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1. Background
This memorandum summarizes the primary concerns from the safety review conducted by Dr. 
Lourdes Villalba of the fremanezumab  BLA 761089 and provides my conclusions and 
recommendations regarding the safety findings and management of the risks.  I also discuss 
the consultant reviews from Dr. Wiley Chambers (Division of Transplant and Ophthalmology 
Products). 

 The product information and the applicant’s proposals  
Fremanezumab is a humanized monoclonal IgG2 antibody that, according to the Sponsor, is a 
calcitonin gene-related peptide (CGRP) binder that blocks both CGRP isoforms (α- and β) so 
that CGRP is blocked from binding to the CGRP receptor.  According to the Sponsor, 
fremanezumab is specific for CGRP (and does not bind to closely related family members 
such as amylin, calcitonin, adrenomedullin, and intermedin). The Sponsor states that mutations 
introduced into the molecule limit antibody effector functions, preventing fremanezumab from 
stimulating antibody-dependent cell-mediated toxicity and triggering complement-mediated 
lysis.     

I note that α- CGRP is found in spinal afferents from sensory ganglia, and β-CGRP is 
primarily found in the enteric nervous system.1  According to a recent review, CGRP, a 
vasodilator, may maintain cardiovascular homeostasis in the setting of pathophysiology.2 This 
leads to questions (in the literature and raised by Dr. Villalba) as to the effect of chronic 
antagonism of CGRP in patients with vascular and cardiovascular risk factors.

The proposed indication for fremanezumab is preventive treatment of migraine in adult 
patients.  The proposed doses (to be given subcutaneously) are: 225 mg monthly or 675 mg 
every 3 months (quarterly).3

The Sponsor included as events of special interest adverse ophthalmic events of at least 
moderate intensity, possible drug-induced liver injury, and events of suspected anaphylaxis 
and severe hypersensitivity reactions, based on potential risks identified in preliminary 
preclinical studies, small molecule CGRP antagonist development programs, and intrinsic 
factors for biological molecules.  The Sponsor’s evaluation of cardiovascular effects involved 
an evaluation of cardiovascular adverse events in the database and an evaluation of ECGs and 
vital signs measurements.   

 

 
   

1 Deen et al. The Journal of Headache and Pain (2017) 18:96
2 MaassenVanDenBrink  A, et al. Trends in Pharmacological Sciences, September 2016, Vol. 37, No. 9 
http://dx.doi.org/10.1016/j.tips.2016.06.002
3 In the amendment of 5/14/18  

.
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 Therapeutic context 
Migraine, often disabling, is characterized by recurrent episodes of headache attacks 
accompanied by symptoms such as nausea, vomiting, photophobia, and phonophobia.  
Migraine affects more than 10% of adults globally. Dr. Villalba notes that the prevalence of 
migraine in the U.S. is 3:1 for females vs males and that the peak incidence is 30 to 49 years of 
age. Dr. Villalba provides a list of the 5 products already approved for prophylaxis of migraine  
in the United States.  She notes that other products are used off-label for this indication.  She 
states that because of insufficient response or tolerability issues, a substantial number of 
patients discontinue preventive treatment within 6 months.  According to the Sponsor, 
although 39-50% of migraine patients are candidates for prophylactic therapy, only 13% of 
United States patients with migraine are on prophylactic therapy.         

 Regulatory background and marketing history
Please refer to reviews by Dr. Suhail Kasim and Dr. Villalba.   

2. Product Quality  
  Please refer to the CMC review.

3. Nonclinical Pharmacology/Toxicology
Please refer to the nonclinical reviews. Dr. Villalba notes that a toxicology study in 
cynomolgus monkey identified a potential risk of ophthalmic related events in a 3-month 
study, consisting of inflammation of ciliary vessels of the eye, although the finding was not 
reproduced in a 1-month study or in a 6-month chronic toxicity study.  In an email 
communication to me (April 16, 2018), Dr. Barbara Wilcox in the Division of Neurology 
Products clarified that the vascular inflammation noted in the 3 month monkey study was most 
likely due to immunogenicity.  She wrote that immunogenicity in animals is not considered to 
be predictive of the human response.  

Dr. Lois Freed, supervisory pharmacologist,  discusses in her memorandum that 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 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 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, it is 
unlikely that nonclinical studies of fremanezumab could be designed and conducted that would 
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provide useful information; therefore, no postmarketing study to further assess the 
cardiovascular safety of fremanezumab is recommended.

4. Clinical Pharmacology
Please refer to the Clinical Pharmacology review.  The following information regarding 
pharmacokinetics and pharmacodynamics is from of the Clinical Overview provided by the 
applicant and reflects the findings most relevant to safety.  

 Peak plasma concentrations occur 5 to 7 days after a single subcutaneous dose.
 Median elimination half-life is 31 days.
 The total drug accumulation ratio is 2.3 and 1.2 for monthly and quarterly regimens, 

respectively.   
 Steady state is expected to be achieved by approximately 6 months.  

5. Clinical Microbiology 
Not applicable.

6. Clinical/Statistical- Efficacy
Please refer to Dr. Suhail Kasim’s review of efficacy.

7. Safety
8.1 Safety Review Approach
Cohorts 1 through 7 were the pools agreed upon by the Sponsor and the Division during 
August 31, 2017, pre-BLA meeting for the analysis of fremanezumab clinical safety.  The 
pools have the following characteristics, as presented by Dr. Villalba: 

Safety cohorts as per original application in patients with migraine 
Cohorts Description Studies Safety Population*

1
All patients in the placebo-controlled phase 2 & 3 
studies for migraine (EM and CM) 

 021, 022, 049, and 
050 2563

2 All patients with CM in the placebo-controlled studies 021 and 049 1393

3 All patients with EM in the placebo-controlled studies 022 and 050 1170

4
All FRMB-treated patients in phase 2 & 3 studies for 
migraine (EM or CM) 

021, 022, 049, 050, 
and 051 2512

5 All FRMB-treated patients with CM    021, 049, and 051 1411

6 All FRMB-treated patients with EM  022, 050, and 051 1107

7 All patients in pivotal studies (CM or EM) 049 and 050 2004 
Source: ISS ADSL database, original submission. *Cohorts 1, 2, 3 and 7 include placebo patients. Placebo-

Reference ID: 4320823



Safety Team Leader Review
BLA 761089
Ajovy (Fremanezumab)

5

controlled studies: 12-week treatment with 4-week post-treatment FU (Completed). Study 051 double blind 
(no placebo) up to 48 weeks with 7.5-month post-treatment FU (Ongoing). (Half-life of FRMB is 31 days). EM: 
Episodic migraine.  CM: Chronic migraine.

Dr. Villalba primarily used Cohorts 1 and 4 throughout her review as do I.  The Cohort 7 results 
will be used for the common AE table. The placebo controlled studies included 12 weeks of 
treatment and 4 weeks of follow-up.  Study 051 included 48 weeks of treatment and 7.5 months of 
follow-up (ongoing).  I agree with Dr. Villalba’s use of “actual dose” by treatment group for 
treatment emergent AEs.  

The primary data (the safety population) in Dr. Villalba’s review and in this memo are from 
the migraine trials.  Supportive safety data include studies in healthy volunteers (n=262) and 
controlled trials in cluster headache that remain blinded.   

Study drug was administered by study personnel. 

In the controlled studies, up to 30% of patients could remain on other preventive migraine 
treatments and patients could take acute migraine treatments.  In Study 051, patients could 
remain on stable doses of up to 1 or 2 preventive migraine treatments (depending on whether 
they had rolled over from controlled trials) and could take acute migraine treatments.  
 

8.2 Review of the Safety Database
Adequacy of the drug exposure experience (i.e., the safety database)
The exposure to fremanezumab at relevant doses meets ICH criteria. However, Dr. Villalba 
notes that the only study with treatment beyond 3 months and follow-up beyond 1 month post-
treatment is Study 051 that is ongoing at the time of review.  At the time of the safety update 
report, 135 patients had at least 12 months of treatment and 5 months of follow-up exposure.  
Only 10% of the clinical trials population were male.  Six percent were 61 years of age or 
older.  In addition there was limited exposure overall in patients with cardiovascular risk 
factors.  As noted by Dr. Villalba, the size and demographics of the database and the duration 
of exposure would not address theoretical cardiovascular safety concerns and may not reflect 
the migraine population in the United States.   

A total of 2511 patients were exposed to fremanezumab in Phase 2 and 3 migraine trials 
(Cohort 4).  In addition to patients who received doses considered for this application (225 mg 
monthly with or without 675 mg loading dose, and 675 mg quarterly), 96 patients received 657 
mg monthly and 86 patients received 900 mg monthly.  

The table below, extracted from Dr. Villalba’s review, shows duration of exposure in Cohort 4 
at through the Safety Update.  The exposure at relevant doses in the migraine population 
exceeds ICH guidelines of 1500 patients total, 300-600 patients for 6 months, and 100 patients 
for 1 year.    

Duration of Exposure in Migraine trials, through the  Safety Update  
Dosage Number of patients exposed to FRMB

(Number of patients exposed to FRMB who completed V151)
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≥ 1 dose ≥ 6 months ≥ 12 months ≥15 months
225 mg monthly with or 
without 675 mg loading 
dose

N=1263
(550 received 
225 mg monthly)

N=861 (n=103) N=398 (n=67) N=76 (n=0)

675 mg quarterly N=1086 N=869 (n=104) N=377 (n=68) N=62 (n=1)

Total N=25122 N= 1730 (n=207) N=775 (n=135) N=138 (n=1)
1Five half-lives (7.5 months) post-dose
2 Total dose includes 675 mg monthly and 900 mg monthly in phase 2 studies; includes 1 subject randomized to 
placebo who received a dose of fremanezumab 225 mg at 1 visit.

For the Cohort 1 placebo-controlled migraine trials, the median age was 42 years (range 18 - 
71 years; 6% were 61 years of age or older), 87% of patients were female and 80% were white.  
Dr. Villalba notes that gender and age distribution was similar across treatment groups.  For 
the doses proposed for clinical use, approximately 10% of patients were black, 7-10% were 
Asian, and 89% were non-Hispanic or Latino.  Most patients were in North America (82%).  
Dr. Villalba notes that limited information in non-white subjects and in adults older than 65 
years is unlikely to allow adequate assessment of the effects of race and age on the safety of 
fremanezumab. I also note the small exposure in men and the discrepancy between the female 
to male ratio of more than 6:1 in this clinical trials database compared to the reported 
prevalence of 3:1 for female vs male that Dr. Villalba cites.

Dr. Villalba notes that the percentage of patients with cardiovascular risk factors was similar in 
the fremanezumab and placebo groups, but that a medical history coded to the Cardiac 
disorders SOC was reported only in 4% and 3%, respectively, of patients in those groups.  She 
notes that approximately 14% of patients in each group had a history coded to the Vascular 
disorders SOC (e.g., hypertension-related terms, Raynaud’s phenomenon, and hypotension) 
.  Dr. Villalba cites the 2009 American Migraine Prevalence and Prevention longitudinal study 
in the US in which 35% of migraine patients had a history of hypertension, 15% had a history 
of diabetes, and 40% had a history of high cholesterol.4   Dr. Villalba reports that only 10% of 
patients in the fremanezumab database had a history of hypertension, 2% had a history of 
diabetes, and 4% had a history of  hypercholesterolemia.  Dr. Villalba notes that the size and 
duration of the database would not address potential cardiovascular safety concerns.  

8.3 Adequacy of Applicant’s Clinical Safety Assessments
Clinical Assessments appear to have been adequate.  Dr. Villalba and the JumpStart team from 
the Office of Computational Science identified discrepancies in exposure; these have been 
corrected.  Dr. Villalba notes that categorization of adverse events was adequate in general. 
Routine clinical tests and testing schedule appear to be adequate, although as Dr. Villalba 
notes, orthostatic changes in heart rate and blood pressure would be reasonable to collect but 
were not evaluated.

4 Lipton et al.  Framingham-based cardiovascular risk estimates among people with episodic migraine in the US 
population: results from the American Migraine Prevalence and Prevention (AMPP) study.  Headache 2017; 
57:1507-1521.
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8.4 Safety Results
Overall, there is no imbalance in serious adverse events (SAEs), slightly greater 
discontinuations due to adverse events (AEs), and greater treatment emergent  adverse events 
(TEAEs) in patients receiving fremanezumab compared to placebo, with some specific events 
occurring more in drug than placebo.

In this section I first discuss the deaths in the database.  Then I provide a general overview of 
the safety results regarding SAEs and discontinuations.   Next I discuss Submission Specific 
Safety Issues and then other significant adverse events, incorporating information from SAEs, 
Discontinuations, TEAEs, and labs, as appropriate. That is followed by a summary of TEAEs.  
I finish Section 8.4 with a summary of the other issues discussed in Dr. Villalba’s safety 
review (including laboratory values, vital signs and electrocardiograms, immunogenicity, and 
additional safety explorations). 

Deaths
Two deaths (2/1702; 0.11%) occurred in fremanezumab-treated patients in the placebo-
controlled migraine trials (Cohort 1) compared to 0 in placebo-treated patients.   These were 
the only deaths in the database. The deaths (a suicide and a sudden death in a patient with 
COPD and cardiovascular risk factors) do not appear clearly related to fremanezumab, but 
there is little known about the safety of CGRP inhibitors in patients with cardiovascular risk. 

In controlled study 049, subject CNS_30049_  was found dead 69 days after a single 
dose of fremanezumab 675 mg (followed by placebo doses on Days 29 and 55).  The subject 
was a 59 y.o. female with chronic migraine.  She reportedly had coffee with her husband in the 
morning and was supposed to meet with friends at 10 AM but did not show up to the meeting.  
She was a smoker and had a history of hypertension for 7 years treated with 
lisinopril/hydrochlorothiazide. At autopsy the main diagnoses were COPD and hypertensive 
atherosclerotic CV disease.  The lungs had “moderate edema and moderate centrilobular 
emphysema”.  Drug screen/toxicologic analysis showed multiple drugs including nicotine, and 
CNS depressants fluoxetine, tramadol (that has a Boxed Warning regarding respiratory 
depression and a Boxed Warning regarding concomitant use with other CNS depressants), and 
cyclobenzaprine, all within therapeutic range.  According to the CIOMS report the patient had 
been “battling with a cough for 2 weeks” and that “she was known to be non-compliant with 
her prescribed medications, which include an albuterol rescue inhaler and hypertensive 
medications”.  Dr. Villalba notes that neither a prior history of COPD, an adverse event of 
cough, or use of albuterol are recorded in the CRF.  The autopsy concluded that the patient 
died of COPD.  Dr. Villalba does not agree and considers this a sudden death, although she 
does not believe it appears to be directly related to fremanezumab.  I agree that there is not a 
clear link between this sudden death and fremanezumab.  I note that at approximately 2 half-
lives after drug administration, approximately 25% of the original dose would have been 
circulating; an exposure response relationship for an effect of CGRP antagonism on 
cardiovascular events, if any, has not been characterized.   I also agree that a question about 
relatedness cannot be answered until there is more information on the safety of CGRP 
inhibitors, particularly in patients with cardiovascular risk, and whether this is a theoretical or 
actual risk.  

Reference ID: 4320823
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In controlled study 050, the death in subject CNS-30050  was a suicide 110 days 
after the first and only dose of fremanezumab 675 mg in a patient treated with venlafaxine 
(indicated for depression, anxiety disorder, and panic disorder).  The medical examiner 
concluded that the patient died from toxic effects of diphenhydramine caused by intentional 
overdose.   The patient had a negative eC-SSRS score throughout the study.  I agree with Dr. 
Villalba this does not appear related to fremanezumab.  

In summary, 2 deaths occurred in the fremanezumab controlled trials, approximately 2 months 
and 3.7 months after a single dose fremanezumab, and none in the placebo group.  The suicide 
death does not appear related to fremanezumab.  A sudden death/COPD in a patient taking 
several CNS/respiratory depressants and with a history of hypertension and hypertensive 
atherosclerotic cardiovascular disease does not appear clearly related to fremanezumab given 2 
months prior to the event, but the effects of CGRP antagonism in patients with cardiovascular 
risk has not been characterized.

SAEs and Discontinuations and TEAEs overall
Overall, SAES were few and there was not an imbalance in SAEs at the proposed to be 
marketed doses in the controlled trials although some specific SAEs did occur more frequently 
on fremanezumab than placebo as discussed below.  Discontinuations due to adverse events in 
the controlled trials generally occurred slightly more frequently in fremanezumab treated 
patients than in placebo-treated patients, driven by the 900 mg monthly dose group. 
Discontinuations in Cohort 4 occurred more frequently than in Cohort 1 (4% vs 2.1% overall), 
but there was no dose-response. In Cohort 1, TEAEs occurred slightly more frequently in 
fremanezumab treated groups than in placebo in general, and more frequently in the 675 mg 
quarterly or 675/225/225 mg groups than in the 225 mg monthly group.  TEAEs occurred 
more frequently in Cohort 4 than in Cohort 1, and in Cohort 4 they occurred more frequently 
in the 675 mg quarterly or 675/225/225 mg groups than in the 225 mg monthly group.

Patients with SAEs, Discontinuations Due to Adverse Events, or TEAEs  in Migraine Trials

 Cohort 1

 

Placebo
(N=861)
n (%)

FRMB 
225 
mg 
monthly
(N=386)
n (%)

FRMB 675 
mg 
quarterly
(N=667)
n (%)

FRMB 675/225/225 
mg 
(N=467)
n (%)

FRMB 
675
mg 
monthly
(N=96)
n (%)

FRMB 
900 
mg 
monthly
(N=86)
n (%)

FRMB  
TOTAL
(N=1702)
n (%)

All SAEs 14 (1.6) 5 (1.3) 6 (0.9) 6 (1.3) 2 (2.1) 2 (2.3) 21 (1.2)
Discontinuations 14 (1.6) 9 (2.3) 10 (1.5) 11 (2.4) 2 (2.1) 3 (3.5) 35 (2.1)
TEAEs 505 (59) 236 (61) 458 (69) 317 (68) 57 (59) 41 (48) 1109 (65)
 Cohort 4 

  

FRMB 
225 
mg 
monthly
(N=551)
n (%)

FRMB 675 
mg 
quarterly
(N=1086)
n (%)

FRMB 
675mg/225mg 
monthly 
(N=712)
n (%)

  FRMB  
TOTAL
(N=2342)
n (%)
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All SAEs  20 (4) 38 (3) 24 (3)   82 (4)
Discontinuations 24 (4.0) 46 (4) 27 (4) 97 (4)
TEAEs  410

 (74)
 910 
(84)

599
 (84)

  
2005 (80)

a Withdrawal from treatment because of AEs 
b Patients with at least 1 AE

Serious adverse events (SAEs)
As Dr. Villalba notes, SAEs were not frequent.  Although there is a slightly higher rate of events 
with the 675 mg and 900 mg monthly dose groups in Cohort 1, I agree with Dr. Villalba that the 
small numbers of patients preclude adequate comparison with the to-be-marketed doses or placebo 
in which SAEs occurred at similar rates among treatment groups.  Dr. Villalba shows that most 
SAEs occurred only in 1 patient. The most frequent were infections (0.2% in total fremanezumab 
and none in placebo), injury (0.2% for fremanezumab and 0.3% for placebo that included accident 
and fracture in both groups) and psychiatric disorders (0.2% including depression, suicide, suicidal 
ideation or suicide attempt, none in placebo)5. In Cohort 4, SAEs occurred at similar rates among 
treatment groups. The most commonly reported SAEs in all Cohort 4 were nervous system 
disorders (0.6% that included 3 cases of migraine/status migrainosus, and 1 each of 
cerebrovascular accident, seizure, hypoesthesia, perineurial cyst, transient global amnesia, and 
transient ischemic attack), infections  (0.5% that included 4 cases of pneumonia and 3 of 
appendicitis, 2 of diverticultis, 1 case of aseptic meningitis), injury (0.4% that included 4 cases of 
fracture [in 3 patients]  and 2 cases of fall), neoplasms (0.4%, most in the 675 mg quarterly group, 
included 3 melanoma, 2 thyroid cancer, and individual other neoplasms), gastrointestinal disorders 
(0.3%, including 2 ileal stenosis/ small intestinal obstruction) , psychiatric disorders (0.3% that 
included suicidal ideation, suicide attempt, suicide, and depression), reproductive and breast 
disorders (0.3% that included 5 ovarian cysts/mass or hemorrhagic/ruptured ovarian cyst), and 
vascular disorders  (0.3% that included 2 cases of hypertensive crisis, 2 of deep venous 
thrombosis, and 1 of venous thrombosis of the limb).  The ovarian disorders will be discussed in 
the Human Reproduction and Pregnancy section of my review and not under SAEs.

Dr. Villalba identified an SAE of “drug hypersensitivity” in a patient exposed to placebo (diplopia, 
peripheral edema, and dyspnea on Day 10 of the study, after having injection site erythema on Day 
1).  Whether or not it was an allergic reaction and whether it could have been related to an 
excipient is not known.  

Cardiac and Cerebrovascular SAEs
Please also refer to the summary discussion of risk on page 23 of this memo.  

Cohort 1
Dr. Villalba identified 2 patients with hypertensive crisis, both in Cohort 1.  Subject 

 was a 51 y.o. female with a history of hypertension for 32 years (treated 
with lisinopril) and a history of migraine with aura that had been worse in recent months 
(associated auras including memory loss, slurred speech, numbness and tingling to her right side, 
motor deficits) treated with rizatriptan and sumatriptan for acute treatment and topiramate (taken 
concomitantly for prevention) and who had a SAE of hypertensive crisis.  Other concomitant meds 

5 Dr. Villalba notes a history of psychiatric disorders  including depression, depressive mood, and related terms in 
approximately 40% of patients on either fremanezumab or placebo.
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included ibuprofen and tramadol.   On days 1 and 29, her blood pressure was 151/89 and 159/91 
mm Hg , respectively.  On day 31, one day after the 2nd dose of fremanezumab (225 mg monthly 
group) she had a migraine episode as described above with severe headache and a blood pressure 
of 232/114 mm Hg on presentation to the emergency room after self-treating with rizatriptan, 
ibuprofen, and tramadol according to the CIOMS form.  She was treated with clonidine (as 
reported on p. 121 of the ISS).  The events resolved the following day.   The following 
considerations make it difficult to determine the cause of the hypertensive crisis: 1) whether the 
patient had been compliant with antihypertensive medication was not reported, 2) the triptans 
have warnings about rare reports of hypertensive crisis, 3) as Dr. Villalba notes, increased blood 
pressure could be associated with pain, 4) the event apparently resolved even while the plasma 
concentration of fremanezumab would have been increasing given the pharmacokinetics and tmax 
that reportedly occurs at 5-7 days.  I agree with Dr. Villalba that a contribution of CGRP 
inhibition cannot be ruled out, although it does the event does not seem likely caused by 
fremanezumab. 

Subject  was a 70 y.o. female with a 3-year history of hypertension, 
hypercholesterolemia, and myocardial infarction, a history of cutaneous lupus, and 
hypothyroidism, and a 40 year history of migraine who had a SAE of hypertensive crisis. 
Concomitant meds for blood pressure included carvedilol, losartan, and prn nitroglycerin.   On Day 
1 her blood pressure was 138/82, prior to a dose of 675 mg fremanezumab.  On Day 27 she had 
blood pressure up to 215/105 that came down to 66/37 with treatment.  She was hospitalized with 
chest pain responsive to nitroglycerin; ECG, CK troponin, and D-Dimer were negative.  Dr. 
Villalba notes that carvedilol had not been given the day before, and hospital records showed 
similar episodes prior to this one.  On the morning of Day 28 her blood pressure was 123/66 and 
she was discharged on metoprolol.  She received the 2nd and third doses of fremanezumab (225 mg 
each on Days 29 and 56) without further AEs.  Plasma concentrations of fremanezumab were not 
collected during this period.  The following considerations make it difficult to determine that 
fremanezumab was the cause of the hypertensive crisis: 1) there is some question regarding 
compliance with antihypertensive medication, 2) the patient had a history of similar events, 3) the 
event occurred on Day 27 although tmax is said to occur at 5-7 days after a single subcutaneous 
dose and at Day 27  approximately 60% of the drug would be expected to be circulating based on 
half-life,  4) the event apparently resolved (with treatment) by the following day, 4) she received 
another dose (although lower) 2 days after the event and again approximately 1 month later 
without recurrence and at those times fremanezumab would have been expected to accumulate; 
fremanezumab would be expected to be accumulating after the 2nd and 3rd doses.  However, I agree 
with Dr. Villalba that a contribution of CGRP inhibition cannot be ruled out.   

Cohort 4

Subject CNS_30049_  was a 62 y.o. female with a history of hypercholesterolemia and 
hypertension but was not treated with antihypertensive medications, who received placebo in the 
controlled phase of study 049 and fremanezumab 675 mg quarterly in study 051 (Days 1, 82, and 
168).  The patient had worsening hypertension from Days 216 to 218, after cholecystectomy with 
postoperative pain beginning on Day 216.  Blood pressure improved without specific treatment, 
and fremanezumab treatment was ongoing as of the report.  I agree with Dr. Villalba that this 
event was likely related to pain.
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Subject CNS_30049_  was a 62 y.o. female with a history of chronic migraine, 
hypertension (with evidence of hypertensive heart disease), hyperlipidemia, and MRI evidence of 
old ischemic changes in the brain, and taking concomitant meds that included sumatriptan.  Seven 
days after the 2nd dose of fremanezumab 675 mg (1 dose in Study 049 and the second dose in in 
051) she was diagnosed with a SAE of right frontal ischemic stroke (presenting with facial droop 
and slurred speech; MRI without contrast showed a 0.9 cm acute, non-hemorrhagic infarct in the 
frontal corona radiata), with blood pressure at the time of admission of 172 to 182/106 to 119 mm 
Hg.  She was treated with low dose aspirin, enoxaparin, atorvastatin, and losartan and discharged 
the following day.  According to the CIOMS form she had a history of hypertension but was taken 
off lisinopril when she had negative side effects; this was not well documented in the CIOMS 
form.  For this event that occurred approximately at tmax, I agree with Dr. Villalba that a role of 
fremanezumab cannot be ruled out.

Subject CNS_30051_  was a 58 y.o. female with a 40 year history of episodic migraine, a 
2 year history of hypertension, treated with concomitant meds of sumatriptan prn, nebivolol ( a 
beta-blocker for hypertension), amlodipine, and conjugated estrogens (taken for 8 years).  She had 
an SAE coded as transient ischemic attack with a diagnosis of “multiple ministrokes of mild 
severity” with MRI showing several small acute infarcts with no associated hemorrhage that 
occurred 26 days after the most recent dose of fremanezumab 225 mg (after 11 monthly doses); 
symptoms resolved within 24 hours.  There was no source of potential emboli identified, although 
the patient had a patent foramen ovale that could have been a source. The discharge diagnoses 
included cerebrovascular accident (suspected embolic event). I agree with Dr. Villalba that a role 
of fremanezumab cannot be ruled out.

Subject CNS_30051_  , with a family history of maternal grandmother having an 
aneurysm, had an intracranial aneurysm 63 days after the last dose of fremanezumab, that she had 
received quarterly for 4 total doses.  I agree with Dr. Villalba that this single event does not 
appear related to study drug.

Dr. Villalba also identified 3 patients with SAE of deep venous thrombosis in study 051 after 3-12 
doses of fremanezumab.  All 3 had risk factors, and I agree with her that they do not appear to be 
related to fremanezumab.  

Subject  in study 051 had pericarditis.  According to the safety update report (SUR), the 
event resolved and the dose was unchanged.  Dr. Villalba also identified ventricular extrasystoles 
categorized as an important medical event in the SUR in Subject  with a history of 
hypothyroidism and insulin resistance; the patient continued treatment and the event resolved after 
42 days, but the applicant states that ventricular extrasystoles could not be verified in ECG 
recordings. 

Suicidality SAEs
SAEs related to suicidality occurred in 3 patients on fremanezumab (0.2%) and none in placebo in 
the controlled trials (Cohort 1).  In addition to the completed suicide (deaths) these occurred in: 
Subject CNS_300049_  with a history of depression treated with citalopram and, whose 
husband had died 6 months prior to the event of suicidal ideation (after 2 doses of fremanezumab 
in the 675/225/225 mg group); Subject  with a history of depression, on 
aripiprazole before entry, who had attempted suicide by multidrug overdose on Day 43 after 2 
doses of fremanezumab (900 mg monthly). In Cohort 4, there were 3 additional cases of suicidal 
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ideation: Subject CNS_30050_  who had a history of hyperthyroidism for 2 years, and 
anxiety and depression for 12 years, as well as back pain treated with oral methylprednisolone on 
Days 8-14 who had suicidal ideation on Day 34 after 2 doses of fremanezumab 225 mg on Days 1 
and 28;  Subject CNS_30050_ with a history of depression for 11 years and a previous 
history of suicide attempt 10 years prior who had intentional overdose of olanzapine and suicide 
attempt on Day 28;  Subject CNS_30051_  with a history of depression, psychotic 
disorder, and sleep disturbance who presented irritability and worsened depression on Day 130, 
mild anger and confusion on Day 165, and severe suicidal ideation on Day 173, 89 days after the 
last dose.   I agree with Dr. Villalba that these events, in isolation and in patients with history of 
depression, do not appear related to fremanezumab. 

Malignancy SAEs
Dr. Villalba notes 8 malignancy SAEs, all in Study 051, 8 of them occurring 3-12 months into 
treatment.  Seven occurred in the 675 mg quarterly group and 1 in the 225 mg monthly group.  
Papillary thyroid cancer occurred in 2 female patients on fremanezumab 675 mg quarterly in the 
long-term extension study (051) included in Cohort 4.  Subject CNS_30049  diagnosed 
110 days after the second dose of 675 mg quarterly, and diagnosed also with parathyroid adenoma 
at the same time. CNS_30049_  had a family history of thyroid cancer and was diagnosed 
on Day 95 after the first dose.  This cancer is not uncommon; risk factors include radiation and 
genetics and family history.  It occurs most commonly in women.  It is difficult to determine 
whether these malignancies, occurring after relatively brief periods of exposure, could be related 
to fremanezumab.  Malignancies are discussed separately in Dr. Villalba’s review (Section 8.8.1) 
and in my memo.  

Infection SAEs  
Dr. Villalba notes that 12 patients had serious infections (including 4 pneumonia, 2 diverticulitis, 
and 3 appendicitis) in Cohort 4 (3 of those were in the placebo controlled period, none on placebo), 
occurring 7-462 days into treatment, with no evidence of dose response.   CNS_30051_  
had aseptic meningitis after 188 days of fremanezumab 675 mg quarterly.  She had been seen for 
an upper respiratory tract infection 13 days prior to the event.  She was also taking Lamictal since 
sometime in the prior calendar year, duration unknown;  it is associated with aseptic meningitis but 
usually within 1.5 months following initiation.  Dr. Villalba also notes a non-SAE of viral 
meningitis that did not lead to study discontinuation.   I agree with Dr. Villalba that individually 
none of the cases appear related to study drug.

Gastrointestinal SAEs
Dr. Villalba identified two SAEs of intestinal stenosis in study 051.  Subject 
CNS_30049_  presented intestinal stenosis on Day 202 after receiving monthly 
fremanezumab in study 051 (following placebo in 049, last dose of fremanezumab on Day 166).  
The patient had ileocolic resection and received 4 doses after surgery and  was diagnosed with 
Crohn’s disease 6 months later.  Medical history included intermittent constipation and diarrhea 
since 7 years old.  Subject CNS_30051_  with a history of ulcerative colitis with 
proctocolectomy with ileo-pouch anastomosis 6 years prior to entry, presented ileal stenosis on 
days 40 to 131 of quarterly fremanezumab, resolved after surgery, and patient continued with 2 
more doses as per protocol.  I agree with Dr. Villalba that these do not appear drug related.

Other SAEs

Reference ID: 4320823

(b) (6)

(
b
) 

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Safety Team Leader Review
BLA 761089
Ajovy (Fremanezumab)

13

Dr. Villalba provided details of the following single SAEs in Cohort 1 in patients taking 
fremanezumab:  Subject CNS 30050_  had a grand mal seizure 22 days after the last of 3 
doses of fremanezumab 225 mg monthly, approximately 17 days after the patient hit his head 
without loss of consciousness but with nausea for 2 days.  He had a prior concussion with loss of 
consciousness approximately 17 years earlier, and on Day 142 EEG showed generalized 
epileptiform discharges.  Concomitant meds included nortriptyline that has a warning about 
lowering the seizure threshold.   I agree with Dr. Villalba that a role for fremanezumab cannot be 
fully ruled out. 

Subject  had tremor and tachycardia 3 days after the second dose of 
fremanezumab 675 mg; concomitant medications included thyroid hormone replacement and 
amphetamine/dextroamphetamine.  Events resolved after treatment with lorazepam, 
diphenhydramine, and ketorolac.  I agree with Dr. Villalba this is probably related to taking 
amphetamines.    

Subject  had a diagnosis of anti-phospholipid antibody syndrome with 
symptoms beginning on Day 30 (receiving fremanezumab on Days 1, 29 and 58).  I agree with Dr. 
Villalba that this autoimmune syndrome, alone, is not likely to be caused by fremanezumab.
Subject CNS_30050_  with a history of multiple GI surgeries and Munchausen 
syndrome, had intestinal hemorrhage with anemia, gastritis, non-bleeding ulcer, sigmoid 
diverticuli, and hemorrhoids with symptoms beginning the day of the first dose.  I agree with Dr. 
Villalba that hemorrhage is unlikely related to fremanezumab.  

Dr. Villalba provided details of the following single SAEs in Cohort 4 in patients taking 
fremanezumab:
Subject CNS_30051_  experienced atrial fibrillation on Days 7 and 44 (with elevated 
blood sugar and blood pressure on Day 7 )  after 1 dose of fremanezumab 675 mg. Dr. Villalba 
notes  that a palpable thyroid was noted but there were no available TSH or T3/T4 levels.  I agree 
with Dr. Villalba that these events do not seem related to fremanezumab (sporadic and the event at 
44 days not consistent with the expected plasma concentration time course) but that it can’t be 
ruled out.  

Subject CNS_30051-  had a history of diabetes mellitus for 3 years and was taking several 
antidiabetic medications.  The patient started exenatide treatment (to treat diabetes) on Day 16 of 
fremanezumab treatment 225 mg and had 2 episodes of hypoglycemia (Days 30 and 32).  I agree 
with Dr. Villalba that the hypoglycemia is most likely not related to fremanezumab.  

Subject CNS_30050_  had a history of hypertension, type 2 diabetes mellitus, rheumatoid 
arthritis, hypothyroidism and high cholesterol treated with sumatriptan, nadolol, and metformin, 
who had transient global amnesia after exercising, 19 days after the 4th dose of fremanezumab. 
vital signs and labs, MRI and ECG were normal that day when transported to the hospital; event 
resolved the same day, and subject completed treatment without further occurrences.  Dr. Villalba 
notes that the main differential diagnoses are TIA (and this patient had CV risk factors) and 
hypoglycemia.  duration of the event compared to the long half-life of the drug, although I agree a 
role for the drug cannot be ruled out.  

Dr. Villalba reviewed the SAEs of carpal tunnel syndrome nerve compression, sciatica, perineurial 
cyst, hypoesthesia, and Parkinson’s disease in the Nervous System Disorders SOC in study 051 
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and did not believe that they appeared related to fremanezumab.  She also reported a case of 
hemiplegic migraine in a patient with a known history of hemiplegic migraine, and a case of status 
migrainosus that may have been due to lack of efficacy.  

Subject CNS_30050_  reported a pregnancy 21 days after the last of 4 doses of 
fremanezumab; no fetal heart beat reported on Day 127. I agree that the role of fremanezumab 
cannot be ruled out, although in the general population approximately 16% of clinically 
recognized pregnancies results in fetal loss6.  

Dr. Villalba identified Subject , a 36 y.o. male with history of aortic valvular 
insufficiency, thoracic aneurysm, and Ehlers-Danlos syndrome (a connective tissue disorder that in 
some types can cause rupture of blood vessels) who had aggravation of abdominal aneurysm four 
weeks after a single IV does of fremanezumab that resolved with surgical repair.  I agree that 
Ehlers-Danlos may have predisposed the patient to this event, but fremanezumab cannot be ruled 
out.

Subject CNS_30049_  was a 27 y.o. female with a history of myopia for > 10 years who 
had a SAE of bilateral macular degeneration on Day 105 of fremanezumab and non SAEs of rental 
cyst of left eye and cataract on right eye after 4 doses, and a non-SAE of partial retinal detachment 
of the left eye on Day 138.  She received 3 more doses.  The retinal detachment resolved on Day 
167 without specific treatment.  Ophthalmologic AEs were reviewed by Dr. Wiley Chambers.  
Please refer to his review and to page 25 of this memo.

Dr. Villalba also noted a SAE of worsening autoimmune hepatitis in subject  after 
a single dose of fremanezumab in a subject who reported had a history of autoimmune hepatitis.  
Supportive evidence for the previous diagnosis of autoimmune hepatitis or evidence to rule out 
other potential causes of increased liver enzymes was not provided.  

Dr. Villalba notes there were no SAEs of aplastic anemia, pancytopenia, rhabdomyolysis, Stevens 
Johnson Syndrome, Toxic Epidermal Necrolysis, Drug Reaction with Eosinophilia and Systemic 
Symptoms (DRESS), liver failure, or renal failure in the database. There was 1 SAE of pancreatitis 
and 1 of anaphylaxis in blinded study 30057 in cluster headache.

Discontinuations
In Cohort 1 (controlled trials), 49 patients discontinued or were withdrawn from studies 
because of an adverse event (35 on fremanezumab and 14 on placebo).  As shown in the table 
above, the rates were slightly greater for fremanezumab than placebo.  As Dr. Villalba notes, 
there was no obvious dose response among treatment groups, except for the 900 mg group. 

The most common AEs leading to discontinuation among fremanezumab patients were 
injection site reactions.  (General disorders and administration site SOC discontinuations were 
0.9% for fremanezumab overall vs 0.5% in placebo in Cohort 1, driven by injection site 
reactions). Psychiatric reactions AEs led to discontinuation in 0.4% of fremanezumab patients 
vs 0.2% in placebo patients.  These included anxiety (2), depression (2), suicidal ideation (1), 

6 Guidance for Industry: Establishing Pregnancy Exposure Registries. https://www.fda.gov/ucm/groups/fdagov-
public/@fdagov-drugs-gen/documents/document/ucm071639.pdf
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and suicide attempt (1) for fremanezumab and disorientation and suicidal ideation (1 each) for 
placebo.  Other AEs resulting in discontinuation that occurred in more than 1 patient in 
fremanezumab and greater than placebo in Cohort 1 included abdominal pain and diarrhea in 2 
patients each in fremanezumab and none in placebo, anxiety and depression in 2 patients each 
in fremanezumab and none in placebo, and pruritus in 3 patients in fremanezumab and none in 
placebo.   

Dr. Villalba notes that AEs leading to withdrawal in Cohort 4 were consistent with those in 
Cohort 1, with the most common being injection site reactions (General disorders and 
administration site SOC discontinuations were 1.4% for fremanezumab overall driven by 
injection site reactions) followed by AEs in the Investigations SOC (0.7% overall) and the 
Nervous system disorders SOC (0.6% overall).  

Selected AEs resulting in discontinuation are discussed below.

Dr. Villalba notes that one patient on placebo had an AE of  injection site urticaria resulting in 
discontinuation.  I agree that this discontinuation in addition to the SAE of hypersensitivity on 
placebo could suggest that an excipient may be allergenic.  

Dr. Villalba notes in particular the following AEs resulting in discontinuation:

Worsening hypertension approximately 1 month after a single dose of 675 mg with no further 
doses administered (CNS_30049_ ). Dr. Villalba believes that fremanezumab may 
have played a role.  I agree that a role for fremanezumab cannot be ruled out, although I also  
note the elevated measurement at screening :

Screening 151/97 mm Hg
Day 1 (pre-dose) 124/87
Day 27 159/105
Day 29 167/103

Other cardiac disorders resulting in discontinuation (reported in Cohort 4) included:
Aortic, mitral, and tricuspid valve incompetence on Day 113 (after 5 doses) in subject 
CNS_30050_  who had unexplained transient pedal and ankle swelling 2-3 months 
prior to study entry; I agree this appears unrelated to fremanezumab treatment.  
  

Angina pectoris (CNS_30049_ ) on 
Day 116 (of Study 051, 8th dose; 225 mg monthly 
in study 051 after 675/225/225 in study 049) 
subsequent to Moderate elevated blood pressure 
on Day 89 (of Study 051, 7th dose) that led to 
starting amlodipine on Day 94 in a 46 y.o. female 
without cardiac risk factors that were identified.  
I have plotted the blood pressure values from the 
narrative in the Study 051 clinical study report.  
Dr. Villalba notes no history of hypertension 
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including in study 049, although I also note elevated systolic on Day -82 (and Day 80), prior to 
treatment with amlodipine.  
Concomitant medications included nutritional supplements and acetaminophen/aspirin/caffeine 
and the patient had a history of hysterectomy approximately 7 years prior to the study. Angina 
on day 198 lasted 3 hours and resolved without treatment.  The blood pressure values in study 
51 are variable, and it is not clear whether fremanezumab may have played a role.  Dr. Villalba 
notes that this is the 2nd case of Angina in the database.  A role of fremanezumab in angina 
cannot be ruled out, although it is difficult to reconcile the rapid time course of resolution with 
the duration of action of fremanezumab, especially considering that it was likely to have been 
at steady state concentrations at that time. The role of decreased availability of CGRP and the 
contribution of CGRP and any other vasoactive ligands or receptors involved in homeostasis 
in contributing to a short term event such as this is not known.

A non-SAE of chest pain and dyspnea (CNS 30049_ ) on Day 128 of fremanezumab 
657 mg quarterly, 44 days after the 3rd and last dose of fremanezumab in a 28 y.o. female with 
a 10 year history of chronic migraine.  Medical history included anxiety.  Concomitant 
medications included APAP/aspirin/caffeine and alprazolam as needed.    The patient did not 
receive treatment for the events.  The events had not resolved by Day 160, 76 days after the 
last dose. Dr. Villalba identified another non-SAE of chest pain resulting in discontinuation;  
the event resolved, and was not considered to be drug related (CNS_30049 .  Dr. 
Villalba notes that neither patient had a cardiac workup but were assessed at the ER as being 
caused by anxiety.   A clear role for fremanezumab is not apparent.  

Dr. Villalba notes a discontinuation due to QT prolongation (CNS_30050_ ) that I 
agree, in isolation, does not appear to be drug related.  

Ear and Labyrinth disorders leading to discontinuation
Dr. Villalba identified 1 patient who discontinued due to tinnitus and vertigo on Day 20 of 
fremanezumab 675 mg quarterly in Cohort 1.  Tinnitus did not resolve and vertigo resolved on 
Day 26.  In cohort 4 an additional case of vertigo (on day 1 of fremanezumab 675 mg, resolved 
on Day 28) led to withdrawal. Although there are 2 cases in the database, it is difficult to know 
whether they are related to fremanezumab.  

Ophthalmologic AEs leading to discontinuation
Bilateral retinal detachment (Subject CNS_30049_ , 44 y.o.) on Day 29 after a single 
dose of fremanezumab and posterior vitreous detachment (Subject , 
47 y.o.) on Day 29 after 2 doses of fremanezumab were reported in Cohort 1.  The patients had 
no obvious risk factors for those events (risk factors include age > 50 y.o., previous retinal 
detachment, family history, extreme myopia, previous eye surgery, previous severe eye injury, 
previous eye disease or inflammation for retinal detachment7 and age > 50 y.o., myopia for 
posterior vitreous detachment8).  I agree with Dr. Villalba that an association with 

7 https://www mayoclinic.org/diseases-conditions/retinal-detachment/symptoms-causes/syc-20351344
8 https://nei.nih.gov/health/vitreous/vitreous
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fremanezumab cannot be ruled out. Dr. Wiley Chambers, in an ophthalmology consult, also 
agreed that relationship to the drug product cannot be ruled out.  

Depression AEs leading to discontinuation  
Depression AEs led to discontinuation in 2 patients in Cohort 1.  Subject 
CNS_30050_  with a history that included depression and recent discontinuation of 
methylphenidate treatment, with negative eCSSR-S at all visits who developed anxiety, 
depression, worsening of fatigue, mood swing, diarrhea, and right breast pain 8 days after the 
first fremanezumab dose, and subject CNS 30050_  with a history of Munchausen 
syndrome who developed depression on Day 10 after a single dose of fremanezumab.  I agree 
with Dr. Villalba that these events do not appear related to fremanezumab.  

Administration site reactions leading to discontinuation
D. Villalba shows that a similar percentage of patients discontinued drug because of an 
administration site reaction in the fremanezumab (1% overall) and placebo (0.5%) groups in 
cohort 1. She notes that events consisted of injection pain, erythema, rash, induration, and/or 
itching and that none was serious, most were mild to moderate in intensity, and there was no 
evidence of dose response among fremanezumab treatment groups.  Mean time to onset 
leading to discontinuation was 17 days (range 1-35 days).  In Cohort 4, 27 patients 
discontinued treatment because of injection site reactions similar to those in Cohort 1, also 
with no dose response observed.  The onset was 1-294 days into treatment (mean 67 days, 
median 30 days), most were mild to moderate.  One patient with a history of impetiginous 
eczema had mild allergic rashes on Day 14 (and also day 30) treated with oral corticosteroid 
treatment.

Hypersensitivity/allergic AEs leading to discontinuation
In Cohort 1, Dr. Villalba notes 2 AEs of pruritus leading to discontinuation, one of which also 
had a rash, starting after the first or second dose of fremanezumab.  She also notes an AE of 
hypersensitivity after the 2nd dose, treated with diphenhydramine and methylprednisolone 
leading to discontinuation but no other details in an individual with a history of environmental 
allergies.  She notes 1 AE of exacerbation of asthma, 7.5 hours after 1 dose of fremanezumab, 
leading to discontinuation.  Three additional cases of hypersensitivity (2 of urticaria that 
occurred 3 hours after the 4th dose in 1 case and Day 2 after a single dose in the other case; 1 
patient with allergic pruritus on Day 201-211) were identified in Study 051.  The role of 
fremanezumab in these events cannot be ruled out.  

The following selected discontinuations occurred in Cohort 4 (Study 051).

Investigations leading to discontinuation
Dr. Villalba notes that adverse events leading to discontinuation in the Investigations SOC 
included liver enzyme elevation, ammonia level increased, and weight increased.  There was 
also 1 discontinuation for CPK elevation on Day 191 of fremanezumab quarterly treatment 
that resolved after 10 days.  

Liver enzyme elevations 
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There were no AEs of liver enzyme elevation in Cohort 1 that led to discontinuation.  In 
Cohort 4 Dr. Villalba identified 8 AEs of liver enzyme elevation that appear to have led to 
discontinuation (7 listed by sponsor).

The following 6 cases were confounded by concomitant administration of multiple 
medications associated with transaminase elevations.  I agree that these events are not likely 
due to fremanezumab, although a role for fremanezumab can’t be ruled out.  

 Subject CNS_30050_  had elevations of ALT eventually to > 8X 
ULN, and elevations in AST, GGT, but not bilirubin, beginning in  Study 051, 
18 days after having received her 2nd dose of fremanezumab..  Subject had also 
received 3 other drugs associated with liver toxicity: tizanidine (beginning 6 
months prior to entering 051) and fluoxetine (beginning 1 week before entering 
Study 051) and received terbinafine on Days 8-15.  Fremanezumab was 
discontinued, and the event had not resolved at the time of data cutoff (at least 
93 days after the last dose).   I note that terbinafine hepatotoxicity generally 
resolves 3-6 months after discontinuation.9 

 Subject CNS_30051_  had ALT > 3X ULN on Day 191 (after 7 doses 
of fremanezumab), 1 day after starting azithromycin for pneumonia, and 
subsequent to acetaminophen and consumption of alcohol.  Transaminases 
normalized on Day 212. Azithromycin (with an onset that can be 1-3 days)8 as 
well as acetaminophen8 or alcohol10, alone or in combination, can be associated 
with increased transaminases.

 Subject CNS_30051_ , with a history of hypothyroidism, had ALT 
and AST levels ≥3 × ULN after 144 days of fremanezumab 225 mg monthly 
exposure, which led to drug discontinuation and which had not resolved at day 
286.  The patient was taking multiple medications including atenolol, 
topiramate, suvorexant, frovatriptan, oral contraceptives, cetirizine, and 
montelukast that have rarely been linked to drug induced liver injury.8    

 Subject CNS_30050_  had ALT and AST >10X ULN, 3 weeks after 
the last of 5 doses of fremanezumab.  The patient had also taken a supplement 
containing chaparral that is associated with acute liver toxicity that he stopped 2 
weeks before the event.  Enzyme elevation resolved 49 days later.

