headache days of at least 
moderate severity (CM) in patients treated with fremanezumab, compared with those who 
received placebo.  In addition, treatment benefits were demonstrated in secondary outcomes, 
e.g., the proportion of subjects with at least a 50% reduction in the monthly average number of 
migraine days (EM) or headache days (CM), and the change from baseline in the monthly 
average number of days with acute headache medication use.  The magnitude of change 
observed in the primary endpoint is relatively small (1.3 to 2.5 days/month over the placebo 
group), but consistent with treatment effects observed with previously approved migraine 
preventive treatments.  Both dosing regimens (monthly and quarterly) have similar efficacy in 
both migraine populations, and are appropriate options, based on patient preference. 

8.  Safety 

Dr. Maria L. Villalba conducted the clinical safety review and Dr. Sally Jo Yasuda was the 
safety team leader. 
 
As discussed by Dr. Villalba, the overall exposure to fremanezumab exceeds the minimum 
numbers of patients recommended by the International Council for Harmonization (ICH) E1 
Guideline for chronically administered medications.  She reports that 2773 subjects have been 
exposed to at least one dose of fremanezumab (including 262 healthy volunteers), 1262 
subjects to fremanezumab 225 mg monthly (with or without a 675-mg loading dose) and 1086 
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to fremanezumab 675 mg quarterly.  Eight hundred and sixty-one patients were exposed to 
fremanezumab 225 mg monthly for ≥ 6 months, and 398 patients for ≥ 12 months.  Eight 
hundred and sixty-nine patients were exposed to fremanezumab 675 mg quarterly for ≥ 6 
months, and 377 patients for ≥ 12 months.  Dr. Yasuda notes in her review, that in addition to 
patients who received doses considered for this application (225 mg monthly with or without a 
675-mg loading dose, and 675 mg quarterly), 96 patients received 675 mg monthly and 86 patients 
received 900 mg monthly.   
 
Dr. Villalba notes that at the time of the 120-day safety update, 135 patients had at least 12 
months of treatment and 5 months of follow-up exposure.  She also notes that only 10% of the 
clinical trial population was male, and 6% were ≥ 61 years of age or older.  She reports that 
there is limited exposure overall in patients with cardiovascular risk factors. 
 
Deaths 
There were two deaths in the fremanezumab database for this application; both occurred 
during the placebo-controlled portion of the trials.  A 59 year-old female with chronic 
migraine who was found dead 69 days after a single dose of fremanezumab 675 mg. She was a 
smoker and had a history of hypertension.  She had evidence of chronic obstructive pulmonary 
disease (COPD) and hypertensive atherosclerotic cardiovascular disease at autopsy.  A drug 
screen was positive for nicotine, fluoxetine, tramadol and cyclobenzaprine (all within the 
therapeutic range).  According to the report, the patient had a cough for 2 weeks and had a 
history of being non-compliant with her prescribed medications.  Dr. Villalba does not agree 
with the autopsy report that states that the cause of death was COPD, and instead describes this 
as a case of sudden death, which did not appear to be directly related to fremanezumab.  Dr. 
Yasuda finds no clear link between this sudden death and fremanezumab, and but states that 
the question about relatedness cannot be answered.  The second death occurred in a 21 year-
old female with episodic migraine 110 days after her first dose of fremanezumab 675 mg 
quarterly, reportedly from a suicide due to an intentional overdose of diphenhydramine. The 
patient had a history of depression, anxiety and panic disorder, and had been taking 
venlafaxine.  Dr. Villalba reports that this event, on its own, does not appear related to 
fremanezumab.  Dr. Yasuda agrees with this assessment.  
 
Serious Adverse Events (SAEs) 
Dr. Villalba notes SAEs in fremanezumab controlled studies occurred at a similar rate among 
treatment groups and placebo (1.2% vs 1.6%, respectively).  
 
In controlled studies, two patients reported a hypertensive crisis (one event was also associated 
with angina pectoris) on fremanezumab, as compared to none on placebo.  Dr. Villalba 
concludes that the role of fremanezumab cannot be ruled out and Dr. Yasuda concurs.  There 
were, however, no significant vital signs abnormalities noted in controlled trials, and the small 
number of events precludes drawing clear conclusions.  In addition, the events resolved rapidly 
and were short-lived, which makes them unlikely to be related to fremanezumab treatment, as 
drug levels are fairly constant with this monoclonal antibody, and continued exposure to drug 
would be expected to result in additional hypertensive episodes.  Of note, one of the two 
patients received 2 additional doses of fremanezumab without further blood pressure elevation, 
and the other had a history of similar episodes prior to exposure to fremanezumab.  
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In controlled studies, 3 patients presented with suicidality-related SAEs, as compared to none 
on placebo.  All three patients had a history of depression.  Dr. Villalba reports that, 
individually, the cases do not appear related to fremanezumab treatment, and Dr. Yasuda 
concurs with this assessment.  
 
A grand mal seizure was reported in a patient in the controlled studies, 22 days after the last 
dose of fremanezumab.  Twenty seven days earlier, the patient had been hit on the head while 
playing basketball.  A relationship to fremanezumab treatment appears unlikely.   
 
Dr. Villalba notes that there were 8 malignancies on fremanezumab in the open-label safety 
study, including 2 cases of papillary carcinoma of the thyroid, and 3 cases of melanoma.  In 
response to an information request, the applicant provided the background rates of basal cell 
carcinoma, thyroid cancer and melanoma.  Dr. Villalba reviewed these references and 
determined that the rate of basal cell carcinoma in the fremanezumab database is within the 
reporting rate in the general population.   
 
Additionally, there were 19 cases of ovarian-related adverse events, including 5 SAEs.  There 
were 9 women with ovarian cysts reported as adverse events.  None led to drug 
discontinuation.  The rate of ovarian cysts observed in fremanezumab clinical studies appears 
to be within the background rate (3-18%) reported in the literature.  
 
AEs Leading to Study Discontinuation 
Dr. Villalba reports that there were few events leading to discontinuation in controlled studies 
(2.1% on fremanezumab and 1.6% on placebo). 
 
The most common adverse dropouts across controlled and uncontrolled studies were 
associated with injection site reactions: 1% for fremanezumab and 0.2% for placebo, without a 
dose-response for fremanezumab.  
 
Across fremanezumab clinical studies, 16 patients (0.7%) had AEs leading to discontinuation 
in the investigations system organ class.  Of these, 7 (0.3%) were increases in 
ALT/AST/hepatic enzymes, but all were confounded by drugs known to cause hepatotoxicity.  
 
Across controlled and uncontrolled studies, 2 patients (0.1%) discontinued because of 
hypertension.  These cases are discussed above.  Again, with small numbers of events, it is not 
possible to draw conclusions about the causality of fremanezumab. 
 
Three patients discontinued because of ischemic/thrombotic events across controlled and 
uncontrolled studies (0.2%): there was one patient with stroke, one with TIA, and one with 
angina pectoris.  All 3 patients were in fremanezumab treatment groups.  Dr. Villalba states 
that a role of fremanezumab cannot be ruled out.  Again, with small numbers of events, it is 
not possible to draw conclusions about the relationship of these events to fremanezumab, and 
it is important to note that the rate of vascular events in this database is not above the expected 
background rate for this population. 
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Adverse Events of Any Severity 
The only adverse event with an incidence ≥ 2% and at least 2% greater than placebo in a 
dosing group of fremanezumab were injection site reactions (see Table 6).  
 
Table 6: Adverse Drug Reactions Occurring with an Incidence of at least 2% for AJOVY 
and Greater than Placebo in Patients in Studies 050 and 049 (Source: Adapted from Dr. 
Villalba's review Table 16) 

 

 
Laboratory findings 
Dr. Villalba identified no clinically meaningful differences or consistent trends between 
fremanezumab and placebo in changes from baseline in laboratory parameters: chemistry, 
hematology, coagulation and urinalysis.   
 
Vital Signs 
Dr. Villalba reports that there were no clinically meaningful changes from baseline in vital 
signs (heart rate, systolic and diastolic blood pressure) or in ECG changes in controlled 
studies, or differences between fremanezumab and placebo in outlier measurements for 
systolic or diastolic blood pressure.  Orthostatic blood pressure was not measured in the 
controlled trials.  
 