 Subject CNS_30051_  had elevated ALT and AST < 3X ULN, with 
non-alcoholic fatty liver reported on Day 267, 43 days after the last of 4 doses 
of fremanezumab quarterly. He had a non-SAE of “undifferentiated connective 
tissue disorder” treated with hydroxychloroquine.  On Day 377 a liver biopsy 
showed moderate to marked steatosis with mild inflammatory activity 
consistent with steatohepatitis; treated with ursodeoxycholic acid, and increased 
ALT resolved on Day 413.  Medications can cause steatohepatitis8, although the 
patient was not taking medications most often associated with it.  He was taking 

9 https://livertox.nlm.nih.gov//
10 Niemela O, Niemela M, Blogigu R, Aalto M, Laatikainen T.  PLOS, December 5, 2017. 
https://doi.org/10.1371/journal.pone.0188574 
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other medications associated with increased transaminases including 
nabumetone, propranolol, acetaminophen, and Serenoa repens (saw palmetto) 8.   

 Subject CNS_30050_  had liver function test abnormal on Day 141 of 
fremanezumab monthly.  The patient was also taking venlafaxine and 
pramipexole that have been associated with increased transaminases8.  

Subject CNS_30050_   had a mild increase in bilirubin 2X ULN on Day 92.  
Discontinued and outcome unknown.  Relationship to study drug is not known.

Subject  CNS_30049_  had elevated transaminases in the setting of serology 
positive for EBV (VCA) IgM, indicating recent EBV infection and infectious 
mononucleosis.   I agree that this does not appear to be drug related.

Ammonia level increased (51 umol/L; reference range 9-35 umol/L) identified 2 weeks after 
the 5th dose, with right upper abdominal pain beginning 2 weeks after the 3rd dose resulted in 
discontinuation in 1 patient taking multiple medications, and in the setting of normal liver 
function (51 umol/L; reference range 9-35 umol/L).  The patient was treated with 
dexamethasone, lactulose, and oral furosemide.  The events had not resolved four months after 
the last dose.  Concomitant medications are not those classically associated with increased 
ammonia levels.  However, I agree this isolated event (that had not resolved four months 
later) seems unrelated to study drug.  

Weight gain leading to drug discontinuation occurred in 4 patients (4-10 kg in 3 patients, 
change not reported in 4th patient).  Weight gain had not resolved at the time of last follow-up 
1-6 months after discontinuation.  Information on thyroid function was not reported and as Dr. 
Villalba notes, hypothyroidism could explain weight gain.  I agree that a role for 
fremanezumab cannot be ruled out.

Worsening migraine
Dr. Villalba notes 3 AEs of worsening migraine that led to discontinuation in Study 

051, that I agree likely do not represent adverse events related to study drug.  

Submission Specific Safety Issues

Dr. Villalba considers the following in her discussion of submission specific safety issues:
 Theoretical risk of cardiovascular adverse events
 Hepatic Injury (based on clinical data from small molecule CGRP inhibitors)
 Opthalmologic adverse events
 Suicidality and Depression
 Hypersensitivity

Cardiovascular Risk
Multiple published reports state that CGRP is a potent vasodilator.  A theoretical concern has 
been raised in the literature that inhibition of CGRP could impair adaptive/protective 
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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 Error! Reference source not found., above).    Dr. 
Villalba’s review did not find a clear cardiovascular risk to patients taking fremanezumab.  

I summarize the cases discussed by Dr. Villalba regarding deaths, cardiovascular or 
cerebrovascular events, and hypertension AEs (most were previously discussed under deaths, 
SAEs, and discontinuations) to consider cardiovascular risk from the combined available 
findings. 

As discussed above, one sudden death occurred (2 half-lives after a single 675 mg dose) in a 
patient with a prior history of hypertensive cardiac disease and underlying COPD (with 
autopsy diagnoses of COPD and hypertensive atherosclerotic cardiovascular disease), for 
which there is not a clear link between the sudden death and fremanezumab.  I note that at 
approximately 2 half-lives after drug administration, approximately 25% of the original dose 
would have been circulating.  

Dr. Villalba noted no reported cardiovascular or cerebrovascular thrombotic events in Cohort 
1.  However, as discussed under SAEs, in Cohort 1 she noted chest pain responsive to 
nitroglycerin that she considers a case of angina (in a patient with an SAE of hypertensive 
crisis, with a history of history of hypertension, hypercholesterolemia, and myocardial infarction), 
27 days after the first dose of fremanezumab 675 mg (that did not recur after 2 doses of 225 
mg).  She also noted 3 patients with SAE or discontinuations because of ischemic/thrombotic 
events in Cohort 4 (in addition to the patient noted in Cohort 1 with an SAE)

 ischemic stroke 7 days (approximately Cmax) after the second dose of FRMB 675 
quarterly (BP at the hospital was 182/119 mmHg) in a patient with a history of 
hypertension, hyperlipidemia, and MRI evidence of old ischemic changes in the brain, 
and taking concomitant meds that included sumatriptan; 

 transient ischemic attack after 11 doses of FRMB 225 monthly in a patient with a history 
of hypertension; 

 a non-SAE of angina pectoris lasting 3 hours and resolving without treatment, after 8 
doses of FRMB 675/225 (BP measurements are not available but she had recently 
started amlodipine for treatment of hypertension). A role of fremanezumab in angina 
cannot be ruled out, although it is difficult to reconcile the rapid time course of 
resolution with the duration of action of fremanezumab, especially considering that it 
was likely to have been at steady state concentrations at that time. 

Dr. Villalba also identified 3 SAE (3/2512, 0.1%) of deep venous thrombosis in patients with 
underlying risk factors. This number is within the background rate in the general population.11 
She notes that there were no reports of congestive heart failure.  

11 The background rate is approximately 1 case per 1000 persons in the general population, according to Spencer 
FA, Emery C, Lessard D, et al. The Worcester Venous Thromboembolism study: a population-based study of the 
clinical epidemiology of venous thromboembolism. J Gen Intern Med 2006;21:722-727.           
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Dr. Villalba provides an analysis of hypertension adverse events (hypertension, hypertensive 
crisis, pre-hypertension, blood pressure increased, blood pressure systolic increased and blood 
pressure diastolic increased).  In Cohort 1 she shows no difference in the rate of hypertension 
events among the to be marketed fremanezumab doses (0.9% total, 16 out of 1702 patients) or 
placebo (0.7%, 6 out of 861 patients).  She reports that 3 patients on fremanezumab and none 
on placebo had hypertension SAE or events leading to discontinuation.

In Cohort 4, 53 patients (2.3%) had hypertension AEs.  Three of these were serious or led to 
discontinuation, with an additional patient (who had an SAE of stroke with blood pressure of 
182/119) considered as an SAE by Dr. Villalba (but not by the Sponsor). Dr. Villalba also 
notes another patient with a preferred term of hypertensive crisis that was not considered an 
SAE and did not result in discontinuation (and there is no narrative and no further 
information).  There is little difference in the frequency among the dose groups (1.6% in 225 
mg monthly, 2.4% in 675 mg quarterly, and 2.5% in 675/225 mg monthly), although with 
modal dose 675 quarterly (3.8%) was slightly higher than 225 mg monthly (3.1%).  Dr. 
Villalba reports that in Cohort 4, the mean and median time to event was 141 and 114 days 
into FRMB treatment (range 5 to 365 days, one unknown).

Dr. Villalba finds no clinically meaningful trends in changes from baseline in vital signs (heart 
rate, systolic and diastolic blood pressure), or in ECG changes over measurements at protocol 
visits in Cohort 1 or differences between fremanezumab and placebo in outlier measurements 
for systolic or diastolic blood pressure in Cohort 1, but notes that these studies lasted only 3 
months.  Orthostatic blood pressure was not systematically measured.  In Cohort 4, Dr. 
Villalba found outliers in systolic blood pressure (>140 mm Hg) and diastolic blood pressure 
(>90 mm Hg) in up to 11% of patients who had outlier measurements on 2 or more visits, with 
2% of patients requiring initiation or a change in dose of a cardiovascular medication, with 
suggestion of a dose response, but notes that it is difficult to interpret these findings in the 
absence of a control group.  

I agree with Dr. Villalba that the current database does not show an obvious cardiovascular 
signal with fremanezumab.  As Dr. Villalba notes, there were few patients with underlying 
cardiovascular risk in the database and I agree that the database would not be sufficient to 
evaluate a theoretical cardiac risk of CGRP antagonism. 

Liver Injury
I agree with Dr. Villalba that there is no evidence of a significant risk of liver injury with 
fremanezumab.  A small number of patients had liver-related AEs resulting in discontinuation 
and a small percentage presented with ALT/AST > 3X ULN, but the cases were confounded 
by use of other potentially hepatotoxic medications.  A case of worsening autoimmune 
hepatitis did not have sufficient information to evaluate a relationship to fremanezumab.  Dr. 
Villalba notes there were no Hy’s law cases. 

Ophthalmologic AEs
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As Dr. Villalba notes, because of findings in non-clinical studies, AEs in the Eye disorders 
SOC of moderate or severe intensity were considered AEs of special interest.  As previously 
noted, ophthalmologic AEs in clinical trials included bilateral retinal detachment, vitreous 
detachment, and retinal tears, as well as a case of unilateral blindness (Subject  
attributed to visual aura related to migraine by a consultant ophthalmologist).  The 
ophthalmologic cases were reviewed by Dr. Wiley Chambers, Supervisory Medical Officer, 
Ophthalmology.  He concluded that the relative seriousness of each ocular event and the 
potential relationship to the drug product cannot be ascertained based on reports from the 
investigator or the applicant.  Dr. Chambers recommends adding ophthalmic adverse events 
that he considers potentially related (blurred vision, cataracts, double vision, dry eyes, iritis, 
retinal hole/tear, retinal detachment, and retro-orbital pain) to section 6.1 of the labeling.  Dr. 
Villalba notes, however, that cataracts were observed at the same rate on placebo or 
fremanezumab in Cohort 1, and that in cohort 1 there were no cases at the to be marketed 
doses.  She also notes that in cohort 4, the incidence of cataracts was no greater than in 
Cohort 1. I agree with Dr. Villalba not to include cataracts in section 6.1. Overall, these 
events occurred at a frequency of less than 1%.  These events are distinct entities and may be 
common in the population.  It is difficult to assign causality to the use of fremanezumab. 

Suicidality and Depression
Dr. Villalba has included suicidality and depression as a submission specific safety issue.   As 
discussed in SAEs, Dr. Villalba identified 4 events of suicidality in Cohort 1 (3 on FRMB  
[0.2%] and 1 on placebo 0.1%]) and a total of 9 in Cohort 4 (including the 3 patients in Cohort 
1, 3 that were SAEs, and 3 non-SAEs), with an additional patient who reported suicidal 
ideation in the eCSSRS at one visit but was not captured as an AE.  As discussed previously, I 
agree with Dr. Villalba, that individually, review of cases for whom narratives were available 
(SAE and AE leading to discontinuation, all of whom had a history of depression or suicidal 
behavior) did not suggest a relationship to study drug. 

Dr. Villalba reports that the risk of suicide and self-injurious behavior in Cohort 1 was 0.2% 
on FRMB (all doses) and 0.1% on placebo, and that the overall risk in Cohort 4 was 10/2512= 
0.4%. The risk by treatment group  was 0.2% on FRMB 225, 
0.3% on 675/225 monthly, 0.6% on 675 quarterly.

Dr. Villalba finds the risk of depression AE in Cohort 1 (depression, major depression, 
dysthymic disorder, depressive mood) was 0.5% on placebo and 0.6% on FRMB all doses. A 
total of 33 events of depression were reported in Cohort 4 with an overall incidence of 1 % 
among to-be-marketed doses (0.9 to 1.4%) and 2.3% in the FRMB 900 monthly group.  Dr. 
Villalba notes that according to the American Migraine Foundation, 25% of patients with 
migraine have depression.  I agree that the risk of depression among patients taking FRMB is 
well within expected among patients with migraine.

I agree with Dr. Villalba that there does not appear to be an increased risk of depression or 
suicidality among patients treated with FRMB at to-be- marketed doses. 

Hypersensitivity
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The Sponsor, in the ISS, acknowledges the potential risks of autoimmunity and 
hypersensitivity from administration of therapeutic proteins.  As previously noted, Dr. Villalba 
identified 7 cases of pruritus, urticaria, hypersensitivity, or asthma exacerbation that led to 
discontinuation in patients taking fremanezumab, some of which were treated with 
corticosteroids.  She identified a case of angioedema that occurred 1 month after the last dose 
of fremanezumab in a patient who had intermittent urticaria and angioedema for 6 months 
since the time the patient started taking fremanezumab; it is difficult to know how that is 
related to fremanezumab.  Dr. Villalba also notes 1 case of anaphylaxis in a still blinded study 
in Cluster Headache.  There was no imbalance in SAE or AEs leading to drug discontinuation 
in the controlled trials.       I agree with Dr. Villalba that appropriate labeling may reduce the 
risks of potentially serious outcomes of hypersensitivity reactions.   

Significant Adverse Events  
Dr. Villalba notes that the percentage of patients with severe AEs was similar in placebo and all 
fremanezumab treatment groups (3.7% and 3.9%, respectively) in Cohort 1.  The largest 
differences were related to injection site pain (1.2% for placebo vs 1.6% for fremanezumab).  She 
also notes a difference in severe AEs in the Infections and infestations SOC (0.1% for placebo vs 
0.5%) for fremanezumab, although she notes that individually, infections did not appear related to 
study drug.   She notes no consistent trend for dose response for severe AEs other than Injection 
site reactions with a higher frequency in the 675 mg quarterly group (2.5%) compared to 225 mg 
monthly (0.5%) or 675 loading dose/225 monthly (1.7%).    

In Cohort 4, approximately 8% of patients across dose groups had at least 1 severe event.  The 
preferred terms with the highest frequency were injection site pain (severe Injection site reactions 
HLT were reported in approximately 3-4% of patients across dose groups).  Four cases of creatine 
phosphokinase (CPK) increased were reported on days 3-191 of treatment; three resolved without 
discontinuation of therapy (after 10 days to 2 months of onset).  I agree the increased CPK does 
not appear to be related to fremanezumab. Dr. Villalba notes that there were no cases of 
rhabdomyolysis or myopathy in the database.      

Dr. Villalba identified 2 non-SAE of acute kidney injury in the database.  One ( ) was 
associated with high creatine phosphokinase and strenuous exercises after 15 doses of 
fremanezumab 225 mg monthly; labs returned to normal at the next routine visit and the patient 
continued treatment without further increase in creatinine.  I agree this does not appear to be 
related to fremanezumab.  Subject  had a moderate increase in creatinine noted during an 
emergency room visit for an allergic reaction, 1 month after the last dose of fremanezumab.  The 
patient did not have symptoms of renal insufficiency and lab values returned to normal at the 
following routine visit. I agree with Dr. Villalba that the relationship to fremanezumab is not 
clear.    

Treatment Emergent Adverse Events and Adverse Reactions
The most commonly reported TEAEs in the migraine trials (at least 5%, using the pooling 
strategy suggested to ODE I by Dr. Ellis Unger) were injection site reactions and viral 
infections. In controlled trials in migraine, injection site reactions occurred in 41% to 42% for 
fremanezumab across dose groups vs 35% for placebo.  Viral infections occurred in 3% to 5% 
in fremanezumab overall vs 2% for placebo.    
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Dr. Villalba provided tables of the most common AEs (at least 2% in any dose group and 
greater in any dose group than placebo) in Cohort 7 (the 2 pivotal controlled studies).   She 
provides the Sponsor’s table as well as a table using her own analysis of pooling terms.    

The adverse events reported in at least 2% in any fremanezumab dose group and at least 2% 
greater than placebo in migraine controlled trials in Cohort 7 that includes the two pivotal 
studies are as follows: 

Placebo
N=668

225 mg monthly
N=290

675 mg 
quarterly
N=667

675mg LD/225 
mg monthly
N=379

Injection site reactiona 38% 45% 46% 48%
a Including: injection site pain, induration, erythema, hemorrhage, pruritus, rash, swelling, urticaria, bruising, 
warmth, dermatitis, discomfort, hematoma, hypersensitivity, hypoesthesia, inflammation, nodule paresthesia 
and edema

In Cohort 4, Dr. Villalba shows that the risk of all adverse events was higher on 
fremanezumab quarterly and on 675/225 mg monthly (84% each in the safety update report) 
than in fremanezumab 225 mg monthly (74%).  The Sponsor’s Table 13 in the safety update 
report (SUR) did not show a time-dependence for adverse events in Cohort 4 in comparing 
adverse events from 0 to less than 1 month and 3 to ≤ 12 months.

Dr. Villalba shows TEAEs reported by MedDRA SOC Cohort 4.  She notes that in Cohort 4, 
in addition to a lower incidence of injection site reactions, the 225 mg monthly dose may have 
a more favorable safety profile than the other doses, based on differences in some SOCs.  I 
have extracted those Adverse Events reported in at least 5% from the Sponsor’s March 22, 
2018, response to an information request as shown in the table below.  
 
Adverse Events (by MedDRA High Level Term or Preferred Term) in at least 5% of 
fremanezumab-treated patients in Cohort 4 as reported by Sponsor in response of 
3/22/18
High Level Term or 
MedDRA Preferred Term

225 mg monthly
N=551

675 mg 
quarterly
N=1086

675mg LD/225 
mg monthly
N=712

Injection site reaction 278 
(50%)

609 
(56%)

392
(55%)

Upper Respiratory Tract 
Infections

109 (20%) 292 (27%) 161 (23%)

Musculoskeletal and 
connective tissue pain and 
discomfort

37 (7%) 76 (7%) 45 (6%)

Lower respiratory tract and 
lung infections

25 (5%) 45 (4%) 32 (4%)

Urinary Tract Infections 29 (5%) 79 (7%) 37 (5%)
Viral Infections (NEC) 19 (3%) 50 (5%) 28 (4%)

Laboratory Findings   
Dr. Villalba does not find clinically meaningful differences or consistent trends between 
fremanezumab and placebo in changes from baseline in laboratory parameters (chemistry, 
hematology, coagulation, and urinalyses) in the clinical development program.    She also does 
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not find clinically meaningful changes or consistent trends in Cohort 4 in the original 
submission or from the results of study 051 presented in the SUR.  

In Cohort 1, Dr. Villalba finds a small higher risk of ALT > 3X ULN among patients in the 
675/225 mg monthly group (2%) compared to 225 mg monthly (none), 675 mg quarterly 
(0.5%), or placebo (0.3%).  She notes that none was associated with bilirubin > 2X ULN.    
The overall rate for ALT > 3XULN in Cohort 1 was 0.8%.  She notes that cases of elevated 
liver enzymes in patients for whom a narrative is available were confounded by concomitant 
medications/alcohol use.  Potentially clinically significant (PCS) abnormalities in Study 051 
(from the SUR) showed the overall percentage of ALT > 3X ULN was 0.6%, and that the rate 
on fremanezumab 675/225mg monthly group was no greater than the other treatment groups.  

Dr. Villalba notes that in Study 051 shift analyses of chemistry laboratories showed that at end 
of study or last visit approximately 5% of patients had an increase in CPK from normal to 
abnormal without evidence of a dose response.  I agree that in the absence of a comparator, the 
clinical significance of this finding is unclear.  As previously noted, there were no cases of 
rhabdomyolysis or myopathy in the database.  

Vital Signs  
Please refer to Dr. Villalba’s review for details regarding vital signs findings. The findings are 
summarized below.  I agree with Dr. Villalba that fremanezumab did not appear to be 
associated with notable differential effects on vital signs compared to placebo in the placebo 
controlled trials.  There appears to be a small increase in weight from baseline in study 051 in 
all treatment groups (0.5 kg) and small percentages of patients with an increase in systolic or 
diastolic blood pressure on 2 or more occasions. I agree that an effect on blood pressure and 
weight with 1 year of treatment cannot be ruled out but that it is difficult to interpret small 
changes observed in outlier vital signs in Study 051 in the absence of a control group., 
 
Dr. Villalba notes that there were no clinically meaningful or consistent trends in mean 
changes from baseline in heart rate, systolic blood pressure (SBP) and diastolic blood pressure 
(DBP), respiratory rate, for placebo or fremanezumab groups, in Cohort 1 or Cohort 4 or for 
weight in Cohort 1.  Dr. Villalba notes that the SUR analysis of change from baseline for 
weight in study 051 at showed a mean increase of 0.5kg to 0.8 kg across doses at last observed 
post-baseline data. 

Dr. Villalba notes that most potentially clinically significant (PCS) values for vital signs 
occurred at a single measurement.  Dr. Villalba provides the analyses of vital signs performed 
by the Applicant as per the FDA Pre-BLA request for Cohort 1.  She shows that the percentage 
of patients with at least 1 PCS increase or decrease in SBP among patients on fremanezumab 
was slightly higher than placebo (11% for 675/225 mg vs 9% placebo for >140 mm Hg; 2% 
vs. 1% for <90 mm Hg); The fremanezumab 225 mg monthly group had slightly fewer outliers 
than the 675/225 mg group. The percentage of patients on fremanezumab with an increase or 
decrease in DBP was similar to or lower than those on placebo. More patients had an 
abnormally low pulse rate <60 bpm (10-15%) than high pulse rate >100 bpm (2-4%) in all 
treatment groups. The percentage of patients with a pulse rate of >100 bpm was also slightly 
higher in the fremanezumab treated groups (3-4%) as compared to placebo (2%). The 
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significance of a single increase or decrease in VS measurement is unclear. Abnormal vital 
signs at 2 or more visits in Cohort 1 occurred less frequently ( 4% with SBP > 140 mm Hg, 5% 
with DBP > 90 mm Hg), with no difference between fremanezumab and placebo 
fremanezumab and placebo.  No patient had an increase or decrease in weight of > 7% on 
more than 1 occasion in any treatment group in Cohort 1.  

Outlier analyses of abnormal vital signs measurements that occurred at 2 or more visits in 
Study 051 included :
Systolic blood pressure > 150 mg Hg in 7-10% of patients
Diastolic blood pressure > 90 mm Hg in 9-11% of patients 
Weight increase of at least 7% in 4-8% of patients
Weight decrease of at least 7% in 2-4% of patients

Slightly fewer patients had these changes in the 225 mg monthly groups than in the other 
groups.  

Dr. Villalba notes that small percentages of patients with SBP>140mmHg or DBP>90 mmHg 
at ≥2 post-dose visits required initiation or change in dose of cardiovascular medications 
(mostly for hypertension) in Cohort 1 (0.3% for placebo; 0.5% for fremanezumab) and  2% of 
patients in cohort 4 with a suggestion of a dose response.  I agree with Dr. Villalba that 
interpretation of these data is difficult in the absence of a control group.  

Dr. Villalba notes no clinically relevant patterns of change from baseline in vital signs in any 
of the Phase 1 studies.

Electrocardiograms (ECGs)  
Dr. Villalba notes that ECGs were performed before dosing (at screening and/or baseline), at 
the end of treatment visit, and at unscheduled visits as needed, in of each of the studies.  She 
notes that change from baseline for ECG parameters (heart rate, PR, QRS, RR, QT, QTcB and 
QTcF intervals) in Cohort 1 and study 051 showed no clinically meaningful trends.  

A thorough QT study was not conducted, as agreed upon at the End-of Phase 2 meeting.  Dr. 
Villalba notes that analyses of QT and QTc intervals in ECGs conducted in phase 2/3 studies 
showed no clinically significant findings.  She notes that  analyses of potentially clinically 
significant increase in QTcB and QTcF in Cohort 1 showed a slightly higher percentage of 
patients with a QTcB greater than 450 msec in the fremanezumab groups (13-15%) vs placebo 
(12%), but no difference for >480 or >500 msec (1% and <1%, respectively, in on FRMB and 
placebo groups), or in the analyses of QTcF intervals (4% had QTcF >450 msec). She notes 
that the rate of QTcB >450 msec in Cohort 4 was 15-17%.  Dr. Villalba notes that ECG shifts 
from normal to abnormal occurred in similar proportions of patients across the treatment 
groups and placebo (14-20%) and were considered not clinically significant.  She also notes 
that no clinically significant signal was identified from these analyses in the SUR.  She 
identifies 3 patients with QTc interval length ≥500 msec at 1 or more time points (in one of 
whom the event did not resolve) but notes that these findings were not associated with clinical 
symptoms.  She notes no clinically meaningful changes in treatment emergent ECG qualitative 
changes.   I agree with Dr. Villalba that there do not appear to be clinically significant ECG 
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findings in the database.

Immunogenicity  
Few patients (6 of 1701, 0.4%) had an anti-fremanezumab antibody (ADA) response in the pivotal 
studies (049 and 050), as noted by Dr. Villalba.  Five of these events occurred on Day 84 and 1 on 
Day 28 (and that patient became negative at Day 84).  One of those patients developed neutralizing 
antibodies at Day 84 in Study 30050.    Placebo patients were not tested for antidrug antibodies.  In 
Study 051, 30 of 1888 patients (1.6%) tested had treatment emergent anti-drug antibody (ADA) 
positive response in Study 051; 16 of those had a transient response.  Seventeen of those were 
neutralizing antibody positive; 10 of those were transient.  Four patients with treatment emergent 
ADA response showed decreased fremanezumab concentration at the same time point.  With few 
patients developing antibodies and in the absence of comparator,  I agree with Dr. Villalba that 
definitive conclusions regarding immunogenicity cannot be drawn.  Dr. Villalba also notes that the 
controlled trials are very short for determination of immunogenicity for a product that takes several 
months to achieve maximum concentration.   

Additional Safety Explorations

Human Carcinogenicity or Tumor Development

Please refer to Dr. Villalba’s review for details about malignancies in this database.  Dr. 
Villalba notes that carcinogenicity has not been raised as a concern in the non-clinical studies 
of CGRP inhibitors.  I agree with her that type and time to onset of these malignancies (< 1 
year of exposure) does not appear to suggest a drug related effect.  She does find a dose 
response for neoplasms and for malignancies overall in Cohort 4, but acknowledges the 
significance of this finding is unclear in the absence of a control group.  I agree with Dr. 
Villalba that the size and duration of the database do not allow for adequate evaluation of 
tumor development.

In Cohort 1, Dr. Villalba notes 2 malignancies (basal cell carcinoma) in patients treated with 
fremanezumab (1 on fremanezumab 675/225 and 1 on 900 monthly). There was no basal cell 
carcinoma on placebo. One case of lentigo maligna occurred on placebo. Dr. Villalba notes 
that in Cohort 1 there was no difference in risk of all neoplasms (benign, malignant, and 
unspecified) between fremanezumab and placebo.  She notes that six patients had neoplasm 
AEs in the fremanezumab group (0.4%) including 2 patients with basal cell carcinoma (1 on 
fremanezumab 675/225 and 1 on 900 monthly, none on placebo) as well as 1 patient with 
benign uterine cervix neoplasm, 1 neurofibroma, 1 skin papilloma and 1 uterine leiomyoma.  
Four patients on placebo had neoplasm AE (0.5%) (lentigo maligna, melanocytic nevus, 
thyroid neoplasm. and uterine leiomyoma).  

In Cohort 4  Dr. Villalba identified 14 patients with malignancies, with an overall risk of 0.6% 
(14/2512) and a rate of 0.8 per 100 yrs (14/1690) for all fremanezumab doses. These included 
5 cases of BCC reported as non-SAE, 2 cases of malignant melanoma, and 2 cases of papillary 
thyroid cancer as well as 1 each of endometrial cancer, superficial spreading melanoma, 
phyllodes tumor of breast, and prostate cancer.  Dr. Villalba shows a higher risk of 
malignancies among patients receiving fremanezumab 675 quarterly (1.1%) as compared to 
those in the 675/225 mg dose group (0.4%), and the 225 monthly dose (0.3%).  A total of 31 
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patients were diagnosed with neoplasm in Cohort 4 (31/2512=1.2%; 31/1690 PYRs=1.8 per 
100 years) , with the 675 mg quarterly group having greater risk than the 225 mg monthly 
group (1.8% vs 0.2%).  In addition to the 5 BCC, 2 papillary thyroid cancer, and the individual 
malignancies listed above, Dr. Villalba also notes 5 uterine leiomyomas, 2 thyroid neoplasms, 
and single cases of other individual types of neoplasms (melanocytic naevus, seborrheic 
keratosis, ovarian germ cell teratoma benign, hemangioma, lipoma, and meningioma,).

On March 20, 2018 the Division of Neurology products asked the sponsor to provide the 
background rates basal cell carcinoma, thyroid cancer, and melanoma.  Dr. Villalba reviewed 
the references provided by the Sponsor on March 22, 2018.  The rate of basal cell carcinoma in 
the fremanezumab database is within the reporting rate in the general population.  In the 
fremanezumab database, the rate of papillary thyroid cancer of 2/2512 patients (80/100,000) is 
greater than the reported rate in the United States using the Surveillance, Epidemiology, and 
End Results (SEER) data of 12.5/100,000 individuals12.  In the fremanezumab database, the 
rate of melanoma of 2/2512 patients (80/100,000) is greater than the SEER rate of 50/100,000 
for men and women up to 64 years of age, or males or females separately up to 64 years of 
age13.  However, I agree with Dr. Villalba that the number of events on fremanezumab is very 
small, and participation in a clinical trial may have increased the likelihood of diagnosis.  As 
Dr. Villalba notes, the Sponsor provided a summary suggesting no biological plausibility for a 
role of CGRP inhibition in carcinogenicity.  I agree with Dr. Villalba, that at this point the 
data do not support a risk of malignancy and I agree with her suggestion for routine 
pharmacovigilance for malignancies.  

Human Reproduction and Pregnancy

Please refer to Dr. Villalba’s review for details.  I agree with Dr. Villalba that the information 
is limited to assess the effects of fremanezumab on pregnancy.  Given that fremanezumab will 
be used in women of childbearing potential, I recommend a pregnancy registry and a 
pregnancy outcomes study as postmarketing requirements.

Pregnancies
Dr. Villalba identified 1 pregnancy that occurred in study LBR-101-011 (a Phase 2 PK study) 
after a single dose of fremanezumab 900 mg; the patient had a positive pregnancy test on Day 
83 with an outcome of live birth at 40 weeks and the infant was noted with jaundice.  No 
further details were provided.  Six pregnancies occurred at the to-be-marketed doses in patients 
taking fremanezumab.  Three underwent elective abortion, 2 had spontaneous abortion (1 
described under SAE of fetal death), 1 outcome unknown. 

Ovarian-related AEs
Dr. Villalba identified 19 women (0.9%) of women with AE involving the ovaries, including 5 
SAEs. At the to-be-marketed doses, she identified 9 women with ovarian cyst AEs, 1 
hemorrhagic ovarian cyst, 5 ovarian cyst ruptured, 1 each of ovarian enlargement, ovarian 
germ cell teratoma, ovarian mass, and polycystic ovaries; 6 of the women had a history of 
ovarian cyst at screening.  The events occurred 14-379 days (mean 171 days) into the study in 

12 Davies L, Welch HG.  JAMA Otolaryngol head Neck Surg. 2014.140(4):317-322.
13 Holman DM, Freeman MBB, Shoemaker ML.  JAMA Dermatology 2018. 154: 361-362.
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the 17 cases in which onset was known. She notes that most were moderate to severe in 
intensity but none led to drug discontinuation.  Ovarian cysts are common incidental findings, 
with one source citing a prevalence of 3% to 18% of women, depending on the frequency of 
ultrasound, and noting that a study of transvaginal ultrasound in premenopausal women 
showed a prevalence of 6.6%. 14 The rate of ovarian cysts seems to be within the background 
rate reported in the literature.

Pediatrics and Assessment of Effects on Growth
Fremanezumab was not evaluated in the pediatric population in this development program.  

Overdose, Drug Abuse Potential, Withdrawal, and Rebound
Dr. Villalba notes that there were no reports of overdose, drug abuse or withdrawal in the 
database.  She notes that the maximum dose administered to healthy adults was 2000 mg IV, 
with no dose-limiting toxicities. No studies were done to specifically evaluate the potential for 
drug abuse.

Concerns identified through U.S. or foreign postmarket experience
Fremanezumab is not yet marketed in the rest of the world.  

Potential safety issues that could cause concern when considering how the drug may be used 
in the postmarket setting

As Dr. Villalba notes, additional adverse reactions will likely be identified after a larger group 
of patients is exposed to fremanezumab, including in those patients with comorbidities who 
were not allowed to participate in the trials. 

8. Advisory Committee Meeting 
An advisory committee meeting is not planned.  

9. Pediatrics
This application did not evaluate use in pediatrics.  

10. Other Relevant Regulatory Issues 
Please refer to the clinical efficacy review.

14 Mark H. Ebell, ed. 2018. Essential Evidence Plus™ & AHFS DI® Essentials™. Hoboken, New Jersey. Wiley 
Subscription Services. STAT!Ref Online Electronic Medical Library. 
http://online.statref.com/Document.aspx?docAddress=OFwJJume1EbezEg6NstNdw%3d%3d. 3/18/2018 2:03:37 
PM CDT (UTC -05:00).
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11. Labeling 
Prescribing Information
If fremanezumab is approved, I have the following general labeling recommendations:       
 
Safety information in the WARNINGS AND PRECAUTIONS sections: 

- I recommend WARNINGS and PRECAUTIONS for hypersensitivity reactions.     

Other Labeling 
I do not believe that a Medication Guide is necessary to ensure the benefits of the drug 
outweigh the risks. A Patient Package Insert, proposed by the Sponsor, may be helpful  in 
educating patients and caregivers about adverse events observed with fremanezumab;  I note 
that the sponsor has proposed a patient information leaflet.   

12. Postmarketing Recommendations
Risk Evaluation and Management Strategies (REMS)
I agree with the review team’s decision that a REMS is not required for safe use of 
fremanezumab. Labeling can adequately explain the potential risk for hypersensitivity 
reactions and other adverse reactions.   

Postmarketing Requirements (PMRs) and Commitments (PMCs)

I suggest a pregnancy registry and a pregnancy outcomes study as PMRs.    

I recommend routine pharmacovigilance with periodic evaluation of selected hepatic, vascular 
and cardiovascular events.  

Recommended Comments to the Applicant
None.  
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1. Executive Summary 

Fremanezumab (FRMB) is a monoclonal antibody (mAb) that binds calcitonin gene-related 
peptide (CGRP), which is implicated in the pathophysiology of migraine. FRMB is a new 
biological product. The proposed indication is for the preventive treatment of migraine in adult 
patients.  
 
Migraine is a common neurological disease characterized by attacks of severe headache with 
associated hypersensitivity to environmental stimuli with a variety of symptoms such as nausea, 
dizziness, and cognitive impairment that may lead to transient and/or long-term disability. It 
affects 10% of the adult population, globally (as per the National Institute of Neurological 
Disorders and Stroke, 2013). 
 
The proposed dose is 225 mg once every 4 weeks or 675 mg every 12 weeks, subcutaneously, 
using a prefilled syringe.  The product can be administered by healthcare professionals, patients 
and/or caregivers.  
 
This review focuses on the evaluations of risks and risk management of fremanezumab. My 
assessment is included below. For details on the analyses of effectiveness, patient’s experience 
data and benefit risk integrated assessments, the reader is referred to the clinical reviews by Dr. 
Suhail Kasim (primary clinical reviewer) and Dr. Heather Fitter (CDTL).  
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Benefit-Risk Integrated Assessment 
Teva is seeking approval of fremanezumab (FRMB) for the prevention of migraine. This document reviews the risk profile of FRMB. Please refer 
to Dr. Kasim’s clinical review for evaluation of efficacy.  I believe that there are no safety concerns that prevent approval of FRMB from the 
clinical safety point of view. Fremanezumab is associated with injection site reactions. Cardiovascular adverse events due to blockade of 
vasodilation by CGRP are a theoretical risk that has potential for more serious outcomes in the postmarketing period in which patients will have 
more cardiovascular risk factors than the patients included in the clinical trials. I will provide an assessment of the risk, and recommendations 
for labeling and postmarketing activities in an effort to mitigate the risk if FRMB is approved.  
Risks:  
Injection site reactions occurred in 41% to 42% of patients who received fremanezumab compared to 35% in patients who received placebo.    
Hypersensitivity reactions occurred in a few patients in the placebo-controlled studies in both fremanezumab and placebo-treated patients. 
Overall, 4% of patients treated with FRMB reported events of hypersensitivity, rash, urticaria or pruritus in the entire database. None was a 
serious AE.   
Ophthalmologic adverse events in placebo-controlled trials included one patient with bilateral retinal detachment and one with vitreous 
detachment in the FRMB group and none on placebo, with additional ophthalmologic events occurring in the database. Upon review of the 
cases, a consultant FDA ophthalmologist recommended that ocular events be included in Section 6.1 of labeling.  
Cardiovascular adverse events: There was no imbalance in cardiovascular adverse events including ischemic events and hypertension in 
placebo-controlled trials. However, there is a theoretical concern of inhibiting vasodilation mediated by CGRP, particularly in patients with 
risk factors for cardiac disease, that may result in ischemic events. The Agency conducted an independent evaluation of available published 
literature and concluded that there is insufficient information to dismiss the original concern but that additional basic research is needed to 
further understand 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, Dr. Freed, supervisory pharmacologist, 
recommends that no postmarketing study to further assess the cardiovascular safety of fremanezumab will be required. The clinical trials 
database is not sufficient to rule out this concern.  There is uncertainty regarding potential for more serious cardiovascular outcomes in the 
post marketing period in which patients are more likely to have cardiac risk factors than the patients who participated in the clinical trials.  
Analysis and Recommendation with Respect to Safety: 

- Adequate labeling and pharmacovigilance may mitigate potentially serious outcomes with fremanezumab.   
- I recommend a Postmarketing Pregnancy and Outcome study  

Benefit-Risk Dimensions  
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

Analysis of 
Condition 

• See review by Dr. Kasim    

Current 
Treatment 

Options and  
Benefit 

• See Review by Dr. Kasim   

Risk and Risk 
Management  

 Safety Database 
The FRMB safety database includes four 3-month, double-blind placebo- 
controlled trials with one-month follow-up (Cohort 1) and one double-blind 
study without placebo for up to 12 months with 7.5-month follow-up in 
patients with chronic and episodic migraine. The safety database comprised 
by the aforementioned studies (Cohort 4) includes 2512 patients exposed 
to at least one dose of fremanezumab, including 775 exposed for 12 month 
of whom 135 completed 5 half-lives of post-treatment follow up at and 
above the doses proposed for marketing. The total number of patients 
exposed at clinically relevant doses fulfills minimum ICH guidance 
recommendations for evaluation of products intended for chronic use.  
However, the size and duration of the database is insufficient to adequate 
evaluate and rule out the main theoretical concern raised with CGRP 
inhibitors, which is cardiovascular safety.  Moreover, the population 
included in this application does not reflect the migraine population in the 
U.S. in terms of baseline cardiovascular risk.  The Agency 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 

Safety database fulfills minimum ICH guidances 
but is insufficient to address main theoretical 
concern with CGRP inhibition (CV safety).  
The demographics and medical history of this 
population do not reflect the U.S. migraine 
population in terms of cardiovascular risk. 
 
 
 
 
 
 
 
 
 
 
 
 
There were no significant safety findings in this 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

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 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. It was also concluded that without a better understanding, 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 will be required. 
 

  Major Safety Concerns 
•    Vascular and Cardiovascular Risk 

- Deaths: There was a sudden death in the placebo-controlled trials 
after a single dose of FRMB 675 quarterly dosing, 2 ½ half-lives after 
dosing. Individually, this does not appear related to fremanezumab 
although its role cannot be definitively ruled out. 
-  SAE and AE leading to discontinuation: There was no signal for 
increased cardiovascular risk in patients receiving FRMB as 
compared to placebo, and there were very few ischemic or serious 
hypertensive events overall. Two patients had SAE of HTN crises 
(one associated with angina pectoris) on FRMB as compared to none 
on placebo in Cohort 1. One stroke and one TIA occurred in FRMB 
treated patients in Cohort 4. A relationship to fremanezumab cannot 
be ruled out. 

database that preclude approval.  There are 
currently five products approved for the 
prevention of migraines. Their main safety 
issues with these products include anaphylaxis, 
bradycardia, bronchospasm and hypoglycemia 
with propranolol and timolol; hepatotoxicity 
and congenital neural tube defects with 
sodium valproate; paresthesias, weight loss 
and congenital cleft palate with topiramate, 
and transient weakness in muscles injected 
with onabotulinumtoxinA. 
 
It is possible that a signal for cardiovascular 
concern could emerge with AJOVY in the 
postmarketing setting when more patients 
with cardiac risk factors are exposed to 
fremanezumab.  There were few 
cardiovascular events in clinical trials and none 
appear to be directly related to the study drug. 
However, a theoretical risk of CV adverse 
events remains, based on the drug’s 
pharmacodynamic effect (blockade of 
vasodilation).  Moreover, the population in the 
fremanezumab database is younger, includes a 
smaller percentage of male and smaller 
percentage of patients with cardiovascular risk 
factors and a prior history of 
ischemic/thrombotic events than the migraine 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

• Hypersensitivity Reactions 
There were a few events of hypersensitivity and urticaria in the application 
including one case of angioedema, but no cases of anaphylaxis. One case 
of drug hypersensitivity and 1 of asthma exacerbation led to drug 
discontinuation among FRMB treated patients. Two SAE of drug 
hypersensitivity lead to withdrawal in the placebo group. Overall, 35 (%) 
patients reported hypersensitivity, urticaria or pruritus in Cohort 4. None 
was serious and 8 (0.3%) led to drug discontinuation. There was one SAE of 
anaphylaxis in a blinded cluster headache study. 
 
Common AEs 

     The overall risk of having at least one AE in placebo-controlled trials was 
65% for FRMB (all doses) and 59% for placebo. Events that occurred in at 
least 2% of patients in all FRMB dose groups and at least 2% greater than 
placebo were injections site reactions (41-42% in all FRMB group vs. 35% 
on placebo).  There was no clear evidence of a dose-response among to-
be-marketed doses.   

      Safety in the Postmarketing Setting 
The risk for serious outcomes of adverse cardiac events when more 
patients with cardiac risk factors are exposed is unknown, given the 
theoretical cardiovascular risk. 
 
Other Uncertainties   

     - Ophthalmologic AEs. Two retinal detachments, one of them 
bilateral and other events were observed in the database.  

       - Potential for suicidality. One patient died of an intentional 
diphenhydramine overdose in the placebo-controlled trials, 3 ½ 

population in the U.S. FDA 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, 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 will be 
required.  
 
I recommend that Ophthalmologic adverse be 
included in labeling (Section 6.1). 
 
I recommend a Pregnancy Registry. 
 
Adequate labeling, enhanced 
pharmacovigilance for cardiovascular safety 
and liver toxicity, and a Pregnancy Registry will 
address most safety issues with 
fremanezumab.   
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

half-lives after the last dose of FRMB 675 mg quarterly. Individually 
the death does not appear related to drug  
- Potential for fetal harm. There were 8 pregnancies in the PC trials 
(3 on FRMB and 5 on placebo), and 5 more pregnancies in study 
051. Of the 8 pregnancies on FRMB, 6 ended in abortion (2 
spontaneous, 4 induced), 1 had an unknown outcome and one 
resulted in a term baby with jaundice (and no further information). 
- Potential for weight gain. A small but consistent increase in weight   
 was observed in Cohort 4, but not in the controlled trials. Four  
patients discontinued from the trials because of weight gain.  
- Potential for liver toxicity. A few patients presented liver enzyme 
elevation >3x ULN; most were confounded. One patient had worsening 
of autoimmune hepatitis in a non-BLA study. The relationship with drug 
cannot be ruled out. 
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2. Therapeutic Context 

There are currently five drugs approved in the U.S. for the prophylaxis of migraine headaches 
(topiramate, propranolol, divalproex, onabotulinumtoxinA and timolol). Several other products 
are used off-label for this indication.  Because of insufficient response or tolerability issues, a 
substantial number of patients discontinue preventive treatment within 6 months. Products  
also exist for the treatment of migraine headaches.  For analyses of the condition and current 
treatment options, please see Dr. Kasim’s review.  

3. Regulatory Background 

Fremanezumab (TEV-48125 [formerly LBR-101, PF-04427429, and RN307]) has never been 
marketed in the U.S. or outside the U.S.  Pfizer Inc. filed IND 106,533 on October 27, 2009. 
Sponsorship was transferred to Labrys Biologics in 2013 and to Teva Branded Pharmaceuticals 
Products R&D, Inc., in 2014. Meetings discussing safety aspects of the application were held on 
September 17, 2015 (EOP2 meeting) and August 31, 2017 (Pre-BLA meeting).  

 

At the EOP2 meeting there was agreement that BLA 769089 would include at least 300 
migraine patients exposed for 6 months and at least 100 patients exposed for one year to 
monthly doses of the product, including at least 50 patients exposed for 1 year at the maximum 
recommended dose.  At the pre-BLA meeting DNP provided Teva with our standard list of 
NDA/BLA safety requests.  Agreements included that in addition to routine analyses, safety data 
be summarized by age groups 18-40 years, 41 to 60 and ≥61 years and by geographical region; 
that selected narratives be submitted for blinded, ongoing studies in cluster headache (same 
criteria as for the unblinded studies); that the applicant would present analyses of concomitant 
cardiovascular medication changes during FRMB treatment; and that orthostatic data would be 
provided if available. DNP requested that analyses of safety be submitted by randomization and 
by modal dose. The applicant noted that at the time of BLA submission the follow up phase of 
the trials would be ongoing, but they would have at least 138 patients with complete long-term 
safety data including 5 half-lives of post-treatment follow up. A neutralizing antibody assay was 
to be developed. Human Factor Studies were to be submitted. DNP agreed with the applicant’s 
proposal not to conduct PK studies in patients with renal and hepatic impairment and drug-
drug interaction studies, and that a TQTc study was not necessary. DNP stated that 
completeness of the package would be determined at the time of the submission. A Pediatric 
Study Plan was agreed upon on June 8, 2017.   

BLA 761089 was submitted on October 16, 2017, and filed with a Priority Review designation on 
December 15, 2017, based on the Applicant’s use of a Priority Review voucher.  For additional 
details see Dr. Kasim’s review. A major amendment with clinical efficacy was submitted on May 
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14, 2018, which extended the review clock to September 2018.  

4. Significant Issues from Other Review Disciplines 
Pertinent to Clinical Conclusions on Efficacy and Safety 

Fremanezumab (FRMB) is a fully humanized IgG2 mAB that binds CGRP (both α and β isoforms) 
and blocks it from binding to the GCRP receptor. No significant toxicity issues have been 
identified with anti-CGRP mABs but theoretical concerns include cardiovascular effects and 
immunogenicity. 
 
The following is an excerpt from Dr. Lois Freed, supervisory pharmacologist, regarding non-
clinical evaluation of cardiovascular risk: 

“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, 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.”  13.1.11 

 
The applicant states that FRMB’s structure has been modified to limit immunogenicity and 
decrease the risk of ab dependent cell-mediated cytotoxicity and complement mediated lysis.   
 
A toxicology study of FRMB in cynomolgus monkey identified a potential risk of ophthalmic 
related AEs, consisting of inflammation of the ciliary vessels of the eyes at the highest doses 
studied in the 3-month toxicity study. The perivascular nature, location and inflammatory 
infiltrate supported an immune mediated reaction. The findings were not reproduced in a 1-
month study and in a 6-month chronic toxicity study in the monkey, and ocular findings were 
considered of questionable relevance to humans. Please refer to the nonclinical review 
regarding these findings.  Nonetheless, the potential ophthalmologic toxicity of fremanezumab 
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was evaluated in the clinical database. 
 
As per Teva’s Summary of Clinical Pharmacology, after a single subcutaneous dose, maximum 
concentration of FRMB is attained after 5 to 7 days. The estimated half-life from the population 
PK analysis is 31 days, and the steady state level is expected to be achieved at 6 months, 
following the 225 mg monthly or 675 mg quarterly dosing regimens. Use of a loading dose of 
675 mg results in faster achievement of plasma concentrations within the steady state range. 
Clearance is predicted to occur by enzymatic proteolysis without renal or hepatic involvement.  
Age, sex and race do not seem to have an impact on the PK of this product. Heavier body 
weight results in more rapid clearance. Modeling of exposure-efficacy response analyses 
suggests that the regimen with largest percentage of virtual patients achieving at least a 50% 
reduction from baseline is the 225 mg once monthly with a loading dose of 675 mg regimen. 
 
For additional findings and details related to specific disciplines, please refer to individual 
discipline reviews. 