Weight 
Dr. Villalba notes that there is no mean or median change from baseline in weight in 
fremanezumab-treated patients, as compared with placebo, in controlled studies.  In the 120-
day safety update report, an analysis of change from baseline for weight in the open-label 
safety study showed mean weight increases of 0.8, 0.7 and 0.5 kg in the fremanezumab 225 
mg monthly, 675 mg quarterly and 675/225/225 mg monthly groups, respectively.  One patient 
had a reported weight gain of 53 kg over an 8-month period, but when this patient was 
excluded, a mean increase of 0.5 kg was still observed at the end of the treatment.  Weight 
gain leading to drug discontinuation occurred in 4 patients.  Drs. Villalba and Yasuda state that 
a role for fremanezumab cannot be ruled out.  The controlled studies, however, provide the 
best opportunity to assess fremanezumab’s effect on weight, where there was no important 
difference. 
 
ECG 
Dr. Villalba reports that there were no clinically significant ECG findings in this database.  
Analysis of QT and QTc intervals in ECGs conducted in Phase 2 and 3 studies showed no 

Adverse Reaction           Placebo 
monthly 
(n=668) 

% 

AJOVY 225 mg 
  monthly 
(n=290) 
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quarterly 
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AJOVY 675/225/225 mg 
(n=379) 
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clinically significant findings.  A dedicated thorough QT study was not required for this 
monoclonal antibody. 
 
Pregnancy 
Insufficient information exists to evaluate the risk of fremanezumab in pregnancy.  A 
pregnancy registry will be requested as a PMR. 
 
Safety Areas of Special Interest 
 
Cardiac Effects 
Multiple published reports state that CGRP is a potent vasodilator.  A theoretical concern has 
been raised in the experimental literature that inhibition of CGRP could impair 
adaptive/protective vasodilation in patients with hemodynamically significant coronary artery 
disease, cerebrovascular disease, and peripheral vascular disease.  To address these concerns, 
the applicant submitted a review of the relevant published literature on the biology of CGRP 
and its role in the cardiovascular system (see Nonclinical Pharmacology/Toxicology, above).  
Our review of cardiovascular events, ECGs, and vital signs measurements in the 
fremanezumab database does not identify a clear cardiovascular risk to patients.  There were 
isolated cases of ischemic events reported in the database, but the rate of these cases was no 
greater than the background rate in this patient population.  There were no clinically 
meaningful changes from baseline in vital signs or ECG measurements in controlled studies, 
and no differences in outlier measurements for systolic or diastolic blood pressure in 
controlled studies.  
 
Analysis of Liver Transaminase and Bilirubin Elevations  
I agree with Drs. Villalba and Yasuda that there is no evidence of significant risk of liver 
injury with fremanezumab.  A number of patients had transaminase elevations > 3X ULN, but 
the cases were confounded because of concomitant use of hepatotoxic medications.  No Hy’s 
Law cases were reported.  
 
Ophthalmologic adverse events 
A few ophthalmic events that occurred at a frequency less than 1% were observed in clinical 
studies. These include blurred vision, double vision, dry eyes, iritis, retinal hole/tear, retinal 
detachment, and retro-orbital pain.  Dr. Wiley Chambers was consulted to review these events.  
Dr. Chambers notes that in controlled clinical trials, there was one case of bilateral retinal 
detachment after a single dose of fremanezumab 675 mg, and a vitreous detachment after 2 
doses of 675 mg monthly, which led to study discontinuation in both patients.  Dr. Chambers 
also notes two retinal tears in the fremanezumab 675 mg quarterly group, and one case each of 
retinal detachment, vitreous detachment, and vitreous prolapse in the 675/225/225 mg monthly 
dose group in the uncontrolled trials.  Of note, while a 3-month cynomologus monkey 
nonclinical toxicology study identified inflammation of the ciliary vessels of the eyes at the 
highest doses studied, these findings were not reproduced in the 6-month chronic toxicity 
studies, and therefore do not identify a toxicity of concern.   
 