5. Sources of Clinical Data and Review Strategy 

 Table of Clinical Studies 
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Table 1. BLA 761 089. Listing of Phase 2 and 3 Clinical Trials Relevant to the Evaluation of Safety, Original Application.  

As per the original submission (cut-off for analyses: May 31, 2017. R= randomized. DB=Double blind. PC=placebo controlled. MC= Multicenter in the following 
countries: USA, Canada, Czech Republic, Finland, Israel, Japan, Poland, Russian Federation, and Spain. * USA only. CM= chronic migraine. EM= episodic 
migraine. Both CM and EM enrolled adults ages 18 to 71 years; 87% were female. Completed studies 30049, 30050, 101-021 & 101-022 only have 1 month 
post-treatment FU. a For study 30051, only 2 patients had completed 1 year of treatment with the post-treatment End of Study visit at the time of submission.   
b allowed no more than 2 preventive medications for migraine. In the clinical studies, 1 month= 28 days (4 weeks). c Included 780 patients with EM and 1109 
with CM. Source: Table 2.7.6, Synopsis of individual studies, SCS and Response to request for information submitted 12/1/2017. 

Trial 
Identity 

NCT no. Trial Design 
 

Regimen (mg, sc)/schedule 
 

Treatment 
Duration/ 
Follow Up 

No. of patients enrolled 
 

Study 
Population 

 

No. of Centers 
and Countries 

Pivotal for migraine  
TV48125
-CNS-
30049 

NCT 
02621931 

 
 
R, DB, MC 
PC, parallel   
(phase 3) 

PBO  q month 
FRMB 675 q 3 months  
FRMB 675  x1 + 225 x 2 q month 

12 wks/ 
4 wks 
 
 
“Completed” 
April 2017 
   

PBO q mo= 375 
FRMB 675 q 3 mo= 376 
FRMB 675 x1 + 225 q mo= 379  
   Total: 1130 

CMb 
  

132 

TV48125
-CNS-
30050 

NCT 
02629861 

PBO  q mo 
FRMB  675  q 3 mo  
FRMB 225 q mo (no loading).  

PBO q mo= 294 
FRMB 675 q 3 mo= 291   
FRMB 225 q mo= 290 
   Total 875 

EMb 123 

Supportive for migraine     

LBR-
101-021 

 NCT 
02021773 

 
 
R, DB, MC, 
PC, parallel 
(phase 2b) 

PBO  q month 
FRMB 675 x1 + 225 x2 q month.  
FRMB 900 q month 

12 wks/4 wks 
“Completed” 
Jan 2015 

PBO q mo= 89 
FRMB 675 x1 +225 q mo= 88 
FRMB 900 q mo= 86  
   Total 264  

CM 53*   

LBR-
101-022 

NCT 
02025556 

PBO q month 
FRMB 225 q 3 months (no loading) 
FRMB 675 q month 

12 wks/4ws 
“Completed” 
Feb 2015 

104 PBO 
96 FRM 225 1 month 
96 FRM 675 q month 
    Total 297 

High 
frequency 
EM 

63*  

“Confirmatory” with long term extension for migraine     
TV48125
-CNS-
30051a 

NCT 
02638103 

R, DB, MC  
(Phase 3 
with 
extension) 

FRMB  225 mg q month   
   (those switched from placebo  
   in extension get 1 dose of 675) 
FRMB 675 mg sc q 3 mo. 

48 weeks/ 
7.5 mo FU 
(Ongoing)  

FRMB 225 mg q mo 
   + 675 load= 558 
FRMB 225q mo= 386 
FRMB 675 q3 mo= 943 
    Total 1889 

CM & EM 
after 30049 
or 30050 
and new 
patients c 

134 
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 Review Strategy 

This clinical review focuses on the safety profile of fremanezumab for the prophylaxis of 
migraine in adults, following the format of the CDER Clinical Review Template, September 6, 
2017, version.  Main data sources have been summarized in Table 1 of this review.  The clinical 
protocols for the studies relevant to the evaluation of safety are briefly summarized in Section 
8.2 of this review.  For details on individual studies design and assessment of the efficacy and 
effectiveness of FRMB, the reader is referred to Dr. Kasim’s clinical review.  

6. Relevant Individual Trials Used to Support Efficacy   

For results of the evaluation of the efficacy of FRMB, the reader is referred to Dr. Kasim’s 
clinical review.   

7. Integrated Review of Effectiveness 

For results of the evaluation of the effectiveness of FRMB, the reader is referred to Dr. Kasim’s 
clinical review. 

8. Review of Safety 

 Safety Review Approach 

My general approach to the safety evaluation is to conduct analyses using JMP to confirm the 
Applicant’s findings and further evaluate specific issues as needed.  Adverse event tables in this 
review refer to treatment emergent AEs by “actual dose” treatment group (the dose the 
patient received), for Cohort 1 (all FRMB doses and placebo) and Cohort 4 (focused on the to-
be-marketed doses).  Modal dose analyses and event rates in patient-years of exposure are not 
presented, unless noted otherwise. Tables are either reproduced from the applicant’s 
submission (when my findings matched the applicant’s) or generated by myself using JMP. This 
review includes selected narratives. The Jump Start team of the Office of Computational 
Science has assisted the review of this application by evaluating its data fitness and providing 
safety analyses of individual pivotal studies (not included in this review).  
 
Safety areas of interest 
 
CGRP is a potent microvascular vasodilator and seems to play an important role in maintaining 
cardiovascular homeostasis under pathophysiological conditions. 13.1.1  The main theoretical 
concern with CGRP inhibition is an increased risk of cardiovascular (CV) events.13.1.2, 13.1.11). 
Other potential safety issues are hepatic injury (based on clinical data from small molecule 
CGRP inhibitors), local injection reactions, and immunogenicity (as with any biologic product).  
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A signal for potential ophthalmologic effects of FRMB was identified in one non-clinical study in 
the monkey. (This finding was not replicated in other non-clinical studies). All these events were 
discussed with the Applicant at the pre-BLA meeting and are considered adverse events (AE) of 
interest in this application.  

 Review of the Safety Database  

Data sources in support of the migraine indication have been summarized in Table 1 and briefly 
summarized below.  For more details about the study design, objectives and conduct the reader 
is directed to Dr. Kasim’s review.  

Four placebo-controlled studies were designed to evaluate the efficacy and safety of FRMB in 
adult patients with migraine. They had a 28-day run-in period followed by a double blind (DB) 
treatment period of 12 weeks (including a placebo group, for studies 020, 021, 049 and 050), or 
48 weeks (no placebo, for study 051).  Studies 021 and 049 were in patients with chronic 
migraine (CM) and studies 022 and 050 were in patients with episodic migraine (EM).  Studies 
049 and 050 were phase 3, pivotal studies to support efficacy. They included monthly placebo, 
monthly FRMB 225 mg, FRMB 675 mg every 3 months (quarterly) and 225 mg monthly 
preceded by a loading dose of 675mg (referred to as 675/225).   

 As per the efficacy amendment submitted in May 
2018, the to-be-marketed doses are FMRB 225 monthly and FRMB 675 quarterly  

   Studies 021 and 022 were phase 2 studies that in 
 included a 900 mg monthly and 675 mg monthly dose, 

respectively. All placebo-controlled studies had a post-treatment follow up of 4 weeks after the 
last dose. 
 
Patients completing the pivotal studies were offered to continue into study 051 (long-term 
double-blind extension). Patients rolling over who had received placebo and new patients who 
met eligibility criteria after completing a 28-day run-in period, were randomized to receive 
FRMB 225 mg monthly or FRMB 675 mg quarterly. Other rollover patients continued the same 
treatment. For patients rolled over into study 051, the end of treatment (EOT) (Visit 5 of the 
core studies) was the same as the assessment day for entering the extension (Visit 2 of study 
051).  Patients who withdrew from studies 049 or 050, also had a follow up visit at the time of 
withdrawal (EOT, also Visit 5 of the core study).  Some patients in study 021 and 022 were also 
offered enrollment in study 051, but there was a gap (up to 2 years) between the end of 
treatment and initiation of study 051. All patients enrolled into 051 received up to 48 weeks of 
FRMB treatment, with a post-treatment follow up of 7.5 months (Visit 15). (The follow up of 7.5 
months, assumed - at time of protocol writing - that the half-life of FRMB was 45 days. Using a 
half-life of 31 days, a 5-month follow-up would be sufficient). 
 
Duration of treatment (days treated) was defined as the number of days on treatment started 
from the 1st study drug administration day to the end of treatment (EOT) visit day/early 
withdrawal day (EOT visit day – 1st day of study drug + 1). For patients who were lost to follow 
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up, the EOT date was defined as the last study drug administration date + 27 (expected day of 
missed assessment). For patients treated in Studies 021 or 022 and Study 051, the total 
exposure was the sum of the exposure in the Phase 2b study and the exposure in Study 051. 
Patients who continued from studies 049 and 050 kept the same USUBJID#. Patients who 
participated in studies 021 and 022 and later in study 051, were given a new ID [USUBJID2]).  
The following schema shows the study design/structure for studies 049 and 051 (study 050 in 
EM had a similar design, without the 675 mg loading dose).  
 
Figure 1. Study schema for Patients with Chronic Migraine (studies 049 and 051) 

 
Source: Figure 1.Study 051 interim study report. V15= End of study 051 visit. Follow up 7.5 months after last dose. 
 
For the ISS, the Safety Population was defined as all patients who had received at least one 
dose of study drug in the five migraine studies.  The applicant presented safety analyses from 
the phase 2-3 studies in 7 pools or cohorts, as follows. 

Table 2. BLA 761089. Safety cohorts as per original application in patients with migraine  
Cohorts Description Studies Safety Population* 

1 
All patients in the placebo-controlled phase 2 & 
3 studies for migraine (EM and CM)  

 021, 022, 049, and 
050  2563 

2 
All patients with CM in the placebo-controlled 
studies  021 and 049  1393 

3 
All patients with EM in the placebo-controlled 
studies  022 and 050 1170 

4 
All FRMB-treated patients in phase 2 & 3 studies 
for migraine (EM or CM)  

021, 022, 049, 050, 
and 051 2512 

5 All FRMB-treated patients with CM     021, 049, and 051 1411 

6 All FRMB-treated patients with EM   022, 050, and 051  1107 

7 All patients in pivotal studies (CM or EM) 049 and 050 2004  
Source: ISS ADSL database, original submission. *Cohorts 1, 2, 3 and 7 include placebo patients. Placebo-
controlled studies: 12-week treatment with 4-week post-treatment FU (Completed). Study 051 double blind (no 
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placebo) up to 48 weeks with 7.5-month post-treatment FU (Ongoing). (Half-life of FRMB is 31 days). EM: 
Episodic migraine.  CM: Chronic migraine. 

Given the half-life of this product, post-exposure follow up available in this 
application was limited. (See discussion in Section 8.2.3.)   

 
Eligibility criteria in the migraine studies were in general consistent with those routinely used in 
clinical studies for this indication. There was only one protocol amendment that clarified some 
of the eligibility criteria and did not introduce substantial changes that may impact the 
assessment of the safety of fremanezumab. For details see Appendix 13.3.1 of this review.  
Schedule of routine clinical assessment are included in 13.3.2 of this review. 

 Overall Exposure 

Overall exposure in the FRMB database is shown below, in Tables 3 and 4 
 
Table 3. BLA 761089. Safety Population, Size, and Denominators  

 1  
1 Cutoff date 5/31/17. N=1887 Includes 312 patients not from pivotal studies (including 48 patients treated in                  
021 & 022); 525 placebo-treated rolled over from pivotal studies, and 1050 FRMB-treated rolled over from pivotal 
studies.  Source: TEVA’s response to FDA request submitted 12/8/17. As per SUR ADSL dataset, 1597 patients 
rolled over from the placebo-controlled trials and 291 were enrolled directly into study 051. 

At the time of the cutoff date for the original application (May 31, 2017), studies 020, 021, 049 
and 050 were completed. No additional off-treatment information is expected from these 
patients. The only study with treatment beyond 3 months and follow-up beyond 1 month post-
treatment in this application is study 051, which is still ongoing.  

Exposure in Cohort 4 at the time of the SUR (September 26, 2017 cutoff) is shown below. 
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Table 4. BLA 761089.  Exposure in Cohort 4, safety population, SUR. 

Dosage Number of patients exposed to FRMB 
(Number of patients exposed to FRMB who completed 5 
half-lives of follow-up after last dose) 
≥ 1 dose ≥ 6 months ≥ 12 months ≥15 months 

225 mg monthly with or 
without 675 loading dose 

N= 1263 N= 861 (103) N= 398 (67) N= 76 (0) 

675 mg quarterly N= 1086 N= 869 (104) N= 377 (68) N= 62 (1) 

Total  N= 2512* N=1730 (207) N= 775 (135) N=138 (1) 
Source: Response to IR submitted 2/26/18. Cutoff for analysis: 9/26/17. Considering the half-life of 31 days. 
1 month=28 days.   *Total ≥ 1 dose includes 675 monthly and 900 monthly in phase 2 studies. 

At least 135 patients have been exposed to 12 months of treatment and 5 months of 
post-treatment follow-up at clinically relevant doses. The application fulfills minimum 
ICH Guidances in terms of number of patients exposed. See Section 8.2.3. for discussion 
of adequacy of exposure in this database.   

The original application did not include the modal dose analyses of safety that FDA had 
requested at the pre-BLA meeting. On 12/12/17, FDA requested these analyses again. 
Specifically, FDA asked that patients in the FRMB 675/225 group who received only the 
loading dose be included in the FRMB 675 quarterly modal dose group, and those who 
received at least 3 doses be included in the FRMB 225 monthly modal dose group. On 
2/14/18 (SUR) Teva submitted modal dose analyses that included patients who received 
one 675 mg dose and one 225 mg dose in the FRMB 225 modal group. FDA requested 
analyses were submitted on 3/16/18.  

Table 5. Safety Denominators in Cohort 1 

 
  

 Placebo 
 
 
Monthly  

                                                 Fremanezumab 

225  
Monthly 

675  
Quarterly 

675/225a 

Monthly 
675  
Monthly 

900 
Monthly 

Total 

Actual dose  861b   386 b 667  467 96 86  1702b 
 Modal dose as per 

TEVA’s SUR 
 861  829 695  92 86 1702 

Modal dose as per 
3/16/18 

861 805 719  ------ 92 86 1702 

Source: Original submission, Ad Hoc Summary 11.2.1 of SUR and Ad Hoc Summary response submitted 3/16/18.              

a Includes one loading dose of FRMB 675 mg and two doses of FRMB 225 mg. b One patient randomized to placebo 
received FRMB 225 mg in error at visit 1, and is included in the 225 monthly group (CNS_30050_ .  

Modal dose analyses reassigned 467 patients in the FRMB 675/225 actual dose group to 
either the FRMB 225 monthly or FRMB 675 quarterly modal dose groups. Roughly 4/5 of 
patients went to the FRMB 225 modal dose group. The denominators did not differ much 
between TEVA’s and FDA’s approach.  
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The disposition of patients in Cohort 1 is presented below, by randomization dose 
 
Table 6. BLA 761089. Disposition of patients in Cohort 1 (by randomization dose). 

 
Analysis  
 Group  
  n (%) 

 Placebo 
 
 
Monthly 
 N=862 

                                                 Fremanezumab 

225  
Monthly 
N=386 

675  
Quarterly 
N=667 

675/225a 

Monthly 
N=467 

675  
Monthly 
N=97 

900 
Monthly 
N= 87 

Total 
 
N=1704 

Randomized 862 (100)  386 (100) 667 (100) 467 (100) 97 (100) 87 (100) 1704 (100) 
Safety Population 
(actual dose) 
 

 861b (100)  386 b (99) 667 (100) 467 (100) 96 (99) 86 (99) 1702b (>99) 

Completed DB 782 (91) 345 (89) 613 (92) 415 (89) 88 (91) 76 (87) 1537 (90) 

Discontinued DB  80 (9) 40 (10) 54 (8) 52 (11) 8 (8) 10 (11) 164 (10) 
   Death 0 0 2 (<1)c 0 0 0 2 (<1)c 

   Adverse event 16 (2) 8 (2) 10 (1) 11 (2) 2 (2) 3 (3) 34 (2) 
   Lack of efficacy 4 (<1) 1 (<1) 0 3 (<1) 0 2 (2) 6 (<1) 
   Protocol deviation 4 (<1) 1 (<1) 0 3 (<1) 0 1 (1) 5 (<1) 
   Protocol violation 4 (<1) 7 (2) 5 (<1) 2 (<1) 0 0 14 (<1) 
   Pregnancy 4 (<1) 0 1 (<1) 0 0 0 1 (<1) 
   Withdrawal by   
   subject 

20 (2) 15 (4) 18 (3) 15 (3) 6 (6) 4 (5) 58 (3) 

   Lost to follow-up 23 (3) 8 (2) 16 (2) 13 (3) 0 0 37 (2) 
   Non- compliance   0 0 1 (<1) 2 (<1) 0 0 3 (<1) 
   Other 5 (<1) 0 2 (<1) 3 (<1) 0 0 5 (<1) 

a Includes one loading dose of FRMB 675 mg and two doses of FRMB 225 mg. b One patient randomized to placebo 
received 225 monthly. c Two patients died, one of sudden death and one from an intentional overdose of 
diphenhydramine. DB= double blind. Source: Reproduced from Table 9 of Applicant’s ISS, with correct number of 
deaths and of patients in safety population. Otherwise MO analyses of ADSL ISS dataset are consistent with TEVA’s 
analyses. 

A similar number of patients completed the placebo-controlled studies (89-91% in 
each group). Reason for study discontinuation was similarly distributed between 
FRMB and placebo groups, but “withdrawal by subject” seems to be slightly more 
frequent with FRMB (1 to 4% difference).   

Review of the disposition event (DSRSSSP variable) for the “Withdrawal by subject” category in 
the ISS, showed that the great majority (N=74 out of 78, including FRMB and placebo patients) 
reported conflicting schedules or gave no reason for discontinuation. Three patients had 
ongoing AE that could potentially have led to discontinuation including 2 who were not 
benefitting from treatment.  Review of the disposition characterized as “Other” identified one 
70 year-old female who was withdrawn by the sponsor after 3 doses of FRMB in the 
627/225/225 mg group. The ADAE for this patient includes a SAE of “hypertensive crisis” that 
required hospitalization (Patient 30049_ ). This review also identified a few cases in 
which the patients were withdrawn because of the need to use a protocol prohibited 
medication (likely an anti-migraine medication).   
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Categorization of reasons for drug discontinuation in the clinical database were 
accurate, in general. A small number of patients may have been incorrectly 
categorized but there was no systematic bias (some patients were on placebo). The 
finding is unlikely to alter the overall safety assessment in this application. 

 
Patients randomized and included in the Safety population in Cohort 4 are presented below, as 
per the original application and the SUR. 

Table 7. BLA 761089.  Denominators in Cohort 4  

Analysis Groups 
 
 
 

Fremanezumab 

225 
Monthly 

 

675 
Quarterly 

 

675/225 

Monthly
1 

 

675 
Monthly2 

 

900 
Monthly3 

 

Total 
As per TEVA* 

 
 

Original application 
 

      
   Randomized 551 1086 713 97 87 2515 

   Safety population 
   “actual dose” (PYRs) 

550 
(269.5) 

    1086 
(597.5) 

712 
(370.5) 

96 
(22.1) 

86 
(15.20) 

   2511 
 (1279.3) 

       SUR       
   Safety population 
   “actual dose” (PYRs) 

550 
(354) 

    1086 
   (803) 

712 
(490) 

96 
(22) 

86 
(20) 

   2511 
  (1684) 

   Safety population     
   by TEVA’s “modal    
   dose” (PYRs) 

12324 

(839) 
   1114 
   (806) 

- 87 
(21) 

79 
(18) 

 25124 

 (1684) 

Modal dose as per 
3/16/18 

12034 

(834) 
1143 
(814) 

- 87 
(21) 

79 
(18) 

25124 

(1689) 
Source: Excerpted from Table 10 and 29 of original ISS, Tables 4 and 11.5.1.4 of the SUR and Ad Hoc Summary 5.1.4 of 3/16/18 
response to FDA request. 1 Includes patients who received FRMB  225 mg monthly with a starting loading dose of 675 mg. 
2Patients who received this dose in Study 30049 and rolled over to Study 30051 are summarized under this dose for both 
studies. 3No additional patients have received 675 mg monthly or 900 mg monthly since the BLA. (the maximum number of 
doses a patient in this treatment group could receive was 3). 4 Includes one patient randomized to placebo who received 1 dose 
of FRMB 225. *Total numbers as per TEVA’s table are smaller than the sum of individual columns (2534 for patients randomized 
and 2530 for the safety population) because some patients were counted in more than one column.  

  
Except for one patient on placebo who received one dose of FRMB 225 by error, the 
randomized population in Cohort 4 at the time of the original submission was identical to 
the “actual dose” population.  Of note, the total number of patients in the ISS tables in 
the original submission did not match the number of patients in individual treatment 
groups. Moreover, there were discrepancies between the ADSL (disposition) datasets in 
the study 051 interim report (shown in Appendix 13.3.3 of this review) and the ADSL for 
study 051 in the ISS.  See section 8.3, adequacy of database.  As per the study 051 
interim report, as of May 31, 2017, 15 (1%) patients had completed the study, and 122 
(6%) had discontinued.  
 

Additional studies conducted with fremanezumab included 7 completed clinical pharmacology 
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studies involving a total of 228 subjects (as per Table 19 of ISS), for which CSRs and narratives 
were submitted, and 3 ongoing, blinded studies in cluster headache, for which only selected 
safety reports were submitted.  A summary of these studies is presented in Appendix  
13.3.5  As of May 2017, 50 patients were randomized to FRMB or placebo in studies for cluster 
headache.  
 
120-day safety update report (SUR) 
 
The 120-Day Safety Update included updated FRMB safety data from the Phase 3, long-term, 
double-blind study 30051, a Phase 1 bioequivalence study (Study 10114) and 3 ongoing Phase 3 
studies in patients with Cluster Headache using a cut-off date of September 26, 2017.  At that 
time, 39 patients (2%) had completed study 30051 (including the 7.5-month follow-up as per 
the protocol), 194 patients (10%) had discontinued from the study, and 1657 patients were 
ongoing in the study.   Integrated patient disposition for Cohort 4 was not submitted. Instead, 
disposition for individual studies was presented.  Since the placebo-controlled studies were 
already completed at the time of the original submission, the table below focuses on patients’ 
disposition in study 30051, the only study with treatment beyond 3 months in this application. 

Table 8. BLA 761089. Overall patient disposition, Study 051 in Cohort 4, SUR. 

 
  Source: Table 3 of the SUR.  Applicant notes that results of study 051 are preliminary.   
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As seen in this table, study 30051 constitutes 75% of all patients treated in Cohort 4. The 
proportion of patients who completed the study was similar for EM and CM patients (1-
2%, data by indication not shown).  As of the SUR 88% of patients in study 051 are still 
participating in the study (mostly post-treatment follow-up). A post-treatment follow-up 
of 7.5 month exceeds 5 half-lives of FRMB; 5 months would have been sufficient for the 
purpose of a premarketing application. See discussion under 8.2.3 Adequacy of the data. 
 

 Relevant characteristics of the safety population:  

The phase 2 and 3 studies included male and female patients, ages 18 to 71 years.  In Cohort 1 
approximately 87% of the patients were female; 80% were white (race); 89% were non-
Hispanic/Latino (ethnicity); mean age was 41 years.  Most patients were in North America (82% 
and 81% of FRMB and placebo patients, respectively). Gender and age distribution was similar 
among treatment groups.  Racial composition was similarly distributed except for the 675 mg 
monthly and 900 mg monthly groups, which had a slightly higher proportion of black patients 
(19%) and a smaller number of Asian patients (1%) as compared to 10% of black patients and 7-
10% Asian patients in the other treatment groups in Cohort 1.  Weight was similar in the overall 
FRMB and placebo groups (73.1 and 73.6 kg, respectively), although patients in the 675 mg 
monthly group were somewhat heavier (76.0 kg) than the other treatment groups. (Data not 
shown). Demographic characteristics in Cohort 1 are summarized below.  
 
Table 9. BLA 761029. Demographic characteristics of Safety population in Cohort 1 

  

FRMB Cohort 1 
(EM & CM, FRMB and placebo) 

N= 2563 
Age (yrs)    
 Mean/median(range) 41/ 42 (18-71) 
 18-40 46% 
 ≥40 54% 
 ≥ 61 6% 
Gender:  Female/Male 87%/ 13%    
Race:  White/Black/Other 80%/ 10%/ 10% 

Region:  North America/Europe/Japan 82%/11%/ 7%  

BMI ≥30 kg/m
2
  27% 

Prior topiramate/onabotulinumtoxin A 
for migraine 20%/ 9% 

Triptan/ergot use during run-in period 51% 
From ISS summary Table 2.1.1.  *MO analysis of ADSL ADAM datasets (BMI at screening). 
 
Demographic characteristics in Cohort 4 were similar to Cohort 1 (data not shown) 
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Limited information in men, non-white subjects and particularly in adults older than 65 
years are unlikely to allow adequate assessment of the effects of gender, race and age 
on the safety of this product.   

 
Baseline disease characteristics in Cohort 1 were balanced in terms of mean time since initial 
migraine (approximately 20 years). Similar percentages of patients used preventive migraine 
medications in the past or had used triptans/ergots during the 28-day run-in period. As 
expected, patients with EM tended to use less preventive migraine medication than those with 
CM.  
 
Medical History (MHx) identified approximately 95% of patients with at least one finding in 
each treatment group (Summary 3.1.1 of ISS, data not shown).  The MedDRA SOC with the most 
reports was the Immune system disorders SOC, with 40% of patients in each treatment group. 
The most common PT in this SOC were Seasonal allergy (26-28% in each group), Drug 
hypersensitivity (16-19% on FRMB and 20% on placebo), Food allergy (4-6% on FRMB and 3% 
on placebo) and Hypersensitivity (2% in each).  A history of Psychiatric disorders was also 
present in approximately 40% of patients (38-46% in FRMB market dose groups and 40% on 
placebo), including depression, depressive mood, and related terms.   
 
The percentage of patients with cardiovascular risk factors was similar in the FRMB doses and 
placebo groups.  A medical history coded to the Cardiac disorders SOC was reported in 4% and 
3% of patients in the FRMB and placebo groups, respectively.  Individual conditions were 
reported in small and similar numbers among various treatment groups. In terms of a history of 
ischemia, only one patient had a history of myocardial infarction in the FRMB 675/225 monthly 
group and one had a history of myocardial ischemia in the placebo group; 2 had a history of 
angina pectoris (1 on 675 mg quarterly, and one in the 900 mg monthly).   Approximately 14% 
of patients had a history coded to the Vascular disorders SOC, including hypertension-related 
terms (10%), Raynaud’s phenomenon (1%) and hypotension (<1%) in each treatment group. A 
history of hyperlipidemia, hypercholesterolemia, or obesity, was reported in similar percentage 
of patients on FRMB and placebo (3-4% for each PT).  Diabetes mellitus/Type 2 DM/Glucose 
tolerance impaired/insulin resistance was reported in approximately 2% of patients.  Tobacco 
use (current or prior history) was reported in approximately 1% of patients. (From the ISS 
ADMH dataset, data not shown [smoking as a risk factor was not collected in the CRFs]).   
  

The population in the fremanezumab database do not appear to reflect that of the U.S. 
population in terms of cardiovascular risk (age, gender and cardiovascular risk factors).  
See discussion under 8.2 Adequacy of the data.   

 
In terms of medications used prior to entering the trials, they were in general well balanced 
among the FRMB groups and placebo groups for most WHO therapeutic categories (usually 1-
2% differences) (as per Summary 4.1.1 of the ISS, data not shown). Occasionally the difference 
among FRMB groups was greater. For instance, overall 32% of FRMB-treated patients had prior 
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use of psychoanaleptic (which includes mostly antidepressants) (range 23% in the FRMB 675 mg 
monthly to 39% in the FRMB 675/22/225 mg group) as compared to 33% on placebo. It appears 
unlikely that these differences will have an impact on the safety analyses in this application. 

 
The baseline disease characteristics in all FRMB-treated patients (Cohort 4) were generally 
similar to those patients in Cohort 1.  The 7 Phase 1 studies, included 228 adults (range= 19 to 
64 years; 130 males, 98 females), who were mostly Caucasian, except for Study TV48125-PK-
10078 (a study in Japan). 

 Adequacy of the safety database  

As discussed under Exposure, the number of patients who had exposure for at least 6 months 
or 1 year of treatment and had completed the EOT visit 15 were 11 and 2, respectively, at the 
time of the original submission. However, 5 half-lives (approximately 5 months) would be 
acceptable for evaluation of safety in the washout period in the premarketing application.  As 
per Table 4 of this review, 135 patients had at least 12 months of treatment and 5 months of 
follow up exposure at the time of the SUR. Moreover, 138 patients were treated for at least 15 
months, although only 1 of them had completed 5 months of post-treatment follow up. 
 
The prevalence of migraine in the U.S. is around 3:1 for women vs. men and the peak incidence 
is between 30 and 49 years of age. [13.1.3]  CV risk is higher in men than women and increases 
with age in both migraine and non-migraine subjects.  Patients with migraine are at increased 
CV risk as compared to subjects without migraine. [13.1.4, 13.1.5]    
 
The American Migraine Prevalence and Prevention (AMPP) study is a longitudinal study with 
cross-sectional surveys in patients with migraine representative of the  U.S. population. It 
started collecting data in 2004.  Results of the surveys have been published over the years 
[[13.1.3]  13.1.4, 13.1.6 ,  13.1.7].  Selected demographic characteristics and CV risk factors in 
the 2008 and 2009 AMPP surveys are presented below, along with those of the FRMB database.   
 
Demographic characteristics of Fremanezumab database and AMPP study. 

 
AMPP= American Migraine Prevalence and Prevention study. EM= episodic migraine. 
 CM= chronic migraine. 1. Cohort 1, fremanezumab in placebo-controlled trials. 2. Bigal et al. Neurology 2010.   
3. Lipton et al. Headache 2017.    
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The demographic characteristics of the FRMB database do not appear to reflect the age and 
gender characteristics of the AMPP population.  Moreover, the rate hypertension, diabetes and 
high cholesterol in the AMPP 2008 survey was 33%, 12% and 32%, respectively [13.1.4], as 
compared to 10%, 2% and 4% respectively, in the FRMB database.  In the AMPP 2009 survey 
(patients with episodic migraine only), 35%, 15% and 40% reported hypertension, diabetes or 
high cholesterol, respectively. Additionally, 39% in this survey were obese with a BMI >30 kg/m2 

and 17% were smokers.[ 13.1.6]  Of note, 7% reported a prior cardiovascular event such as MI, 
stroke, angina, TIA or claudication [13.1.7] as compared to a handful of patients [<1%] with a 
history of such events in the entire FRMB database (only two patients had a history of a 
myocardial infarction/ischemia and 3 had a history of angina). Different methodology used for 
ascertainment of the medical history (self-reported survey vs. data collected by healthcare 
provider in a clinical trial setting) preclude direct comparisons. However, the data suggest that 
the fremanezumab database may not reflect the migraine population in the US in terms of CV 
risk factors. 

 
While sufficient to comply with minimum ICH recommendations, because of the size and 
duration  of the trials, this database is not powered to evaluate and rule out potential 
cardiovascular safety concerns. Additionally, the demographics characteristics of the 
fremanezumab database do not appear to reflect those of the US migraine population in 
terms of cardiovascular risk.  Please see additional discussion in Section 8.5.1  Specific 
Safety issues.  

 Adequacy of Applicant’s Clinical Safety Assessments  

 Issues Regarding Data Integrity and Submission Quality  

The submission was well organized.  Submitted information including narratives and patient 
profiles were easy to find. When referring to relative days or doses of FRMB in patients who 
participated in the extension study 051, the narratives usually referred to study 051 without 
taking into consideration whether the patient had received FRMB in the base study or not, and 
sometimes it was unclear how many doses the patient had received in total.  There were some 
discrepancies in the number of patients with long term exposure between different 
documents/sources in the original application. The discrepancies were initially noted by the 
Jump Start team from the Office of Computational Science.  Upon request for clarification the 
applicant stated that there was double-counting of some of the 48 patients who participated in 
studies 021 and 022, as new patients in study 051. The SUR datasets corrected this problem.  

 Categorization of Adverse Events 

Categorization of AE was adequate, in general. The protocols used standard definitions for 
Adverse Events (AE), Treatment emergent AE and Serious adverse events (SAE). An adverse 
event refers to any untoward medical event associated with the use of a drug in humans, 
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whether the event was considered drug related or not.  A serious adverse event refers to any 
event that results in any of the following outcomes: death, a life-threatening adverse 
experience, inpatient hospitalization or prolongation of existing hospitalization, a persistent or 
significant disability/incapacity or a congenital anomaly or birth defect, or was an important 
medical event. A treatment emergent event was one that occurred after the first dose of study 
drug. However, there were some instances in which an event was categorized by the 
investigator as non-SAE when in fact it should have been categorized as serious, such as several 
ophthalmic AEs that required surgery, or an event of angina pectoris that should have been 
considered an important medical event.   
 
Coding was done using MedDRA 18.1.  Review of the verbatim AE terms showed that MedDRA 
coding was adequate in general.   
Of note, migraine exacerbations (including acute headache) were recorded as an AE “only if the 
presentation and/or outcome was more severe than would typically be expected from the 
normal course of the disease in a particular patient, or if they were severe enough to require 
hospitalization of the patient, in which case they were recorded as serious adverse events.” This 
approach allows separation of potential AE from the manifestations of the underlying disease.  
Categorization of reasons for discontinuation were also accurate, in general. 
 
The sponsor’s Pharmacovigilance department determined the expectedness (whether the AE 
was included in the investigator brochure or not) for all SAE with the purpose of IND safety 
reporting.  Protocol-defined AE of special interest were also sent for evaluation to the sponsor’s 
Pharmacovigilance department. These include ophthalmic AE of at least moderate intensity, 
events of possible drug-induced liver injury and severe hypersensitivity reactions or events 
suspected of anaphylaxis. 
 
Upon review of the narratives for ophthalmologic AEs, the FDA consultant ophthalmologist 
commented on the poor quality of the narratives, and issued a detailed informational request 
asking for justification of the categorization of seriousness for some events, along with the 
request that all ophthalmologic AE be considered AE of interest regardless of seriousness or 
severity. For additional information see section  8.5.3, Specific Safety concerns, Ophthalmologic 
AE. 

 Routine Clinical Tests 

In addition to data related to efficacy endpoints, safety was assessed by evaluation of reported 
adverse events, clinical laboratory test results (chemistry, hematology, coagulation parameters, 
urinalyses), vital signs (heart rate, systolic and diastolic blood pressure, respiratory rate and 
temperature), 12-lead ECG, physical examination, eC-SSRS scores, local injection site 
assessments, and concomitant medication usage. Most assessments were done at every visit. 
Laboratory evaluations were done at every other visit, starting on Day 1, except for pregnancy 
test, which was done every visit.  All assessments on treatment days were done before 
administration of the IP (investigational product), except for the injection site assessments, 
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which were done before and after. A schema of safety assessments in study 051 is presented in 
Appendix 13.3.2.  The applicant provided a normal Laboratory reference range (Listing 15.2.8.1 
of study 300051, data not shown) and defined potentially clinically significant laboratory 
measurements and vital signs (presented in Appendix 13.3.4 of these review). The definition of 
PCS abnormal measurements was acceptable, except for the definition of eosinophilia (>10%) 
given that the normal range is up to 7%. However, analyses using a cutoff of 8% did not 
significantly change the results (data not shown). Teva also conducted analyses of vital sign 
change outliers, as requested by FDA. 
 
Routine testing schedule appears to be appropriate. One additional measurement that would 
have been reasonable to collect but was not part of the protocols was orthostatic changes in 
heart rate and blood pressure.  Schedule of laboratory evaluations and the definition of 
clinically important laboratory changes was adequate (data not shown). Schedule and 
processes for 12-lead ECGs evaluation were adequate. In addition to the evaluation of routine 
safety, study 051 objectives include the evaluation of immunogenicity and correlation of PK 
parameters with drug efficacy, among other measurements.  

 Safety Results 

 Deaths 

Two deaths occurred in this database as summarized below. 
 
CNS_30049_  59 F with chronic migraine who received 1 dose of FRMB 675 mg in the 
675 mg quarterly treatment group.  She was found dead 69 days after a single FRMB dose. She 
was a smoker and had a history of hypertension for about 7 years, treated with lisinopril/ 
hydrochlorothiazide, and was allergic to penicillin and mold.  Per the family, the patient had 
coffee with her husband before he left to work in the morning. She was supposed to meet with 
friends at 10 AM but when she was late, her friends went to her home and found her there. The 
CIOMS report states that the patient had been “battling with a cough for 2 weeks” and that 
“she was known to be non-compliant with her prescribed medications, which include an 
albuterol rescue inhaler and hypertensive medications.”  Of note, neither a prior history of 
COPD, an adverse event of cough or the use of albuterol are recorded in the CRF. 
 
Physical examination, vital signs and ECG at screening (Day 0, Visit 1) were normal.  Laboratory 
evaluations were normal except for a wide erythrocyte distribution. She received the first IP 
dose (FRMB 675 mg) on Day 1. Before dosing, physical examination showed mild decrease in 
breath sounds with mild wheezing that were considered not to be clinically significant.  Two 
adverse events were recorded:  injection site pain related to drug, and decreased breath 
sounds with mild wheeze (which in view of the findings before dosing was not a treatment 
emergent AE). She received the second and third IP doses (placebo) on Days 29 and 55 of the 
study.  As per the narrative, physical examination of the lungs on Day 55 was normal. Two 
weeks later, the site was informed of the patient’s death on Day 69.  
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Vital signs and laboratory evaluations were normal and mostly unchanged at Days 1, 29 and 55, 
as compared to screening, except for an asymptomatic decrease in BP on Day 29. Hematology 
results for hemoglobin and hematocrit showed high-normal values, consistent with COPD. ECG 
on Day 1 (also before dosing) showed a borderline abnormal ECG, described as “sinus rhythm 
with sinus arrhythmia with short PR Interval, Moderate voltage criteria for LVH, consider 
normal variant” that was not clinically significant. FRMB plasma concentrations were within the 
range expected for that dose group. Electronic C-SS was negative at all visits. 
 
The autopsy main diagnoses were COPD and hypertensive atherosclerotic CV disease. There 
was also a thyroid and a liver nodule. The lungs had “moderate edema and moderate 
centrilobular emphysema.” A drug screen and toxicologic analysis showed multiple drugs 
including nicotine, fluoxetine, tramadol and cyclobenzaprine, all within therapeutic range. The 
autopsy concluded that “the patient died of COPD” and that the manner of the death was 
“natural.” 

I do not agree that the cause death was COPD. The patient was a smoker, had 
COPD and controlled hypertension, but she was not acutely ill when she was 
found dead. The CRF does not mention a prior history of COPD, cough or 
albuterol treatment.  The diagnosis of COPD was made at autopsy. The death 
occurred within 2.5 half-lives of FRMB treatment. In my opinion this is a sudden 
death. At this point the death does not appear to be directly related to FRMB. 
This question cannot be answered until there is more information on the safety of 
CGRP inhibitors, particularly in patients with CV risk.  

 
CNS-30050  21 F with episodic migraines, on FRMB 675 mg quarterly. She had a 
history of tonsillectomy and asthma, and died 110 days after the first and only dose of FRMB. 
Although the CRF does not mention depression, concomitant medications included venlafaxine. 
The death was initially reported as “unknown cause of death.” Upon autopsy, the Medical 
Examiner concluded that the patient died from the toxic effects of diphenhydramine caused by 
an intentional overdose.  The patient withdrew her consent on Day 72 because an out of state 
family emergency.  A few months later her mother notified the site that the patient had died.  
Vital signs and lab evaluations were unremarkable. FRMB plasma concentrations were within 
the range expected for that dose group. Her eC-SSRS score was negative throughout the study.   
  

This is a case of suicide by intentional overdose in a patient taking venlafaxine, 
which is indicated for depression, anxiety and panic disorder. The event, on its 
own, does not appear related to FRMB.    

 Serious Adverse Events 

SAE in Cohort 1 occurred in 0.9% to 2.3% patients of FRMB-treated patients (mean 1.2%) as 
compared to 1.6% on placebo.  SAE in Cohort 4 occurred in approximately 2.4% of patients, in 
each treatment group. Patients with SAE are summarized below for Cohorts 1 and 4. 
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Table 10. BLA 761089. Patients with Serious Adverse Events in Cohort 1 (Placebo-controlled)  

  MedDRA SOC 
             MedDRA PT 

PBO 
monthly 
(N=861) 
n (%) 

FRMB 225 
  monthly 
(N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 
675/225/225 

(N=467) 
n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 

n (%) 

FRMB  
Total 

 
(N=1702) 

 
 

Patients with at least 
1 SAE 

14 (1.6) 5 (1.3) 6 (0.9) 6 (1.3) 2 (2.1) 2 (2.3) 21 (1.2) 

Blood and lymphatic 
system disorders 
    Antiphospholipid  
      antibody syndr 

 
 
 

0 
 
0 
 
 

0 
 

0 
 
 

0 
 

0 
 
 

0 
 

0 
 
 
 

1 (1) 
 

1 
 

0 
 

0 
 
 

     1 (0.1) 
 
1 

Eye disorders  
    Diplopia 

1 (0.1) 
1  
 
 

0 
0 
 

 

0 
0 
 

 

0 
0 
 
 
 

0 
0 
 

 

0 
0 
 

 

     0 
0 
 
 

Cardiovascular disor. 
    Sudden death* 

0 
0 

0 
0 

1 (0.1) 
1 
 

0 
0 

0 
0 

0 
0 

0 
0 

Gastrointestinal disor.    
   Intestinal hemorrh 
   Irritable bowel synd 
 

0 
0 
0 

0 
    0 

0 

1 (0.1) 
    1 

0 

0 
0 
0 

0 
0 
0 

1 (1.2) 
0 
1 

    2 (0.1) 
1 
1 

General disorders and 
administration site 
   Peripheral Edema 

1 (0.1) 
 
1  
 

  

0 
 

0 
 
 

0 
 

0 
 
 

0 
 

0 
 
 
 

0 
 

0 
 
 

0 
 

0 
 
 

0 
 
0 
 

 
Immune system 
disorders 

Drug hypersensitivity 

2 (0.2) 
 
2  

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 

0 
 
0 

  Infections and   
  infestations 

Pneumonia 
      Appendicitis 

 0 
 
 0 

      0 

1 (0.3) 
 

0 
1 

1 (0.1) 
 

        1  
0 

1 (0.2) 
 

1 
0 

0 
 

0 
0 

0 
 

0 
0 

     3 (0.2) 
 
2  
1 

Injury, poisoning, and 
procedural complic. 
   Fall 
   Accident/road accid 

     Fracture 
     Tendon injury 

3 (0.3) 
 
1  
2  
2  
0 

1 (0.3) 
 

0 
1 
0 
0 

2 (0.3) 
 

0 
1 
1  
1  

1 (0.2) 
 

1 
0 
2 
0 

0 
 

0 
0 
0 
0 

0 
 

0 
0 
0 
0 

4 (0.2) 
 

1  
1 
3  
1  

Metabolism and 
nutrition disorders 
    Hypoglycemia 

1 (0.1) 
 
1  

0 
 

0 

 0 
 

 0 

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 
Musculoskeletal dis. 
    Back pain 

0 
0 

0 
0 

 0 
 0 

1 (0.2) 
1 

0 
0 

0 
0 

0 
0 

Neoplasms benign, 
malignant, unspecif. 
   Lentigo maligna 
   Uterine leiomyoma 

2 (0.2) 
 
1  
1  

0 
 

0 
0 

 0 
 
0 
0 

0 
 

0 
0 

0 
 

0 
0 

0 
 

0 
0 

0 
 

0 
0 
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  MedDRA SOC 
             MedDRA PT 

PBO 
monthly 
(N=861) 
n (%) 

FRMB 225 
  monthly 
(N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 
675/225/225 

(N=467) 
n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 

n (%) 

FRMB  
Total 

 
(N=1702) 

 
 

Nervous system dis. 
    Seizure 

      Migraine/status mig. 
Dizziness 
Tremor 

3 (0.3) 
0 
2  
1  
0 

2 (0.5) 
1  
1  
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 (1) 
0 
0 
0 
1  

0 
0 
0 
0 
0 

3 (0.2) 
1 
1 
0 
1 

Psychiatric disorders 
    Depression 
    Suicide** 
    Suicidal ideation 
    Suicide attempt     

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 (0.1) 
0 
1  
0 
0 

1 (0.2) 
0 
0 
1 
0 

0 
0 
0 
0 
0 

1 (1.2) 
1 
0 
0 
1 

3 (0.2) 
1 
1 
1  
1 

Pregnancy, puerper. 
and perinatal 
   Abortion spontan. 

1 (0.1) 
 
1   

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 
Renal and urinary 
disorders 

Calculus urinary 
Nephrolithiasis 

2 (0.2) 
 
0 
2   

      0 
 

      0 
      0 

0 
 

0 
0 

1 (0.2) 
 

1  
0 

0 
 

0 
0 

0 
 

0 
0 

1 (0.1) 
 

1  
0 

Respiratory, Thoracic 
and Mediastinal  
    COPD* 
    Asthma/dyspnea 

1 (0.1) 
 
0 
1   

0 
 

0 
0 

1 (<1) 
 

1 
0 

0 
 

0 
0 

0 
 

0 
0 

0 
 

0 
0 

1 (0.1) 
 

1 
0 

Vascular disorders 
Hypertensive crisis 

       0 
       0 

1 (0.3) 
     1  

0 
0 

1 (0.2) 
     1  

 0 
 0 

0 
0 

2 (0.1) 
2  

Source: Summary 6.5.1 of the ISS, ADAE ISS dataset and individual review of narratives. * Patient found dead, 
diagnosed as Chronic Obstructive Pulmonary Disease at autopsy. ** Intentional overdose as per autopsy.  
Patients are counted only once in each SOC and PT category.    

There was a small number of SAE in this database (1-2% per group). Most events 
occurred in a single patient. The SOC with most events was Injury, Poisoning and 
procedural complications because of falls/accidents in both FRMB and placebo. 
There is a suggestion of a higher rate of events with FRMB 675 and 900 mg 
monthly but the small numbers of patients preclude adequate comparison with 
FRMB to-be-marketed doses or placebo.  

A summary of SAE in Cohort 4 for the doses  at the time of the SUR is 
shown below. (There is no additional data for the 675 and 900 mg dose groups).   

Table 11. BLA761089. Patients with SAE in Cohort 4 . SUR.     

  MedDRA SOC 
             MedDRA PT 

FRMB 225 
monthly 
(N=551) 

n (%) 

FRMB 675  
quarterly  
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly  

(N=712) 
n (%) 

FRMB 
Total 

(N=2342)* 
n (%) 

 
 
 
 
 

   
 

Patients with at least 1 SAE 20 (4) 38 (3) 24 (3)      82 (4)    
Blood & lymphatic system 
     Iron deficiency anemia 
 

    0 
    0 

     0 
     0 

1 (0.1) 
1 

      1 (<0.1) 
          1 
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  MedDRA SOC 
             MedDRA PT 

FRMB 225 
monthly 
(N=551) 

n (%) 

FRMB 675  
quarterly  
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly  

(N=712) 
n (%) 

FRMB 
Total 

(N=2342)* 
n (%) 

 
 
 
 
 

   
 

Cardiac disorders. 
    Sudden death 
    Atrial fibrillation 
 

0 
0 
0 

2 (0.2) 
1 
1 
 

0 
0 
0 

2 (0.1) 
1 
1 

Ear & Labyrinth disorders 
    Sudden hearing loss 

0 
0 

1 
1 

0 
0 

1 (<0.1) 
1 

Eye disorders 
    Macular degeneration 
    Retinal detachment 
 

0 
0 
0 

0 
0 
0 

1 (0.2) 
1 
1 

1 (<0.1) 
1 
1 

Gastrointestinal disorders.    
   Intestinal hemorrhage 
   Barret’s esophagus 
   Ileal stenosis/small Intestinal 

         obstruction 
   Abdominal pain 
   Gastric ulcer 
    
 

 
 
 

1 (0.2) 
      0 

1 
0 
 

0 
0 

3 (0.3) 
     1 

0 
1 
 

0 
1 

2 (0.3) 
0 
0 
1 
 

2 
0 

         6 (0.3) 
1 
1 
2 
 

2 
1 

General disorders & adminstr. 
   Chest pain 

0 
0 

1 (0.1) 
1 

0 
0 

1 (<0.1) 
1 

Hepatobiliary disorders 
      Cholelithiasis/ Cholelithiasis      
           chronic 
      Hepatic cyst 

0 
0 
 

0 

2 (0.2) 
2 
 

1 

0 
1 
 

0 

4 (0.2) 
3 
 

1 
Immune system disorders 
    Allergy to arthropod sting 

    0 
    0 

    1 (0.1) 
    1 

     0 
     0 

1 
1 

Infections and infestations 
Pneumonia 
Appendicitis 
Diverticulitis 
Kidney infection 
Meningitis aseptic 
Post procedural infection 
Urinary tract infection 
Wound infection 

  4 (0.7) 
1 
1 
1 
0 
0 
0 
1 
1 

    5 (0.5) 
1  
0 
1 
1 
1 
1 
0 
0 

    4 (0.4) 
2 
2 
0 
0 
0 
0 
0 
0 

12 (0.5) 
4 
3 
2 
1 
1 
1 
1 
1 

Injury, poisoning, & proc. complic  
    Fall 
    Road accident 

      Fracture1 
      Tendon injury 
      Procedural pain 
      Post-procedural hemorrhage 
      Intentional overdose 
      Incisional hernia 

2 (0.4) 
0 
0 
1 
0 
0 
0 
0 
1 

5 (0.5) 
1 
1 
2  
1  
1 
0 
1 
0 

2(0.3) 
1 
0 
1 
0 
0 
1 
0 
0 

9 (0.4) 
2 
1 
4  
1 
1 
1 
1 
1 

Investigations 
   Ammonia increased 

0 
0 

0 
0 

1 (0.2) 
1 

1 (0.1) 
1 

Metabolism and nutrition dis. 
    Dehydration 

1 (0.2) 
0 

 0 
 0 

0 
1 

2 (0.1) 
1 
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  MedDRA SOC 
             MedDRA PT 

FRMB 225 
monthly 
(N=551) 

n (%) 

FRMB 675  
quarterly  
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly  

(N=712) 
n (%) 

FRMB 
Total 

(N=2342)* 
n (%) 

 
 
 
 
 

   
 

    Hypoglycemia 1 0 0 1 

Musculoskeletal dis. 
     Back pain/spinal pain 
     Osteoarthritis 
     Fibromyalgia 
     Synovial cyst 

1 (0.2) 
1 
1 
0 
0 

1 (0.2) 
0 
0 
1 
0 

2 
1 
1 
0 
1 

6 (0.2) 
2 
2 
1 
1 

Neoplasms benign, malignant, 
unspecified. 
    Endometrial cancer 
    Melanoma2 

    Thyroid cancer 
    Phyllodes tumor (breast)   
    Meningioma 
    Prostate cancer 

1 (0.1) 
 

0 
1 
0 
0 
0 
0 

8 (0.7) 
 
1 
2 
2 
1 
1 
1 

0 
 

0 
0 
0 
0 
0 
0 

9 (0.4) 
 

1 
3 
2 
1 
1 
1 

Nervous system disorders 
    Cerebrovascular accident 
    Seizure 

      Migraine/status migrainosus 
      Hypoesthesia 
      Perineurial cyst 
      Transient global amnesia 

   Transient ischemic attack 
Parkinson’s disease 
Sciatica 
Nerve compression 
Carpal tunnel syndrome 

   Intracranial aneurysm 

9 (1.6) 
0 
1  
2  
0 
1 
1 

      1 
0 
1 
1 
1 

   0 

4 (0.4) 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 

1 (0.1) 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14 (0.6) 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 
1 

      1 

Pregnancy, puerp. and perinatal 
    Fetal death 

      Abortion spontaneous 

 1 (0.2) 
        1 

     0 

0 
0 
0 

1 (0.1) 
0 
1 

2 (0.1) 
      1 

1 
Psychiatric disorders 
    Depression 
    Suicide 

    Suicidal ideation 
    Suicide attempt 

    Adjustment disorder 
    Anxiety     

1 (0.2) 
0 
0 
1 
0 
0 
0 

4 (0.4) 
1 
1  
1 
1 
1 
1 

1 (0.1) 
0 
0 
1 
0 
0 
0 

6 (0.3) 
1 
1 
3 
1 
1 
1 

Rena and urinary disorders 
    Calculus urinary 
    Urinary retention 

1 (0.2) 
0 
1 

0 
0 
0 

1 (0.1) 
1 
0 

2 (0.1) 
1 
1 

Reproductive and breast dis. 
    Hemorr./ruptured ovarian cyst 
    Menorrhagia 
    Ovarian cyst/mass    

2 (0.4) 
1 
1 
0 

1 (0.1) 
1 
0 
0 

       3 (0.4)   
1 
0 
2 

6 (0.3) 
3 
1 
2 
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  MedDRA SOC 
             MedDRA PT 

FRMB 225 
monthly 
(N=551) 

n (%) 

FRMB 675  
quarterly  
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly  

(N=712) 
n (%) 

FRMB 
Total 

(N=2342)* 
n (%) 

 
 
 
 
 

   
 

Respiratory, Thor. & Mediastinal  
    COPD  

      Lung consolidation 
    Pneumothorax 

1 (0.2) 
0 
1 
1 

1 (0.1) 
1 
0 
0 

0 
0 
0 
0 

2 (0.1) 
1 
1 
1 

Vascular disorders 
Hypertensive crisis 
Hypertension 
Deep venous thrombosis 
Venous thrombosis of limb 

1 (0.3) 
      1 

0 
0 
0 

2 (0.2) 
0 
1 
1 
0 

         3 (0.3) 
        1  
         0 
         1 
         1 

6 (0.3) 
2 
1 
2 
1 

Source: ISS Ad Hoc summary 12.2.4 (submitted with SUR) and MO analyses of ADAE datasets and narratives. *Total 
sum=2349 but as per TEVA’s summary, they were 2342 unique patients. 1 Includes fibula, wrist, radius and ulna and 
pelvic fracture, in 3 patients (1 in each treatment group).    2  Melanoma includes 2 malignant melanoma on FRMB 
675 quarterly and 1 superficially spreading melanoma without staging on 225 monthly.  

The rate of SAE in this population was 3 to 4% without obvious differences among 
treatment groups. Analyses by modal dose submitted on 3/6/18 were consistent with 
those by actual dose treatment (data not shown).   

The were no SAE of malignancies on FRMB in Cohort 1, but there were 2 non-SAE of 
basal cell carcinoma (1 on 675/225 and 1 on 900 monthly).  Nine patients (0.4%) 
presented SAE in the Neoplasms SOC in Cohort 4. Eight of the 9 were on FRMB 675 
quarterly. See discussion below and in Section 8.8.1 (Human carcinogenicity and tumor 
development).   

 

Selected narratives from patients with SAE are discussed below. 

SAE on Placebo in Cohort 1 

Fourteen patients presented 21 SAE in the placebo group. Most were considered not related to 
drug and no action was taken with the IP, except for 2 cases of hypersensitivity, that were 
withdrawn from the study.  All cases resolved or were resolving at last follow up. The cases of 
hypersensitivity are described below. Other cases are not discussed further.  

CNS_30049_  was a 35 F who on Day 1 of the study presented injection site erythema. 
On Day 10, she went to the emergency room (ER) with diplopia, dyspnea, peripheral edema and 
was treated with diphenhydramine and methylprednisolone for “drug hypersensitivity.” The 
investigator thought that the event was an “aborted early anaphylactic reaction.” Events 
resolved after 9 days. Perhaps this reaction was not an allergic reaction; or it could be an 
allergic reaction related to something other than placebo (e.g. an excipient). Upon additional 
review, the CIOMS form does not support the coding of this AE as an allergic reaction.  

CNS_30050_  was a 53 F with a history of seasonal allergies, penicillin allergy and 
asthma who presented an anaphylactic reaction on Day 36 of the study, after 2 doses of 

Reference ID: 4320797

(b) (6)

(b) (6)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  37 

placebo and 15 minutes after receiving ceftriaxone for treatment of bronchitis. The event is 
clearly related to ceftriaxone and not related to the IP. 

 

SAE on FRMB in Cohort 1   

Twenty-six SAE occurred in 21 patients treated with FRMB in Cohort 1.  Six led to drug 
discontinuation.  Two of the 26 AE were fatal (already discussed); 20 resolved; one was 
reported as not resolved (antiphospholipid antibody syndrome); 2 were recovering as of the 
time of last follow up (radius and ulna fracture after an accident), and one had an unknown 
outcome (a case of intestinal hemorrhage).  SAE that occurred in more than one patient on 
FRMB (all doses) were three suicide-related events (0.2%) (one completed suicide, one suicidal 
ideation and one suicide attempt), two hypertensive crises (0.1%) and 2 pneumonias (0.2%). All 
but one (a seizure) were considered not related to study drug by the investigator. I agree with 
the determination investigator’s assessment of causality, unless noted otherwise. Selected 
narratives are presented below. 
   
• Hypertensive crisis (n=2) 

 
 51 F with Hx of complicated migraine with aura which had been worse 

during recent months, and HTN for 32 years in the FRMB 225 mg monthly group.  The patient 
had a 4-month history of complicated migraine and associated auras including memory loss, 
slurred speech, numbness and tingling to her right side and motor deficits. On day -28 
(screening), the patient’s blood pressure (BP) was 130/79 mmHg. Concomitant meds included 
lisinopril, topiramate, triptans, ibuprofen and tramadol.  On days 1 and 29, the patient’s BP was 
151/89 and 159/91 mmHg, respectively, before dosing. On day 31, 1 day after the second dose 
of FRMB, the patient experienced an increase in auras and migraine headache (“sharp, 
throbbing, most significant in the right frontal area with associated tingling in the right face, 
arm, and leg”) not responsive to analgesics. She went to the ER with a severe headache (10/10) 
associated with tingling on the right side of the face, arm and leg, and a BP of 232/114 mmHg. 
She was admitted to the hospital after pain and BP improved after treatment with clonidine, 
but she had persistent tingling and mild motor deficits of the right leg. The events resolved on 
Day 32. The study drug was permanently discontinued on Day 57.  The investigator assessed the 
events as not related to drug.  

The patient already had high BP on Day 1 before dosing, and had a history of 
complicated migraine prior to study entry. Increased BP could be associated with pain. 
Additionally, triptans may have contributed to the event. However, CGRP inhibition may 
potentially alter the complex regulatory mechanisms that control blood pressure. The 
contribution of CGRP inhibition to the acute atypical migraine and hypertensive crisis 
cannot be ruled out.  

 
CNS_30049_  70 F with migraine for 40 years developed hypertensive crisis 27 days 
after the first dose of FRMB in the 675/225 mg group. Medical history included hypertension, 
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hypercholesterolemia and myocardial infarction (all diagnosed around 3 years before entry), 
cutaneous lupus (diagnosed 2 years prior to entry) and hypothyroidism (for 20 years).  
Concomitant meds for BP included carvedilol 12.5mg bid, losartan 50 mg bid and nitroglycerin, 
as needed.  BP on Day 1 was 138/82 with a heart rate of 72 bpm. On Day 27 the patient had 
elevated BP with values up to 215/105, and HR of 78 bpm, which came down to values of 66/37 
mmHg and HR of 63 bpm after treatment.  She was hospitalized with chest pain responsive to 
nitroglycerin. ECG, CK, troponin and D-Dimer were negative. She was treated with low dose 
aspirin. During hospitalization the evening of Day 27, she presented labile hypertension treated 
with hydralazine. As per the narrative, the dose of carvedilol had not been given the day before, 
and hospital records had shown that the patient had similar episodes prior to this one. In the 
morning of Day 28, BP was normal and she was discharged on metoprolol, with a BP of 123/66 
mmHg. Hospital discharge diagnoses were “labile hypertension” and “orthostatic hypotension.”  
The patient received the second and third doses of FRMB (225 mg) on Days 29 and 56 of the 
study without further AEs.  The investigator considered the event of hypertensive crisis not 
related to study drug but TEVA requested that the patient be withdrawn from the study.  

A diagnosis of labile hypertension was not recorded in the CRF at screening. Whether 
she did or did not take the carvedilol dose the day before the event or why she would not 
have taken it is unclear. She also presented chest pain responsive to nitroglycerin, 
suggestive of angina pectoris. The patient received 2 doses of FRMB 225 mg after the 
episode of hypertensive crisis without significant changes in BP or reported chest pain 
but those were lower doses of FRMB. I would not completely rule out the role of FRMB 
675 mg on the hypertensive crisis and angina pectoris. This is the only patient with a 
recent (3 years) history of myocardial infarction in the entire database. The episode of 
chest pain responsive to NTG was not recorded as an AE. I will include this event as 
angina pectoris in my analyses of CV events. 
 

• Suicidal ideation/behavior (n=3, counting the patient with complete suicide)  
 

CNS_30049_ was a 63 year-old female on the 675/225 mg group. She had a history of 
depression and insomnia. Concomitant meds included citalopram and zolpidem. On an 
unknown date, she presented suicidal ideation of moderate intensity that got increasingly 
worse requiring hospitalization on Day 56 to 58 of the study, after 2 doses of FRMB. The 
patient’s husband had died 6 months prior. The event resolved. She was withdrawn from the 
study. The e-CSSR on Day 1 was 8, at 1 month was negative, and at month 2, at the early 
withdrawal visit was 12.   

In isolation, in the setting of prior depression and recent death of family suicidal ideation 
in this case does not appear related to FRMB. 

 
was a 35 year-old female on FRMB 900 mg monthly group (dose not 

proposed for marketing) who attempted suicide by multi-drug overdose on Day 43 of the study, 
after 2 doses of FRMB. She had a preexistent history of depression, on aripiprazole before 
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entry.  She recovered, discharged the following day, and withdrawn from the study. She was re-
hospitalized on Days 56 to 63, for depression. The event was considered resolved on Day 72.  
  In isolation, the events of worsened depression and attempted suicide do not appear to  

be related to FRMB. 
 

• Grand mal seizure (n=1) 
CNS_30050_  23 year-old male with Episodic Migraine (EM) for 9 years, without prior 
history of seizures presented grand mal seizure 22 days after the last dose of FRMB (225 mg 
monthly). Concomitant meds included nortriptyline (for 7 months) and eletriptan (started 7 
months prior; he had used other triptans in the past). He received FRMB on Days 1, 29 and 57. 
On Day 62 he was hit on the head while playing basketball. He felt “woozy” but did not lose 
consciousness. He had nausea for 2 days. On Day 79, he presented a grand mal seizure while 
witnessed by his parents. He was treated in the ER with IV ketorolac. CT scan of the head was 
normal. The event resolved. At that time his parents recalled a prior concussion with loss of 
consciousness when he was 5 years old.  On Day 142, an EEG showed generalized epileptiform 
discharges. An MRI was normal. Levetiracetam was prescribed for seizure prevention. 
Nortriptyline was discontinued. TEVA’s review of the neurologist’s notes identified finding of 
“3-4 beat ankle clonus bilaterally” a few months prior to study entry. The investigator 
considered the seizure to be related to FRMB, along with possible prior undiagnosed epilepsy. 
TEVA assessed the seizure as not related to FRMB.   

An isolated event of seizure cannot be attributed to FRMB.  
 
• Tremor (n=1) 
 

 33 F presented tremor 3 days after the second dose of FRMB 675 mg. 
She had complex medical history and was taking multiple medications, including amphetamine/ 
dextroamphetamine and thyroid hormone replacement, among others. She received FRMB on 
Days 1 and 26. On Day 27 she presented mild tachycardia and tremor. On Day 29 she had 
worsened tremor and dizziness. On Day 30 she presented to the site with tremor, stuttering 
and “muscular chest pain” below the sternum. She reported that “that day” (likely referring to 
Day 30) she had received an “adrenal blend” for treatment of low cortisol levels. She was 
tachycardic (100-104 bpm). She was admitted to the hospital and treated with lorazepam, 
diphenhydramine and ketorolac. She was discharged from the hospital on Day 33, after events 
resolved. The investigator considered the event not related to the IP.   

I would agree that the event of tremor is unlikely related to FRMB and probably related 
to taking amphetamines. However, some tremor and dizziness started the day after the 
second dose of FRMB before receiving the “adrenal blend.” Of note, the CIOMS form 
mentions tachycardia but does not include any BP measurements.  

 
• Antiphospholipid antibody (APA) syndrome (n=1) 
 

  A 30 F with EM received 3 doses of FRMB 675 mg monthly (Day 1, 29 
and 58). Medical history included simple partial seizures.  On Day 30 she presented worsening 
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migraine. On Day 37 she reported numbness, pain and tingling in her hands and feet. On Day 63 
she complained of headaches, pain and pressure behind the left eye. An MRI of the head 
showed multiple small lesions suggestive of subacute infarcts or vasculitis. A cerebral 
angiogram showed no intravascular vasculopathy.  On unspecified dates, laboratory tests 
revealed positive anti-nuclear antibody, anti-cardiolipin antibody and lupus anticoagulant 
screen. She was treated with pain medications, IV fluids, and antiemetics. On day 77, the 
patient’s pain was controlled, and she was discharged from the hospital in stable condition. The 
diagnosis was reported as moderate APA syndrome. The event was not resolved at time of 
reporting. The patient participated until Day 86 and did not enter the extension.  

This isolated case of APA syndrome on itself cannot be attributed to FRMB. 
 
• Intestinal hemorrhage (n=1) 
 

CNS_30050_  63 female, in the 675 mg quarterly treatment group presented a SAE of 
intestinal hemorrhage. This patient had Hx of multiple GI surgeries and Munchausen syndrome. 
She presented several non-SAE starting on the same day of the first dose (throbbing heartbeat 
in ears, anxiety, abdominal bloating, and leg edema) followed by other symptoms over the 
following days (abdominal pain, nausea, vomiting, fatigue, depression, worsening migraine, 
restless leg syndrome, constipation, diarrhea), all of which led to drug DC.  She was found to 
have anemia with hematocrit around 10%. EGD and colonoscopy found gastritis, non-bleeding 
ulcer, sigmoid diverticuli and hemorrhoids, coded as “intestinal hemorrhage.” Low hematocrit 
preceded first dose of FRMB. On follow up, her hematocrit was improved. Final outcome is 
unknown.  

I agree that hemorrhage is unlikely related to FRMB.  
 
• Infections (2 pneumonia, 1 appendicitis)  
 
Individually, none of the SAE of infection appeared related to FRMB. These cases are 
summarized along with Cohort 4. 

 
SAE in study 051 as of the SUR (Cohort 4) 
In addition to the SAE described above, the following cases occurred in study 051. 
• Hypertension 

CNS_30049_  26 year-old black female who had received placebo in the controlled 
phase of study 049, and FRMB 675 mg quarterly in study 051, presented postoperative 
hypertension. She had a reported history of hypercholesterolemia and HTN for about 1 year 
prior to entry. Concomitant meds included ibuprofen as needed and atorvastatin but no 
antihypertensive medications.  She received FRMB 675 mg on Day 1, Day 82 and Day 168. BP on 
Day 1 of study 051 was 133/93 mmHg; and on day 54 was 137/90 mmHg. The patient 
presented SAE of cholelithiasis from Days 168 to 216, cholecystectomy with postoperative pain 
on Day 216 and worsening hypertension from Days 216 to 218. Maximum recorded BP was 
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143/94. Her BP improved without specific treatment. Postoperative pain did not resolve and is 
being treated with ibuprofen as needed. FRMB treatment is still ongoing. 

The patient had a history of hypertension and a single recorded BP above 140/90 during 
FRMB treatment coincidentally with post-surgical pain. The event was likely related to 
pain and/or analgesic treatment. 

  
• Cardiac and cerebrovascular events (1 ischemic stroke, 1 transient ischemic attack) 

CNS_30049_ on FRMB 675 quarterly. 62-year-old female with chronic migraine for 
over 40 years. MHx included hypertension and hyperlipidemia. Concomitant meds included 
sumatriptan and ibuprofen as needed, and cyclobenzaprine. At some point in the past she had 
been treated with lisinopril, but she had stopped because of intolerance.  She received one 
dose in study 049 and the second dose on Day 1 of study 051. On Day 7 of study 051, she 
presented facial droop and slurred speech, coded as cerebrovascular event, diagnosed as right 
frontal ischemic stroke. On admission to the hospital she had a heart rate of 103 bpm, and her 
BP was 172 to 182/106 to 119 mmHg.  On Day 8, BP was still elevated (162/92 mmHg). As per 
the ADAE datasets, 7 days before the stroke the patient had a non-SAE of mild hypertension.  
Echocardiogram showed mild concentric left ventricular hypertrophy, a hyperdynamic left 
ventricle and abnormal left ventricular diastolic filling.  MRI of the brain without contrast, 
showed a 0.9-cm acute, non-hemorrhagic infarct in the frontal corona radiata, moderate old 
ischemic changes in several areas of the brain. She was treated with low dose aspirin, 
enoxaparin, atorvastatin and losartan, and discharged home on Day 8. On day 52, the patient 
had an early withdrawal visit.  

This is 62 year-old female with history of HTN, with evidence of hypertensive heart 
disease and old ischemic changes in the brain, who presented a new, acute ischemic 
stroke 7 days after the second dose of FRMB 675 mg. At the time she was found to have 
high blood pressure. Investigator considered the event not related to the IP. In isolation, 
it is not possible to determine causality for this event of stroke. See discussion on CGRP 
and CV safety in Section 8.3.1 of this review.    

 
CNS_30051_ , 58 year-old female with SAE coded as Transient ischemic attack (TIA), but 
the patient had several “mini strokes.” She had EM for 40 years. MHx included hypertension 
diagnosed 2 years prior. Concomitant meds included sumatriptan as needed for migraine, 
nebivolol 10 mg and amlodipine 2.5 mg/day for hypertension for 1-2 years, and conjugated 
estrogens for 8 years. She received a total of 11 doses of FRMB 225 monthly, with the last dose 
before the event on Day 289. On Day 314 she developed slurred speech and difficulty finding 
words while at work with bilateral numbness and tingling of her face. She was hospitalized with 
diagnosis of “multiple mini strokes of mild severity.” Vital signs included blood pressure of 
139/83 mmHg, heart rate of 64 beats per minute. MRI showed several small acute posterior 
left middle cerebral artery territory infarcts with no associated hemorrhage. Symptoms 
resolved within 24 hours. Metabolic and lipid panels were within normal. Further evaluation 
showed less than 50% stenosis of the right internal carotid artery, no evidence of atrial 
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fibrillation or leg thrombi. The patient was discharged on Day 315 on low dose aspirin and 
atorvastatin. Discharge diagnoses included acute cerebrovascular accident (suspected embolic 
event), migraine, and hypertension. On day 330, the patient had an end of treatment visit.  The 
investigator considered the event not related to IP. 

This 58 year-old female with a history of controlled HTN for 2 years presented transient 
neurologic symptoms in association with several acute small ischemic areas in the brain, 
after 11 monthly doses of FRMB 225 mg (26 days after the most recent dose), leading to 
drug withdrawal. Concomitant medications included sumatriptan as needed. BP at the 
hospital was normal. Extensive workup did not identify a source of potential emboli, but 
identified a patent foramen ovale. This is the second case of stroke.  I would not rule out 
a role of FRMB, in a patient with underlying HTN. See discussion on CGRP and CV safety 
in Section 8.3.1 of this review.    

 
CNS_30051_   Intracranial aneurysm (SUR) 
35 F with episodic migraine for >20 years experienced an intracranial aneurysm after 317 days 
of FRMB exposure. She received 1 dose of FRMB 675 quarterly in study 30050, followed by 
treatment in study 051 on Days 1, 84 and 168 (of study 051). Ongoing medical history included 
joint pain, seasonal allergies, anxiety and sulfa allergy.  Concomitant meds included 
sumatriptan, APAP, ibuprofen, diphenhydramine and loratadine as needed.   On Day 19 of 
study 051 she experienced “decreased vision related to bleach in eyes.”  There is no further 
description of the event, but it appears unrelated to FRMB. Non-SAE reported in this patient 
included injection reactions, ankle sprain and upper respiratory tract infection. On Day 231 (63 
days after the 4th dose of FRMB 675 mg) she presented swelling of the jaw. A CT scan of the 
brain showed a severe aneurysm which required surgical treatment.  An angiogram showed an 
irregular, 8-mm aneurysm by the right optic nerve. She had a family history of a maternal 
grandmother having an aneurysm. As of November 2017 she was recovering from the event.   

A single event of aneurysm does not appear related to study drug. 
 

In addition to these cases, three SAE of deep venous thrombosis (DVT) occurred in study 051 
after 3 to 12 doses of FRMB.  All three were female older than 50 years (52 to 65), with multiple 
comorbidities and risk factors such as a family history of leg clots (CNS_30049_ ), 
being in the post-operative period of a knee replacement (CNS_30051_ ) or after an 
airplane flight and a subsequent diagnosis of endometrial cancer (CNS_30051_ ).  
None of them appear related to FRMB.  
 
• Atrial fibrillation, Hypertension and Hyperglycemia (n=1) 

 
CNS_30051_   50 year-old Hispanic female with migraine for 40 years, received 
placebo in study 022 and FRBM 675 quarterly in study 051. She presented severe atrial 
fibrillation, leading to drug discontinuation on Day 44 of FRMB exposure. Medical history 
included anxiety, obesity and GERD. Concomitant meds included rizatriptan, ibuprofen, 
paracetamol and clonazepam as needed, and pantoprazole, for many years prior to entry. She 
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received FRMB 675 on Day 1 of study 051. On Day 7 she went to a local hospital; an 
electrocardiogram (ECG) showed moderate atrial fibrillation, which resolved spontaneously the 
same day. That day she also had elevated blood sugar and hypertension (both mild in severity, 
values not provided). On Day 44 she experienced another episode of atrial fibrillation of severe 
intensity, assessed by the investigator as serious (important medical event). It also resolved the 
same day. FRMB was discontinued. On day 63 she was started on oral diltiazem and flecainide 
for the prevention of atrial fibrillation. The investigator considered the event not related to 
FRMB.   

I agree that the event of atrial fibrillation is likely not related to FRMB, although she did 
not have prior history of atrial fibrillation and the first episode occurred 7 days after the 
first FRMB dose, therefore I would not completely rule it out. The events of hypertension 
and glucose elevated were not captured in the CRF. No values for BP or glucose were 
provided from the hospital visit but BP and glucose levels were normal at protocol 
scheduled visits.  Of note, a palpable thyroid was noted on physical exam at baseline and 
early WD visit, but there are no available TSH or T3/T4 levels, which would be important 
to know as part of the workup for atrial fibrillation. (An additional case of atrial 
fibrillation was reported as a SAE in a patient in cohort 4)  
 

As per the text of the SUR (page 56), 1 additional SAE occurred as of the data cut-off date of the 
SUR in Study 051. Patient # had pericarditis in the FRMB 675 quarterly group on day 
352 of treatment that was severe in intensity and considered not related to study drug by the 
investigator. The event resolved.   Another cardiac event that was considered “notable” but not 
a SAE, and in my opinion should probably be categorized as an important medical event in the 
SUR was ventricular extrasystoles in patient #  a 23 year-old female with history of 
hypothyroidism and insulin resistance (diagnosed a few months prior) and normal ECG at 
baseline, presented dysrhythmic premature ventricular complex on ECG on Day 231 of FRMB 
675 quarterly treatment. It was assessed mild intensity and related to drug by the investigator. 
She continued treatment. Subsequently, she withdrew consent because she moved out of the 
country. At the exit visit the ECG was normal (event duration was 42 days). The patient also 
reported weight gain.    

 
• Eye disorders:  Macular degeneration and retinal detachment 
 
CNS_30049_  was a 27 F who received FRMB 675 mg loading dose followed by FRMB 
225 monthly in study 049, and continued on 225 monthly in study 051.  She had a history of 
myopia for >10years. Concomitant medications included subcutaneous etonogestre, APAP with 
codeine and naproxen as needed. She presented a SAE of bilateral macular degeneration on Day 
105 of FRMB treatment along with non-SAEs of retinal cyst of left eye and cataract on right eye, 
after 4 doses of FRMB. Treatment continued. A non-SAE of partial retinal detachment of the left 
eye of moderate intensity was diagnosed on Day 138 of FRMB treatment. She received 3 more 
doses. Macular degeneration did not resolve. The retinal cyst evolved to detachment, which 
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resolved on Day 167, without specific treatment. The event was considered by the investigator as 
not related to drug.   

This is a young patient with history of myopia, which may predispose to retinal 
detachment. The event was preceded by a retinal cyst. There is an additional case of 
bilateral retinal detachment and 2 retinal tears in this database. In my opinion, an 
association with FRMB cannot be ruled out. See Section 8.5.3 for discussion of 
ophthalmologic AEs. 

• Hypoglycemia (n=1) 
 

CNS_30051_  53 F Hx of T2 Diabetes mellitus for 3 years.  Patient had received 
placebo in study 021, and FRMB 225 mg in study 051. She was taking several antidiabetic 
medications. Started exenatide extended release on Day 16 of FRMB treatment. She had 2 
episodes of hypoglycemia, on Days 30 and 32, leading to exenatide discontinuation. Events 
resolved on the same day.  

Hypoglycemia is not related to FRMB but it is unclear why exenatide was added on Day 
16 (perhaps she was hyperglycemic). Laboratory at scheduled visits were normal. 

 
• Transient global amnesia (n=1) 

 
CNS_30050_  56 year-old male, with migraine for more than 20 years. Hx of HTN, 
T2DM, rheumatoid arthritis, hypothyroidism and high cholesterol for many years. On multiple 
medications including sumatriptan, nadolol and metformin. It is unclear if metformin was 
stopped or continued during study 051. He received 3 doses of FRMB 225 mg in study 050. On 
Day 19 of 051 (19 days after 4th dose) he presented confusion and possible transient loss of 
consciousness diagnosed as transient global amnesia. The patient went to exercise on that day 
and told his wife that he would return at certain time.  When he failed to return, the wife called 
him after 45 minutes. The patient seemed confused and kept repeating that he was exercising. 
He also mentioned that he may have passed out and that he did not remember anything. 
Emergency services transported him to the hospital. At hospital BP, MRI, ECG and labs were 
normal, including a glucose level of 108. Event resolved “on the same day.” Patient is still in the 
trial. Investigator considered event drug related.  

I agree. The patient had CV risk factors. The main differential diagnoses are TIA and 
hypoglycemia. There is no information about vitals or labs at the time that emergency 
services found him.  It is unclear if the event lasted a few minutes or a few hours. As per 
follow up submitted on 3/7/18, the patient completed treatment and follow-up visits 
without further AEs other than mild injection site reactions.  
 

• Gastrointestinal disorders SOC 
Two SAE events of intestinal stenosis were reported in study 051, as follows 
 
CNS_30049_   22 F presented intestinal stenosis on Days 202 to 209 of FRMB 
675/225 monthly in study 051 (after receiving placebo in study 049). Medical history included 
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intermittent constipation and diarrhea since she was 7 years old. She received monthly FRMB 
through Day 166. On Day 193 she had bilateral flank pain.  On Day 202 CT scan showed stricture 
of ileocecal valve. She had a laparoscopic ileocolic resection. Six months later she was 
diagnosed with Crohn’s disease. As per follow up submitted on 3/7/18, the patient received 4 
FRMB doses after surgery. She is currently in the follow-up period of the study.  
 
CNS_30051_   64 M presented Ileal stenosis on Days 40 to 131 of FRMB 675 quarterly, 
in study 051.  Medical history included hypertension, hypothyroidism, ulcerative colitis with 
proctocolectomy with ileo-pouch anastomosis 6 years prior to entry, among other conditions. 
He received FRMB on Day 1. On Day 39 he had a scope of his pouch as an outpatient procedure. 
The following day he was hospitalized with a small bowel obstruction (narrowing of a 3-4 cm 
segment of ileum proximal to the pouch, treated conservatively. On day 92 he had the second 
dose of FRMB. On Day 131 he underwent planned abdominal surgery of the ileal stricture; the 
event was considered resolved.  Subsequently he received 2 more doses of FRMB 675 (on Days 
176 and 263) as per protocol and completed the post-treatment follow-up without further AEs.  

 
Both SAE of intestinal stenoses resolved with surgery and were considered not to be 
related to drug by the investigator. I agree that individually they do not appear related 
to drug. 

 
• Psychiatric SOC.  Suicidality (3 more cases) 

 
CNS_30050_ – 47 year-old female with EM for 2 years, MHx of hyperthyroidism for 2 
years and anxiety and depression for 12 years. Received placebo in 050. Received 2 doses o 
FRMB 225 mg on Day 1 and 28. On Days 8-14 was treated with oral methylprednisolone for 
back pain. On Day 28 withdrew consent. On Day 34 presented suicidal ideation requiring 
hospitalization. Discharged the following day. eC-SSRS score was negative on Day 1, 28 and 
early withdrawal visit (Day 52). 

In isolation, the event of suicidal ideation in a patient with depression on FRMB 225 does not 
appear related to FRMB. 

 
CNS_30050_   54-year-old female with EM for over 15 years, had an intentional 
overdose and suicide attempt, on Day 28 of FRMB treatment, leading to drug discontinuation. 
She had a history of depression for 11 years, a previous history of suicide attempt 10 years 
prior. The patient received placebo in study 050, and the first and only dose of IMP 
(fremanezumab 675 mg) in this study on Day. On day 29 she reported via telephone that the 
day before she had an intentional overdose and suicide attempt by ingesting 50 pills of 
olanzapine. She felt dizzy, nauseous and vomited some of the pills. She called the poison 
control center but did not go to a hospital. The events resolved on the same day. She had a EOT 
visit on Day 30. The investigator determined that the patient was not at an acute risk of suicide 
but was not fitted to continue in a clinical trial. No further doses were given. e-CSSRS score was 
negative at baseline and positive at the EOT visit.  
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In isolation, the event of suicidal ideation in a patient with depression after 1 dose of FRMB 
675 does not appear related to FRMB. 
 

CNS_30051_  47 F with CM for almost 20 years presented suicidal ideation on Day 
172 of FRMB 674 mg quarterly in study 051. The first dose was taken on Day 1 ( , 
the last dose on Day 84  She had a medical history of depression, psychotic 
disorder for 2 years, and sleep disturbance. Concomitant meds included naproxen, APAP, as 
needed for migraine, and diphenhydramine as needed for injection itching.  She was also taking 
risperidone. On Day 40 of study 051 she presented non SAE of decreased appetite, fatigue, 
insomnia and nausea. She received methylprednisolone 1g once for migraine on Day 78. The 
events resolved on Day 91. On Day 130 she presented irritability and worsened depression. On 
Day 165 she presented “mild anger and confusion” which worsened on Day 172. On Day 173 
she experienced severe suicidal ideation and presented to the hospital. She denied suicide 
attempt. She was treated with escitalopram, discharged from hospital and was being followed 
by psychiatrist. The event did not resolve but she did not want to continue in the trial and had 
an early WD visit on Day 368. Her eC-SSRS score was negative throughout all visits in the study. 

All cases of suicidality occurred in patients with known history of depression. See 
additional discussion in section 8.5.4 (Submission specific safety issues) 

 
• Infections and infestations 
 
SAE Infections that occurred in Cohort 4 are summarized below 

CNS_30049_ , 34 F on FRMB 675 quarterly, developed pneumonia on Day 35 of 
study 049. (Cohort 1). Event resolved on Day 65, it was considered not related. The patient 
continued in study 051.  

, 39 year-old female on 675/225/225 monthly, discontinued on Day 
59 because of SAE of pneumonia (in Cohort 1).  The AE was of moderate intensity and 
occurred on Days 7 to 21.  Non-SAE reported in this patient included gingival pain (Days 2-
11), gingival bleeding (Days 2-3), and urinary tract infection (Days 2-16) of mild severity. All 
events were considered not related to drug by the investigator. 
CNS_30050_ . 39 year-old male presented appendicitis on Day 79 of FRMB 
675/225/225 treatment (in Cohort 1). The event resolved on Day 65, it was considered not 
related. The patient continued in study 051. 
CNS_30051_    56 M, Diverticulitis and wound infection, on Day 462 of FRMB 
treatment during the post-treatment period. He received placebo in study 022, and FRMB 
225 monthly in study 051. The events were severe and have no end date. They are 
“resolving.”  
CNS_30050_    66 M, Pneumonia on Days 241 to 251 of FRMB 675 quarterly. 
Moderate. No action taken with drug. 
CNS_30051_ . 41 F Pneumonia on Day 281 of FRMB 675/225 monthly presented 
pneumonia on Day 281 of FRMB 675/225 monthly after a total of 10 doses, preceded by 3 
weeks of bronchitis, leading to drug withdrawal.  In the hospital she received intravenous and 
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oral levofloxacin for 10 days. Further details were not provided. The event resolved after 4 
days.  On day 312 she had an early withdrawal visit. WBC was normal at all scheduled visits, 
except for mild neutrophil elevation at the 6-month visit.  The investigator considered this 
event related to study drug. 
CNS_30049_    38 F, Post-procedural infection on Days 145 to 166 of FRMB 675 
quarterly. Severe. No action taken with drug. 
CNS_30049_    25 F, Diverticulitis on Day 12 of FRMB 675 quarterly. Resolved on Day 
51. Moderate. No action taken with drug. 
CNS_30050_    38 F, Kidney and urinary tract infection on Day 201 of FRMB 675 
quarterly.  It was severe. Kidney infection led to drug and study discontinuation. The 
outcome is unknown. 
CNS_30051_     33 F, Meningitis aseptic on day 188 to 209 of FMB 675 quarterly. 
Severe. Led to drug WD. 
CNS_30049_     44 F, Appendicitis on Day 210, resolved Day 211. Severe 

 
Overall, 12 patients had serious infections in Cohort 4 (0.5%). Infections that occurred in 
more than one patient were 4 cases of pneumonia, 2 of diverticulitis and 3 of appendicitis. 
The mean and median time to onset of serious infection were 174 and 194 days, respectively 
(range 7 to 462). Most were moderate to severe; 4 led to drug discontinuation. Only one 
case was considered to be related to treatment. In my opinion, individually none of the cases 
appear related to drug.  

 
The case of aseptic meningitis is presented below. 
 
CNS_30051_ . 33 year-old female with episodic migraine for 12 years, presented 
aseptic meningitis, which led to discontinuation after 188 days of FRMB 675 mg quarterly.  
Medical history included seasonal allergies, bipolar disorder, septoplasty and sinuplasty 1 ½ 
years prior to entry, and sinusitis 1 month prior to entry. Concomitant meds included 
topiramate, lamotrigine, citalopram and fluticasone. She received FRMB on Day 1, 84 and 169.  
Thirteen days prior to the event, the patient was seen by a physician for an upper respiratory 
tract infection. Days prior to the diagnosis she reported stiff neck and dizziness, with leg 
weakness. At the hospital, CSF evaluation showed elevated protein and WBC, with negative 
studies for bacterial, fungal and viral agents, consistent with aseptic meningitis. She was treated 
with intravenous antibiotics and acyclovir. Event resolved on Day 209.  WBC was normal at 
scheduled visits.  

CGRP inhibition is not known to increase the risk of infection. In isolation, an event of 
aseptic meningitis does not appear to be related to FRMB.  A non-SAE of “viral 
meningitis” that did not lead to study discontinuation was reported in another patient in 
the 675 mg quarterly treatment group in Cohort 4.   
 

Reference ID: 4320797

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  48 

In summary, there were 3 SAE of infections on FRMB and none on placebo in the 
placebo-controlled period; and 9 additional serious infections during study 051, without 
evidence of a dose response.  Individually, none of these cases appear to be related to 
study drug. 
 

• Malignancies 

Eight SAE of malignancy were reported in Cohort 4 (none on Cohort 1). They occurred in 7 
females and 1 male, ages 37 to 68.  They are summarized below. 

CNS_30049_  49 F, Papillary thyroid cancer diagnosed on Day 210 of FRMB 675 quarterly, 
after 2 doses. Resolved on Day 216. Led to study WD.  

CNS_30049_  51 F, Thyroid cancer (also papillary) on Day 95 of FRMB 675 quarterly. 
Resolved on Day 131. NO action taken with drug. 

CNS_30049_  54 F, Malignant melanoma diagnosed on Day 324 of FRMB 675 quarterly; 
resolved on Day 378. No action taken with drug. 

CNS_30050_  68 M, Prostate cancer diagnosed on Day 314 of FRMB 675 quarterly.  Action 
taken not applicable. Not recovered.  

CNS_30050_  37 F, Phyllodes tumor of breast on Day 112 of FRMB 675 quarterly. Resolved 
on Day 147. Action taken not applicable. 

CNS_30051_  51 F, Endometrial cancer on Day 339 of FRMB 675 quarterly. Resolved on Day 
359. No action taken with drug. 

CNS_30051_  66 F,  Malignant melanoma on Day 85 of FRMB 675 quarterly. Resolved on 
Day  103. No action taken with drug.  

CNS_30050_  60 F, Superficial spreading melanoma stage unspecified on an unknown Day 
on FRMB 225 monthly. It resolved on Day 404. No action taken with drug.  

 
The papillary carcinomas are described in more detail below. 
CNS_30049_ , 49 F with history of hypertension, benign tumor of the jaw and 
hypothyroidism was diagnosed with papillary thyroid cancer after 2 doses of FRMB 675 mg 
quarterly (one in study 049 and one in study 051). On Day 110 of study 051 the patient was 
diagnosed with non-SAE of mild hyperparathyroidism and parathyroid adenoma. On day 128 
during an outpatient parathyroidectomy she was diagnosed with papillary carcinoma of the 
thyroid of moderate severity which led to drug withdrawal. The investigator considered this 
case related to drug. 

In my opinion, the parathyroid adenoma and papillary thyroid cancer are incidental 
findings likely not related to a single dose of FRMB.  

 
CNS_30049_ , 51 F was diagnosed with thyroid cancer after 2 doses of FRMB 675 mg 
quarterly treatment. She received one dose in study 049, and one dose in study 051. On Day 13 
of study 051 a thyroid ultrasound showed multiple nodules consistent with goiter. The reason 
for the US is not specified, but the test occurred 2 weeks after she had a physical examination. 
She had a family history of thyroid cancer. Fine needle aspiration biopsy of the thyroid showed 
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well-differentiated papillary carcinoma (Day 95 after first dose). TEVA requested that the 
patient be withdrawn from the study. The event resolved on Day 131 of the study. The 
investigator thought it was not related to treatment. There is no mention of parathyroid 
hormone measurements. 

Papillary carcinoma of the thyroid is not uncommon but this is the second case 
diagnosed soon after starting FRMB 675 mg quarterly (in this case, 2 doses).  
All malignancies occurred after a relatively short treatment period, making a causal 
relationship less likely; three were diagnosed between 3 and 6 months into treatment 
(papillary, phyllodes tumor and melanoma); 4 between 6 and 12 months into treatment 
(papillary carcinoma, prostate and 2 melanoma) and one after 12 months (endometrial 
cancer).  However, 7 of the 8 occurred on the FRBM 675 quarterly dose group (0.6%), 
one on the FRMB 225 group (0.2%), and none in the 675/225 group. See additional 
discussion in section 8.8.1 of this review.   

• Other SAE in the Nervous system disorders SOC in study 051 
 

SAE in this SOC included cases of transient ischemic attack, transient global amnesia, 
generalized seizure, and intracranial aneurysm, discussed earlier in this review. Additional SAE 
in this SOC included 2 patients with status migrainosus and 5 with the following AEs (one of 
each): carpal tunnel syndrome, nerve compression (“pinched nerve in neck”), sciatica, 
perineurial cyst, hypoesthesia, and Parkinson’s disease. All 7 were moderate in severity and 
considered not related to drug by the investigator. Two did not resolve (nerve compression and 
Parkinson’s disease) and 2 led to drug WD (perineural cyst and Parkinson’s disease). Time to 
onset for all 7 cases was ≥ 3 months of treatment (mean:166 days; range: 95-278). Five 
occurred in the FRMB 225 monthly group, and 2 in the 675 quarterly group.  

I reviewed the cases and agree that individually none of these cases appear related to 
FRBM. The case of status migrainosus is described below. 

   
CNS_050_ , a 53 year-old female with a 20-year history of episodic migraine and prior 
episodes of hemiplegic migraine for 3 years prior to study entry, had 2 episodes of status 
migrainosus in study 051 while on FRMB 225 monthly treatment. She had previously received 
placebo in study 050. Medical history included hypothyroidism and asthma. She was taking 
multiple medications including triptans, diclofenac and estradiol. On Days 150 and 172 of study 
051 she was hospitalized with hemiplegic status migrainosus, that resolved with analgesics and 
corticosteroids. On Day 169 (prior to hospitalization for status migrainosus) she had left arm 
weakness and dysmetric left finger to nose (cerebellar ataxia). On Day 197 she had an early WD 
visit.  As per a table of AE submitted in the narrative, at that time, the left arm weakness and 
cerebellar ataxia had not resolved, and she had a positive Romberg Test.  

As per response to a FDA request for information submitted on 3/7/18, the events of arm 
weakness and cerebellar ataxia fully resolved. Because she had a known history of 
hemiplegic migraine there was no workup for stroke. The applicant decided to WD the 
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patient from the study because of the events of episodic migraine during the trial. A 
positive Romberg was identified at the early WD visit. 

 
CNS_30051_  is a 37-year-old white female with CM for >20 years in the 675/225 mg 
group, who presented status migrainosus after 86 days and 187 days of FRMB exposure. 
Concomitant meds included topiramate, naproxen, albuterol, and anti-nausea medication. For a 
few months, preceding entry to the study she had nausea associated with migraines. She 
received 3 doses of FRMB (on Days 1, 29 and 58). On day 86 she presented to the clinic with 
severe worsening status migrainosus and severe dehydration that required hospitalization for 
rehydration and to break the headache cycle. The events resolved and she was discharged 4 
days later. No further doses were given. On Day 187 she presented again with severe status 
migrainosus requiring hospitalization for a few days. The event resolved but the patient 
withdrew consent. BP was normal at all visits. She lost 3 kg as compared to baseline weight. 

The event of status migrainosus seems to be caused by lack of efficacy. Nausea 
accompanying migraine started prior to initiation of FRMB. 

 
• Reproductive system and breast disorders (ovarian conditions, all in study 051) 

 
SAE related to ovarian conditions are summarized in the following table. 
CNS_30050_ , 32 F Hemorrhagic ovarian cyst of moderate severity on Day 261 of 
study 051, on FRMB 225 monthly. Resolved the same day. No action taken with drug. 
CNS_30049_ , 30 F Ovarian cyst ruptured on Day 253 of FRMB 675 quarterly in study 
051. Resolved on Day 259.  Severe. No action taken with drug.  
CNS_30049_ , 40 F Ovarian mass was diagnosed while on study 051, severe, date 
unknown, on FRMB 675/225 monthly. Resolved on Day 218. No action was taken with drug.  
CNS_30051_ , 41 F Ovarian cyst ruptured  on Day 101 in study 051, while on FRMB 
675/225 monthly. Of moderate severity. Resolved on Day 120. No action taken with drug. 
CNS_30051_ , 50 F Ovarian cyst on Day 54 of FRMB 675/225 monthly. Severe, 
resolved on Day 148. No action taken with drug.  

 
Four ovarian cysts were diagnosed in Cohort 4, including 3 that ruptured and one that 
was hemorrhagic. The events occurred on Days 51 to 253 of FRMB treatment, in cohort 
4. Individually do not appear related to FRMB. See additional discussion in section 8.8.2 
of this review.   

 
• Fetal death 

 
CNS_30050_ . 40 F.  Smoker. Multiple meds including sertraline & bupropion. She 
received 4 doses of FRMB 225 mg. On Day 84 (day of last dose), urine pregnancy test was 
negative. On day 105 the patient reported that she was pregnant. Drug was discontinued. 
Ultrasound on Day 127 showed fetus had no heart beats.   
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Patient was taking other meds, and approximately 16% of clinically recognized  
pregnancies result in fetal loss [13.1.12], but role of FRMB cannot be ruled out. 
 

CNS_30049_ . 21 F, Spontaneous abortion. She received FRMB 675/225 monthly in 
study 049 and continued in study 051, receiving a total of 7 doses (from  

). She had never been pregnant. Concomitant meds included ibuprofen as needed.  Urine 
pregnancy tests were negative throughout all dosing days. Las dose was on Day 87 of study 051. 
She had 2 negative urine pregnancy tests at home on Days 112 and one positive pregnancy test 
on Day 113.  A vaginal ultrasound confirmed pregnancy (gestational age of 6 weeks). FRMB was 
WD on day 117 because of maternal exposure during pregnancy. On Day 140 she had a 
spontaneous abortion. No additional information is available. The investigator considered the 
event not related to FRMB. 
 Although spontaneous abortion is not infrequent, I would not rule out the role of FRMB  

on this event. 
 