After reviewing the applicant’s response to a number of queries, Dr. Chambers opined that 
“…the potential relationship of the ocular event(s) to the drug product cannot be ascertained 
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based on the reports from the investigator or applicant.”  He recommended including 
information in section 6.1 of labeling describing adverse events potentially related to 
fremanezumab, such as blurred vision, cataracts, double vision, dry eyes, iritis, retinal 
hole/tear, retinal detachment and retro-orbital pain, although they were reported at a frequency 
<1% in the fremanezumab clinical trial database.  However, considering that these various 
events represent distinct diagnostic entities, some common in migraine patients (e.g., blurred 
vision), without any clear elevation over background rate of any individual event, it is not 
possible to draw conclusions about the relationship of these events to fremanezumab.  
Moreover, numerous adverse events were reported in the controlled trials at a frequency <1%; 
inclusion of ocular events at this frequency (where causality is undeterminable) would require 
inclusion of a myriad of other adverse events where causality is likewise uncertain.  The 
review team decided, therefore, that a description of these events in labeling would not be 
useful to prescribers. 
 
Hypersensitivity 
A few cases of hypersensitivity reactions, including rash, pruritus, drug hypersensitivity, 
urticaria, and angioedema, were reported in patients treated with fremanezumab.  Most 
reactions were mild to moderate, but some led to discontinuation or required corticosteroid 
treatment.  Most reactions were reported from within hours to one month after administration.  
Dr. Villalba also describes one event suggestive of angioedema, but this case is complex, and 
the relationship to treatment is unclear.  The risk for hypersensitivity reactions will be described 
in the Warnings and Precautions section of labeling, and a contraindication will be added for 
patients with serious hypersensitivity to fremanezumab or to any of the excipients.  
 
Suicidality and Depression 
The sponsor performed the Columbia Suicide Severity Rating Scale on all patients in the 
efficacy trials, and no signal for suicidality was identified. 
 
Immunogenicity 
Dr. Villalba reports that none of the anti-drug antibody (ADA) positive or neutralizing 
antibody (Nab) positive patients had significant adverse events.  1888 patients were tested for 
ADA, and among those tested, 30 (1.6%) had treatment-emergent anti-fremanezumab antibody 
responses in the two pivotal trials and the long-term extension trial.  Seventeen of these 
patients developed Nab against fremanezumab.  Because the percentage of patients who were 
ADA positive was small, no definitive conclusions regarding safety can be drawn regarding 
immunogenicity.  

9. CDRH 

Dr. Jacqueline Gertz conducted the CDRH review and Dr. John McMichael was the team 
leader.  Fremanezumab is proposed for administration in a prefilled syringe.  Both members of 
the CDRH review team conclude that the device constituent of the combination product is 
approvable for the proposed indication.  
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Human Factor Review 
Results from three human factor studies were submitted.  The original validation study did not 
include all of the information DMEPA required, so the applicant completed two additional 
supplemental studies to evaluate the user interface.  The methodology used in the studies was 
acceptable.  DMEPA recommended changes to the Prescribing information, Information for 
use, and carton and container; the applicant agreed with these changes.  
 
Compliance with Quality System Requirements 
Dr. Robert Kang from the CDRH Office of Compliance evaluated the applicant’s compliance 
with applicable quality system requirements and concludes that this submission is approvable 
from the perspective of quality system requirements.  No facility inspections for compliance 
related to applicable quality systems requirements were needed for this approvability 
determination. 

10.       Advisory Committee Meeting  

This application was not referred to an FDA advisory committee because it was clear that the 
applicant had provided substantial evidence of effectiveness from two adequate and  
well-controlled studies, using clinical trial designs similar to those of trials for previously 
approved migraine drugs.  Moreover, the safety profile was deemed acceptable for the 
treatment of migraine, without controversial issues. 

11. Pediatrics 

Fremanezumab was discussed at a PeRC meeting on May 16, 2018.  Agreement was reached 
with the applicant’s plan for requesting a partial waiver for patients 0 to < 6 years of age and 
deferral for patients 6 to 17 years of age.  Please refer to Section 14 of this memo for the 
planned pediatric postmarketing studies. 