Selected SAE from Phase 1 studies 
 
Study B0141006 - . 36 M with history of aortic valvular insufficiency, thoracic aortic 
aneurysm and Ehlers-Danlos syndrome. He received 2 doses of placebo, then a single IV dose of 
FRMB 300 mg. Four weeks later he presented aggravation of abdominal aneurysm. He 
underwent elective surgical repair and the event was considered resolved. He did not present 
additional AEs during a 1-year follow up. The event was assessed by the investigator as related 
to FRMB. TEVA attributed it to Ehlers-Danlos syndrome.   

In my opinion, Ehlers-Danlos syndrome may have predisposed the patient to have a 
thoracic aneurysm, but the role of FRMB cannot be ruled out.  

 
• Additional SAE of interest reported after cutoff of the SUR: Autoimmune hepatitis from a 

study conducted in Japan (submitted June 21, 2018 to IND 106533), 
Case #  was a 45-year old Asian female who presented “worsening of 
Autoimmune Hepatitis” after a single dose of FRMB as part of study 406-102-00002 in episodic 
migraine (patient ID# ). She reportedly had a history of AIH since 2013 associated 
with CMV infection. She received FRMB 675 mg on Day 1. On Day 76 of treatment, ALT was 
1232 IU/L (normal up to 23) and AST 1025 IU/L (normal up to 30).  ALP, LDH and GGTP were 
also elevated. Other labs were normal.  Ten days later, ALT and AST were still elevated (10xULN 
and 2xULN, respectively). On the same day urea was elevated (143 mg/dL, normal up to 20), 
with a normal glomerular filtration rate. As per additional information submitted on  

 the patient’s ALT/AST were already slightly increased before dosing and the 
patient was on URSO prior to entering the study. She only received one dose of FRMB, was 
asymptomatic and had come to the site for a discontinuation visit because of a protocol 
violation. Laboratory data from  had reported positive anti-smooth antibody and anti-
mitochondrial antibody consistent with overlap autoimmune hepatitis/primary biliary 
cholangitis. Laboratory testing in around the time of the current episode was negative for Hep 
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B, C and E, and ANA was borderline positive (1:40). There is no data on CMV testing or 
autoantibody testing for AIH or PBC. She was treated with prednisone and URSO. Liver enzymes 
normalized approximately 2 months later.   

There is proven history of AIH/PBC, however, the role of FRMB on the worsening of AIH is 
theoretically possible.  

 
In summary, there were few SAE in the 3-months placebo-controlled trials. The incidence was 
similar for FRMB and placebo, (approximately 1% for each of the FRMB to-be-marketed doses) 
without evidence of a dose response. Overall, 4% of patients had a SAE in Cohort 4.   In terms of 
CV events, two patients had HTN crises (one associated with angina pectoris) on FRMB as 
compared to none on placebo in Cohort 1. One stroke and one TIA occurred in FRMB treated 
patients in study 051.  The role of FRMB cannot be ruled out. Three patients (0.2%) presented 
suicidality-related SAEs on FRMB (0.3%) (all females with preexistent depression), compared to 
none on placebo in Cohort 1. Three additional SAE of suicidal ideation occurred in study 051. 
Individually, they do not appear related to FRMB.  The most common SAE in Cohort 4 were in 
the Infections and Infestations SOC, followed by Neoplasms and Injury SOCs and the Neurologic 
disorders SOC.  There were 12 SAE of infections in Cohort 4 (0.5%) (including 4 of pneumonia, 3 
of appendicitis and 2 of diverticulitis).  Individually they do not appear related to drug.   There 
were 8 malignancies on FRMB in study 051, including 2 cases of papillary carcinoma of the 
thyroid and 3 of melanoma. Individually, none of these cases appear related to FRMB.  The 
short time to onset (3 to 12 months after initiation of treatment) and the fact that no cases 
occurred at the highest dose do not support a relationship to drug. Additionally, there were 5 
cases of ovarian cyst/mass in the database (0.3% of females) and again, individually do not 
appear related to drug. The lack of an adequate control precludes definitive conclusions 
regarding an increased risk of malignancies, ovarian cysts, or infections in FRMB patients. There 
were 3 SAE of migraine including 1 status migrainosus in Cohort 4. They probably represent lack 
of efficacy. There were no SAEs of aplastic anemia, pancytopenia, rhabdomyolysis, Stevens 
Johnson Syndrome, Toxic Epidermal Necrolysis, Drug Reaction with Eosinophilia and Systemic 
Symptoms (DRESS), liver failure, pancreatitis or renal failure in the migraine database.  One SAE 
of anaphylaxis and one of pancreatitis occurred in a cluster headache study (still blinded). 

 Dropouts and/or Discontinuations Due to Adverse Effects 

A total of 49 patients discontinued drug or were withdrawn from the studies because of an 
adverse event in Cohort 1 (35 on FRMB and 14 on placebo).  A summary table is shown below. 
 
Table 12. BLA 761089. Patients with AE leading to drug discontinuation and/or study 
withdrawal in Cohort 1 (Placebo-controlled trials)  
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  MedDRA SOC 
             MedDRA PT 

PBO 
monthly 
(N=861) 

n (%) 

FRMB 225    
   monthly   
  (N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 675/ 
225 monthly 

(N=467) 
n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 
n (%) 

FRMB 
Total 

(N=1702) 
n (%) 

Patients with at least 
1 AE 

14 (1.6)1 9 (2.3) 10 (1.5)2 11 (2.4) 2 (2.1) 3 (3.5) 35 (2.1) 

(Excluding Administr. 
site reactions HLGT) 

12 (1.4) 4 (1.0) 5 (0.7) 7 (1.5) 2 (2.1) 3 (3.5) 33 (1.9) 

Ear & Labyrinth dis 
    Vertigo/tinnitus 
 
 
 
 

0 
0 

0 
0 

1 (0.1) 
1 

0 
0 

0 
0 

0 
0 

1 (<0.1) 
1 

Eye disorders 
    Retinal detachment 
    Vision blurred 
    Visual impairment 
    Vitreous detachment 
    Diplopia 
 

1 (0.1) 
0 
0 
0 
0 
1  
 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 (0.2) 
1 
0 
0 
0 
0 

 

1 (1.0) 
0 
1 
1 
1 
0 

0 
0 
0 
0 
0 
0 

2 (0.1) 
1  
1  
1 
1  
0 
 
   MedDRA SOC 

      MedDRA  PT 
PBO 
monthly 
(N=861) 

n (%) 

FRMB 225    
   monthly   
  (N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 675/ 
225 monthly 
(N=467) 

n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 

n (%) 

FRMB 
Total 
(N=1702) 

n (%) 

Gastrointestinal disor. 
    Abdominal pain       
    Diarrhea 
    Nausea/ Vomiting3 
    Gastritis      

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

3 (0.4)  
2  
2  
1  
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

1 (1.2) 
0 
0 
0 
1 

4 (0.2) 
2  
2  
1  
1  

General disorders and 
administration site  
     Injection site eryth. 
     Inj  site rash 
     Inj  site induration 
     Inj  site pain      
     Inj  site pruritus 
     Inj site urticaria 
     Edema peripheral 
     Asthenia/Fatigue 
     Chills 
     Influenza like illness 

4 (0.5) 
 

0 
0 
0 
1  
0 
1  
1  
0 
0 

           1  

5 (1.3) 
 

1  
1 
1  
1  
0 
1  
0 
0 
0 

         0 

7 (1.0) 
 

4  
2  
1  
0 
2  
0 
1  
2 
1  

 0 

4 (0.9)  
 

1  
2  
0 
1  
0 
0 
0 
0 
0 

  0 

0 
 

0 
0 
0 
0 
0 
0 
0 
0 
0 

  0 

0 
 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

16 (0.9) 
 

6  
5 
2  
2  
2  
1  
1 
1  
1  

   1  

Immune system 
disorders 
     Drug hypersensitivity 

2 (0.2) 
 

2  

0 
 

0 

0 
 

0 

0 
 

0 

0 
 

0 

1 (1.2) 
 

1  

1 (0.1) 
 

1  
Infections and 
Infestations 
    Hepatitis A 
    Infected dermal cyst4 

    Pneumonia 

1 (0.1) 
 

0 
0 
0 

1 (0.3) 
 

0 
1  
0 

0 
 

0 
0 
0 

2 (0.4) 
 

1  
0 
1  

0 
 

0 
0 
0 

0 
 

0 
0 
0 

3 (0.2)  
 

1  
1  
1 
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Source: Excerpted from Summary 6.7.1 and ADAE datasets, original application.  Patient included only once within 
one MedDRA category, but may have had more than one event leading to discontinuation. 1 Three patients on 
placebo who presented ligament rupture, back pain and lentigo maligna (one each) are not included in the table.            
2 One patient with breast pain on FRMB quarterly is not included in the table.  3This patient also had dyspepsia, 
diarrhea and decreased appetite. 4 Patient had been randomized to placebo but received FRMB 225.  5 Upon 
review, both abnormal investigations were present at screening. 6 One patient with depression also had abnormal 
dreams and mood swings. 
 

There were relatively few events leading to drug discontinuation in the placebo-
controlled database. There was no obvious dose response among treatment groups and 
the difference with placebo was small (rates were 1.5% to 2.4%, difference with placebo 
<1%, except for the 900 mg group). Most AE were related to injection site reactions 
(erythema, pain). Excluding events in the injection site reactions HLGT, the rate of AE 
leading to discontinuation on FRMB  was similar or lower than 
placebo. Analyses by modal dose in Cohort 1 (tables submitted on Dec 15, 2017) appear 
to be consistent with those by actual dose received.  

 
AE leading to drug discontinuation or study withdrawal  in Cohort 
4 as of the SUR are summarized below.  
 
 
 Table 13. BLA 761089. AE leading to Discontinuations in Cohort 4 (SUR) 

    Sinusitis 1  0 0 0 0 0 0  
Psychiatric disorders 
    Anxiety 
    Depression 
    Suicidal ideation 
    Suicide attempt 
    Disorientation 

2 (0.2) 
0 
0 
1 
0 
1 

0 
0 
0 
0 
0 
0 

2 (0.3) 
2 
26 

0 
0 
0 

0 
0 
0 
0 
0 
0 

1 (1.0) 
0 
0 
1 
0 
0 

0 
0 
0 
0 
1 
0 

4 (0.4) 
2 
2 
1 
1 
0 

Respiratory, Thoracic 
& Mediastinal disorders 
    Asthma 
    Dyspnea 

1 (0.1)  
 

0 
1  

0 
 

0 
0 

1 (0.1) 
 

1  
0 

0 
 

0 
0 

0 
 

0 
0 

0 
 

0 
0 

1 (0.1) 
 

1  
0 

Nervous system 
disorders 

Migraine 
Disturbed attention 
Restless leg syndrome 

Tremor 

2 (0.2) 
 

2 
0 
0 
0 

1 (0.3)  
 

1  
0 
0 
0 

1 (0.1) 
 

1  
1  
1  
0 

0 
 

0 
0 
0 
0 

1 (1.0)  
 

0 
0 
0 
1  

0 
 

0 
0 
0 
0 

3 (0.2) 
 

2  
1 
1  
1 

Skin and SC tissue dis 
    Pruritus (incl. general) 
    Cold sweat 
    Rash 

1 (0.1) 
0 
0 
1  

1 (0.3)  
1  
0 
0 

2 (0.3) 
1  
1  
0 

1 (0.2) 
1  
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

4 (0.2)  
3  
1  
0 

Vascular disorders 
    Hypertension 
    Hypertensive crisis 

0 
0 
0 

1 (0.3) 
0 
1  

0 
0 
0 

1 (0.2) 
1  
0 

0 
0 
0 

0 
0 
0 

2 (0.1) 
1  
1  

Reference ID: 4320797

(b) (4)

(b) (4)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  55 

  

FRMB 225 
monthly  
(N=551) 

n(%) 

FRMB 675 
quarterly 
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly                       

(N=712) 
n (%) 

FRMB 
Total 

(N=2342*)        
n   (%) 

Patients with at least 1 AE  24 (4) 46 (4)2     27 (4)3 97 (4) 
Cardiac disorders 
   Valve incompetence1 
   Atrial fibrillation 
   Angina pectoris 

1 (0.2) 
1 
0 
0 

1 (0.1) 
0 
1 
0 

1 (0.1) 
0 
0 
1 

3 (0.1) 
1 
1 
1 

Ear and labyrinth dis. 
   Vertigo 
   Tinnitus 

1 (0.2) 
1 
0 

1 (0.1) 
1 
1 

0 
0 
0 

2 (0.1) 
2 
1 

Eye disorders 
    Retinal detachment 

0 
0 

0 
0 

1 (0.1) 
1 

1 (<0.1)  
1 

(Table continues) 
General disorders and 
administration site**  
     Injection site erythema 
     Inj  site rash 
     Inj  site swelling 
     Inj site pain 
     Inj  site pruritus 
     Inj site induration  
     Inj site warmth 
     Inj. Site edema 
     Inj. Site urticaria 
     Inj site vesicles 
     Edema peripheral 
     Asthenia/fatigue 
     Chills 
     Chest pain 
     Pain 

10 (1.8) 
  
3 
1 
1 
1 
1 
2 
1 
1 
1 
0 
0 
0 
0 
1 

14 (1.3) 
  
5 
4 
4 
3 
1 
0 
0 
0 
0 
1 
3 
2 
1 
0 

9 (1.3) 
  
2 
4 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 

33 (1.4) 
  

10 
9 
5 
4 
3 
2 
1 
1 
1 
1 
3 
2 
2 
1 

Gastrointestinal disorders 
    Abdominal pain       
    Diarrhea 
    Nausea/ Vomiting/constipat 

1 (0.2) 
1 
0 
0 

3 (0.3) 
2 
2 
1 

0 
0 
0 
0 

4 (0.2) 
3 
2 
1 

Immune system disorders  
     Drug hypersensitivity 

0 
0 

0 
0 

2 (0.3) 
2 

2 (0.1) 
2 

Infections & Infestations  
    Hepatitis A 
    Infected dermal cyst4 

      Pneumonia 

1 (0.2) 
0 
1 
0 

5 (0.5) 
0 
0 
0 

3 (0.3) 
1 
0 
2 

9 (0.4) 
1 
1 
2 

    Herpes zoster 
    Lymph gland infect. 
    Meningitis aseptic 
    Kidney infection 
    Candida infection 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

0 
0 
0 
0 
0 

1 
1 
1 
1 
1 

Reference ID: 4320797



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  56 

  

FRMB 225 
monthly  
(N=551) 

n(%) 

FRMB 675 
quarterly 
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly                       

(N=712) 
n (%) 

FRMB 
Total 

(N=2342*)        
n   (%) 

 Investigations 
    Albumin in urine 
    Ammonia increased 
    Neutrophil count decreased 
    Weight increased 
    ALT/AST/transaminase or  
        hepatic enzyme increase   
    ECG QTc prolonged    
    CPK increased 

5 (0.9) 
1 
0 
0 
1 
2 
  
1 
0 

7 (0.6) 
0 
0 
0 
1 
4 
  
0 
2 

4 (0.6) 
0 
1 
1 
1 
1 
  
0 
0 

   16 (0.7) 
1 
1 
1 
3 
7 
  
1 
2 

Nervous system disorders 
Migraine 
Status migrainosus 
Disturbed attention 
Restless leg syndrome 
Dizziness 
Hypoesthesia 
Parkinson’s disease 
Perineurial cyst 
Transient isch. Attack 
Cerebrovascular accident 
Intracranial aneurysm 

3 (0.5) 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 

9 (0.8) 
3 
0 
1 
1 
1 
1 
14 

0 
0 
1 
1 

1 (0.1) 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

13 (0.6) 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Psychiatric disorders 
     Anxiety 
     Depression 
     Disorientation 
     Suicidal ideation 
     Suicide attempt 
     Insomnia 
     Mood swings 

1 (0.2) 
0 
1 
0 
0 
0 
0 
0 

5 (0.5) 
2 
3 
0 
0 
1 
1 
1 

1 (0.1) 
0 
0 
0 
1 
0 
0 
0 

7 (0.3)  
2 
4 
1 
1 
1 
1 
1 

Respiratory, Thoracic 
 & Mediastinal disorders 
    Asthma 
    Dyspnea 

0 
  
0 
0 

2 (0.2) 
  
1 
1 

0 
  
0 
0 

2 (0.1) 
  
1 
1 

Skin and SC tissue disorders 
    Pruritus 
    Cold sweat 
    Urticaria 
    Hyperhidrosis 
 

1 (0.2) 
1 
0 
0 
0 
 

4 (0.4) 
1 
1 
1 
1 
 

2 (0.1) 
2 
0 
1 
0 
 

7 (0.3) 
4 
1 
2 
1 
 

Vascular disorders 
    Hypertension 
    Hypertensive crisis 
    Venous thrombosis of limb 

1 (0.2) 
0 
1 
0 

0 
0 
0 
0 

2 (0.1) 
1 
0 
1 

3 (0.1) 
1 
1 
1 

Source: Summary 6.7.4 SUR and ADAE ISS datasets. 1One patient had mitral, tricuspid and aortic valve 
incompetence. 2 Five AE in this group not included in the table (1 thyroid papillary carcinoma, 1 fibromyalgia, 1 
decreased appetite, 1 breast pain, 1 thyroiditis, 1 decreased appetite).  3 One iron deficiency anemia in the Blood 
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and lymphatic disorders SOC and one weight gain in the Metabolism and nutrition disorders in this treatment 
group are not included in this table. 4On review, tremor preceded the onset of Parkinson’s disease. *The sum is 
2349 but as per TEVA’s ISS, they were 2342 unique patients. ** Overall injection site reactions 5 [1.3%] on FRMB 
225, 5 [0.7%] on FRMB 675 quarterly and 4 [0.9%] on FRMB 675/225). 
 

AE leading to drug withdrawal were similar in Cohort 1 and Cohort 4. The most common 
AE leading to WD were injection site reactions, followed by AE in the Neurologic and 
Psychiatric disorders SOCs. Investigations and Infections led to WD more frequently in 
Cohort 4 than in Cohort 1. Selected narratives of non-SAE leading to WD are included 
below. 
 

AE leading to drug discontinuation among patients on Placebo in Cohort 1 
 
Fourteen patients on placebo (2%) presented 17 AE leading to drug WD.  Eleven had non-SAE 
leading to WD. Of these, 2 had worsened migraine, 2 had mild to moderate injection site 
reactions (including one pain after the first dose, and one was injection site urticaria, 
approximately 10 hours after the second dose [CNS_30049_ ]). One patient had a mild 
rash on the back (CNS_30049_ , from Day 3 to 31) and one had a mild influenza like 
illness (CNS_30049_ , from Day 3 to 5).  One patient with prior history of depression 
who had suicidal ideation did not require hospitalization (CNS_30049_ , on Day 27, 
after 1 dose); one presented disorientation after the second dose and one had a traumatic 
ligament rupture.  Four of these cases did not resolve (sinusitis, back pain, migraine and suicidal 
ideation).  Eight of the 11 non-SAE were considered by the investigator to be related to study 
drug.  

I find interesting that one patient on placebo presented injection site urticaria, which 
could suggest that some of the excipients may be allergenic or it could be allergy to 
something else. 

 
AE leading to discontinuation from FRMB in Cohort 1 

 
Thirty-five patients (2%) on FRMB presented AE leading to drug discontinuation. The most 
common events were injection site reactions. Selected narratives of non-SAE leading to drug 
discontinuation are summarized below. 
 
• Worsening hypertension 
CNS_30049_  was a 51 year-old female with CM for 2 years, randomized to 
675/225/225 mg. Medical history included HTN for 8 years, depression and anemia. 
Concomitant medications included amlodipine and hydrochlorothiazide/triamterene for 3 
years, zonisamide (for migraine), mirtazapine and analgesics as needed, among others meds.  
BP at screening was elevated (151/97 mmHg), but on Day 1 before FRMB, her BP was 124/87 
mmHg. On Day 27, before scheduled dosing, BP was 159/105 mmHg (worsening HTN), assessed 
as non-serious. IP was withheld on Day 27 because of that BP.  On Day 29, her BP was still 
elevated 167/103 mmHg.  FRMB was discontinued without further dosing. On Day 47 she had 

Reference ID: 4320797

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  58 

an early WD visit. Her BP on that day was 132/91 mmHg.  She continued in the extension study 
for ADA only. The event of worsening HTN was assessed by the investigator as not-related to 
study drug.   

The patient had a history of HTN and elevated BP at screening, but normal BP on Day 1 
before dosing. A role of FRMB cannot be ruled out. See discussion on CGRP and CV safety 
in Section 8.3.1 of this review.    

 
• Ear and labyrinth disorders 

 
One patient discontinued because of non-SAE of tinnitus on Day 1 and vertigo on Day 20 of 
FRMB 675 quarterly in Cohort 1 (CNS_30050_ ).  Both were considered mild and not 
related. Tinnitus did not resolve. Vertigo resolved on Day 26.   

In isolation, these AE of vertigo and tinnitus do not appear to be related to FRMB. 
 
• Eye disorders AEs 
 

CNS_30049_  was a 44 F with CM for 15 years, who reported retinal detachment after 
27 days of FRMB exposure in the FRMB 675/225/225 group.  Medical Hx included seasonal and 
drug allergies, asthma (for 16 years), anemia, anxiety and GERD. Concomitant meds included 
ibuprofen as needed, fluticasone/salmeterol as needed, lorazepam and rabeprazole. She 
received FRMB 675 mg on Day 1.  On Day 29 she reported bilateral retinal detachment, 
assessed by the investigator as non-SAE. She received topical treatment and outpatient surgical 
repair of retinal detachment for the right eye and was resolved on the same day (Day 27). Event 
was complicated with post-operative inflammation and pain. She had surgical repair on the left 
side at an unknown date. This event resolved on Day 57, but continued with postoperative 
inflammation until Day 109.  Postoperative treatment included tramadol, oral prednisone (“1 
tablet a day”) on Days 30 to 37, prednisone ophthalmic drops, and topical antibiotics. FRMB 
was discontinued on Day 29 without further dosing.  She had an early WD visit on Day 109.  She 
The investigator considered the event of retinal detachment as not related to FRMB.  At the 
early WD visit the patient reported that she had the retinal detachment because of “acute 
stress-induced hypertension.” BP at visit 1 before dosing was 116/82, with HR of 76. BP at the 
early WD visit was 122/76, with HR of 82. She gained 11 kg between the screening and early 
WD visit. 

In my opinion this AE should have been categorized as a SAE because bilateral retinal 
detachment is an important medical event. An isolated event of retinal detachment does 
not suggest a relationship to study drug. However, spontaneous bilateral detachment 
without apparent risk factors such as myopia, trauma or a family history of retinal 
detachment seems unusual. I would not fully rule out an association. See additional 
discussion in Section  8.5.3 of this review.  

 
 – vitreous detachment, on FRMB 675 monthly.  A 47 F with highly 

frequent episodic migraine and a history of “arthritis” presented mild blurred vision and visual 
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impairment (white spots in right eye) on Day 29, after 2 doses of FRMB. Concomitant meds 
included ibuprofen, naratriptan and celecoxib. A physical exam on Day 35 showed “obscure 
central vison” of the right eye. She was diagnosed with posterior vitreous detachment, mild 
cataract and moderate optic disc drusen. On Day 58, blurred vison of right eye was still present.  
As per the patient profile, laboratory measurements including chemistries and hematology 
were within normal, except for a mildly prolonged prothrombin time and activated partial 
thromboplastin time (with normal INR) at screening and on Day 57.  Blood pressure 
measurements at screening, Day 1 and Day 29 were on the low side (94/56, 96/59 and 104/60 
mmHg, respectively). BP at the EOT visit, Day 85 was 92/61 mmHg. The event of vitreous 
detachment led to drug discontinuation on Day 58 and was ongoing at the time of last visit (Day 
85).   

There is very little information about this event. Her BP on Day 29 was higher than 
baseline but still well within normal values. The investigator considered the events to be 
related to FRMB but TEVA determined that the events were not related. As per Dr. 
Chambers, FDA ophthalmologist, the event of disc drusen should not have been assessed 
as not related. See Section  8.5.3 of this review.  
 

• Depression (n=2) 
 

CNS_30050_ . 51 year-old female with migraine for 24 years, on FRMB 675 mg 
quarterly, developed anxiety, depression, worsening of fatigue, mood swing, diarrhea, and right 
breast pain, 8 days after the first FRMB dose, leading to drug discontinuation on Day 56.   
Ongoing medical history included attention deficit hyperactivity disorder, multiple allergies, 
chronic back pain and insomnia. She had a past episode of depression that lasted for 2 years 
but was considered resolved 5 years prior to entry.  Concomitant meds included triptans and 
topiramate. She had recently stopped methylphenidate treatment approximately 1 month prior 
to starting FRMB treatment.  All AEs were ongoing at last follow up (Day 56). eCSSR-S was 
negative at all visits.  

The events do not appear related to FRMB. She did have a history of depression and had 
recently stopped stimulant medications. 

  
CNS_30050_  63 year-old female with complex medical and surgical history including 
Munchausen syndrome developed non-SAE of depression on Day 19 after 1 dose of FRMB 675 
mg, along with other multiple symptoms. Depression reported as resolved on Day 24. Drug was 
withdrawn because of multiple symptoms.  

Event of depression does not appear related to FRMB. 
 

• Administration site reactions HLGT 
 
A similar percentage of patients discontinued drug because of an administration site reaction in 
the FRMB and placebo groups in Cohort 1 (1% in each). The events consisted of injection pain, 
erythema, rash, induration and/or itching. None of them was serious.  There was no evidence 
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of dose response among FRMB treatment groups (they were 5 [1.3%] on FRMB 225, 5 [0.7%] on 
FRMB 675 quarterly and 4 [0.9%] on FRMB 675/225). Most were mild to moderate in intensity. 
One was severe (CNS_30050_ ).  Mean and median time to onset of these events 
leading to drug DC were 17 and 14 days, respectively (range 1 to 35 days).  All events resolved, 
except for 2 that were not resolved at time of last follow up (CNS_30049_  and 
CNS_30049_ ).  (Analyses by modal dose showed was also 1%, in the FRMB 225 
monthly and 675 quarterly modal doses; data not shown) 
• Hypersensitivity/allergic reactions 
 

 – 29 year-old female with CM, Mhx of environmental allergies and sulfa 
allergy. She presented drug hypersensitivity of moderate intensity on Day 30, after the second 
dose of FRMB 900 mg monthly, leading to WD. Further details were not reported. Treatment 
included diphenhydramine hydrochloride and methylprednisolone, and the event was 
considered resolved on day 53.  There is very limited information, but the event is likely related 
to FRMB. 
 
CNS_30049_  – 52 M on 675 mg quarterly. Pruritus on the abdomen (not at injection 
site) of moderate severity started on study day 2, after the first dose of FRMB, leading to WD. 
On Day 6 he had a mild rash over the inner thighs, but no abdominal rash. He received topical 
treatment and oral prednisone. The pruritus on the inner thighs resolved on Day 15, but the 
one over the abdomen had not resolved at the time of last follow up.   The event appears 
related to FRMB 675 mg. 
 

- 56 F, developed pruritus generalized on 675/225 monthly, on Day 30, 
after the second dose of FRMB, leading to drug WD. Medical history included seasonal allergy, 
mycotic allergy and iodine allergy. Concomitant meds included cetirizine, duloxetine, pregabalin 
and sumatriptan.  Generalized pruritus was treated with diphenhydramine hydrochloride and 
methylprednisolone. The event resolved on day 35.  
Generalized pruritus appears related to FRMB 675 mg. 
 
CNS_30050_ . 30 F developed exacerbation of asthma, 7.5 hours after 1 dose of FRMB 
675 mg. She had allergic rhinitis and oligosymptomatic asthma for approximately 16 years, with 
a diagnosis of asthma 1 year earlier.  Concomitant medications included sumatriptan, 
budesonide and levocetirizine for allergic rhinitis and montelukast 10 mg/day, for asthma, for 
approximately 1 year.  There is no detail as to how often she had asthma attacks, but the 
narrative indicates that soon after one FRMB dose, the patient presented worsening asthma. 
She was treated with inhaled ciclesonide, oral dexamethasone 1 mg/day, followed by oral 
methylprednisolone (20 mg/day tapered to 4 mg thrice a day) from Day 6 to Day 20. The event 
was reported as resolved on Day 21.  

The event of asthma appears to be related to FRMB 675 mg.  
 
Selected AE leading to discontinuation in study 051 (Cohort 4). 
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• Ear and labyrinth disorders 
 

An additional case of vertigo led to study WD in cohort 4.  The patient (CNS_30051_ ) 
a 58 F had received placebo in study 022. On day 1 of FRMB 675 quarterly she presented 
vertigo of mild severity. The event was considered related to drug. It resolved on Day 28. 

Given that it occurred right after the first dose and it is the second case of vertigo 
causing WD in the database, perhaps vertigo is drug related. 

 
• Cardiac disorders 
 
CNS_30050_ . 28 year-old female on FRMB 225 mg monthly, with multiple allergies 
and comorbidities including recent unexplained transient pedal and ankle swelling 2-3 months 
prior to study entry. On Day 113 of FRMB exposure she was diagnosed with aortic, mitral and 
tricuspid valve incompetence of mild intensity. She received 3 doses in study 050 and 2 further 
doses in study 051. On Day 2 of study 051 she had a non-SAE of rash over face, chest, back and 
shoulder. Rash resolved on Day 10.  On Day 27 she received the second FRMB dose in study 
051.  On Day 34 she had a sharp pain on the chest, under the left breast. On Day 50 she was 
diagnosed with mild triple valve incompetence (there is no explanation as to how the diagnosis 
was made but an echocardiogram was likely performed because of the chest pain). No further 
doses were given. She had an end of study visit on Day 79. At the time the event was not 
resolved.   

This isolated event of aortic, mitral and tricuspid incompetence appears unrelated to  
  FRMB treatment.  
 
CNS_30049_ . 46 year-old female with migraine for >25 years, without known cardiac 
risk factors, presented angina pectoris on Day 198 of FRMB exposure, leading to drug 
discontinuation. She received 3 doses (FRMB 675/225/225 mg, from  

) in study 049, and 5 in study 051 (from
). Concomitant medications included nutritional supplements, multivitamins and 

acetaminophen/aspirin/caffeine. On Day 89 of study 051 (7th dose) the patient experienced a 
non-SAE of “moderate elevated blood pressure” (values not provided) that led to starting oral 
amlodipine, 5 mg/day starting on Day 94.  On Day 113 of study 051 she received the 8th and last 
dose of FRMB 225 mg. Three days later (on Day 116 of study 051) she presented a non-SAE of 
angina pectoris that lasted 3 hours and resolved without treatment. On Day 141 she had the 
early withdrawal visit.  Diastolic BP taken at scheduled visits were borderline high normal, 
except for the Baseline to study 051, (which would be month 3 of study 049) when diastolic and 
systolic BP were high and at visit 6 when diastolic was high (Day 113, while on amlodipine).  At 
the withdrawal visit, BP was normal, while on amlodipine. 

This healthy 46 year-old female presented hypertension and angina pectoris during 
treatment with FRMB 225 mg monthly. Both events were considered related but non-
SAE by the investigator. In my opinion the event of angina pectoris is an important 
medical event and should be considered a SAE. There is no mention of ECG or cardiac 
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enzyme results in this narrative. ECG at scheduled visits were normal. It is unclear when 
the onset of HTN was. FDA requested additional information for this patient regarding 
cardiac workup but as per response submitted on February 2018, no additional 
information is available. The patient’s SBP and DBP were mildly elevated at baseline but 
she did not have a history of HTN and was not taking anti-hypertensive medications prior 
to entering study 049.  This would be the second case of angina pectoris in the database. 

 
CNS_30049_ . 28 year-old female, 10-year history of chronic migraine presented non-
specific chest pain and dyspnea, leading to drug withdrawal on Day 128 of FRMB 675 mg 
quarterly exposure. The event of chest pain was coded under General disorders and 
administration site conditions. Medical history included drug allergies, eczema and anxiety. 
Concomitant medications included APAP/aspirin/ caffeine and alprazolam as needed. She 
received the third dose of FRMB quarterly on Day 84 of study 051. Further details, including 
diagnostic test results and physical examination findings were not provided. The patient did not 
receive treatment for the events. On day 160 she had the end of study visit. The events of chest 
pain and dyspnea had not resolved. The investigator considered the events not related to drug.   

The patient’s symptoms are likely related to anxiety, however, there is very limited 
information about a cardiac workup and outcome of this patient’s chest pain. There is no 
mention whether an ECG was done.  
 

• ECG investigations: QTc prolongation 
 
CNS_30050_ , 44 on FRMB 225 monthly, presented QT prolongation on Day 85 of 
treatment. The event was considered to be mild and non-serious but related to drug, leading to 
drug discontinuation. As of last follow up the event had not resolved.   In isolation, this event 
does not appear to be related to drug. 
 
• Chest pain   

 
Two non-SAE of chest pain (General disorders and administration site conditions SOC) led to 
drug DC from study 051, as follows:  CNS_30049_ , 50 F developed chest pain of 
moderate intensity on Day 97 of FRMB 675/225 treatment. The event resolved and was 
considered not to be drug related.  CNS_30049_ , 28 F had chest pain of moderate 
severity on Day 128 of FRMB 675 quarterly. The event was considered not related to drug. It did 
not resolve. Limited info in narrative.  As per additional information submitted 3/12/18, neither 
had a cardiac workup, but were assessed at the ER as being caused by anxiety.    
 
• General disorders and administration site conditions 
 

- Injection site reactions 
A total of 27 patients discontinued treatment/study because of injection site reactions in 
Cohort 4. They were 26 female and 1 male. There was no obvious dose response (1.6%, 0.9% 
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and 1.1% on FRMB 225 monthly, 675 quarterly and 675/225, respectively).  Injection site 
reactions included events of injection site pain, erythema, rash, induration, swelling, vesicles., 
warmth. Some patients had more than one site reaction (at separate instances or at separate 
sites). Time to onset of the reaction leading to WD was 1 to 294 days into treatment (mean 67 
days, median 30 days [ 2 doses]).  Most were mild or moderate. Four were severe (3 on FRMB 
225 and one on FRMB 675/225).  All were considered related to drug and resolved, except for 
3, reported as mild but not resolved (CNS_30049_ , 30049_  and 
30049_ ), 2 of them on Day 14 and one on Day 32.  The following presented an 
injection site reaction at multiple sites described as “mild” but was treated with oral 
methylprednisolone. 
 
CNS_30051_ . 49 F with chronic migraine had drug allergy and rash at the injection 
site on Day 30 of FRMB treatment in study 051. She had received placebo in study 049, and 2 
doses of FRMB 225 (First dose Day 1 and last dose Day 29) of study 051. Medical history 
included impetiginous eczema for 2 years prior to entry. Concomitant meds included 
loxoprofen, zolmitriptan and domperidone as needed.  On Day 14 the patient had “study drug 
allergy of mild severity.” On that day she had mild allergic rashes in the left upper arm at 
injection sites “1 to 3.” She was treated with oral prednisolone 30 mg three times a day and 
transdermal clobetasol. On Day 29 she received the “second and final dose” of FRMB. On Day 
30 she presented an allergic reaction on the right upper arm leading to drug discontinuation. 
No further details were provided. On Day 57, she had an early withdrawal visit. The rash in the 
left upper arm had resolved; the rash in the right upper arm resolved on Day 78. 

Perhaps not a SAE but I would have considered this AE at least moderate in severity, 
since it occurred at several sites and required oral corticosteroid treatment. 

 
• Immune mediated SOC:  Hypersensitivity/urticaria 

 
CNS_30051_ . 48 F with chronic migraine for 19 years, had a “drug allergic reaction” 
coded as hypersensitivity, and urticaria in both arms, legs, face and abdomen.  She received 1 
dose of FRMB 675/225/225 in study 049, and 1 dose in study 051, approximately 3 hours after 
the dose (4th dose of FRMB, Day 85 since first exposure).  The event was considered non-
serious. She was treated with prednisolone, 50 mg IM x1. No data was provided regarding vital 
signs or labs. The events resolved the following day. The investigator considered this event to 
be related to FRMB and discontinued treatment. No follow up information is available for this 
patient.   

I agree with the investigator that this event is related to drug. Since it was treated with 
IM corticosteroids, I would have considered this a SAE (important medical event). 

 
CNS_30049_ , 41 F presented urticaria on Day 2 of study 051, after one dose of FRMB 
675 quarterly. She had received placebo in study 049. The event was moderate and led to study 
WD. It resolved on Day 23.  
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CNS_30050_  25 F presented allergic pruritus leading to drug DC on Day 210 to 211 of 
study 051. She had received placebo in study 050. The event was moderate. 

 
• Investigations (liver enzyme elevation, ammonia level increased, weight increased) 

 
A total of 7 patients had liver enzyme elevations coded as transaminase increased, hepatic 
enzyme increased, blood BR increased, liver function test abnormal, ALT increased and/or AST 
increased in study 051.  They were 5 females, 2 males, ages 19 to 65 years (mean 46 years).  
Four occurred in the FRMB 675 quarterly, and three in the 225 monthly treatment group (one 
of them with a 675 mg loading dose). None of them were SAE. Only one was severe. Time to 
onset was 92 to 371 days (mean 178).  All but 2 recovered/resolved. One was recovering at last 
follow up, and one’s outcome is unknown. Two were thought to be related to drug by the 
investigator. Cases are summarized below. 
 
CNS_30050_ . 51-year-old female with episodic migraine for >15 years who presented 
elevated liver enzymes >8 × ULN, leading to discontinuation of IMP after 114 days of FRMB 
exposure. She had received 675 mg quarterly in study 050 (1 dose). Ongoing medical history 
included hyperlipidemia, obesity, osteoarthritis and depression. Concomitant medications 
included verapamil, amfepramone (started one month prior), tizanidine (started 6 months 
prior) and fluoxetine (started 1 week before entering 051). On Day 1 of study 051 (second dose 
of FRMB 675), ALT was <3x ULN. She received terbinafine for fungal infection on Days 8 to 15. 
On Day 18 of study 051, she was noted to have ALT>5xULN with mild increase of ALP. On Day 
26 the patient’s liver enzymes further increased to >8 × ULN. Laboratory results showed ALT of 
274 U/L, AST of 91 U/L, GGT of 314 U/L, and ALP of 168 U/L. On Day 29, liver enzymes started 
to decrease to <5 but >3× ULN. FRMB was discontinued. The patient started ibuprofen on Day 
50. On day 93 patient’s liver enzymes were again elevated to 5.1 × ULN. No treatment was 
given for the events. Bilirubin values were within normal range throughout the study. The event 
of elevated liver enzymes 5.1 × ULN had not resolved at the time of the data cutoff.   

The event appears related to multiple medications that may have potentially increased 
liver enzymes and does not appear to be related to FRMB. 
 

CNS_30051_ . 51 F female with episodic migraine, for 30 years noted to have ALT and 
AST levels ≥3 × ULN after 144 days of FRMB 225 mg monthly exposure, which led to drug 
discontinuation.  Medical history included allergic rhinitis and hypothyroidism. Concomitant 
medications included atenolol and topiramate for prevention of migraine, suvorexant as needed 
(for insomnia started 6 months prior); frovatriptan for approximately 1 year, oral contraceptive 
for 5 years, cetirizine and montelukast for allergies, for approximately 1 year and levothyroxine, 
for many years. On Day 1 she had normal liver enzymes. She received 4 doses of FRMB without 
increase in liver enzymes. On Day 110, before the 5th dose, ALT and AST were mildly elevated 
(<2xULN). On Day 119, 127, and 133 ALT & AST were ≥3 × ULN. She received the last dose on 
Day 133. On day 144 ALT was 216 U/L (6.5 × ULN) and AST 115 U/L (≥3 × ULN). Other labs were 
reported within normal range. Symptoms, serology test results, and treatment, if any, were not 
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reported. From day 147 to day 286 the patient’s ALT and AST levels remained elevated, ranging 
from 77 to 198 U/L and 42 to 134 U/L, respectively. FRMB administration was discontinued due 
to the event of clinically significant elevated AST levels. Levothyroxine dose was decreased 
twice over this period, but TSH values are not available.  Liver enzymes were still 
elevated>2xULN at the early withdrawal visit.   

The patient was taking multiple medications that may explain the increase in liver 
enzymes. However, I would not rule out the role of FRMB in this case. I wonder if FRMB 
may interfere with thyroid function. 

 
CNS_30049_ ,  19 F Transaminases increased on Days 118 to 167 after 2 doses of 
FRMB 675 quarterly (1 in study 049 and 1 in study 051). Concomitant meds included naproxen 
APAP, etonorgestrel, sertraline and recent use of amoxicillin. On Day 34 of study 051, she 
presented abdominal pain and nausea, ALT 5x ULN and AST 8xULN. Repeated liver enzymes on 
Days 43 of study 051 were within normal.  On Days 56 through 62, liver enzymes were elevated 
again, with peak on Day 59 of study 051 (ALT 6x ULN, AST 4xULN, GGT 7xULN and ALP>2xULN). 
Events resolved on Day 83. Serology on Day 65 was positive for EBV IgM.  

Event is consistent with recent infectious mononucleosis.  
 
CNS_30050_ , 44 F Mild increase in blood bilirubin 2xULN on Day 92 of FRMB 225 
monthly treatment. Hx of HTN and Raynaud’s. Concomitant medications included hydrocodone 
and fluoxetine. On Day 1 of 051 (day of the 4th dose of FRMB) she was noted to have mild QT 
prolongation. On Day 8 of study 051 labs showed BR increase 2xULN, and she had an early 
withdrawal. On that day ECG showed sinus tachycardia and ST depression with normal QT 
values. HR was 120 bmp. BP 107/76. Outcome of the event of increased BR is unknown.  Event 
of intermittent BR elevation is probably not related to drug. 
 
CNS_30050_ , 61 F presented Liver function test abnormal on Day 141 of FRMB 225 
monthly. Medical Hx osteoarthritis, restless leg syndrome and hyperlipidemia. Concomitant 
meds included venlafaxine, pramipexole and gabapentin. On day 112 of study 051 ALT & AST 
were 2.5xULN. BR was normal. Resolving. Mild ALT/AST elevation is confounded by other drugs 
that may cause hepatotoxicity. 
 
CNS_30050_ , 31 M presented Blood bilirubin increased on FRMB 675 quarterly. He 
had no relevant medical history and only took paracetamol as needed. He received one dose in 
study 050 and 4 doses in study 051. Last dose was on Day 256 of study 051. On Day 281, almost 
3 weeks after the last dose, he had ALT of 944 (normal 10-40 U/L) and AST was 330 (normal 10-
43 U/L). Six days later, ALT and AST were 1040 U/L and 332 U/L, respectively, with TB 2 x ULN. 
The events were considered severe but non-SAEs. The patient was asymptomatic. Serology for 
Hepatits A, B, C and autoimmune hepatitis was negative. He informed the site that he had hired 
a personal trainer and had increased his exercising for the previous 2 weeks, in addition to 
taking an over the counter supplement called “Testo” but had stopped 2 weeks earlier.  Liver 
enzyme elevation resolved on Day 330.   
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The patient had ALT/AST >20 xULN and BR>2xULN, but “Testo” contains “chaparral” 
which is known to be associated with acute liver toxicity. This is not a Hy’s law case. 

 
CNS_30051_ , 65 M presented ALT increased Days 267 to 413 of FRMB quarterly 
treatment. Medical history included osteoarthritis, sleep apnea and micturition problems. 
Concomitant meds included triptans as needed, nabumetone, propranolol, paracetamol, 
monthly epidural methylprednisolone and over the counter health supplements (some of which 
started during the clinical trial, such as Serenoa repens and Linun usitatissimum seed oil). During 
the trial the patient also had surgery for ulnar neuritis. At screening he had ALT of 48 U/L 
(normal up to 40), and BR 1.3 mg/dL (normal up to 1.1); other liver labs (AST/TB, ALP, GGT) 
were normal.  On Day 224 he received the 4th dose of FRMB quarterly. On Day 267 he was 
reported to have elevated ALT and AST of 114 U/L and 79 U/L, respectively (<3xULN). On the 
same day, an event of “non-alcoholic fatty liver” (presumably diagnosed by US) was reported, 
and FRMB was withdrawn.  On Day 339 he had a non-SAE of “undifferentiated connective tissue 
disorder” treated with hydroxychloroquine. On Day 295 Serenoa repens was discontinued and 
treatment with propranolol was tapered to off by Day 340.  On Day 377 he had a liver biopsy 
that showed moderate to marked steatosis with mild inflammatory activity consistent with 
steatohepatitis. Treatment with ursodeoxycholic acid started on Day 393. The event of 
increased ALT resolved on Day 413. On Day 421 the patient had an early WD visit. At that time 
all liver enzymes were normal, except for a mild increase in total BR. The investigator 
considered the event not related to drug, but part of a connective tissue disease. 

This 65 year-old male presented mild ALT/AST elevation after 4 doses of FRMB quarterly. 
At the time he was taking multiple concomitant medications/supplements, including 
some that may have been hepatotoxic.  He had very mild ALT elevation since screening. 
Approximately 1 months after the last dose of FRMB, he was diagnosed with non-
alcoholic fatty liver, and 4 months after the last dose with an undifferentiated connective 
tissue disease. A liver biopsy was consistent with steatohepatitis. As per information 
submitted 3/12/18, he tested ADA negative throughout the study. I would agree the 
event of live enzyme elevation is likely related to other meds he was taking and the 
underlying disease 

 
Additionally, the following patient was not listed in the datasets as having ALT leading to WD, 
but the narrative was included among narratives of AE of interest, and she seems to have 
discontinued because of pneumonia and ALT elevation. 
 
CNS_30051_ .  31 F with episodic migraine for >15 years was noted to have ALT >3x 
ULN, leading to drug discontinuation after 191 days of FRMB exposure.  Concomitant meds 
included paracetamol containing analgesic and oral contraceptive. She also consumed alcohol. 
On Day 1, ALT was normal. She received a total of 7 doses of FRMB in study 051. On the day of 
dose 7th, ALT and AST were >1.5 xULN, GGT was 2xULN.  On Day 190 she had pneumonia 
treated with azithromycin for 4 days. On Day 191 ALT was ≥3 × the ULN (121 U/L). Serology 
tests were not reported. There were no symptoms reported. No treatment was reported for 
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the event. The patient was advised to avoid paracetamol and alcohol products. IMP 
administration was discontinued due to the event of increased ALT. On day 198 (  

), ALT, AST, and GGT levels slightly improved but remained elevated (98 U/L, 44 U/L, and 
69 U/L, respectively). On the same day, the patient had an early withdrawal visit as a result of 
the event of increased ALT. Liver enzymes normalized on Day 212.   

The case of mild liver enzyme elevation is confounded by use of medications known to 
increase liver enzymes and alcohol. It does not appear related to FRMB. 

 
• Other investigations leading to drug WD (1 ammonia increased; 1 CK increased, 4 weight 

gain) 
 
CNS_30049_ . 35 F with CM for 16 years (ammonia increased). She received placebo 
for 3 months in study 049, and FRMB 225 mg monthly, with 675 loading dose in study 051, for a 
total of 5 FRMB doses.  MHx prior to 051 entry included edema of legs for 5 months, arrhythmia 
for 7 months, depression, insomnia, allergic rhinitis, GERD and irritable bowel syndrome, for 
several years, prior to entry. Concomitant meds included paracetamol and ibuprofen as 
needed, temazepam, metoprolol, lansoprazole and linaclotide.  On Day 73, two weeks after the 
3rd dose of FRMB, she presented a transient non-SAE of abdominal pain. On day 89 and 116, 
she received the 4th and 5th dose, respectively. On Day 130 she went to a healthcare clinic 
because of right upper quadrant abdominal pain. Labs showed elevated ammonia levels (51 
μmol/L, reference range: 9 to 35 μmol/L). There is no description of physical findings.  FRMB 
was discontinued because of high ammonia levels. An EGD showed duodenal and gastric 
polyps. The patient was treated with intravenous dexamethasone and oral lactulose, and oral 
furosemide. ALT, AST, ALP, GGT, BUN and CPK were within normal values throughout the study. 
The events of high ammonia levels and right upper abdominal pain had not resolved at the time 
of data cutoff (four months after the last dose).   

The patient was taking multiple medications. An event of increased ammonia levels with 
normal liver function in isolation appears unrelated to study drug. 

 
CNS_30049_ , a 57 F presented CPK elevation leading to WD on Day 191 of FRMB 
quarterly treatment. It was non-serious but “severe.” It resolved after 10 days. It was assessed 
as not-related. No further doses were given. 
 
CNS_30049_ .  55 F, with migraine for over 30 years who received placebo in study 
049, and 7 doses of FRMB 675/225 mg monthly in study 051. She had weight gain that led to 
drug discontinuation on Day 173 of FRMB exposure.  Medical history included gastritis, back 
pain, seasonal allergies and multiple surgeries. Concomitant medications included ibuprofen, 
sumatriptan, and acetaminophen/aspirin/caffeine as needed, multivitamins, ranitidine 10 mg 
and cetirizine. The patient received the first dose of FRMB 675 mg on Day 1, followed by 3 
doses of FRMB 225 mg (Days 29 to 88 of study). On Day 88 she reported weight gain but weight 
is not provided. She received 3 more doses, the last one on Day 173. At that time her weight 
was 85.8 kg (from 74 kg at baseline to study 049), leading to WD. On Day 145 she was also 
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found to have “elevated blood pressure” (value not provided). At the withdrawal EOT visit, on 
Day 197, her weight was 82.1 kg. (event of weight gain not resolved). Her blood pressure was 
normal.  The investigator considered the weight gain related to FRMB.  

There is no information about other labs, such as thyroid function, that could explain 
weight gain. In the absence of other documented cause, I believe the 10 Kg weight gain 
and elevated blood pressure could be drug related.   

 
CNS_30050_ . 42 F with episodic migraine for 20 years reported weight gain, which 
led to discontinuation after 2 doses of FRMB 675 quarterly (174 days since first dose).  Medical 
history included ADHD, depression and low back pain among other conditions. Concomitant 
meds included diclofenac, dexamphetamine, flavotriptan, bupropion, sertraline for several 
years, and alprazolam for 4 months prior to entry.  She received one dose of FRMB on Day 1 of 
study 051. On day 31 she presented fatigue. On Day 90 of study 051 she reported weight gain 
of 5 kg as compared to baseline in study 050, leading to drug discontinuation. The event was 
listed as resolved on Day 272 (after losing less than 1 kg as compared to Day 90). The patient 
had an end of study visit on the same day. No labs or vital signs were provided in the narrative.  

The investigator considered the event not related to FRMB. Five kg weight gain was 
temporarily associated with the use of FRMB and had not resolved 7 months after the 
last dose. I would agree that weight gain was likely related to other factors. There is no 
information on thyroid function. Hypothyroidism could explain weight gain.   
 

CNS_30050_ . 44 F with episodic migraine for >20 years who had weight gain, leading 
to discontinuation after 226 days of FRMB 225 mg monthly treatment. Medical history included 
obesity and GERD. Her baseline weight was 96.7 kg on Day 1 of 050. Concomitant meds 
included ibuprofen, intrauterine levonorgestrel, diazepam/atropine sulfate/aloin/cathine 
hydrochloride/ liothyronine sodium for obesity, for about 1 year. She received a total of 10 
doses of FRMB (3 in study 051 and 7 in study 051. On Day 141 (dose #6 of study 051) the 
patient’s weight was 100.9 kg. On Day 169 (dose #7) of study 051 her weight was 99.8 kg. Drug 
was withdrawn.  At the EOT visit on Day 197 her weight was still around 100 kg.   

Weight gain of 3-4 kg was temporarily associated with use of FRMB that led to drug 
discontinuation after a total of 10 doses of FRMB. One month after the last dose, the 
event had not resolved. The investigator assessed the event as possibly related to drug. I 
agree. Again, information on thyroid function is missing.  

 
One patient who presented “Abnormal weight gain” leading to WD was coded under the 
Metabolism and nutrition disorders is presented below 
 
CNS_30049_ . 27 F with chronic migraine for 16 years received FRBM 675/225/225 in 
study 049 and continued 225 monthly in study 051. Medical history included hypothyroidism 
(which had worsened since she started FRMB). Concomitant medications included 
levothyroxine and estradiol for chronic pelvic pain. On Day 1 of study 051 (4th dose) an AE of 
abnormal weight gain was reported. On Day 36 of study 051 the patient received the 5th and 
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last dose. Subsequently she withdrew consent. She did not want to continue in the trial 
because of weight gain.  However, no values were provided regarding the patient’s weight at 
baseline and at the time of WD. 
 

Four patients presented weight gain, temporarily related to FRMB treatment (10, 5 and 
4 Kg gain, and one not reported). Weight gain did not resolve at the time of last 
available follow up (1 to 6 months after drug discontinuation). In the absence of a 
documented explanation, the role of FRMB on weight gain cannot be ruled out.   

 
• Worsening migraine   

 
Two non-serious adverse events of worsening migraine led to study withdrawal in study 051, as 
follows.   
  
CNS_30049_ . 34 year-old female received FMB 675 mg in study 049 and continued in 
study 051. Ongoing medical history included anxiety, depression and neck pain. Concomitant 
meds included analgesics, oral contraceptive, baclofen, duloxetine and clonazepam. On day 11 
of study 051, after the second dose of FRMB 675 mg, she presented worsening migraine 
categorized as “mild” by the investigator.  Nonetheless, the event led to FRMB discontinuation. 
She did not have a withdrawal visit. There are no labs or BP values after treatment. 
 
CNS_30051_ . 59-year-old white female with CM for 15 years in the FRMB 675mg 
quarterly group, presented “increased headache related to migraines,” which led to 
discontinuation after 26 days of exposure. Medical history included hypertension (for 2 years), 
hypercholesterolemia and Sjogren’s syndrome for many years. Concomitant meds included 
triptans, anti-nausea medication, estradiol, atorvastatin and amlodipine. Two months prior to 
entry she had received dexamethasone treatment for headaches. Worsening migraine was 
treated with tapering dose of dexamethasone. She had an early withdrawal visit on Day 43, and 
an end of study visit on Day 314.  At the early WD, worsening migraine had not resolved. As per 
patient profile, BP was normal at all visits.   
  These cases of worsening migraine represent lack of efficacy, not related to study drug.  
Selected AE leading to drug WD in Phase 1 studies: 
 
Study B0141008 – . 60 F experienced an acute infusion reaction of moderate intensity 
and mild hoarse voice right after a single injection of FRMB 2000 mg IV. She was treated with 
methylprednisolone and diphenhydramine. The event resolved on the same day, and she did 
not receive any further dose. 
 
 
In summary, there were a few events leading to discontinuation in Cohort 1 (2.1% on FRMB and 
1.6% on placebo). The most common AE leading to drug discontinuation in the placebo-
controlled studies and in study 051 were injection site reactions, followed by AE in the 
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Investigations, Nervous system disorders and Infections and Infestations SOCs. The risk of 
injection site reactions in Cohort 1 was 1% for FRMB and 0.2% on placebo, without dose 
response for FRMB. The risk in Cohort 4 was 1.4%. If something, the risk was slightly higher 
among patients in the FRMB 225 monthly dose (1.8%) as compared to the other doses (1.3%). 
Two patients discontinued for hypersensitivity on placebo as compared to 1 on FRMB (900 mg 
monthly).  Four patients discontinued for events of hypersensitivity or urticaria in Cohort 4 but 
there were no discontinuations reported to be due to angioedema or anaphylaxis. One patient 
discontinued because of an asthma attack, 7 hours after the first dose of FRMB 675, consistent 
with a drug-induced reaction.  Sixteen patients had AE leading to discontinuation in the 
Investigations SOC (0.7%). Of those, 7 (0.3%) were increases in ALT/AST/hepatic enzymes, but 
all were confounded by drugs known to cause hepatotoxicity. Four patients discontinued for 
weight gain (4 to 10 Kg gain, one was not reported), temporarily related to FRMB treatment.  
Weight gain did not resolve at the time of last available follow up (1 to 6 months after drug 
discontinuation). In the absence of a documented explanation, the role of FRMB on weight gain 
cannot be ruled out.  Overall, 2 patients (0.1%) discontinued because of hypertension in Cohort 
4, including a SAE of hypertensive crisis one day after the second dose of FRMB 225 and one 
non-SAE of hypertension 27 days after 1 dose of FRMB 675.  Three patients discontinued 
because of ischemic/thrombotic events in Cohort 4 (0.2%): one stroke associated with BP of 
182/119, one TIA and one angina pectoris. The role of FRMB on the events of hypertension, 
stroke, TIA and angina pectoris cannot be ruled out. However, relationship to study drug is 
difficult to assess in the absence of a control group or of adequate background data (matched 
by age, gender, duration of migraine) to compare with. (See additional discussion in Section 
8.5.1, CV Safety). Review of other adverse events leading to drug discontinuations did not 
identify other AEs potentially related to drug. 
 

 Significant Adverse Events 

The percentage of patients with severe AEs was similar in the placebo and all FRMB treatment 
groups (3.7% and 3.9%, respectively).  The two SOCs with the greatest percentage difference of 
severe AE (at least 0.4% greater than placebo) were the General Disorders and Administration 
site conditions (1.9% and 1.3%, respectively, the difference driven by injection site pain) and 
the Infections and Infestations SOC (0.5% and 0.1%, respectively, with 9 severe infections on 
FRMB -all doses- and 1 on placebo).  A summary of severe AE in these two SOCs is shown 
below. The rate of severe AE in other SOCS was 0.1 – 0.2 % and similar to placebo (data not 
shown). 
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Table 14. Patients with severe AE in Cohort 1, ≥ 0.4% greater than placebo   

MedDRA SOC 
    MedDRA PT 

Placebo 
Monthly 
(N=861) 

FRMB 
Total 

(N=1702) 
Patients with at least 1 Severe AE 32 (3.7) 66 (3.9) 
General disorders & adm 
    Chest discomfort 
    Fatigue 
    Inj site erythema 
    Inj site hemorrhage 
    Inj site pain 
 

11 (1.3) 
0 
1   
0 
0 

10   
 

33 (1.9) 
1   
0 
2   
1   

28   
 Infections and infestations 
    Appendicitis 
    Bronchitis 
    Gastroenteritis 
    Meningitis aseptic 
    Paronychia 
    Pharyngitis streptococcal 
    Pneumonia 
    Viral infection 
    Sinusitis 
 
    

1 (0.1) 
0 
0 
0 
0 
0 
0 
0 
0 

1 (0.1) 

9 (0.5) 
1   
2   
1   
1 
1 
1 
1 
1 
0 

   Source: ISS Summary 6.2.1.   
 
As per analyses of the ADAE datasets, the rate of severe AE in the MedDRA Injection Site HLT 
was 0.5%, 2.5% and 1.7% in the FRMB 225 mg monthly, 675mg quarterly, and 675/225 mg 
monthly groups, as compared to 1.2% on placebo, suggesting a higher in the 675 quarterly  
group, as compared to other FRMB doses. There were no consistent trends for a dose response 
for other severe AEs (data not shown).  Most severe events have been evaluated along with the 
evaluation of SAE and dropouts due to AE.  Of those that were not captured as SAE or dropouts, 
the most common were injection site reactions and migraine. The percentage of patients with 
severe migraine was 0.4% on FRMB and 0.6% on placebo. 
 
In Cohort 4 of the SUR 8%, 9% and 9% of patients presented at least 1 severe event in the FRMB 
225 monthly, 675 quarterly and 675/225 monthly groups, respectively. Evaluation of these 
analyses did not identify any new safety signal (Source: Summary 6.2.4 of ISS SUR, data not 
shown).  The individual PT with the highest frequency of severe AE were injection site 
pain/erythema/induration (3-4%), migraine (4%) and blood creatinine phosphokinase increased 
(0.2%).   
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Four patients presented severe elevated CPK that were non-serious, considered not related to 
drug, that did not lead to drug withdrawal, 2 on FRMB 675 quarterly and 2 on FRMB 675/225 
(CNS_30049_ , CNS_30049_ , CNS_30049_  and 
CNS_30049_  all in females, age 24 to 57 years, on Days 3 to 191 of FRMB treatment 
(mean 105, median 113 days). All resolved after 10 days to 2 months of onset, 3 of them 
without drug discontinuation. The case that led to drug DC was CNS_30049_ , a 57 F 
who presented CPK elevation on Days 191 to 201 that was assessed as not related to drug.   

All but 1 the 4 cases of severe CPK elevation resolved without discontinuation of therapy. 
They appear unrelated to FRMB. There were no cases of rhabdomyolysis or myopathy in 
this database. 

 
Review of the SUR AE database identified two patients with non-SAE of acute kidney injury 
( and ).  One of them ( ) was associated with high CK and 
strenuous exercise after 15 doses of FRMB 225 monthly; labs returned to normal at the next 
routine visit. He continued treatment without further increase in creatinine. The event does not 
appear to be related to drug.  The other ( ) had a moderate increase in creatinine 
during an emergency room visit for an allergic reaction. She did not have symptoms of renal 
insufficiency and lab values returned to normal at the following routine visit (for more details 
see section 8.5.5 (Hypersensitivity). 

 
In summary, review of severe AE did not identify new risks associated with FRMB. The only 
SOCs with higher rate of severe events as compared to placebo in Cohort 1 were the General 
disorders and Administration site conditions - driven by injection site reactions - and the 
Infections and Infestations SOC. There was a suggestion for an increased rate of injection site 
reactions with FRMB 675 quarterly in the placebo-controlled phase, but this was not confirmed 
in Cohort 4.  Individually, each of the infections did not appear to be related to drug.  Four 
patients presented severe CPK elevations that do not appear to be drug related. Two cases of 
acute kidney injury were reported in this application. Both presented with mild/moderate 
asymptomatic and reversible increase in creatinine. One was associated with strenuous 
exercise and the other was found during an ER visit for an allergic reaction. The former does not 
appear to be drug-related; the relationship for the latter is unclear. 

 

 Treatment Emergent Adverse Events and Adverse Reactions 

All events referred to in this review were treatment emergent events.  All AEs that occurred at 
higher rates in FRMB treated groups as compared to placebo in Cohort 1, by SOC, are presented 
below.  
 
Table 15. Patients with AE in Cohort 1 by SOC (any SOC with 1% greater incidence than placebo). 
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  MedDRA SOC 
               

PBO 
monthly 
(N=861) 
n (%) 

FRMB 225 
  monthly 
(N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 
675/225/22
5 (N=467) 

n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 

n (%) 

FRMB  
Total 

 
(N=1702) 

  
Patients with at least 
1 AE    

505 (59) 236 (61) 458 (69) 317 (68) 57 (59) 41 (48) 1109 (65) 

Eye disorders 11 (1.3) 2 (0.5) 6 (0.9) 13 (2.8) 4 (4.2) 1 (1.2) 26 (1.5) 

General disorders   
  and admin. site 

284 (33) 153 (39.6) 319 (47.8) 201 (43) 19 (20/1) 14 (16.3) 706 (41.5) 

  Infections &     
     infestations 
 

165 (19.2) 88 (22.8) 139 (20.8) 92 (20) 17 (19.7) 10 (11.6) 346 (20.3) 

Injury, poisoning, and    
  procedural  

36 (4.2) 10 (2.6) 26 (3.9) 25 (5.4) 3 (3.1) 4 (4.7) 68 (4) 

Investigations 38 (4.4) 25 (6.5) 33 (4.9) 23 (4.9) 5 (5.2) 5 (5.8) 91 (5.3) 
Musculoskeletal and 
  connective tissue dis. 

 

34 (3.9) 23 (6) 36 (5.4) 24 (5.1) 9 (9.4) 9 (10.5) 101 (5.9) 
 

Nervous system    
  disorders 
 

47 (5.5) 16 (4.1) 35 (5.2) 30 (6) 9 (9.4) 6 (7) 
 

96 (6) 
 

Psychiatric disorders             24 (2.8)            6 (1.6)             12 (1.8) 16 (3.4)            3 (3.1)              4 (4.7)               41 (2.4) 
 Skin and subcutaneous 21 (2.4)            9 (2.3)             26 (3.9)         14 (3) 

              
4 (4.2)                  3 (3.5)       

 
     56 (3.3) 
 Vascular disorders 4 (0.5)           1 (0.1)            7 (1.0) 8 (1.7)   3 (3.1)               1 (1.2)                20 (1.2) 
  Source: Listing 6.1.1 of ISS.  

 
The following information was gathered from review of Listing 6.1.1 of the ISS (All AE in 
placebo-controlled trials, data not shown). 

• Eye Disorders  
The difference in the rate of Eye disorders between FRMB 675/225/225 and placebo (2.8 vs. 
1.3%) was driven by vision blurred (n=4 [0.9%]) and dry eye (n=3 [0.6%]) as compared to none 
on placebo. The numbers are small but suggest a potential relationship to study drug, although 
a difference was not observed for the 675 quarterly and 225 monthly doses (Appendix 13.3.5). 

• General disorders and administration site conditions 
The difference in the rate of General disorders between FRMB to-be-marketed doses and 
placebo was driven by a higher rate of events of injection site pain (22-30%), induration (18-
20%), erythema (14-20%) and pruritus (1-3%) as compared to placebo (22%, 13%, 12% and 
(0.2%, respectively).  These reactions appear related to study drug. 

• Musculoskeletal and connective tissue disorders 
The difference between to be marketed doses (5-6%) and placebo (4%) was driven by back pain 
(2% vs 1%). This difference is likely not attributable to FRMB. 

• Nervous system disorders 
The only treatment group with a rate higher than placebo was the 675/225/225 treatment 
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group (6% on FRMB versus 5% on placebo). The different rate was driven for a greater number 
of reports of dizziness (2.6%) as compared to placebo and the other FRMB groups (1% each). 
The clinical significance of this difference is unclear. Of note, 3 patients treated with FRMB 
presented “amnesia”  as compared to none on 
placebo. (No additional cases of amnesia occurred in Cohort 4 in the original application).  

• Psychiatric disorders 
The most frequent PTs were insomnia and depression.  The rate of these events was similar in 
the FRMB to-be marketed doses (0.3-0.9%) and placebo (0.5%), although a higher rate was 
observed for FRMB 900 mg monthly, with an incidence of depression of 2%. No conclusions can 
be drawn, given the small denominator for this group (n=86).  

• For the Infections and infestations, Injury, Investigations and Skin and subcutaneous 
tissue disorders there was no predominant event driving the difference in the rate of AE 
between FRMB and placebo.   
 
Modal analyses that counted patients who received one dose of 675 and one of 225 in the 
FRMB 675/225 group as part of the 675 quarterly treatment group were in general consistent 
with the “actual dose” analyses (submitted on 3/18/18; data not shown). 
 
Analyses of patients with AE in ≥2% of patients in Cohort 7 (placebo-controlled pivotal studies) 
are summarized below.  
 
Table 16. Adverse events in Cohort 7 (≥2% and ≥2% than placebo) 

 
 
 
 
 
 
 
 
 
 

 
Source: MO analysis Pooled ADAM ADAE and ADSL of studies 30049 and 30050.  1 Injection site reactions HLT 
includes: injection site pain, induration, erythema, hemorrhage, pruritus, rash, swelling, urticaria, bruising, 
warmth, dermatitis, discomfort, hematoma, hypersensitivity, hypoesthesia, inflammation, nodule paresthesia and 
edema.     
 

AE in Cohort 7 were consistent with findings in Cohort 1. Other than injection site 
reactions, events with incidence ≥2% and at least 1% greater than placebo were upper 
respiratory tract infection, back pain, ligament sprain, gastroenteritis, liver enzyme 
elevation and dizziness. Because there is no clear dose response, to simplify labeling, I 
favor including  

. I would note in labeling that this product has a half-

  MedDRA SOC 
               

PBO 
monthly 
(N=668) 
n (%) 

FRMB 225 
  monthly 
(N=290) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 
675/225/2
25 (N=379) 

n (%) 

FRMB  
Total 

(N=1336) 
n (%) 

Patients with at least 1 AE    411 (62) 192 (66) 458 (69) 270 (71) 920 (69) 

General disorders & 
administration site conditions 

    Injection site reaction HLT1 
     

     

 
 
256 (38) 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
130 (45) 
 

 
 
304 (46) 
 

 
 
183 (48) 
 

 
 
617 (46) 
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life of 31 days, , 
and that these studies had only 1 month post-treatment follow up.  

 
 
All AE in Cohort 4 (SUR) 
 
The risk of AE in Cohort 4 original submission was higher on FRMB 675 quarterly and 675/225 
monthly (79% each) as compared to 225 monthly (71%) (As per listing 6.4 submitted at the FDA 
request, data not shown).  In the SUR, the risk of all AE was also greater in the FRMB 675 
quarterly and 675/225 (84% each) as compared to the FRMB 225 mg group (74%).   
 
Review of individual SOCs also suggests that the regimens involving the 675 mg dose may be 
associated with slightly higher percentages of AE than the 225 mg monthly dose, although the 
differences are small (as per Summary 6.1.4 of SUR, data not shown).  A summary of AE by SOC 

 is presented below (from the Applicant’s SUR). 
 
Table 17.BLA 761089. Adverse events in Cohort 4,  by SOC. 

 
Continues in next page 
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Table 17. Cont. AE in Cohort 4. 

 
Source: Table 8, SUR. 
 
In the SUR, for most SOCs, the risk of AE was at least 1% higher in the 675 quarterly and 
675/225 groups as compared to the 225 group. For instance, the risk of AE for the FRMB 225 
monthly, 675 quarterly and 675/225 groups in GI disorders SOC was 11%, 13% and 14%, driven 
by diarrhea (data not shown). For the Infections and infestations SOC, the rates were 37%, 42% 
and 39%, respectively (with upper respiratory infection and bronchitis driving the difference). In 
the Nervous system disorders, the rates were 7%, 11% and 11%, respectively, the difference 
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driven by 1-2% points in dizziness and paresthesia (data not shown). In the Vascular disorders 
SOC, the rate of AE was 2% for FRMB 225mg monthly, and 3% for 675 quarterly and 675/225 
mg groups, the difference driven by events of hypertension (in 5 patients (1%); 22 (2%) and 12 
(2%), respectively), again suggesting a slightly better safety profile with the FRMB 225 mg 
monthly dosing. (For other SOCS please see table 17). 
As per information submitted on 3/18/18, modal dose analyses in Cohort 4 were in general 
consistent with the actual dose analyses, but some of the SOCs that had shown ≥1% higher risk 
in the 675 quarterly or 675/225 dose groups as compared to the 225 mg monthly group in 
Table 17 by actual dose no longer showed a higher risk. The SOCS that maintained a ≥1% higher 
risk in the 675 quarterly group as compared to the 225 monthly dose were  
 

- Eye disorders (3% vs. 2%); 
- Infections (41% vs. 40%);  
- Nervous system (11% vs. 10%, but the percentage of dizziness and paresthesia was the 

same in both groups (2% for dizziness and 1% respectively, in both for paresthesia); and 
- Skin and subcutaneous tissues (7% vs. 6%)  
- Respiratory SOC in the 225 monthly and 675 quarterly doses was 7% and 6%, 

respectively, the difference driven by cough (2% and 1%, respectively). 
(Of note, the modal dose distributed the patients between the 225 monthly and 675 quarterly 
doses; there is no 675/225 modal dose). 
 
The risk of AE n the Vascular disorders SOC, was 3% in each group. Events of hypertension were 
more frequent in the 675 group (2% vs. 1%), but 3 patients reported hypertensive crises in the 
225 mg group as compared to none in the 675 quarterly group.  
 
In summary, there were no major differences in the safety profile of the 225, 675 quarterly and 
675/225 doses for all AEs in Cohort 4, by actual dose or modal dose analyses 

 Laboratory Findings 

There were no clinically meaningful differences or consistent trends between FRMB and  
placebo in chemistry, hematology, coagulation and urinalyses laboratory parameters’ changes 
from baseline and shift analyses in the 3-month placebo-controlled trials (Cohort 1) or Cohort 4 
original submission (data not shown).  Percentages for the 900 and 675 mg monthly doses 
tended to be higher than for the other doses, but the denominators are small and do not allow 
adequate comparisons to the to-be-marketed doses. 
 
Evaluation of PCS abnormalities for chemistry evaluations for Cohort 1 suggests a small higher 
risk of ALT >3xULN among patients in the 675/225 mg monthly group (2%) as compared to 225 
monthly (none), 675 quarterly (0.5%) or placebo (0.3%). None was associated with BR >2xULN.  
The definition of potentially clinically significant abnormal labs used by TEVA is included in 
Appendix  13.3.4 of this review.  The cut-off used for the analyses are acceptable and most 
showed no relevant findings unless noted otherwise.  
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The overall rate of ALT>3xULN on FRMB in Cohort 1 was 0.8% (Source: ISS listings and 
summaries, data not shown). Cases of elevated liver enzymes in patients for whom a narrative 
is available were confounded by concomitant medications/alcohol use.  Evaluation of 
hematologic, coagulation and urinalyses PCS abnormalities in Cohorts 1 and Phase 1 studies did 
not identify any relevant findings.   
The clinical laboratory test analyses presented in the SUR focused on the updated results from 
Study 30051. Listings of patients with laboratory results were submitted for all cohorts, but 
analyses of change from baseline, shift analyses and PCS abnormalities were presented only for 
study 051 (not for Cohort 4).  Shift analyses of chemistry laboratories showed that at endpoint 
(end of study or last visit) approximately 5% of patients had an increase in CPK from normal to 
abnormal, without evidence of a dose response (Source: Summary 15.42.1, data not shown). In 
the absence of a comparator, the clinical significance of this finding is unclear.  PCS 
abnormalities in study 051 showed that the overall percentage of ALT>3xULN was 0.6%. The 
rate on FRMB   675/225 monthly was no greater than the other treatment groups (data not 
shown).   

In summary, there were no clinically significant laboratory findings in this application. 
There was a suggestion of a small effect on increase in liver enzymes, with a slightly 
higher risk for FRMB 675/225 monthly as compared to other treatment groups, but all 
cases were confounded. 

 Vital Signs 

Findings regarding vital signs measurements are summarized below. 
 
• Mean and median changes  
 
There were no clinically meaningful or consistent trends in changes from baseline in heart rate, 
systolic blood pressure (SBP) and diastolic blood pressure (DBP), respiratory rate, and weight 
for placebo or fremanezumab groups, in Cohort 1 or Cohort 4 original submission (as per 
Summaries 8.1., 8.1.4, respectively, data not shown).  SUR analyses of change from baseline for 
Weight in study 051 at endpoint (last observed post-baseline data) show a mean increase in 
weight of 0.8, 0.7 and 0.5 kg in the FRMB 225 monthly, FRMB675 quarterly and FRMB 675/225 
monthly respectively (overall mean gain of 0.7 kg, median 0.5, -23.4 to 51.3 kg) (Source: 
Summary 15.44.1 of study 051).   

 
There is a small but consistent increase in weight from baseline in all treatment groups 
in study 051. One patient was identified as having weight gain of 53 kg over an 8-month 
period. This patient ( , who received FRMB 675 quarterly in study 051) had a 
medical history of obesity. The only AE reported during the trial were non-serious 
pharyngitis and gastroenteritis. A relationship to FRMB cannot be ruled out, although an 
increase in weight was not observed in the 6-month controlled database. Analyses of 
change from baseline excluding this patient still showed a mean increase of 0.5 Kg at the 
end of treatment endpoint. 
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• Potentially clinically significant and vital sign value outliers 
PCS changes in VS occurred in both directions (increase and decrease in values). The most 
frequent PCS vital signs as defined by the sponsor in Cohort 1 were SBP ≤90 mmHg and 
decrease from baseline ≥20 mmHg (in 14/1670 = 0.8% of patients on fremanezumab, and 
3/842= 0.4% on placebo); and DBP ≥105 mmHg and increased ≥15 mmHg (in 10/1670=0.6% on 
FRMB and 2/842=0.2% on placebo)(data not shown).  These PCS abnormal values usually 
occurred at a single measurement.  Analyses of vital sign outliers, performed by the Applicant 
as per the FDA Pre-BLA request for Cohort 1,  
are shown below. 
 
Table 18. BLA 761089 Vital signs. Outlier analyses (at least 1 post-baseline visit) in Cohort 1. 

 
Source: Ad Hoc Summary 7.4 of ISS 

 
The percentage of patients with at least 1 increase in SBP >140 or decrease in SBP <90 
mmHg among patients on FRMB was slightly higher than placebo (11% vs 9% for 
increase; 2% vs. 1% for decrease). The percentage with increase or decrease in DBP 
among patients on FRMB was similar or lower than placebo. More patients had an 
abnormally low pulse rate <60 bpm (10-15%) than high pulse rate >100 bpm (2-4%) in all 
treatment groups.   

 
In response to a FDA request, on 3/12/18 Teva submitted outlier analyses for VS for study 051. 
For weight, these showed that 13% of patients had an increased from baseline of ≥7%, and 7% 
of patients showed a decrease from baseline of at least 7%. The significance of a single increase 
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or decrease in VS measurement is unclear, particularly in the absence of a control group. 
Moreover, study 051 is missing information for changes patients may have had during the core 
studies.  In response to another FDA informational request, on 3/18/18 Teva submitted outlier 
analyses of vital signs that were abnormal at 2 or more visits in Cohort 1 and Cohort 4. Analyses 
in Cohort 1 showed smaller percentages for all measurements.  In Cohort 1, 4% of patients had 
SBP >140 mmHg and 5% had DBP >90 mmHg at ≥2 measurements in one of the FRMB 
treatment groups, and the same was observed on placebo. No patients had increase or 
decrease in weight ≥7% in any treatment group (data not shown). Finding for analyses in Cohort 
4 are shown below.  
 
Table 19. BLA 761089 Vital signs. Outlier analyses (at least 2 post-baseline visit) in Cohort 4. 

 
 

Source: 3/13/18 Response to FDA request for information. 
 
Outlier analyses of abnormal VS measurements that occurred at 2 or more visits, SBP was >140 
mmHg in 7-10% of patients (overall 9%); DBP was >90 mmHg in 9-11% of patients (overall 11%). 
For weight, 4-8% of patients had increase in weight of ≥7% on FRMB (overall 4%) and 2-4% had 
a decrease in weight of ≥7% (overall 3%).  There was a suggestion of a dose response with a 
slightly higher % of abnormal measurements in the 675 quarterly and 675/225 monthly doses.  
Interpretation of these data is difficult in the absence of an adequate control.   
 
A small percentage of patients with SBP>140mmHg or DBP>90 mmHg at ≥2 post-dose visits 
required initiation or change in dose of cardiovascular medications (mostly for hypertension) in 
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Cohort 1 (0.3% for placebo; 0.5% for fremanezumab).  Similar analyses in Cohort 4 showed that 
2% of patients in the safety population required initiation or change in dose of CV drugs, with a 
suggestion of a dose response (data not shown). Again, interpretation of data is difficult in the 
absence of a control group.  
 
There were no clinically relevant patterns of change from baseline in vital signs in any of the 
Phase 1 studies (data not shown). 
 

In summary, evaluation of vital signs showed no difference with placebo in the 3-month 
placebo-controlled trials.  Outlier analyses of VS that occurred in ≥2 post-baseline 
measurements in Cohort 4 showed a higher risk of SBP >140, DBP >90 mmHg, and 
weight ≥7%, suggesting a possible effect on BP and weight with 1 year treatment but the 
interpretation of the data is difficult in the absence of a control group. 

 Electrocardiograms (ECGs) 

ECGs were performed before dosing (at screening and/or baseline), at the EOT visit, and at 
unscheduled visits as needed, in of each of the studies.  Change from baseline over time for 
ECG parameters (heart rate, PR, QRS, RR, QT, QTcB and QTcF intervals) in Cohort 1 and study 
051 showed no clinically meaningful trends (as per Summaries 9.1.1 and 9.1.4, data not shown).   
 
Analyses of PCS increase in QTcB and QTcF in Cohort 1 showed a slightly higher percentage of 
patients with a QTcB greater than 450 msec in the FRMB groups (13-15%) as compared to 
placebo (12%), but there was no difference for >480 or >500 msec (1% and <1%, respectively, in 
on FRMB and placebo groups), or in the analyses of QTcF intervals (4% had QTcB >450 msec). 
The rate of QTcB >450 msec in Cohort 4 was 15-17% (as per Ad Hoc Summaries 8.1 and 8.4, 
data not shown).  ECG shifts from normal to abnormal occurred in similar proportions of 
patients across the treatment groups and placebo (14-20%, as per Studies 049 and 050 CSRs, 
data not shown) and were considered not clinically significant. 
 
Three patients had a QTc interval length ≥500 msec at 1 or more time points: 1 patient in the 
placebo group (at all time points including screening and baseline [049_ ]), 1 patient in 
the FRMB 675 mg quarterly group in study 049 (049_ ) and 1 in the 225 mg monthly 
group (050_ ) (both at the at the EOT visit, 4 weeks after the last FRMB dose). They 
were not associated with clinical symptoms. The latter was reported as a mild, non-SAE of ECG 
QT prolonged and considered related to the study drug by the investigator. This event did not 
resolve.   
 
Mean changes from baseline and percentage of treatment emergent EGC qualitative changes at 
endpoint showed no differences between FRMB and placebo in Cohort 1. Analyses for Cohort 4 
showed no meaningful differences with Cohort 1 (data not shown). 
 

Overall, there are no clinically significant ECG findings in this database. 
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 QT  

Analyses of QT and QTc intervals in ECGs conducted in phase 2/3 studies showed no clinically 
significant findings (see discussion above).  As agreed with DNP, a dedicated QT study was not 
conducted. 

 Immunogenicity 

As per TEVA’s original submission, a total of 1702 patients received fremanezumab in Cohort 1 
(studies 021, 022, 049, and 050). ADA samples were collected at pre-dose, and Days 28, 56 (for 
all 4 studies) and 84 prior to FRMB administration/end of study (for 049 and 050).  ADA testing 
was not done in placebo patients.  Six of 1701 patients (0.4%) had anti-fremanezumab antibody 
responses (2 patients in Study 049 and 4 in Study 050) (5 on Day 84 and 1 on Day 28). The latter 
patient became negative at Day 84. ADA-positive patients were distributed across treatment 
groups. The titers varied from 0.306 to 1.13 in log10 scale. One of the 6 patients developed 
anti-fremanezumab Neutralizing Antibodies (NA) at day 84 in Study 30050. None of the 6 ADA-
positive patients had “significant” adverse events (those events were not identified).  
ADA samples in study 051 were collected at pre-dose (new patients) and at day 84 (visit 5), day 
168 (visit 8), and day 336 (visit 14) posttreatment. As per the SUR (cutoff September 2017), 
4439 ADA samples were collected from 1888 patients in study 051. Additionally, 515 visit 2 ADA 
samples were collected from patients on placebo, to provide a baseline for patients who rolled 
over from the pivotal efficacy studies.  Thirty patients (1.6% of tested) had treatment emergent 
ADA positive response in study 051 including 16 with a transient ADA response. The titers 
ranged from 0.239 to 3.80 in log10 scale. Of the 30 ADA positive, 17 were NAb positive, 10 of 
whom had transient NAb. Four patients with treatment-emergent ADA response in the study 
showed decreased FRMB concentration at the same time point that ADA response occurred. 
TEVA concludes “Due to the low occurrence of positive ADA results, conclusions regarding the 
effect of ADA on fremanezumab exposure cannot be made. A review of adverse events in 
patients with treatment-emergent fremanezumab antibody response demonstrates no 
significant safety consequences of ADA development.”  
 
Separately, in response to an FDA request for clarification on 12/8/17, TEVA responded that to 
date, a total of 55 patients had a dosing gap in their FRMB treatment, defined as the time 
between 2 doses ≥ 56 days (2 months). Of these, 28 had a dosing gap during the pivotal studies 
or between the pivotal studies and the first dose in Study 051, and 27 patients had a gap 
greater than 400 days between the use FRMB in Phase 2 studies and study 051.  All but one of 
the 55 patients with treatment gaps were ADA negative. One ADA positive patient was already 
positive at baseline in a phase 2 study (ID# ) showed no increase in titers and was 
NAb negative. This patient did not present any relevant AE.  
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The percentage of treatment emergent ADA positive in study 051 was 1.6%. 
Approximately half of the ADA positive patients were also NAb positive. However, I 
cannot draw any definitive conclusions regarding Immunogenicity of fremanezumab in 
this database. A small percentage of patients were ADA positive in the controlled trials 
(0.4%), but testing on placebo was not done. The controlled trials are very short for 
determination of immunogenicity for a product that takes several months to achieve 
maximum concentration.    
 
 Analysis of Submission-Specific Safety Issues  

 Cardiovascular safety    

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.    
.13.1.1, 13.1.2, 13.1.9,13.1.10.  
 
Potential effects include changes in blood pressure because of impairing the effect of 
antihypertensive medications that work by vasodilation and the inhibition of protective 
ischemia-induced vasodilation. The greater risks would be in patients whose “CGRP system has 
been blocked for a long time, in whom transient mild ischemia such as a TIA or cardiac angina 
could be transformed into full blown infarcts.” Migraine itself seems to be associated with 
cardiovascular diseases (ischemic and hemorrhagic stroke, and cardiac ischemic disease).  
13.1.4, 13.1.5 13.1.2   
 
 A detailed FDA review of the literature found no convincing evidence that CGRP antagonism 
would induce vasoconstriction or affect the severity of ischemia secondary to coronary artery 
stenosis or occlusion. See Section 4 of this review. 13.1.11  
 
CV-related findings in the FRMB database are summarized below. 
 

- CV adverse events 
 
One sudden death occurred in a patient with a prior history of HTN cardiovascular disease and 
underlying COPD.  In isolation one would not attribute this death to FRMB. However, I would 
not rule it out.   
 
There were no reported cardio or cerebrovascular thrombotic events in Cohort 1 (3-month 
placebo-controlled trials). However, one patient had a SAE of hypertensive crisis and “chest 
pain responsive to nitroglycerine” (which I consider a case of angina pectoris) after 675 in the 
675/225 treatment group. She completed 2 doses of FRMB 225 in study 049 but was withdrawn 
by the sponsor because of these events.  Four patients had SAE or discontinued because of 
ischemic/thrombotic events in Cohort 4: one had a stroke 7 days after the second dose of FRMB 
675 quarterly (BP at the hospital was 182/119 mmHg); one had a transient ischemic attack after 
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11 doses of FRMB 225 monthly; one had a non-SAE of angina pectoris after 8 doses of FRMB 
675/225 (BP measurements are not available but she had recently started amlodipine for 
treatment of hypertension); and the fourth is the patient with HTN crisis mentioned above. 
There were also 3 SAE of deep venous thrombosis in patients with underlying risk factors. There 
were no reports of congestive heart failure.   
 

- Hypertension AEs 
 
Analyses of hypertension AEs in Cohorts 1 and 4, using the following MedDRA PTs: 
hypertension, hypertensive crisis, pre-hypertension, blood pressure increased, blood pressure 
systolic increased and blood pressure diastolic increased, are shown below. 
 
Table 20.  Hypertension adverse event analysis in Cohort 1 

Source: MO analysis of ADAE SUR dataset. Includes the following PTs: Hypertension, hypertensive crisis, pre-
hypertension, blood pressure increased, blood pressure systolic increased and blood pressure diastolic increased.  
 
There was no difference in the rate of HTN events in the 3-month placebo-controlled trials 
among the to-be marketed drugs or placebo (0.9% and 0.7%, respectively). A very small number 
of patients had SAE or events leading to discontinuation (3 on FRMB, none on placebo).  No 
event was reported as severe.  Hypertension events on placebo included 4 women and 2 men, 
ages 38 to 53 years (mean 44).  Mean and median time to event on placebo were 44 days (5 to 
85 days); one resolved, 4 did not resolve and one is resolving.  Among FRMB treated patients 
there were 13 women/3 men ages 20 to 70 years (mean 48 years). Mean and median time to 
onset of events (56 days and 63 days, respectively [one was unknown]) were somewhat longer 
than for placebo. Four resolved, 2 are resolving and 10 did not resolve. 
 
A total of 53 patients had HTN AEs in Cohort 4. They were 48 women, 5 men, ages 20 to 70 
years (mean 48 years).  Three HTN events were categorized as serious or leading to drug 
discontinuation. Additionally, 1 patient with a SAE of stroke had BP 182/119 mmHg at the 
hospital but was not recorded as a separate AE and I will count it as a SAE.  No event was 
reported as severe. The mean and median time to event as per the ADAE datasets was 141 and 
114 days into FRMB treatment (range 5 to 365 days, one unknown). In terms of outcome, 17 
resolved, 29 did not resolve at the last follow up visit, 6 were resolving and one had an 
unknown outcome.   They are summarized below. 
 
 

  MedDRA SOC 
             MedDRA PT 

PBO 
monthly 
(N=861) 

n (%) 

FRMB 225    
   monthly   
  (N=386) 

n (%) 

FRMB 675 
quarterly 
(N=667) 

n (%) 

FRMB 
675/225/225 

(N=467) 
n (%) 

FRMB 675 
monthly 
(N=96) 

n (%) 

FRMB 900 
monthly 
(N=86) 
n (%) 

Total 
 

(N=1702) 
n (%) 

Patients with at least 1 
HTN related PT 

6 (0.7) 2 (0.5) 7 (1.0) 4 (0.9) 2 (2.1) 1 (1.2) 16 (0.9) 
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Table 21 Hypertension adverse event analysis in Cohort 4  

  MedDRA SOC 
             MedDRA PT 

FRMB 225 
monthly 
(N=551) 

n (%) 

FRMB 675  
quarterly  
(N=1086) 

n (%) 

FRMB 675/ 
225 monthly  

(N=712) 
n (%) 

Total 
 

(N=2342)* 
n (%)  

Patients with at least 1 HTN 
related PT 

9 (1.6) 26 (2.4) 18 (2.5) 53 (2.3) 

     SAE 1   2* 1  4  

     AE leading to WD 1  0 1 2 

Source: MO analysis of ADAE SUR dataset. Includes the following PTs: Hypertension, hypertensive crisis, pre-
hypertension, blood pressure increased, blood pressure systolic increased and blood pressure diastolic increased. 
*One event of stroke reported BP 182/119, not reported as a separate event.  
 
There was no difference in the risk of HTN events in Cohort 4. Analyses by modal dose were 
consistent with the actual dose analyses (suggestion of a higher rate of HTN on 675 quarterly 
[27/696=3.8%] as compared to FRMB 225 [26/829 =3.1%])   
 
The patients with HTN SAE or AE leading to WD in Cohort 4 are listed below and have been 
discussed in section 8.3.  

, 51 F, Hypertensive crisis, Day after 2nd dose of FRMB 225 monthly (SAE, 
WD) 
CNS_30049_ , 70 F, Hypertensive crisis and labile hypertension, 27 days after first dose of 
FRMB 675 in the FRMB 675/225 group. Hypertension was treated and controlled, and the patient 
completed 2 doses of 225 monthly, but later withdrawn from the study by the sponsor. (SAE) 
CNS_30049_ , 26 F, Worsening hypertension, after 3 doses of FRMB 675 quarterly in study 
051, coincidental with post-operative pain (SAE, action not applicable [occurred after last dose])  
CNS_30049_ , 62 F, 7 days after second dose of FRMB 675 quarterly she had a stroke. While at 
the hospital BP was up to 198/119 mmHg. Stroke was serious and led to drug WD. The event of 
hypertension was not reported. 
 
An additional patient in the 675/225 group had an AE of “Hypertensive crisis” that was not 
considered serious and did not led to withdrawal (CNS_30049_ ) on Day 144 of study 
051, after receiving placebo in the core study. There is no narrative for this patient but one may 
argue that this PT suggests a substantial increase in blood pressure and should probably be 
considered an important medical event.  
 

- Vital signs and ECG changes 
 
There were no clinically meaningful trends in changes from baseline in heart rate, systolic and 
diastolic blood pressure or ECG changes over time, as measured at protocol visits in Cohort 1, 
but again, these studies lasted only 3 months.  Lack of systematic measurement of orthostatic 
BP did not allow analyses of this parameter.   
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Outlier analyses of SBP >140 mmHg and DBP>90 mmHg did not show differences between 
FRMB and placebo in patients who had abnormal measurements at 1 or ≥2 postbaseline visits. 
Outlier analyses in Cohort 4 showed higher percentages of patients with abnormal BP 
measurements as compared to the 3-month studies but the interpretation of the finding is 
difficult in the absence of a control group (See page 78 of this review).  
 

In summary, the current database does not show an obvious CV signal with 
fremanezumab.  There were few ischemic/thrombotic events in the entire application 
(n=4) and no difference with placebo in placebo-controlled trials (1 vs. 0). There was no 
difference in the rate of HTN related AEs in the placebo-controlled trials (1% in both 
FRMB and placebo) and the overall rate in Cohort 4 was 2%.   However, the database is 
insufficient for adequate evaluation of cardiovascular safety.  A total of 775 patients 
completed 12 months of treatment, including 135 had at least 5 months (5 half-lives) of 
post-treatment exposure. A few patients exceeded 12 months of treatment.  Moreover, 
few patients had underlying cardiovascular risks in the application as compared to rates 
reported in the U.S. migraine population. See discussion under 8.2 Adequacy of the data. 

 
Recent publications call for long-term studies to characterize the long-term safety of CGRP 
inhibitors, in particularly the potential increase in MI, stroke and congestive heart failure 
(13.1.2, 13.1.5).  A detailed FDA review of the non-clinical literature 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. 13.1.11   Because of these 
concerns, I recommended consultation with the Division of Cardiovascular and Renal Products 
(DCRP) and contacting OSE/DEPI to explore the possibility of a postmarketing study.  DNP 
concluded that without a better understanding, 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 will be recommended. Because it was concluded that a PMR was not 
warranted, an  ARIA sufficiency determination was not performed.   
 
 
 

 Liver injury 

There is no evidence of a significant risk of liver injury with fremanezumab. A small percentage 
of patients presented ALT/AST >3xULN or BR>2xULN in this database (<0.5%) but cases were 
confounded by other possible causes or use of medications potentially hepatotoxic (see page 
62 of this review). There were no Hy’s law cases   One patient with ALT and AST >50x ULN after 
1 dose of FRMB 675 mg in a Japanese migraine study was reported as having worsening of 
preexistent autoimmune hepatitis. A relationship to FRMB cannot be ruled out.  I recommend 
enhanced pharmacovigilance to evaluate FRMB potential for liver injury.   
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 Ophthalmologic AEs 

As per the summary of Non-Clinical toxicology, a 3-month toxicity study in cynomolgus monkey 
identified a potential risk of ophthalmic related AEs with FRMB, consisting of inflammation of 
the ciliary vessels of the eyes at the highest doses studied. The perivascular nature, location of 
the inflammation supported an immune mediated reaction. The findings were not reproduced 
in a 1-month study and in a 6-month chronic toxicity studies.  Additionally, immunogenicity in 
animals may not be predictive of the human response. However, because of these findings, any 
AE in the Eye disorders SOC of moderate or severe intensity was considered an AE of special 
interest. 

There were no reported ophthalmologic SAEs on FRMB in Cohort 1 (placebo-controlled trials).  
One patient had 2 SAEs that did not lead to drug discontinuation (macular degeneration and 
retinal detachment) in Cohort 4 in the 675/225/225 dose group.   
 
One case of bilateral retinal detachment after a single dose of FRMB 675, and a vitreous 
detachment after 2 doses of 675 mg monthly, led to drug discontinuation in Cohort 1. None 
was reported as a SAE.  One patient presented unilateral blindness in the 675/225 dose group 
in Cohort 1 (Subject ), reported as non-SAE, not leading to drug discontinuation and 
attributed to visual aura related to migraine by a consultant ophthalmologist.  Additionally, 
there were 2 retinal tears in the FRMB 675 mg quarterly dose group, and one 1 case each of 
vitreous detachment and vitreous prolapse reported as non-SAE and not leading to drug 
discontinuation in the 675/225 mg monthly dose group in Cohort 4.   
 
The rate of all AEs in the Eye disorders SOC in Cohort 1 was 3% in the FRMB 675/225 monthly 
(3%) as compared to <1% each in the FRMB 225 monthly and 675 quarterly groups, and 1% on 
placebo.  The rate all AEs in this SOC in Cohort 4 was 3% for FRMB 675/225 monthly as 
compared to 2% each in the FRMB 225 monthly and 675 quarterly groups.  A summary of all AE 
in the Eye disorders SOC is included in Appendix 13.3.5 of this review.   
 

Review of all ophthalmologic AEs in Cohorts 1 and 4 suggest that FRMB 225 is better 
tolerated than the dose regimens involving the 675 mg dose but the number of patients 
exposed to the 225 mg dose without 675 loading dose is smaller than to other treatment 
groups.    

 
 
Selected ophthalmologic AEs from the FRMB database are summarized below.  
 