12. Other Relevant Regulatory Issues  

Office of Scientific Investigations 
Dr. Cara Alfaro conducted the review for the Office of Scientific Investigations.  Three clinical 
sites and the sponsor were inspected.  Dr. Alfaro reports that the studies appear to have been 
conducted adequately, and the data generated by those sites and submitted by the applicant 
appear acceptable in support of the indication.  Dr Alfaro did not find evidence of 
underreporting of adverse events at the sites inspected by FDA.  The final classification of the 
four inspections, including three clinical sites and the sponsor, was “No Action Indicated 
(NAI).”   
 
Dr. Alfaro  provides additional information in an addendum to her original memo based on the 
findings from two clinical investigator inspections  

 
found both major 

and minor inspectional findings for site 11123 in Canada and site 84062 in Japan.  Nine events 
of underreporting related to injection site reactions were identified at one of the sites.  As 
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described above, the three clinical investigator inspections conducted by FDA for protocols 
049 and 050 did not find evidence of underreporting of adverse events, so that no further 
action is warranted from those findings.  
 
Controlled Substance Staff 
The Controlled Substance Staff reviewer for this application was Dr. Joshua Hunt.  Dr. Hunt 
concludes that there is no abuse signal or data requiring further review of this application.  He 
recommends that labeling not include Section 9 of the prescribing information.   
 
Division of Medication Error Prevention and Analysis 
Dr. Chad Morris reviewed the carton labeling and container label to determine its acceptability 
from a medication error perspective.  They recommended changing the way the expiration date 
is displayed.  The applicant agreed to this change.     
 
Dr. Whaley reviewed the proposed proprietary name, Ajovy, and concluded that this name is 
acceptable. 
 
Dr. Morris reviewed the nonproprietary name suffix “-vfrm,” and concluded that the suffix is 
devoid of meaning and acceptable.  Dr. Morris recommends that the nonproprietary name be 
revised throughout draft labels and labeling to “fremanezumab-vfrm.” 

13. Labeling  

Agreement was reached with the applicant on labeling.  Section 9 (abuse and dependence) can 
be omitted.  

14. Postmarketing Recommendations 

Risk Evaluation and Management Strategies (REMS) 
A REMS is not necessary for this product. 
 
Postmarketing Requirements (PMRs)  
PMR  3485-1  A juvenile animal toxicology study in one species

 

 
PMR  3485-2  An open-label pharmacokinetic, safety, and tolerability study in pediatric 

migraine patients ages 6 through 11 years with an optional open-label safety 
extension phase (40 weeks). 

 
PMR  3485-3 Deferred pediatric randomized, double-blind, placebo-controlled efficacy and 

safety study under PREA for the preventive treatment of episodic migraine in 
children and adolescents ages 6 through 17 years.  This study includes a 
double-blind treatment phase (12 weeks) and an open-label safety extension 
phase (40 weeks).  This study is to be submitted as a special protocol 
assessment (SPA).         
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PMR  3485-4 Deferred pediatric randomized, double-blind, placebo-controlled efficacy and 

safety study under PREA for the preventive treatment of chronic migraine in 
adolescents ages 12 through 17 years. This study includes a double-blind 
treatment phase (12 weeks) and an open-label safety extension phase (40 
weeks).  This study is to be submitted as a special protocol assessment (SPA).         

 
PMR  3485-5 Conduct prospective pregnancy exposure registry cohort analyses in the United 

States that compare the maternal, fetal, and infant outcomes of women with 
migraine exposed to Ajovy during pregnancy with two unexposed control 
populations: one consisting of women with migraine who have not been 
exposed to Ajovy before or during pregnancy and the other consisting of 
women without migraine.  The registry will identify and record pregnancy 
complications, major and minor congenital malformations, spontaneous 
abortions, stillbirths, elective terminations, preterm births, small-for-
gestational-age births, and any other adverse outcomes, including postnatal 
growth and development.  Outcomes will be assessed throughout pregnancy.  
Infant outcomes, including effects on postnatal growth and development, will 
be assessed through at least the first year of life. 

   
PMR  3485-6 Conduct a pregnancy outcomes study using a different study design than 

provided for in PMR 3485-5 (for example, a retrospective cohort study using 
claims or electronic medical record data or a case control study) to assess major 
congenital malformations, spontaneous abortions, stillbirths, and small-for-
gestational-age births in women exposed to Ajovy during pregnancy compared 
to an unexposed control population. 
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