Table 22. BLA 761089. Selected cases of interest in the Eye Disorders SOC  

ID Age/ 
Sex 

PT Onset 
day 

End 
day 

severity Dose group 
(Number of doses 
before AE) 
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Cohort 1       
CNS_30049_  
 

44 F Bilat Retinal detachment 
(WD) 

29/ 
 

29/ 
57 

Severe 
  

676/225 monthly  
(1 dose) 

CNS_30049_  37 F Blindness unilateral 
(2 episodes) 

18/ 
23 

19/ 
23 

moderate  675/225 monthly  
(1 dose) 

 47 F Vitreous detachment 
(WD) Also had cataract 
& drusen 

29    - moderate 675 mg monthly/ 
WD 
(1 dose) 

Cohort 4 (study 051)       
CNS_30049_  
  

27 F 
  

Macular degeneration/ 
Retinal cyst/ 
Retinal detachment (S) 

105/ 
105/ 
138 

NR 
138/ 
167 

moderate
moderate 
moderate 

 675/225 monthly 
(4 doses) 
(5 doses)  

CNS_30049_ 59 F Vitreous detachment 249       - mild  675/225 monthly 
CNS_30051_ 51 F Vitreous prolapse 262       - mild  675/225 monthly 
CNS_30050_ 49 F Retinal tear 154 161 moderate  675 quarterly 

(2 doses) 
CNS_30051_ 18 F Retinal tear/retinal hole 51 51 moderate  675 quarterly 

(1 dose) 
Source: ISS ADAE datasets.  S= serious.  WD=Led to withdrawal.   

 
In my opinion, the relationship of fremanezumab to these ocular events cannot be ruled 
out. The migraine population is a young population. Retinal tear and retinal detachment 
occurred patients as young as 18 and 27 years old, respectively. None of these events 
occurred in the FRMB 225 (without a loading dose) treatment group. 
 

A FDA ophthalmologist consultant (Dr. Wiley Chambers) noted that several ophthalmologic 
cases in this application were mis-categorized in terms of seriousness, relationship to study 
drug and outcome. Upon review of additional information submitted on March 16, 2018, Dr. 
Chambers concluded that “the relative seriousness of each ocular event and the potential 
relationship of the ocular event to the drug product cannot be ascertained based on the reports 
from the investigator or applicant” and he recommended that blurred vision, cataracts, double 
vision, dry eyes, iritis, retinal hole/tear, retinal detachment and retro-orbital pain be mentioned 
in Section 6.1 of labeling.  
 

I concur with Dr. Chambers’ assessment and recommendation. I would remove cataract, 
because these were also observed on placebo in Cohort 1. 

  Suicidality   and Depression 

Because of the potential effect on the central nervous system, all neurologic drugs are 
evaluated for the possibility of suicidality. There were 4 events of suicidality (Suicidal and self-
injurious behavior HLT) in Cohort 1 (3 on FRMB [0.2%] and 1 on placebo [0.1%]).  A total of 9 
patients had suicidality events in Cohort 4 (including the 3 patients in Cohort 1). Additionally, 
one patient reported 3 episodes of suicidal ideation in the eCSSRS at one visit but was not 
captured as an AE (CNS_30050_ ). The cases on FRMB are listed below.  
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Cohort 1 
CNS-30050 , 21 F, completed suicide 110 days after single dose of FRMB 675 quarterly.  

  35 F, SAE of attempted suicide, Day 43 of FRMB 900 monthly led to WD  
CNS_30049_  63  F, SAE of suicidal ideation on  Day 56 of FRMB 675/225 monthly led to WD  
 
 
Study 051 
CNS_30049_ , 22 F, Non-SAE of Suicidal ideation on Day 162 of FRMB 675 quarterly. Action 
taken with drug not applicable (last dose was on Day 85).  
CNS_30050_ , 46 F, SAE of suicidal ideation on day 34 of FMRB 225 monthly. Action with drug 
not applicable.  
CNS_30050_ , 54  F, SAE of suicide attempt by intentional overdose on  Day 28 of FRMB 675 
quarterly. Led to WD.  She had no medical history of depression and was no taking concomitant 
medications. She did have a positive CSSRS at the early WD visit on Day 30. 
CNS_30051_ , 47 F, SAE Suicidal ideation on Day 173 to 320 of FRMB 675 quarterly. Action not 
applicable. 
CNS_30051_ , 67 F, Non-SAE of Suicidal ideation on Day 222 to 306 of FRMB 675 quarterly. 
Action not applicable. 
CNS_30051_ , 44 F, Non-SAE of Suicidal ideation on Day 85 to 113 of FRMB 675/225 monthly. 
Action with drug: No changes.   
 
 * Additionally CNS_30050_  a 38 F, had suicidal ideation (date not provided) on 675 
quarterly, as in the eCSSRS on day 31 not captured as an AE. eCSSRS was negative at subsequent 
visits.  The patient had a history of bipolar II disorder and was taking fluoxetine hydrochloride 
and trazodone. As per the text of the SUR, this patient had a positive eC-SSRS score (reported 
suicidal ideation and non-suicide self-injury behavior on 3 occasions) on day 31 of study 051 of 
FRMB 675 quarterly. Had negative eCSSRS scores at each subsequent visit, including an early 
WD because of an AE of lymph gland infection on day 87. I Identified patient in the ADAE 
datasets because of lymph gland infection. Suicidal ideation was not captured as an AE. 
 
All 10 were women, ages 20 to 67 (mean 44 years).  Time to onset of the event was 28 to 222 days of 
FRMB treatment (mean 101 days, median 85 days, one is unknown).  Six of the events were in the FRMB 
675 quarterly group; two on the 675/225 monthly, one in the 225 monthly, and one in the 900 mg 
monthly.  Individually, review of cases for whom narratives were available (SAE and AE leading 
to WD) did not suggest a relationship to study drug.  
 
Electronic Columbia-Suicide Severity Rating Scale  (eC-SSR) 
As per the SUR, several patients had positive eC-SSRS at baseline, but most became negative 
during treatment (TEVA did not identify these patients). Five patients had treatment-emergent 
positive eC-SSRS responses. Three of them had reports of adverse events and/or relevant 
medical history. All three cases were in the FRMB 675 quarterly treatment group. TEVA 
presented brief narratives of the cases without providing an ID number. From looking at the 
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cases of suicidality shown in Table 22, and the AE datasets, I conclude that these patients are as 
follows. 

- CNS_30050_ , included in Table 21.  
- CNS_30050_ , had a positive eC-SSRS score on day 31 of study 051 not 

captured as an AE, included in Table 21.    
- The third patient refers to a patient in the 675-mg quarterly treatment group who had a 

non-serious adverse event of suicidal ideation assessed as mild in intensity on Day 79 of 
study 051, and the patient withdrew consent 6 days later (day 85). The patient had a 
positive eC-SSRS score (suicidal ideation and 1 interrupted suicide attempt) at the early 
withdrawal visit on day 85 [of study 051]. The patient had no medical history of 
depression or mental illness, and the patient was not taking concomitant antidepressant 
medications or any other medications for mental illness at the time of the event.  Based 
on the ADAE, I believe this patient is CNS_30049_ , included in Table 21.  

 
The risk of suicide and self-injurious behavior in Cohort 1 (3-month studies) was 0.2% on FRMB 
(all doses) and 0.1% on placebo. Including the patient with a positive eCSSR with 3 episodes of 
suicidal ideation not captured as an adverse event, the overall risk in Cohort 4 was 10/2512= 
0.4%. The risk by treatment group  was 0.2% on FRMB 225, 
0.3% on 675/225 monthly, 0.6% on 675 quarterly. (The risk on the 900 mg group was 1.2% but 
the denominator is too small to draw any conclusion.)     
 

- Evaluation of all AE of depression (Depressive disorders HLT) 
 
The risk of depression AE in Cohort 1 (including PTs of depression, major depression dysthymic 
disorder, depressive mood) was 0.5% on placebo and 0.6% on FRMB all doses. A total of 33 
events of depression were reported in Cohort 4 with an overall incidence of 1 % among to-be-
marketed doses (0.9 to 1.4%) and 2.3% in the FRMB 900 monthly group.  As per the American 
Migraine Foundation, 25% of patients with migraine have depression.  The risk of depression 
among patients taking FRMB is well within expected among patients with migraine. 
 

There is no increased risk of depression or suicidality among patients treated with FRMB 
at to-be- marketed doses. 

 

 Hypersensitivity   

A few cases of drug hypersensitivity and urticaria were reported in this database.  
 
Evaluation of AE consistent with hypersensitivity in Cohort 1 including rash (rashes and 
dermatitis PTs), pruritus, urticaria and drug hypersensitivity excluding injection site reactions 
showed a slightly higher on FRMB (1%, 2.7%, 2.4% on FRMB 225, 675 quarterly and 675/225, 
respectively) as compared to placebo (1.4%), driven by a difference in pruritus (0.3%, 1.2%, 
0.6% on FRMB 225, 675 quarterly and 675/225, respectively as compared to 0.1% on placebo).  
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Two SAE of hypersensitivity were reported on placebo in the placebo- controlled trials (one was 
related to recent antibiotic treatment and the other was suspected to be a hypersensitivity 
reaction but there is insufficient evidence to confirm it).  One case of drug hypersensitivity and 
one of asthma exacerbation led to drug discontinuation from the FRMB 900 mg and 675 
quarterly groups, respectively.   
 
Ninety-seven patients reported preferred terms of drug hypersensitivity, rash, urticaria or 
pruritus (not at the injection site) in Cohort 4 (overall 3.9 %), including one who presented 
angioedema (data not shown). None was serious. Eight (0.3%) led to study discontinuation. 
There is little information about these cases (even those who had a narrative).  
 
The patient with angioedema is described below (as per response to FDA IR submitted on 
3/27/18): 
 
Patient CNS_050_  is a 47 year-old female who received placebo in the pivotal study 
and 3 doses of FRMB 675 quarterly in study 051. Approximately 1 month after the last dose, 
she went to the ER with bilateral upper extremity hives, swollen lips and itchy throat. She had 
similar episodes over the previous 6 months, but this episode was worse than previous 
episodes and she felt that her throat was closing.  A dermatologist had recently told her that 
she was allergic to some foods, but she had not ingested any of those. At the ER she was found 
to have mild creatinine elevation. She was treated with diphenhydramine and steroids. On 
discharge, the diagnoses were: allergic reaction, hives, hypertension, lip swelling and acute 
kidney injury.  She did not receive any further dose of FRMB. As per the AE datasets, 
approximately 1 week after that episode she had a non-SAE of syncope. As per the narrative, on 
that day she was diagnosed with Hashimoto’s thyroiditis. Approximately one month after her 
visit to the ER she had an end of study visit because of Hashimoto thyroiditis.  
 

This patient had intermittent urticaria and angioedema for 6 months, since the time she 
started FRMB. The event of angioedema is likely related to fremanezumab. Whether the 
increase in creatinine was part of the same allergic reaction is unclear. Another patient 
in the ADAE dataset had an AE of swollen face but the event was not serious, did not 
lead to drug withdrawal and had no other AE suggestive of angioedema 
(CNS_30050_ , on FRMB 675 quarterly). For description of other cases of 
hypersensitivity, the reader is referred to the evaluation of SAE and AE leading to 
discontinuations. One SAE of anaphylaxis was reported in an ongoing, blinded Cluster 
Headache study.  
In summary, a few events of hypersensitivity occurred with fremanezumab with no 
imbalance on SAE and AE leading to drug discontinuation in the controlled trials. Overall 
4% presented AE consistent with hypersensitivity in Cohort 4. Moreover, there was a 
case of angioedema erroneously coded as a food allergy. Therefore, I recommend 
including Hypersensitivity under the Warnings and Precautions section of labeling.   
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 Safety Analyses by Demographic Subgroups 

Analyses of all AE in at least one patient by age group <65 and ≥65 years showed a higher 
percentage of events on FRMB and a lower percentage of events on placebo, among patients 
≥65. The percentage of AE by age in Cohort 1 is shown below. 
 
Table 23. Percentage of patients with at least 1 AE by age in Cohort 1 

                 PBO 
 

monthly  

FRMB 
225 

monthly 
675 

quarterly 
675/225 
monthly 

675 
monthly    

900 
monthly 

ALL 
DOSES 

<65 years   N= 845 377 654 459 95 85 1670 
 % with AE 59% 61% 69% 68% 59% 48% 65% 
        
≥65 years   N= 16 9 13 8 1 1 32 
 % with AE 38% 78% 77% 88% 1 0 78% 

Source: Summary 6.13.1, ISS SUR 
 
The numbers are small (only 2% ≥65 years in all cohorts) to draw any definitive 
conclusions regarding individual SOCS or in patients with SAE or AE leading to WD. 
 

Analyses of adverse events in patients aged 18 through 40 years, 41 through 60 years, and ≥61 
years showed that the age group with the highest percentage of events in the placebo-
controlled trials was the 18-40-year group, for placebo and all FRMB groups except for the 
675/225 monthly group, in which the highest percentage was in the ≥61 years group. These 
analyses did not raise any unique safety concerns as compared to the overall population, again 
with the caveat that very few patients were older than 60 years (47 patients on placebo and 97 
on FRMB in Cohort 1) (Source Ad Hoc Summary 6.1, ISS, data not shown). 
 
The adverse event profile of FRMB by gender was consistent with results in the overall safety 
population for the most frequently reported adverse events (data not shown).  Of note, only 
13% of the population were male in this database.  In general, events were more common in 
women than men (except for back pain), for both FRMB and placebo groups (data not shown).  
Similarly, the safety profile of FRMB as compared to placebo by race was similar to that of the 
overall database. However, the percentage of non-white patients (20%) was relatively small to 
draw any definitive conclusions regarding differential safety in these populations.  

 Specific Safety Studies/Clinical Trials 

Not applicable. 

 Additional Safety Explorations  
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 Human Carcinogenicity or Tumor Development 

- Malignancies   

Two patients presented basal cell carcinoma (BCC) in Cohort 1 (1 on FRMB 675/225 and 1 on 
900 monthly). There was no BCC on placebo. One case of lentigo maligna occurred on placebo. 

Fourteen patients presented malignancies in Cohort 4 (including 5 cases of BCC reported as 
non-SAE) with an overall risk of 0.6% (14/2512) and rate of 0.8 per 100 yrs (14/1690) for all 
FRMB doses.  Malignancies in Cohort 4  are summarized below.  

Table 24. BLA 761089. Malignancies in Cohort 4, . SUR. 

MedDRA PT FRMB 225 
monthly 

N=551  [354 PYRs] 
n (%) [per 100y] 

FRMB 675 
quarterly 

N=1086 [803 PYRs] 
n (%) [per 100 y] 

FRMB 675/ 
225 monthly 

N=712 [491 PYRS] 
n (%) [per 100 y] 

Total 
N=2342 

[1646 PYRs] 
n (%) [per 100 y] 

  All   1 (0.2) [0.3]   9 (0.8) [1.1] 3 (0.4) [0.6] 13 (0.6) [0.8] 
Basal cell carcinoma 0 2 3 5 
Endometrial cancer 0 1 0 1 
Malignant melanoma 0 2 0 2 
Superficial spreading melanoma    
      stage unspecified 1 0 0 1 
Papillary thyroid cancer 0 2 0 2 
Phyllodes tumor of breast 0 1 0 1 
Prostate cancer 0 1 0 1 

Source: MO analysis of ISS ADAE SUR datasets using JMP.  One basal cell carcinoma in the 900 monthly group 
(1.2%) (not included in table). Overall risk and rate for all doses: 14/2512=0.8% and 14/1690 PYRS=0.8 per 100 yrs,  

 
Malignancies that were SAE were described in the SAE section of this review.  
Narratives for events that were non-SAE and did not led to study discontinuation 
were not submitted.  Two patients had 2 separate events of BCC that required 
surgical excision . There appears to be a higher 
risk of malignancies among patients receiving FRMB 675 quarterly (1.1%) as 
compared to those in the 225 monthly dose (0.3%), but the difference is small 
(<1%).  The risk in the 675/225 dose group is in between. As per information 
submitted 3/16/18, the risk of malignancies by modal dose analyses in Cohort 4 
was 20/1143= 0.8% for FRMB 675 quarterly and 4/1203= 0.3% for FRMB 225 
monthly.   

- All neoplasms (Neoplasms benign, malignant and unspecified, including cysts and 
polyps, SOC) 

There was no difference in the risk of neoplasms between FRMB and placebo in Cohort 1. Six 
patients had AEs in the FRMB treatment group (0.4%) (2 basal cell carcinoma [BCC](1 on FRMB 

Reference ID: 4320797

(b) (4)

(b) (4)

(b) (6)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  94 

675/225 and 1 on 900 monthly), 1 benign uterine cervix neoplasm, 1 neurofibroma, 1 skin 
papilloma and 1 uterine leiomyoma) and 4 had AE on placebo (0.5%) (lentigo maligna, 
melanocytic nevus, thyroid neoplasm and uterine leiomyoma)(data not shown).   

A total of 31 patients were diagnosed with neoplasm in Cohort 4 (31/2512=1.2%)(31/1690 
PYRs=1.8 per 100 years) had AE in this SOC. Excluding the 675 monthly and 900 monthly doses 
(with one AE in each), the overall risk and rate of neoplasms is the same. AE in Cohort 4  

 are summarized below. 

Table 25. BLA 761089. AE in the Neoplasms SOC Cohort 4, . 

MedDRA PT FRMB 225 
monthly 

N=551 [354 PYRs] 
n (%) 

[per 100y] 

FRMB 675 
quarterly 

N=1086 [803 PYRs] 
n (%) 

[per 100 y] 

FRMB 675/ 
225 monthly 

N=712 [491 PYRS] 
n (%) 

[per 100 y] 

Total 
N=2342 

[1646 PYRs] 
n (%) 

[per 100 y] 
Patients with at least AE in SOC 1 (0.2) [0.3] 20 (1.8) [2.5] 8 (1.1) [1.6] 29(1.2) [1.8] 

Skin     

Basal cell carcinoma 0 2 3 5 
Malignant melanoma 0 2 0 2 
Superficial spreading melanoma 
stage unspecified 1 0 0 1 
Melanocytic naevus 0 0 1 1 
Seborrhoeic keratosis 0 1 0 1 
Skin papilloma 0 1 0 1 
Thyroid     
Papillary thyroid cancer 0 2 0 1 
Thyroid neoplasm 0 2 0 2 
Reproductive and breast     
Uterine leiomyoma 0 3 2 5 
Benign neoplasm of cervix uteri 0 1 0 1 
Endometrial cancer 0 1 0 1 
Phyllodes tumor 0 1 0 1 
Ovarian germ cell teratoma benign 0 1 0 1 
Prostate cancer 0 1 0 1 
Other     
Haemangioma 0 0 1 1 
Lipoma 0 1 0 1 
Meningioma 0 1 0 1 
Neurofibroma 0 0 1 1 

Source: MO analysis of ISS ADAE datasets using JMP.  One uterine leiomyoma occurred in the FRMB 675 (1%) and 
one basal cell carcinoma in the 900 monthly group (1.2%) (not included in table). Overall risk and rate for all doses: 
31/2512=1.2% and 31/1690 PYRS=1.8 per 100 yrs, respectively.   
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The analyses of all neoplasms also showed a potential signal for a greater risk of 
neoplasms in the 675 quarterly group as compared to the 225 monthly group  
(1.8% vs. 0.2%).  

 
Carcinogenicity has not been raised as a concern in the non-clinical studies of CGRP inhibitors. 
Additionally, the type (common malignancies) and time to onset of these malignancies (<1 year 
of exposure) do not appear to suggest a drug related effect.  The overall the risk of all neoplasm 
in Cohort 4 was higher in the FRMB 675 quarterly group as compared to the 225 group (1.8% 
and 0.2%, respectively) by “actual dose” analyses. However, analyses by modal dose show a 
smaller difference (1.8% and 0.8% respectively). This finding is difficult to interpret in the 
absence of a control group. 
 
In response to a FDA request for information on 3/22/18, TEVA stated that the reporting rates 
of BCC, thyroid cancer and melanoma in the FRMB database are within the reporting rates in 
the general population. Upon review of the references provided, I agree with the statement 
regarding BCC. The risk of melanoma and papillary carcinoma with fremanezumab appears to 
be somewhat greater than in the background population. However, the number of events on 
fremanezumab is very small (3 and 2, respectively), and participation in a clinical trial may have 
increased the likelihood of their diagnosis. TEVA states that “based on current scientific 
knowledge, there is no biologically plausible explanation for an increased risk of malignancies in 
general or for specific types of malignancy with CGRP inhibition.” 

As with most pre-marketing databases, the size and duration of the fremanezumab 
database are insufficient to adequately evaluate tumor development. However, at 
this point the non-clinical, clinical and epidemiologic data do not support the need 
of postmarketing follow up other than pharmacovigilance. 

 Human Reproduction and Pregnancy 

There were 8 pregnancies in Cohort 1 (5 in patients taking placebo and 2 on FRMB 675 
quarterly and 1 in FRMB 900 monthly).  Of the patients on placebo, 1 had a spontaneous 
abortion and 4 were ongoing.  There were 5 pregnancies on FRMB in study 051 (3 in the 
675/225 quarterly, 1 on 225 monthly and 1 on 675 quarterly).  Pregnancies were diagnosed by 
urine pregnancy testing. The 8 pregnancies on FRMB (including 2 spontaneous abortions) are 
summarized below. 
 

 was a 20 year-old woman who received one dose of FRMB 900 mg (Day 1) 
with last menstrual period on Day 54 of the study. On day 83, a urine pregnancy test was 
positive. She delivered a baby boy at 40 weeks, via induced vaginal delivery, 1 week after 
expected due date. The child was noted with jaundice. Further details were not provided.   
CNS_30049_ , 21 year- old, on Day 117 of FRMB 675/225/225. Received 3 doses in in 
core study and 4 doses in study 051. No prior pregnancy. As per the SUR narrative, pregnancy 
was ongoing. As per the AE datasets she had a spontaneous abortion on Day 228. 
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CNS_30049_ , 26 year-old, on Day 204 of FRMB 675/225/225. Received 3 doses in 
study 049 and 7 in 051. No prior pregnancies. Concomitants meds included naproxen, 
topiramate and estrogen patch. She underwent elective abortion. 
CNS_30049_  38 year-old on Day 212 of study 051. She had received placebo in 049. 
Had one previous pregnancy with a healthy baby.  Pregnancy led to study WD. The outcome of 
the pregnancy is unknown.  
CNS_30049_ , 38 year-old on Day 29 of FRMB quarterly treatment in study 051 (after 
2 doses of FRMB). She underwent elective abortion. 
CNS_30050_ , 40 year-old smoker, on multiple medications, had positive pregnancy 
test on Day 115 of FRMB 225 mg quarterly. Already described under spontaneous fetal death. 
CNS_30049_ ,  20 year-old in the 675 quarterly treatment group. She received 1 dose 
on  On Day 84  she had a positive urine pregnancy test. She 
was reasonably certain that she had menstrual bleeding in the month following her first dose of 
FRMB and had negative urine test at all her treatment visits before the December visit. She had 
an elective abortion.  
CNS_30050_ , on 675 quarterly underwent elective abortion. 
 

In summary, there were 7 pregnancies in patients receiving to-be-marketed doses of 
FRMB in this development program. Four had elective abortions, two ended on 
spontaneous abortion/fetal death, and one had an unknown outcome.  Additionally, a 
patient who received a single dose of FRMB 900 mg had a term baby who was born with 
jaundice.  There is limited information to assess the effects of FRMB during pregnancy.  A 
Pregnancy Registry is recommended. 

 
Overall nineteen women (0.9% of women) had AE that involved the ovaries, including 5 events 
that were serious (described in SAE section). These include 15 ovarian cysts (5 ruptured, 1 
hemorrhagic), 1 ovarian enlargement, 1 ovarian germ cell teratoma, 1 ovarian mass and 1 
polycystic ovaries. Most were moderate to severe in intensity but none led to drug 
discontinuation. The mean onset for 19 events was 171 day (range 14-379 days), and 2 were 
unknown. The mean and median age was 39 years (range 24-56 years).  The 15 ovarian cysts 
(including cyst ruptured and hemorrhagic) occurred in similar percentage in all treatment 
groups. Six of the patients already had a medical history of ovarian cyst at screening. 

Simple cysts are common incidental findings. The events do not appear related to FRMB. 

 Pediatrics and Assessment of Effects on Growth 

Not applicable 

 Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

There were no reports of overdose, drug abuse or withdrawal in the database. The maximum 
dose administered to healthy adults was 2000 mg IV, with no dose-limiting toxicities. Given the 
large molecular size and the mechanism of action, no studies were done to specifically evaluate 
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the potential for drug abuse. 

 Safety in the Postmarket Setting 

 Safety Concerns Identified Through Postmarket Experience 

Fremanezumab is a new biologic agent. Not applicable. 

 Expectations on Safety in the Postmarket Setting  

This database fulfilled minimum ICH guidances for exposure for a new product for use in the 
chronic setting. Additional adverse reactions will likely be identified after a larger group of 
patients is exposed to FRMB, particularly those with comorbidities who were not allowed to 
participate in the trials. (See discussion under 8.2. Adequacy of the data). One of the 
populations that may require special postmarketing monitoring is that of patients with 
underlying cardiovascular risk. 

 Additional Safety Issues From Other Disciplines  

Please see other discipline’s reviews. 

 Integrated Assessment of Safety 

FRMB is a monoclonal antibody that binds CGRP and blocks it from binding the CGRP receptor 
which is involved in the pathophysiology of migraine.  Migraine is a common neurological 
disease characterized by attacks of severe headache and variety of symptoms that may lead to 
transient and/or long-term disability.  FRMB is a new biologic product.   No significant toxicity 
issues have been identified with anti-CGRP mABs but theoretical concerns include 
cardiovascular effects and immunogenicity. Of note, one of the non-clinical studies identified a 
potential signal of vasculitis of the ciliary body with FRMB in the cynomolgus monkey, although 
the finding was not confirmed in other studies. Of note, FRBM has a half-life of 31 days and 
achieves steady state levels at 6 months.  
 
The FRMB safety database includes four 3-month, double-blind placebo-controlled trials and 
one longer-term, controlled study of two doses (FRMB 225 monthly and FRMB 675mg 
quarterly) for up to 12 months. The total number of patients exposed (n=2512), including 775 
patients exposed for 12 months, of whom 135 had at least 5 months of post-treatment follow 
up at clinically relevant doses, fulfill minimum ICH guidance recommendations for evaluation of 
products. However, the size and duration is insufficient to adequate evaluate and rule out the 
main theoretical concern with CGRP inhibitors, which is cardiovascular safety. Please see full 
discussion in Section 8.5.1 of this review. 
 
Other than theoretical long-term CV safety concerns, which could be addressed in the post-
marketing setting, the size, duration and population appears sufficient to characterize the 
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safety of FRMB, and no significant safety issues were identified in this database that would 
preclude approval.   
 
Deaths. Two fatal events occurred in the placebo-controlled trials. No deaths occurred on 
placebo. One occurred 110 days (3 ½ half-lives) after a single dose of FRMB 675 mg in a 21 year-
old woman committed suicide by diphenhydramine. The other was a sudden death 69 days (2 ½ 
lives) after a single dose of FRMB 675 mg. This patient was a 59 year-old woman with history of 
controlled hypertension. An autopsy showed hypertensive CV disease and COPD. Neither of the 
deaths appear directly related to FRMB, but its role cannot be ruled out.  
 
Serious AEs. There were few SAE in the 3-months placebo-controlled trials. The incidence was 
similar for FRMB and placebo, (approximately 1% for each of the FRMB to-be-marketed doses) 
without evidence of a dose response. Overall, 4% of patients had a SAE in Cohort 4.   In terms of 
CV events, two patients had HTN crises (one associated with angina pectoris) on FRMB as 
compared to none on placebo in Cohort 1. One stroke and one TIA occurred in FRMB treated 
patients in study 051.  The role of FRMB cannot be ruled out. Three patients (0.2%) presented 
suicidality-related SAEs on FRMB (0.3%) (all females with preexistent depression), compared to 
none on placebo in Cohort 1. Three additional SAE of suicidal ideation occurred in study 051. 
Individually, they do not appear related to FRMB.  The most common SAE in Cohort 4 were in 
the Infections and Infestations SOC, followed by Neoplasms and Injury SOCs and the Neurologic 
disorders SOC.  There were 12 SAE of infections in Cohort 4 (0.5%) (including 4 of pneumonia, 3 
of appendicitis and 2 of diverticulitis).  Individually they do not appear related to drug.   There 
were 8 malignancies on FRMB in study 051, including 2 cases of papillary carcinoma of the 
thyroid and 3 of melanoma. Individually, none of these cases appear related to FRMB.  The 
short time to onset (3 to 12 months after initiation of treatment) and the fact that no cases 
occurred at the highest dose do not favor a relationship to drug. Additionally, there were 5 
cases of ovarian cyst/mass in the database (0.3% of females) and again, individually do not 
appear related to drug. However, the lack of an adequate control precludes definitive 
conclusions regarding an increased risk of malignancies, ovarian cysts, or infections in FRMB 
patients. There were 3 SAE of migraine including 1 status migrainosus in Cohort 4. They 
probably represent lack of efficacy. There were no SAEs of aplastic anemia, pancytopenia, 
rhabdomyolysis, Stevens Johnson Syndrome, Toxic Epidermal Necrolysis, Drug Reaction with 
Eosinophilia and Systemic Symptoms (DRESS), liver failure, pancreatitis or renal failure in this 
database.     
 
AE leading to drug discontinuation or study withdrawal.   There were a few events leading to 
discontinuation in Cohort 1 (2.1% on FRMB and 1.6% on placebo). The most common AE 
leading to drug discontinuation in the placebo-controlled studies and in study 051 were 
injection site reactions, followed by AE in the Investigations, Nervous system disorders and 
Infections and Infestations SOCs. The risk of injection site reactions in Cohort 1 was 1% for 
FRMB and 0.2% on placebo, without dose response for FRMB. The risk in Cohort 4 was 1.4%. If 
something, the risk was slightly higher among patients in the FRMB 225 monthly dose (1.8%) as 
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compared to the other doses (1.3%). Two patients presented hypersensitivity on placebo as 
compared to 1 on FRMB (900 mg monthly).  Four patients presented events of hypersensitivity 
or urticaria in Cohort 4 but there were no discontinuations due to angioedema or anaphylaxis. 
One patient discontinued because of an asthma attack, 7 hours after the first dose of FRMB 
675, consistent with a drug-induced reaction.  Sixteen patients had AE leading to 
discontinuation in the Investigations SOC (0.7%). Of those, 7 (0.3%) were increases in 
ALT/AST/hepatic enzymes, but all were confounded by drugs known to cause hepatotoxicity. 
Four patients presented weight gain (4 to 10 Kg gain, one was not reported), temporarily 
related to FRMB treatment.  Weight gain did not resolve at the time of last available follow up 
(1 to 6 months after drug discontinuation). In the absence of a documented explanation, the 
role of FRMB on weight gain cannot be ruled out.  Overall, 2 patients (0.1%) discontinued 
because of hypertension in Cohort 4, including a SAE of hypertensive crisis one day after the 
second dose of FRMB 225 and one non-SAE of hypertension 27 days after 1 dose of FRMB 675.  
Three patients discontinued because of ischemic/thrombotic events in Cohort 4 (0.2%): one 
stroke associated with BP of 182/119, one TIA and one angina pectoris. The role of FRMB on the 
events of hypertension, stroke, TIA and angina pectoris cannot be ruled out. (See additional 
discussion in Section 8.5.1, CV Safety). Review of other adverse events leading to drug 
discontinuations did not identify other AEs potentially related to drug. 
 
Severe AEs. The percentage of patients with severe AEs was similar in the placebo and all FRMB 
treatment groups (3.7% and 3.9%, respectively).  The two SOCs with the greatest percentage 
difference of severe AE (at least 0.4% greater than placebo) were the General Disorders and 
Administration site conditions (1.9% and 1.3%, respectively, the difference driven by injection 
site pain) and the Infections and Infestations SOC (0.5% and 0.1%, respectively, with 9 severe 
infections on FRMB -all doses- and 1 on placebo).  This suggests the possibility that FRMB may 
increase the risk of infection, but the difference is small and there was no one particular 
infection that drove the difference. 
 
Common AEs.  The overall risk of having at least one AE was 65% for FRMB (all doses) and 59% 
for placebo. The SOCs with the highest incidences were the General disorders and 
administration SOC and the Infections and infestations SOC.  Events that occurred in at least 2% 
of patients in each of the FRMB groups and at least 1% greater than placebo were injections 
site reactions (41-42% in all FRMB group vs. 35% on placebo).  Evaluation of AE in Cohort 4 
using actual dose denominators suggested that, in addition to a lower incidence of injection site 
reactions, the 225 mg monthly dose may have a more favorable safety profile than the dose 
regimens involving the 675 mg dose (either quarterly or as a loading dose followed by 225 
monthly) (e.g. analyses of all AE by SOC; malignancies; ophthalmologic events), but the findings 
are not consistent when evaluated by modal dose.  There are no major differences in the safety 
profile of the three doses , but the database does not lend itself to 
adequate analyses of dose response in terms of safety.  
 
Laboratory, vital signs and ECG evaluations did not identify major safety concerns in Cohorts 1 

Reference ID: 4320797

(b) (4)



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  100 

and 4.  Evaluation of potentially clinically significant abnormal findings for vital signs (BP and 
weight) suggested a potential effect on blood pressure and weight in Cohort 4 but the findings 
are difficult to interpret in the absence of an adequate control. There were no significant ECG 
findings in this database.  
In my opinion, the main safety concerns in this application are 

- CV safety. The current database does not show an obvious CV signal with 
fremanezumab.  There were few ischemic/thrombotic events in the entire application 
(n=4) and no difference with placebo in placebo-controlled trials (1 vs. 0). There was no 
difference in the rate of HTN related AEs in the placebo-controlled trials (1% in both 
FRMB and placebo) and the overall rate in Cohort 4 was 2% (with a suggestion of a dose 
response).  However, the database is insufficient for adequate evaluation of 
cardiovascular safety and the population does not reflect the population with migraine 
in the U.S.    DNP plans to conduct enhanced pharmacovigilance and periodic evaluation 
of specific cardiovascular/vascular events. I concur with the plan. 

- Ophthalmologic AEs. Evaluation of ophthalmologic events in the database identified 
one case of bilateral retinal detachment after a single dose of FRMB 675, and a vitreous 
detachment after 2 doses of 675 mg monthly, leading to drug discontinuation, and one 
unilateral blindness in the controlled trials, as compared to none on placebo. Five 
additional ophthalmologic events (retinal detachment, 2 vitreous detachment, 2 retinal 
tear) were identified Cohort 4. Upon review of the cases, the FDA consultant 
ophthalmologist recommended that ophthalmologic events be added to Section 6.1 of 
labeling. I concur with the recommendation. 

- Hypersensitivity. The risk of hypersensitivity was low and did not appear to be different 
from placebo. One patient presented intermittent angioedema after initiating FRMB 675 
mg quarterly in study 051. She eventually discontinued treatment because of a 
diagnosis of Hashimoto thyroiditis. One case of anaphylaxis was reported in a blinded 
cluster headache study. Because this is a monoclonal antibody, and the theoretical 
possibility of a life-threatening reaction, I recommend inclusion of Hypersensitivity in 
the Warning and Precautions section of labeling. 

- Immunogenicity. As per the Applicant’s report, the percentage of patients who 
developed ADA+ ab is low (1.6% for Cohort 4). A Clinical Pharmacology review is 
ongoing. 

- Human reproduction and Pregnancy. There were 5 pregnancies on placebo and 3 on 
FRMB in the placebo-controlled trials. Five additional pregnancies occurred in study 051. 
Of the 8 pregnancies on FRMB, 2 ended in spontaneous abortion. This product will be 
used in women of childbearing potential. A Pregnancy Registry is recommended.  

- Potential for liver toxicity. One case of worsening autoimmune hepatitis was reported 
in a non-BLA study. I recommend enhanced pharmacovigilance. 

9. Advisory Committee Meeting and Other External 
Consultations 
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No AC was held or is planned to be held at this point for fremanezumab. 
 
Upon review of the ophthalmologic cases, Dr. Chambers concluded that the relative seriousness 
of each ocular event and the potential relationship of the ocular event to the drug product 
cannot be ascertained based on the reports from the investigator or applicant, and 
recommended that ophthalmologic AEs be added to labeling as follows 

 
Section 6.1   
Other adverse reactions that occurred at a frequency less than 1% and were potentially 
AJOVY related include: blurred vision, cataracts, double vision, dry eyes, iritis, retinal 
hole/tear, retinal detachment and retro-orbital pain. 

10. Labeling Recommendations 

 Prescription Drug Labeling 

Proposed labeling will be presented separately. I concur with the recommendation by the 
MPPRC not to include information about the potential CV risk of CGRP inhibition. I favor 
including a description of the population included in this clinical database in terms of age, 
gender and cardiovascular risk, and making clear that few patients were exposed for longer 
than 1 year.  
I recommend including Hypersensitivity in the Warnings and Precautions section of labeling. 
I concur with Dr. Chamber’s recommendation to include information related to eye disorders in 
Section 6.1 of labeling but would not include cataract, as this AE was also observed on placebo. 

11. Risk Evaluation and Mitigation Strategies (REMS) 

Not Applicable. 

12. Postmarketing Requirements and Commitments 

This product will be used in women of childbearing potential. I recommend a postmarketing 
Pregnancy Registry.  
 
Given the concerns raised in the literature about potential CV effects of long-term CGRP 
inhibition, I am in favor of some type of postmarketing study to address this possibility.  
 

Reference ID: 4320797



Clinical Review 
Maria L. Villalba, M.D. 
BLA 761089.  Fremanezumab for prevention of migraines  
 

CDER Clinical Review Template  102 

DNP will request enhanced pharmacovigilance for potential cardiovascular and liver toxicity 
events.   

13. Appendices 

 References 
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 Financial Disclosure 

Please see Dr. Kasim’s review of efficacy. 
 

 Additional material not included in body of the review 

 Eligibility criteria for Fremanezumab migraine trials 

For details on eligibility criteria related to efficacy, see Dr. Kasim’s review.  In terms of exclusion 
criteria that may impact safety assessments, the studies excluded the following patients 
(slightly modified from section 9.3.2 of study 049 protocol): 
 

- Clinically significant hematological, cardiac, renal, endocrine, gastrointestinal, 
genitourinary, neurologic, hepatic, or ocular disease, at the discretion of the 
investigator. 

- History of clinically significant cardiovascular disease or vascular ischemia (such as 
myocardial, neurological [e.g., cerebral ischemia], peripheral extremity ischemia, or 
other ischemic event) or thromboembolic events (arterial or venous thrombotic or 
embolic events), such as cerebrovascular accident (including transient ischemic 
attacks), deep vein thrombosis, or pulmonary embolism. 

- Finding in the baseline 12-lead ECG considered clinically significant by the investigator. 
- Evidence or medical history of clinically significant psychiatric issues, including any 

suicide attempt in the past, or suicidal ideation with a specific plan in the past 2 years. 
- Known infection or history of human immunodeficiency virus, tuberculosis, or chronic 

hepatitis B or C infection. 
- Past or current history of cancer in the past 5 years, except for appropriately treated 

nonmelanoma skin carcinoma. 
- Pregnant or nursing females. 
- History of hypersensitivity reactions to injected proteins, including monoclonal 

antibodies. 
- Participation in a clinical study of a new chemical entity or a prescription medicine 

within 2 months prior to study drug administration or 5 half-lives, whichever is longer or 
any prior exposure to a monoclonal antibody targeting the CGRP pathway.   

- Any laboratory finding that the investigator judged to be a clinically significant 
abnormality. 

- Hepatic enzymes (alanine aminotransferase [ALT], aspartate aminotransferase [AST], or 
alkaline phosphatase) more than 1.5 × the upper limit of the normal range (ULN) and 
serum creatinine >1.5 × the ULN or evidence of renal disease at screening. 

- History of alcohol or drug abuse during the past 2 years, or alcohol or drug 
dependence during the past 5 years. 

- Any situation or condition that makes the patient inappropriate for inclusion in the 
study in the investigator’s judgement. 
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Protocol amendments related to safety  
Protocol 049 and 050, and protocol 051 were amended in March 30, 2016, when 3 patients had 
been enrolled in studies 049 and 050, to provide clarifying language for the eligibility criteria, 
the allowed and disallowed preventive medications, to revise protocol defined AEs of special 
interest, and to add clinical criteria for anaphylaxis. This amendment also removed the 
assessment of atypical lymphocytes among the laboratory measurements.   Medications 
allowed in up to 30% of patients for the duration of the study specifically include the following 
(if they were previously prescribed for migraine or for another indication): 

- beta-blockers: atenolol, propranolol, metoprolol, nadolol, and timolol 
- calcium channel blocker/benzocycloheptene: flunarizine and pizotifen 
- antidepressants: amitriptyline, venlafaxine, nortriptyline, and duloxetine 
- anti-epileptic medications: topiramate, valproate, carbamazepine, and divalproate 
- angiotensin receptor blocker: candesartan and lisinopril 
- onabotulinimtoxinA: botox 
- triptans/ergots: used as preventive therapies for migraine 
- NSAIDs: used as preventive therapy for migraine or as treatment for other indications 
- devices for migraine prophylaxis 
- nerve blocks in the head and neck 

 
Stopping criteria in FRMB protocols 
There were no formal rules for early termination of this study. A patient of the investigator 
and/or sponsor can discontinue the study at any time for any reason.  In addition, patients with 
abnormal hepatic laboratory values could meet criteria for discontinuation. In the following 
circumstances, the study drug was to be discontinued immediately: 
- any increase in ALT or AST to ≥3× the ULN, combined with INR >1.5× the ULN or 
total bilirubin >2× the ULN 
- any increase in ALT or AST to ≥3× the ULN (or 3.5xULN if baseline value was >2.5 ULN), which 
is accompanied by symptoms clearly associated with impaired liver function (eg, vomiting, 
nausea, fever, rash, eosinophilia) and not deemed related to other diseases (eg, vomiting or 
nausea triggered by migraine) 
- any increase in ALT or AST to levels ≥5 but <8× the ULN, which is persistent for 
≥2 weeks of repeated measurements or any ALT or AST ≥8× the ULN (without confirmation) 
The following evaluations were to be done CBC with differential, to assess eosinophilia; ALT, 
AST, ALP, total and direct BR, and INR upon identification and repeated 5, 8 and 14 days after 
ALT/AST elevation was first identified. Additional testing included serology for hepatitis A, B and 
C; serology for autoimmune hepatitis; ultrasound of the liver at the investigator’s discretion, 
and other diagnostic tests/consultations as deemed necessary by the investigator. Patients 
should be invited to the site for an early WD visit. Enzymes should be monitored until 
normalization. A minimal fu period will be 30 days, with liver enzymes once weekly. 
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 Schematic of Routine Evaluations in Fremanezumab migraine 
studies 

 
a The pretreatment period refers to the screening visit and 28-day run-in period of the pivotal efficacy studies or new 
patients for study 051. b  Patients rolling over from the pivotal efficacy studies will begin study participation at visit 
2. EOT visit procedures assessments for the pivotal efficacy study must be completed before the patient begins 
participation in this study. Patients who received placebo in the pivotal studies will receive FRMB. d  Assessment to 
be done for patients who enter this study more than 30 days after completing pivotal study. e   Assessments will 
be performed before injection. f   Serum chemistry hematology coagulation and urinalysis. g  Women of 
childbearing potential. h  Inquiries about adverse events will be made at every visit  before and after study drug 
administration.  i and j:  The pre-dose AE inquiry will only be completed for patients who begin this study on a 
different day from the EOT visit of the pivotal study. k  As appropriate  patients should be treated with standard of 
care following completion of the EOT early withdrawal visit.  l   The e-C SSRS Since Last Visit. m Patients will 
complete electronic headache diary entries. n  Blood samples for serum ADA assessment will also be collected 
upon observation of any severe hypersensitivity reaction  e.g.  anaphylaxis.  o  A single blood sample for 

X 
X 
 
 
X 
X 
X 
X 
X 
X 
 
 
X 
 
X 
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pharmacogenomic (PGx)analysis from patients who consent to such analyses. p, q, r, Patients will respond first to 
the PHQ.  s   Injection site assessments will be performed immediately and    hour after study drug administration. 
ADA  antidrug antibody  β HCG  beta human chorionic gonadotropin  ECG  electrocardiogram  eC SSRS  electronic 
Columbia Suicide Severity Rating Scale.  EOT  end of treatment.  EQ   D   L  EuroQol    Dimension     response level 
version.  FSH  follicle stimulating hormone.  HIT  item Headache Impact Test.  MIDAS  Migraine. PGIC  Patient 
Global Impression of Change.  PHQ item Patient Health Questionnaire.. V  visit.  WPAI  Work Performance and 
Activity Impairment.  Source: Adapted from Tables 1 and 2 of Study 051 protocol with Amendment 01. 
Assessments done at screening for studies 049 and 050 as well as new patients in study 051 are in red (x).  
Return to 8.3.3. 

 Patient disposition in Study 051 Interim Report 1 (cutoff May 
2017) 

BLA 761089. Patient disposition in study 051 interim report. 

 

 
Source: Figure 1 of Study 051 interim report. Started in May 2016. Cut-off for analyses: May 31, 2017. 
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 Laboratory potentially clinically significant (PCS) abnormalities 

TEVA’s definition of PCS abnormalities 

 
Source: Table 7 of ISS. ALT=Alanine aminotransferase. AST=aspartate aminotransferase. ALP= alkaline 
phosphatase, BUN= Blood urea nitrogen, GGT gamma glutamyl transpeptidase, HTC= hematocrit, HGB= 
hemoglobin, INR= international normalized ratio, LDT=Lactate dehydrogenase. 
 

Values for potentially clinically significant abnormalities appear reasonable. Eosinophils 
>10% appears to be a high threshold. >7% would be more acceptable.
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 AE in Eye disorders SOC in FRMB database 

Cohort 1  

 
Source: Summary 6.1.1. Adverse events by system organ class and preferred term. ISS. Original submission.  Return to   8.4.5.
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Cohort 4  

 
 
Source: Extracted by MO from Summary 6.1.4 of the Safety Update Report. 

COHORT 4

225 mg 
monthly  

    
675 
quart
erly

675/225  
monthl
y

675 
MON 
THLY

900 
MON
THLY

 FRMB  
TOTAL

N 551 1086 712 96 86 2512
n % n % n % n % n % n %

Eye disorders 9 2 26 2 23 3 4 4 1 1 63 3
Vision blurred 0 0 4 <1 4 <1 1 1 0 0 9 <1
Dry eye 0 0 4 <1 4 <1 0 0 0 0 8 <1
Cataract 2 <1 1 <1 3 <1 1 1 0 0 7 <1
Conjunctivitis allergic 0 0 3 <1 1 <1 0 0 1 1 5 <1
Blepharospasm 0 0 2 <1 1 <1 1 1 0 0 4 <1
Eye irritation 1 <1 3 <1 0 0 0 0 0 0 4 <1
Eye pain 0 0 2 <1 1 <1 0 0 0 0 3 <1
Retinal tear 0 <1 2 <1 0 0 0 0 0 0 3 <1
Visual acuity reduced 0 0 0 0 3 <1 0 0 0 0 3 <1
Visual impairment 0 0 0 0 1 <1 1 1 0 0 2 <1
Blindness unilateral 0 0 0 0 1 <1 0 0 0 0 1 <1
Retinal detachment 0 0 0 0 2 <1 0 0 0 0 2 <1
Retinal cyst 0 0 0 0 1 <1 0 0 0 0 1 <1
Vitreous detachment 0 0 0 0 1 <1 1 1 0 0 2 <1
Vitreous prolapse 0 0 0 0 1 <1 0 0 0 0 1 <1
Vitreous floaters 1 <1 0 0 0 0 0 0 0 0 1 <1
Blepharitis 0 0 1 <1 0 0 1 1 0 0 2 <1
Conjunctival hyperaemia 1 <1 1 <1 0 0 0 0 0 0 2 <1
Ocular hyperaemia 0 0 1 <1 0 0 0 0 0 0 1 <1
Diplopia 0 0 1 <1 1 <1 0 0 0 0 2 <1
Keratitis/Punctate keratitis 2 <1 1 <1 0 0 0 0 0 0 3 <1
Conjunctival haemorrhage 0 0 1 <1 0 0 0 0 0 0 1 <1
Cyclitis 0 0 1 <1 0 0 0 0 0 0 1 <1
Episcleritis 0 0 1 <1 0 0 0 0 0 0 1 <1
Iritis 0 0 0 0 1 <1 0 0 0 0 1 <1
Eyelid pain 0 0 1 <1 0 0 0 0 0 0 1 <1
Eyelid ptosis 0 0 1 <1 0 0 0 0 0 0 1 <1
Meibomian gland dysfunction 1 <1 0 0 0 0 0 0 0 0 1 <1
Glaucoma/normal tension glaucoma 0 0 1 <1 1 <1 0 0 0 0 2 <1
Pterygium 0 0 1 <1 0 0 0 0 0 0 1 <1
Hypoaesthesia eye 0 0 0 0 1 <1 0 0 0 0 1 <1
Eye discharge 0 0 0 0 1 <1 0 0 0 0 1 <1
Eye inflammation 0 0 0 0 1 <1 0 0 0 0 1 <1
Eye pruritus 0 0 0 0 1 <1 0 0 0 0 1 <1
Macular degeneration 0 0 0 0 1 <1 0 0 0 0 1 <1
Optic disc drusen 0 0 0 0 0 0 1 1 0 0 1 <1
Scleral discolouration 0 0 0 0 1 <1 0 0 0 0 1 <1
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 Summary of studies in Cluster Headache 

TV48125-CNS-30056 and TV48125-CNS-30057 are 12-week placebo-controlled studies 
preceded by a 1 week run-in period, in adult patients with Episodic CH and Chronic CH 
respectively.     
 

- 30056 involves placebo monthly, FRMB 675 mg sc quarterly and 225 mg monthly (with a 
loading dose of 900 mg IV (900/225/225). As of September 2017, 16 were randomized in 
study 30056; 75% were men and 75% were ≥40 years of age.  Eight patients (50%) have 
had at least 1 adverse event. The most common AE was injection site reactions. There 
was one case each of duodenitis, bronchitis, neck pain oropharyngeal pain and contact 
dermatitis. The case of duodenitis was serious.  No patient had a cardiovascular adverse 
event, or an adverse event related to liver enzyme elevations >3xULN. 

 
- 30057 involves placebo monthly, FRMB 225 monthly with a starting dose of 900 mg IV 

and FRMB 225 mg monthly with a starting dose of 675 mg sc. As of the SUR, 72 patients 
were randomized; 53 are men and 65 were ≥40 years of age. Forty-two patients (58%) 
completed the study, 23 patients (32%) are ongoing in the double-blind treatment 
period, and 7 patients (10%) discontinued the study. Thirty-seven patients (51%) have 
had at least 1 adverse event. The most common AE was injection site reaction. Other AE 
that occurred in more than one patient included nausea, contact dermatitis, abdominal 
pain and nasopharyngitis. Three patients had SAE including one anaphylactic reaction, 
acute pancreatitis and one prolonged hospitalization (no details). The cases were 
considered by the investigator not to be related to drug.  There were 3 non-SAE 
cardiovascular events (flushing, electrocardiogram PR prolongation, and cardiac 
murmur). No patient had liver enzyme elevation >3xULN. 

 
TV48125-CNS-30058 is a long-term, double-blind extension to 30056 and 30057, for 10 months 
(40 weeks).  It includes sc doses of FRMB at 225 mg monthly and sc doses of FRMB at 675 mg 
quarterly (therefore, for this dose group, 4 doses). As of the SUR, 50 patients were enrolled and 
45 received at least 1 dose of drug. 51% are male and 67% are ≥40 years. Twenty patients (44%) 
had at least 1 AE. The most frequent was injection site reaction. On patient had a SAE of 
headache. One had a non-SAE CV event of first degree atrioventricular block. No patient had 
events of liver enzyme elevation >3xULN. 
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Glossary 

AC advisory committee
AE adverse event
AR adverse reaction
BLA biologics license application
BPCA Best Pharmaceuticals for Children Act
BRF Benefit Risk Framework
CBER Center for Biologics Evaluation and Research
CDER Center for Drug Evaluation and Research
CDRH Center for Devices and Radiological Health
CDTL Cross-Discipline Team Leader
CFR Code of Federal Regulations
CMC chemistry, manufacturing, and controls
COSTART Coding Symbols for Thesaurus of Adverse Reaction Terms
CRF case report form
CRO contract research organization
CRT clinical review template
CSR clinical study report
CSS Controlled Substance Staff
DMC data monitoring committee
ECG electrocardiogram
eCTD electronic common technical document
ETASU elements to assure safe use
FDA Food and Drug Administration
FDAAA Food and Drug Administration Amendments Act of 2007
FDASIA Food and Drug Administration Safety and Innovation Act
GCP good clinical practice
GRMP good review management practice
ICH International Council for Harmonization
IND Investigational New Drug Application
ISE integrated summary of effectiveness
ISS integrated summary of safety
ITT intent to treat
MedDRA Medical Dictionary for Regulatory Activities
mITT modified intent to treat
NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Event
NDA new drug application
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NME new molecular entity
OCS Office of Computational Science
OPQ Office of Pharmaceutical Quality
OSE Office of Surveillance and Epidemiology
OSI Office of Scientific Investigation
PBRER Periodic Benefit-Risk Evaluation Report
PD pharmacodynamics
PI prescribing information or package insert
PK pharmacokinetics
PMC postmarketing commitment
PMR postmarketing requirement
PP per protocol
PPI patient package insert
PREA Pediatric Research Equity Act
PRO patient reported outcome
PSUR Periodic Safety Update report
REMS risk evaluation and mitigation strategy
SAE serious adverse event
SAP statistical analysis plan
SC subcutaneous
SGE special government employee
SOC standard of care
TEAE treatment emergent adverse event
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1. Executive Summary

1.1. Product Introduction

Teva submitted the original 351(a) application for BLA 761089 to evaluate fremanezumab as a 
potential migraine prophylaxis therapy in migraineurs suffering from episodic or chronic 
migraine via monthly or quarterly subcutaneous administration.

Fremanezumab (TEV-48125) is a humanized IgG2 monoclonal antibody  
 that the sponsor reports is a selective CGRP (calcitonin gene-related peptide) binder 

and blocks CGRP from binding to the CGRP receptor.  Calcitonin gene-related peptide is a 
potent vasodilator.  While the precise mechanism of action by which fremanezumab prevents 
migraine is unknown, it is thought to inhibit CGRP activity as a sensory neuropeptide in the 
trigeminal system involved in the pathophysiology of migraine (see sections 2.1 and 4.5).  

During the fremanezumab development program, several names have been used in its 
description (LBR-101, PF-04427429, RN307, and TEV-48125).  Ajovy is the proposed proprietary 
trade name.

Teva proposed the following indication statement for labeling:
Fremanezumab is indicated for the preventive treatment of migraine in adult patients.

Teva’s proposed dosing regimen for fremanezumab: 
 Two subcutaneous dosing options of AJOVY are available: 225 mg monthly or 675 mg 

every 3 months (quarterly)

The proposed commercial presentation of fremanezumab will be a 1.5 mL single dose prefilled 
syringe for subcutaneous injection containing 225 mg/1.5 mL in each single dose pre-filled 
syringe (150 mg/mL). 

1.2. Conclusions on the Substantial Evidence of Effectiveness 

Based on the available information reviewed for the determination of efficacy in BLA 761089, 
Teva’s application provides substantial evidence supporting fremanezumab for migraine 
prophylaxis indication based on clinically significant endpoints.  

1.3. Benefit-Risk Assessment
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Benefit-Risk Integrated Assessment

Please refer to the information for this section in Heather Fitter, MD Cross-Discipline Team Leader review for BLA 761089.

Benefit-Risk Dimensions 

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Migraine headache is a very common, chronic neurological disease, 
characterized as moderate to severe headache with associated 
hypersensitivity to environmental stimuli such as light and sound, as 
well as nausea.  Headaches typically last from 4 to 72 hours if left 
untreated, are generally unilateral in nature, and frequently include 
throbbing or pulsating pain.  Patients with severe and/or frequent 
migraines requiring chronic intermittent therapy with prophylaxis 
therapy with the goal of reduction in migraine frequency.

 The clinician identifies the headache based upon the frequency and 
duration of the attacks.  Episodic migraines (EM) occur on fewer than 15 
days per month, with usually between 4-14 days of migraine headache 
days.  Chronic migraines (CM) is characterized by headaches on 15 or 
more days per month with features of migraine on at least 8 days per 
month or respond to treatment specifically for migraine.  Chronic 
migraine and episodic migraine are part of the spectrum of migraine 
disorders, although distinct clinical entities.

 Migraine affects an estimated 36 million Americans, with a gender 
difference in prevalence.  18% women experience episodic migraine 
compared with 6% of men.  Estimates of chronic Migraine prevalence 
range from 1% to 3% (1.3% women compared with 0.5% of men).  

 Migraine is a serious and disabling condition 
that can impact the quality of patients’ lives.

 The World Health Organization estimates 
based on the Global Burden of Disease, 
migraine to be the sixth-highest cause 
worldwide of time lost due to disability, with 
effects that can interfere significantly with 
everyday functioning.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Current 
Treatment 

Options

 Five drugs are FDA approved for migraine prophylaxis, as well as many 
other drugs that are used off-label.  The FDA approved therapies include 
the beta-adrenergic blocking agents propranolol (tablets and liquid) and 
timolol (tablets) and the anticonvulsants divalproex sodium or sodium 
valproate (tablets) and topiramate (tablets) and injectable botulinum 
neurotoxin type A, or onabotulinumtoxinA (approved for chronic 
migraine only).

 Migraine prophylaxis products are expected to be administered at least 
daily, and up to three times daily for propranolol, with the exception of 
onabotulinumtoxinA that is the only approved product for chronic 
migraine prophylaxis which requires 31 injections in the head and neck 
every three months, and needs to be administered every three months.  
The currently FDA-approved products for migraine prophylaxis are 
shown to reduce the frequency of monthly migraine headaches or the 
headache days of at least moderate severity between three to six days, 
and although there is some amelioration in their condition most patients 
continue to experience migraines even on therapeutic doses of effective 
medications.  

 Although widely used, the approved prophylaxis medications are 
associated with adverse events as informed in individual product 
labeling, such as anorexia, fatigue, memory problems, paresthesia, 
dizziness, vertigo, nausea, and tremor, hepatotoxicity, with some 
products often requiring dose titration, special laboratory monitoring, 
and carry special precautions, warnings, or contraindications.  Several of 
the available prophylactic medications have some intolerable side 
effects making it difficult for patients to justify continuing to take a daily 
medication that does not completely prevent migraines.  

The treatment armamentarium would benefit from 
therapeutic options that reduce the frequency of 
monthly migraine headaches, and that are better 
tolerated offering the convenience of infrequent 
interval dosing with the expectation to improve 
compliance.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Benefit

Phase 3 study 30050 in episodic migraineurs and study 30049 in chronic 
migraine patients provide a reasonable assessment of benefit supporting 
effectiveness for the proposed indication, prophylaxis of migraine.  The data 
provided in the pivotal efficacy studies provide for substantial evidence of 
effectiveness and the results are persuasive and clinically meaningful.  The 
design of the studies was in alignment with FDA advice during development.
 
There were statistically significant and clinically meaningful changes on the 
primary efficacy endpoint demonstrated in the studies supporting efficacy in 
the episodic migraine and chronic migraine populations with an overall 
reduction in 2 monthly migraine days or moderate to severe headache days 
compared to placebo.  The fremanezumab monthly dosing regimens (episodic 
migraine 225/225/225mg; chronic migraine 675/225/225mg) and the 
quarterly dosing (675mg/pbo/pbo) studied in both populations showed 3-5 
days reduction from baseline, for the primary endpoints evaluated in each 
population, as compared to reduction of 2 days in the placebo group.  In 
addition, there were statistically significant and clinically meaningful 
reductions in the acute migraine medications used and the hours of headache 
experienced overall. 

Based on the numerically improved efficacy outcomes, the fremanezumab 
225 mg monthly interval maintenance dosing injections appeared to provide 
maintenance of efficacy in both the episodic and chronic migraine populations 
and there did not appear to be any meaningful therapeutic benefit of 
administering the quarterly fremanezumab dosing (675mg/pbo/pbo).  As 
migraine evolves from episodic migraine to chronic migraine, and with the 
possibility to revert to less frequent symptoms with better managed 
migraines, it may be best to consider the maintenance monthly injection 
regimen in both the episodic and chronic migraine populations.

The evidence submitted by the applicant to 
support the approval of fremanezumab has met 
the statutory evidentiary standard for providing 
substantial evidence of effectiveness under the 
proposed conditions of use.  The studies were 
adequate and well-controlled.  The endpoints were 
appropriate, clinically relevant, and similar to 
endpoints used for previously approved products 
for migraine prophylaxis.  The treatment effect 
observed with fremanezumab is consistent with 
previously therapies for migraine prophylaxis and 
the duration of the effect was adequately studied.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk and Risk 
Management 

Please refer to the information for this section in Heather Fitter, MD Cross-
Discipline Team Leader review for BLA 761089. 
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1.4. Patient Experience Data

Listed below is the patient experience data and related information relevant to BLA 761089 
submitted and reviewed as part of the application.  The relevant discussions for these outcome 
assessments are referenced to the applicable sections or other FDA review. 

Table 1: Patient Experience Data Relevant to BLA 761089

□ The patient experience data that was submitted as part of the application 
include:

Section where discussed, if 
applicable

□ Clinical outcome assessment (COA) data, such as
 Patient reported outcome (PRO)

Daily Headache Diary
MIDAS questionnaire (Migraine Disability Assessment)
Headache Impact Test (HIT-6)

Please refer to Sections 6.1 
and 6.2 discussion 
regarding Study endpoints 
and to Ebony Dashiell-Aje, 
Ph.D. Clinical Outcome 
Assessments review

□ Observer reported outcome (ObsRO)
□ Clinician reported outcome (ClinRO)
□ Performance outcome (PerfO)

□ Qualitative studies (e.g., individual patient/caregiver interviews, focus 
group interviews, expert interviews, Delphi Panel, etc.)

□ Patient-focused drug development or other stakeholder meeting 
summary reports

□ Observational survey studies designed to capture patient experience 
data

□ Natural history studies 
□ Patient preference studies (e.g., submitted studies or scientific 

publications)
 Other: Patient and provider preference survey Sec 6.2.2 Dose/Dose 

response 

2. Therapeutic Context

2.1. Analysis of Condition

Migraine is a common disabling primary headache disorder that affects an estimated 36 million 
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Americans1, with a gender difference in prevalence.  18% women experience episodic migraine 
compared with 6% of men.  Estimates of chronic migraine prevalence range from 1% to 3% 
(1.3% women compared with 0.5% of men).  The World Health Organization (WHO) estimates 
based on the Global Burden of Disease (GBD), migraine to be the sixth-highest cause worldwide 
of time lost due to disability (YLD), with effects that can interfere significantly with everyday 
functioning.

Migraine headache is understood to be a complex neurovascular disorder resulting in pain and 
further nerve activation involving the trigeminovascular system and associated release of CGRP 
from activated trigeminal sensory nerves, a potent vasodilator and modulator of 
cerebrovascular nociception (See section 4.5).  Migraine attacks are characterized as moderate 
to severe headache with associated hypersensitivity to environmental stimuli such as light and 
sound, as well as nausea.  These headaches typically last from 4 to 72 hours if left untreated, 
are generally unilateral in nature, and frequently include throbbing or pulsating pain. 

Patients experience episodic exacerbations associated with significant pain, disability, and 
diminished quality of life that typically affects patients during their most productive years.  
Patients with severe and/or frequent migraines requiring chronic intermittent therapy are 
offered long-term prophylactic therapy with the goal of reduction in migraine frequency. 

Migraine Diagnostic Criteria

As summarized in the referenced literature1, if the patient has a primary headache disorder, the 
clinician identifies the headache based upon the frequency and duration of the attacks.  
Episodic migraine (EM) by definition includes headaches that occur on fewer than 15 days per 
month, with usually between 4-14 days of migraine headache days.  Chronic migraine (CM) is 
characterized by headaches on 15 or more days per month for at least 3 months; headaches 
must have the features of migraine on at least 8 days per month or respond to treatment 
specifically for migraine.  Chronic migraine and episodic migraine are part of the spectrum of 
migraine disorders, but they are distinct clinical entities as classified by International 
Classification of Headache Disorders–3rd edition, beta guidelines for primary and secondary 
headache disorders2.  

1 Lipton RB, Silberstein SD. Episodic and chronic migraine headache: breaking down barriers to optimal treatment and prevention. Headache. 
2015 Mar;55 Suppl 2:103-22.
2 Headache Classification Committee of the International Headache Society (IHS). The International Classification of Headache Disorders, 3rd 
edition (beta version). Cephalalgia. 2013 Jul;33(9):629-808.
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Table 2: ICHD-3 (Beta) Diagnostic Criteria for Chronic Migraine

Chronic migraine patients are more debilitated and more likely to miss work or have decreased 
productivity.  CM patients have more comorbid conditions, including psychiatric and pain 
disorders.  They also use more health resources than EM patients, including emergency 
department visits, clinic visits, and medications3.  

Phenotypically, migraine features may change with the transition from less-frequent episodic 
migraine to chronic migraine.  Patients with chronic migraine more often have bilateral 
headache, and their associated symptoms are not as pronounced as they are for those with 
episodic migraine.4

Risk Of Progression From Episodic Migraine To Chronic Migraine

As reported in the referenced literature1, CM develops in individuals with EM at a rate of about 
2.5% per year, and some of the risk factors for progression are non-modifiable which include 
older age, female gender, and Caucasian ethnicity.  The potentially modifiable risk factors for 
CM onset are obese individuals with EM who are two to five times more likely to develop CM 
than are persons of normal weight.  

Migraine and Calcitonin Gene-Related Peptide

Calcitonin gene-related peptide is a 37-amino acid neuropeptide that is a potent vasodilator 
and is widely distributed throughout the central and peripheral nervous systems.  As illustrated 
in the referenced Figure 1, CGRP is released from trigeminal afferent nerve fibers during a 
migraine and causes vasodilatation and neurogenic inflammation.  Raised levels of CGRP are 
observed both peripherally and centrally in migraine patients.  CGRP antibodies and antagonists 
are thought to reduce migraine by reducing these CGRP levels or through blocking the actions 
of CGRP.  CGRP antibodies are peripherally restricted, whereas CGRP antagonists may have 

3 Sanderson JC et al. Headache-related health resource utilisation in chronic and episodic migraine across six countries. J Neurol Neurosurg 
Psychiatry. 2013 Dec;84(12):1309-17. 
4 Diener HC et al. Integrated care for chronic migraine patients: epidemiology, burden, diagnosis, and treatment options. Clinical Medicine 2015 
Vol 15, No 4: 344–50. 
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central actions5.  The referenced citation additionally provides background into the 
development of CGRP products, as CGRP small molecule antagonists and CGRP monoclonal 
antibodies (against the free peptide and others targeting the CGRP receptor) for acute and 
prophylactic migraine management. 

During spontaneous migraine attacks, there is elevated CGRP concentrations measured from 
the external jugular vein and CGRP serum levels decrease after administration of triptans in 
parallel with symptomatic relief therefore suggesting CGRP is involvement in the 
pathophysiology of migraine6.

Figure 1: CGRP and Pathophysiology of Migraine

The CGRP, a potent vasodilator, is known to be involved in the pathophysiology of migraine.  
The “gepants”  were the first class of drugs to 
target the CGRP pathway in the treatment of migraine.  CGRP receptor antagonists have shown 

5 Russell FA, King R, Smillie SJ, Kodji X, Brain SD. Calcitonin Gene-Related Peptide: Physiology And Pathophysiology. Physiol Rev. 2014 
Oct;94(4):1099-142
6 Tso AR, Goadsby PJ. Anti-CGRP Monoclonal Antibodies: the Next Era of Migraine Prevention? Curr Treat Options Neurol 2017 19: 27
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efficacy in the treatment of EM while the CV effects that are associated with triptan 
medications were not observed (References: Hewitt et al 2011, Ho et al 2008, Olesen et al 
2004).  However, despite these reported therapeutic effects with other CGRP products, 
evidence of liver toxicity was observed with at least two of these compounds 

, resulting in subsequent discontinuation of development of 
the gepants.

2.2. Analysis of Current Treatment Options

Five drugs are FDA approved for migraine prophylaxis (Table 3).  These include the beta-
adrenergic blocking agents propranolol (tablets and liquid) and timolol (tablets) and the 
anticonvulsants divalproex sodium or sodium valproate (tablets) and topiramate (tablets). 
Injectable botulinum neurotoxin type A, or onabotulinumtoxinA (155 units in 31 standardized 
injections), is currently the only product approved for the chronic migraine prophylaxis, in 
adults aged 18 years or older who have ≥15 days per month with headache lasting ≥4 hours per 
day.

Table 3: Drugs for Prophylaxis of Migraine Headaches

DRUG CLASS DRUG BRAND NAME DRUG GENERIC NAME
Inderal propranolol hydrochloride

β-adrenergic antagonists
Blocadren timolol maleate
Topamax topiramate

Anti-Epileptics
Depakote ER divalproex sodium

Botulinum Toxin BOTOX onabotulinumtoxinA
Although widely used, these medications for prophylaxis are associated with adverse events 
(AEs) as informed in labeling, such as anorexia, fatigue, memory problems, paresthesia, 
dizziness, vertigo, nausea, and tremor, hepatotoxicity, and often require dose titration, special 
laboratory monitoring, and carry special precautions, warnings, or contraindications. 

Efficacy In Approved Migraine Prophylaxis Products

The reviewer is not aware of the sponsor having conducted head to head clinical studies 
comparing the efficacy of fremanezumab to other migraine prophylaxis products.  The 
summary Table 4 provides efficacy information from the labeled migraine prophylaxis products 
conducted to demonstrate safety and efficacy that are FDA approved, and is not intended for 
cross study comparisons.  Table 4 shows the treatment effect compared to the placebo arms 
for the products and the endpoints used that were supportive to establish efficacy and clinical 
meaningfulness.  It is to be noted that the information shown in Table 4 is only for an overview 
of the efficacy, and that the primary efficacy endpoints maybe different for the clinical studies, 
including the definitions for the endpoint variables and the method for evaluating the 
treatment effect over the controlled study period.
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Table 4: Indirect Comparison of Efficacy Data of Migraine Prophylaxis Medications

Headache/Migraine 
Days

Migraine Headache 
Episodes

Total cumulative 
hours of headache on 

headache days
Duration Dose 

(mg)
Change 
from 
Baseline, 
mean

Treatment 
difference 
(drug-
placebo)

Change 
from 
Baseline, 
mean

Treatment 
difference 
(drug-
placebo)

Change 
from 
baseline

Treatment 
difference 
(drug-
placebo)

Episodic Migraine
Topiramate 
(study 1)7

100 mg
200 mg
Placebo

-2.7
-2.7
-1.1

-1.6
-1.6

-2.1
-2.2
-0.8

-1.3
-1.4

-- --

Topiramate 
(study 2)8

26-week (8-
week 
titration 
period and 
18-week 
maintenance 
period)

100 mg
200 mg
Placebo

-2.6
-2.9
-1.3

-1.3
-1.6

-2.1
-2.4
-1.1

-1.0
-1.3

-- --

Divalproex
(study 1)9

500 to 
2,500 
mg a 
day1

Placebo

-3.0
-1.0

-2.0 -2.5 
(Depakote)
-0.3 
(Placebo)

-2.2 -- --

Divalproex
(study 2)10

12-week (4-
week 
titration 
period and 
8-week 
maintenance 
period)

500 mg
1000 
mg
Placebo

-- -- -1.7 
(Depakote)
-0.5 
(Placebo)

-1.2 -- --

Chronic Migraine
OnabotulinumtoxinA
(study 1)

155 U
Placebo

-7.8
-6.4

-1.4 -5.4
-5.0

-0.4 -107
-70

-37

OnabotulinumtoxinA
(study 2)

24-week 
study, 2 
injection 
cycles

155 U
Placebo

-9.2
-6.9

-2.3 -5.6
-4.6

-1.0 -134
-95

-39

Topiramate11 16-week (4-
week 
titration 
period and 
12-week 
maintenance 
period)

100 mg
Placebo

-6.4
-4.7

-1.7 -- -- -- --

Source: Please see referenced citations, and section 14 of labeled information for the products.
1 Depakote doses ranged from 500 to 2,500 mg a day guided by trough total serum valproate levels. Mean dose of Depakote 
was 1,087 mg/day.
 The shaded information notes the primary efficacy endpoints pre-specified in the clinical study

As described above, the products displayed in Table 3 are products that were studied for 

7 Silberstein SD, Neto W, Schmitt J, Jacobs D; MIGR-001 Study Group. Topiramate in migraine prevention: results of a large controlled trial. Arch 
Neurol. 2004 Apr;61(4):490-5.
8 Brandes JL, Saper JR, Diamond M, Couch JR, Lewis DW, Schmitt J, Neto W, Schwabe S, Jacobs D; MIGR-002 Study Group. Topiramate for 
migraine prevention: a randomized controlled trial. JAMA. 2004 Feb 25;291(8):965-73. 
9 Mathew NT. Migraine prophylaxis with divalproex. Arch Neurol. 1995 Mar;52(3):281-6. 
10 Klapper J. Divalproex sodium in migraine prophylaxis: a dose-controlled study. Cephalalgia. 1997 Apr;17(2):103-8.
11 Topiramate Chronic Migraine Study Group. Efficacy and safety of topiramate for the treatment of chronic migraine: a randomized, double-
blind, placebo-controlled trial. Headache. 2007 Feb;47(2):170-80
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prophylaxis of migraine and that are used for prophylaxis of episodic and chronic migraine.  
Only OnabotulinumtoxinA (BOTOX) was studied in trials that specifically enrolled patients with 
chronic migraine because the other products in Table 3 were studied prior to the development 
of the nomenclature classification of chronic migraine.  Therefore, BOTOX is the only product 
approved specifically for chronic migraine prophylaxis.  Yet the standard of care is to use all 
products approved for migraine prophylaxis in patients with chronic migraine.

3. Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Teva submitted the original 351(a) application for BLA 761089 to evaluate fremanezumab as a 
potential migraine prophylaxis agent in migraineurs suffering from episodic or chronic migraine 
via monthly subcutaneous administration.  Fremanezumab is currently not marketed in the U.S.

3.2. Summary of Presubmission/Submission Regulatory Activity

The presubmission regulatory summary chronologically listed in Table 5 below includes only key 
clinical discussions in developing fremanezumab regarding study design and efficacy that are 
applicable to this clinical efficacy review.

Table 5: BLA 761089 Fremanezumab Summary of Presubmission Regulatory Activity

Administrative and Procedural Discussions
2006
Initially fremanezumab was developed by Rinat Neuroscience, which was acquired by Pfizer in 
2006.
January 2010
Initial IND 106,533 fremanezumab (formerly known as LBR-101, PF-04427429, RN307, and TEV-
48125) for Migraine Prevention submitted by Pfizer.
June 05, 2013
Pfizer transferred all rights for IND 106,533 to Labrys Biologics who then assumed responsibility 
for the development of fremanezumab after acquiring the compound in Dec2012
July 21, 2014
Change in Sponsor –Labrys Biologics to Teva 
September 1, 2017
Teva notified FDA that  Priority Review Voucher (PRV NDA ) to 
Teva
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Fremanezumab (TEV-48125) migraine prophylaxis – Study Design and Efficacy Discussions
September 17, 2015 (Type B - End of Phase 2 Meeting to discuss development plans for Phase3)
Phase 3 Studies
 It was considered acceptable to conduct separate Phase 3 clinical studies for episodic and 

chronic migraine to support a prophylaxis claim and to allow for meaningful conclusions to 
be made about the efficacy of fremanezumab in each of the respective populations.  In that 
circumstance, trial results from single adequate and well-controlled studies in each 
population (episodic and chronic migraine) would be adequate for approval provided each 
study is adequately powered and the data is supportive.  The results from the Phase 2 
studies (EM and CM) could be used as supportive data.

Chronic Migraine Study Population
 Acceptable to include patients with chronic migraine defined as subjects reporting 15 or 

more days of headache on most of the recent months, with prospective confirmation in the 
run-in phase of the study of a frequency of at least 15 days of headache, with 8 days of 
either migraine, migraine preceded or accompanied by migraine aura, or migraine relieved 
with the use of triptan or ergot compounds, is acceptable.  

Episodic Migraine Study Population
 Acceptable to include patients with episodic migraine defined as subjects reporting 5 to 14 

migraine days/month and ≤14 headache days/month during the screening over a 3 month 
period

Dose Justification
 The dose regimens for each of the phase 3 studies was acceptable (225 mg/month after a 

675-mg loading dose during the initial month, 225 mg/monthly, and 675 mg every 3 
months) 

Clinical Plan
 CM primary endpoint discussed as mean change from baseline in number of headache days 

of at least moderate severity using the recommended migraine day definition,  

 EM primary endpoint discussed as mean change from baseline in number of migraine 
headache days.

 The Division recommended not including patients on two migraine prophylaxis medications 
to enroll in the trial, whether or not taken for the treatment of another medical condition.  
If patients on stable doses of prophylaxis medications were included, such as topiramate or 
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propranolol, enrollment should be limited proportion of patients, e.g., a maximum of 20 to 
30% of subjects in the trial, and stratify by this factor, since the use of concomitant migraine 
prophylaxis medications may confound the results of the primary analysis, in particular if 
there is an imbalance in prophylaxis medications between treatment groups.

Statistical Analysis Plan and Study Endpoints 
 The Division informed that the preferred primary analysis method is to analyze the change 

over the entire treatment period as compared to baseline,  

 FDA suggested the ANCOVA to evaluate the treatment effect given that the primary 
endpoint is mean change in monthly migraine days from the baseline in the EM trial during 
the entire double-blind treatment period as each patient will only have 1 post baseline 
value contributed to the analysis.  FDA asked the sponsor to maintain data quality and to 
pay close attention to the diary compliance to prevent diary entry afterwards and reduce 
the intermittent missing data.  Teva responded that a hand device will be used for the 
headache diary to improve diary compliance.

June 16, 2016 until May 22, 2017 FDA communication (eCTD submission and email)
 Regarding the statistics for testing the normality assumption and the decision rule for 

proceeding to a pre-specified alternative method, there was agreement that the normality 
of the residuals for the ANCOVA model will be checked using Shapiro Wilk’s normality test. 
In case the SW test has a p value ≤0.001, Wilcoxon rank-sum test will be conducted as the 
primary analysis.  The ANCOVA analysis will be performed as a supportive analysis.  The 
procedures applied to all secondary endpoints of similar type.  The Division communicated 
that the significance level of 0.001 for testing normality based on the Shapiro Wilk’s test 
seems too small.

 For the proposed sensitivity analysis, as the missing values has been imputed via Proc MI 
procedure, the Division requested clarification for the need for BOCF imputation, and how 
the non-monotone missingness will be handled and specify the model for MI imputation. 

 Amended SAPs for study 30049 and study 30050 were submitted in May 2017.
Pediatric Study Plan Interactions
 June 8, 2017: Agreed iPSP letter

General Study Design Elements And Endpoints To Establish Efficacy For Migraine Prophylaxis

For regulatory purposes, in general, a single adequate and well controlled trial in the episodic 
migraine prophylaxis and a single adequate and well controlled trial in chronic migraine 
prophylaxis may be sufficient to support a BLA/NDA for a global prophylaxis claim.  
Alternatively, two adequate and well-controlled studies for the prophylaxis of episodic (or 
chronic) migraine in adults may be acceptable to support the indication for the migraine 
population studied although any product specific guidance should be sought by sponsors 
regarding their development program.  
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Primary endpoints currently accepted by the Division for migraine prophylaxis trials and that 
are consistent with the published guidelines from the International Headache Society for 
controlled trials of migraine in adults12 13are headache days with moderate or severe intensity; 
migraine days; or frequency of migraine episodes.  Variable durations for migraine days and 
headache days for prophylaxis studies have been considered, for example duration of at least 
30 minutes for migraine days or a headache day with headache pain that lasts ≥4 h with a peak 
severity of moderate or severe intensity, or of any severity or duration if the subject takes and 
responds to a triptan or ergot have been considered acceptable for regulatory purposes, 
although the planned primary and any key secondary efficacy endpoints should be discussed 
with the Division early during development.  The longer headache duration increases the 
chance of a separation of drug from placebo in the primary analysis, and provides predictive 
enrichment for the study population.  While there is a high placebo response rate in the 
migraine population (as high as 40%), and categorizing a continuous outcome measure may 
causes loss of information, the 75% responder rate definition has been considered acceptable 
primary endpoint.  

A primary efficacy endpoint measurement at Week 12 is usually acceptable although studies of 
up to 6-month treatment duration may allow for a better evaluation of the sustained effect of 
treatment without necessarily providing specific claims. 

Acceptable secondary endpoints are intensity of headache; duration of headache episode in 
hours; responder rates; use of acute treatments; and conversion to episodic migraine.  
Validated disease-specific health-related quality of life and disability instruments are acceptable 
as secondary endpoints as well.  Selection of endpoints, however, must be done a priori.  
Considering that the treatment is for migraine prophylaxis, the efficacy endpoints intended to 
assess the durability and persistence of the treatment effect following repeat dosing will be 
evaluated.

3.3. Foreign Regulatory Actions and Marketing History

Fremanezumab has not received marketing approval in any country. 

4. Significant Issues from Other Review Disciplines Pertinent to Clinical 
Conclusions on Efficacy and Safety

12 Tfelt-Hansen P et al. Guidelines for controlled trials of drugs in migraine: third edition. A guide for investigators. Cephalalgia. 2012 
Jan;32(1):6-38.
13 Silberstein S et al. Guidelines for controlled trials of prophylactic treatment of chronic migraine in adults. Cephalalgia. 2008 May;28(5):484-
95.
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4.1. Office of Scientific Investigations (OSI)

Please refer to Cara Alfaro PharmD BCPP, Office of Scientific Investigations review.  Clinical site 
inspection was requested for the study sites 53363 (Krakow, Poland), 13545 (Raleigh, NC), and 
13539 (Ann Arbor, MI), all of which enrolled patients in study 30049 and 30050.  These study 
sites were considered for OSI inspections after considering the primary efficacy results, study 
enrollment, and data anomalies identified in the diary entry for further verification.  

4.2. Product Quality 

Please refer to Leslie Ann Rivera Rosado, PhD Office of Product Quality (OPQ) multidisciplinary 
review.  During the mid-cycle meeting on January 29, 2018 the sponsor was informed that an 
official communication was sent to the drug substance manufacturing site Celltrion following an 
FDA inspection during June 2017.  The sponsor was recommended to work directly with the 
CMO site to resolve any remaining compliance issues before the FDA can conduct an inspection 
at the Celltrion site in support of BLA 761089.

4.3. Clinical Microbiology

Please refer to the Office of Product Quality (OPQ) multidisciplinary review.

4.4. Nonclinical Pharmacology/Toxicology

Please refer to Barbara Wilcox PharmD PhD nonclinical review.  

4.5. Clinical Pharmacology

Please refer to Hristina Dimova, PhD Clinical Pharmacology review and Gopichand Gottipati, 
PhD Pharmacometrics review for BLA 760189.

4.6. Devices and Companion Diagnostic Issues

Fremanezumab drug product (DP) is a sterile-filtered, preservative-free, clear to opalescent, 
colorless to slightly yellow solution  into a single use pre-filled syringe 
(PFS).  The human factor and comprehension for instructions for use reviews are pending at the 
time of this review, and based on preliminary discussions no further information is available 
that impacts clinical efficacy of fremanezumab.

4.7. Consumer Study Reviews

Not applicable.
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5. Sources of Clinical Data and Review Strategy
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5.1. Table of Clinical Studies

Table 6: BLA 761089 Tabular Listing of Clinical Efficacy Studies for Fremanezumab Migraine Prophylaxis

Trial 
Identity/NCT 

no.

Study Population/Key Inclusion
Criteria

No. of Centers 
and Countries

Trial Design/
Double-Blind Duration

Route
Regimen Month 1/Month2/Month 3

No. of patients enrolled (N=)
Study Endpoints

TV48125-CNS-
30050

Study 30050
(Episodic 
migraine)

NCT02629861

Patients with episodic migraine

 Headache frequency (i.e., migraine and non-migraine 
headache): ≤14 headache days during the 28-day initial 
screening period and based on information recorded in the 
eDiary prior to randomization

 Migraine frequency: ≥ 4 migraine days, fulfilling any of the 
following 
o ICHD-3 diagnostic criteria C and D for 1.1 Migraine 

without aura; 
o ICHD-3 diagnostic criteria B and C for 1.2 Migraine with 

aura
o Probable migraine (a migraine subtype where only 1 

migraine criterion is missing)
o The patient used a triptan or ergot derivative to treat an 

established headache
USA, Canada, 
Czech Republic, 
Finland, Israel, 
Japan, Poland, 
Russian 
Federation, 
and Spain

Centers = 123

Phase 3, 12-weeks, multicenter 
randomized, double-blind, 
placebo-controlled, parallel group 
trial.  Up to 30% of patients were 
permitted to use no more than 1 
concomitant prophylaxis 
medication 
study periods:
 Visit I - Screening 
 Prospective Baseline 

Phase/Run-in period:  28 days
 Visit 2 (day 0): First treatment 

administration 
 Visit 2 – 4 Double-Blind 

Treatment Period: 12 weeks 
(84-day) duration

 Visit 5 – End of study, Day 84

SC injection:3

 PBO/PBO/PBO (N= 294)
 fmb 675 mg/PBO/PBOa (N= 291)
 fmb 225/225/225 mgd (N= 290)

Total (N) = 875

The mean change from baseline (28-day run-in period) in the 
monthly average number of migraine days during the 12-
week period after the 1st dose of study drug. 
 a day with headache pain that lasts ≥2 consecutive hours 

meeting criteria for migraine with or without aura
 a day with headache pain that lasts ≥2 consecutive hours 

meeting criteria for probable migraine, a migraine 
subtype where only 1 migraine criterion is missing

 a day when the patient used acute migraine-specific 
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medication (triptans or ergots) to treat a headache of 
any severity or duration

TV48125-CNS-
30049

Study 30049
(Chronic 
migraine)

NCT02621931

Patients with chronic migraine

 Headache frequency (i.e., migraine and non-migraine 
headache): ≥15 headache days during the 28-day initial 
screening period and based on information recorded in the 
eDiary prior to randomization

 Migraine frequency: ≥ 8 migraine days, fulfilling any of the 
following 

o ICHD-3 diagnostic criteria C and D for 1.1 
Migraine without aura; 

o ICHD-3 diagnostic criteria B and C for 1.2 
Migraine with aura

o Probable migraine (a migraine subtype where 
only 1 migraine criterion is missing)

o The patient used a triptan or ergot derivative to 
treat an established headache

USA, Canada, 
Czech Republic, 
Finland, Israel, 
Japan, Poland, 
Russian 
Federation, 
and Spain

Centers = 132

Phase 3, 12-weeks, multicenter 
randomized, double-blind, 
placebo-controlled, parallel group 
trial.  Up to 30% of patients were 
permitted to use no more than 1 
concomitant prophylaxis 
medication 
 Visit I - Screening 
 Prospective Baseline 

Phase/Run-in period:  28 days
 Visit 2 (day 0): First treatment 

administration 
 Visit 2 – 4 Double-Blind 

Treatment Period: 12 weeks 
(84-day) duration

 Visit 5 – End of study, Day 84

SC injection:3

 PBO/PBO/PBO (N= 375)
 fmb 675 mg/PBO/PBOa (N= 376)
 fmb 675/225/225 mgb (N= 379)

Total (N) = 1130

The mean change from baseline (28-day run-in period) 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.  
 a day with headache pain that lasts ≥4 hours with a peak 

severity of at least moderate severity OR
 a day when the patient used acute migraine-specific 

medication (triptans or ergots) to treat a headache of 
any severity or duration

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Module 5.2
3 In order to maintain blinding throughout the study, the number of injections at each visit was the same for all patients regardless of the treatment group to which they were randomized
a Supporting the proposed quarterly dosing for patients with CM and EM
b

d

Fremanezumab = FMB; ANCOVA=analysis of covariance; PBO=placebo; sc=subcutaneous. ICHD-3 = International Classification of Headache Disorders – 3rd edition, beta
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5.2. Review Strategy

Teva submitted materials for review via eCTD submission for BLA 761089 via  
\\CDSESUB1\evsprod\BLA761089\761089.enx>.  I reviewed the efficacy information together 
with Sharon Yan, PhD for the episodic migraine study (study TV48125-CNS-30050) and study in 
patients with chronic migraine (study TV48125-CNS-30049) included in Table 6 for the clinical 
development of fremanezumab for prophylaxis of migraine headache.  Sharon Yan, PhD 
performed the statistical data analyses and presented the efficacy analyses, although any 
additional information referenced in the data tables are included to reference the sponsor’s 
submission.  Please refer to the clinical safety review of Maria Lourdes Villalba, MD for BLA 
761089.

The episodic migraine study (study TV48125-CNS-30050) will be referred to as 30050 in the 
review, and the study in patients with chronic migraine (study TV48125-CNS-30049) will be 
hereafter referred to as 30049 in the review.

6. Review of Relevant Individual Trials Used to Support Efficacy

6.1. Protocol 30050 Phase 3 Episodic Migraine

6.1.1. Study Design

Title: A Multicenter, Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study 
Comparing the Efficacy and Safety of 2 Dose Regimens of Subcutaneous Administration of TEV-
48125 Versus Placebo for the Preventive Treatment of Episodic Migraine

Trial Design

Study 30050 is a phase 3, multicenter, randomized, stratified, double-blind, placebo-controlled, 
parallel-group study of subjects with episodic migraine (Figure 2).  
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Figure 2: BLA 761089 Study Design EM Study 30050 for Fremanezumab Migraine Prophylaxis

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30050, Figure 1.

18-70 year old patients with a history of migraine for at least 12 months and fulfilled the ICHD-3 
criteria for EM (Table 6) were enrolled after confirming diagnosis during the 28 day run-in 
period (Visit 1) in an electronic headache diary device.  

Visit 1: (28 day prospective baseline/Run-In Period): Patients completed electronic headache 
diary entries daily in order to confirm study eligibility (Table 6).  In addition, the following 
patients meeting the following criteria were included.

 Patients using no more than 1 prophylactic medication (e.g., topiramate) for migraine or 
for other medical conditions (e.g., propranolol used for hypertension) at the time of 
study enrollment were allowed if the dose and regimen was stable for at least 2 months 
prior to beginning the 28 day run-in period.  (This subset was limited to 1/3rd of the 
study sample).

 Patients were allowed to use acute medications to treat migraines, as needed, with the 
exception of medications containing opioids and barbiturates, which could not be used 
more than 4 times per month prior to study entry.

 Patient with history of clinically significant cardiovascular disease or vascular ischemia 
(such as myocardial, neurological [e.g., cerebral ischemia], peripheral extremity 
ischemia, or other ischemic event) or thromboembolic events (arterial or venous 
thrombotic or embolic events) such as cerebrovascular accident (including transient 
ischemic attacks), deep vein thrombosis, or pulmonary embolism were excluded

 At least 85% compliance with the eDiary (for example, completing eDiary items for at 
least 24 out of 28 days during the baseline phase) should have been demonstrated. 

Visit 2 – 4 (12 weeks Double-Blind Treatment Period (84-day) duration)
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Table 7: BLA 761089 Study 30050 Planned Sample Size

Eligible for Randomization (n=)
Placebo 256
225 mg monthly SC 256
675 mg followed by monthly SC placebo (Quarterly)

Screen (n=2995)

256

Doses for Phase 3 Study 30050

Please see the dose regimens/arms studied in chronic migraineurs shown in Table 7 and Figure 
2 above.  Dosing with investigational product (i.e., placebo or fremanezumab) was scheduled 
once monthly (monthly dosing refers to dosing approximately every 4 weeks [28 days]) via 
subcutaneous (SC) administration in prefilled syringes for a total of 3 doses.  First treatment 
administration occurred at visit 2 (day 0), and additional doses were administered at visits 3 
and 4.  Investigational product doses are fixed and not adjusted for individual subjects during 
the study. 

 Visit 2 (1st dose) - Each patient would receive 3 SC injections (225 mg/1.5 mL) 
administered as 3 x 1.5-mL injections of either active drug (fremanezumab treatment 
groups) or placebo  

 Visits 3 and 4 - Each patient would receive a single 1.5-mL SC injection of active drug 
(225 mg/1.5 mL) or placebo according to their randomized treatment

Subjects could self-administer the product to any of the following injection sites including the 
back of upper arms, lower abdomen/belly/waistline, and front of thighs, and patients could use 
different injection sites for different doses.

Upon completion of the final study assessments, patients who completed all scheduled visits 
were eligible to enter a long-term safety and efficacy study (Study TV48125-CNS-30051), 
consisting of a 12 month blinded treatment period to different doses and a 6.5 month follow-up 
period.

Justification for Phase 3 Episodic Migraine Study 30050 Dose Regimens 
Phase 2 Episodic Migraine Study LBR-101-022
In order to identify doses for the phase 3 development program in patients with episodic 
migraine, the sponsor considered the results from phase 2 study LBR-101-022.  Study LBR-101-
022 was a randomized, double-blind, placebo-controlled phase 2 study of two SC dosing 
regimens of fremanezumab (monthly fremanezumab 675 mg or 225 mg) in 100 patients with 
episodic migraine randomized to each treatment arm (Figure 3).  Please see dose selection 
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explanation based on the results from the episodic migraine phase 2 study LBR-101-022 shown 
in section 6.1.2 of this review. 

Figure 3: Phase 2 Episodic Migraine Study LBR-101-022

Subject eDiary

The primary efficacy endpoint was derived from headache data (i.e., occurrence of headache, 
duration of headache, maximum severity of headache, and acute migraine-specific medication 
use) collected daily using an electronic headache diary device.

On each day, the patient was asked to record diary data for the previous 24 hour period.  
Patients were asked about their performance at work, at school, and when doing household 
chores (i.e., functional assessments).  Patients who reported headache on the previous day 
answered questions about the headache (i.e., the number of hours with headache, presence of 
associated symptoms, and use of acute migraine medications).  If a patient failed to complete 
the diary for the preceding day, the patient was prompted to enter the missed day’s information 
the next time he/she accessed the electronic diary provided no more than 48 hours elapsed 
since completion of that day.  If more than 48 hours elapsed since completion of a diary day, 
the patient was not allowed to enter diary information for that day, and was considered a 
missed day.

The site study staff provided training to subjects on how to use the eDiary (e.g., turning on/off, 
charging, navigating screens, transmitting data, contacting the help desk for technical 
assistance) and entering information.  The subjects were instructed to interact with the eDiary 
every day during the baseline phase, double-blind treatment phase, and active treatment phase 
and to bring the eDiary to every study visit.
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Table 8: Study 30050 Schedule 3-months Double-Blind Treatment

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30050, Table 1..
a Height will only be obtained at screening.
b Procedure will be performed before other assessments (eg, blood draws and administration of questionnaires).
c Electrocardiograms will be performed in triplicate, with approximately 1 minute between recordings.
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d Inquiries about adverse events will be made before and after study drug administration. Postdose inquiries will be made before the patient 
leaves the study center.
e Serum chemistry, hematology, coagulation, and urinalysis.
f Women of childbearing potential only; a serum β-HCG test will be performed at screening, and urine β-HCG tests will be performed at 
subsequent visits.
g Postmenopausal women only.
h Eligible patients will be given an electronic headache diary device and will be trained in its use and compliance requirements on the day of 
screening.
i Patients will complete electronic headache diary entries about the previous day daily beginning on day -27 through the EOT/early withdrawal 
visit.
j Blood samples for plasma drug concentration determination will be collected prior to dosing at visits 2, 3, and 4.
k Patients will respond first to the PHQ-2. They will respond to the PHQ-9 only if PHQ-2 is positive.
l The eC-SSRS Baseline/Screening version will be completed at visit 2, and the eC-SSRS Since Last Visit version will be completed at all other 
visits.
m Injection sites will be assessed for erythema, induration, ecchymosis, and pain immediately and 1 hour after study drug administration. If a 
patient has severe injection site induration, erythema, and/or ecchymosis and/or grade 3 (severe) or grade 4 (worst possible) injection site pain 
at 1 hour after completion of study drug administration, the patient will be reassessed 3 hours after study drug administration and hourly 
thereafter until the reaction/pain is of moderate or less severity. 
ADA=antidrug antibody; β-HCG=beta-human chorionic gonadotropin; ECG=electrocardiogram; eC-SSRS=electronic Columbia-Suicide Severity 
Rating Scale; EOT=end of treatment; EQ-5D=EuroQol-5 Dimension; FSH=follicle-stimulating hormone; HIT-6=6-item Headache Impact Test; 
MSQOL=Migraine-Specific Quality of Life; PGIC=Patient Global Impression of Change; PHQ-2=2-item Patient Health Questionnaire; PHQ-9=9-
item Patient Health Questionnaire; V=visit; WPAI=Work Performance and Activity Impairment.

Efficacy Endpoints

For purposes of efficacy analysis explained in the Statistical Analysis Plan, the following 
definitions included in Table 9 were used for Study 30050.  

Table 9: Migraine and Headache Endpoint Definitions (EM Study 30050)

Diagnosis Definition/Criteria
Migraine Headache a migraine day is endorsed when at least 1 of the following situations occur:

 a day with headache pain that lasts ≥2 consecutive hours meeting criteria for migraine 
with or without aura

 a day with headache pain that lasts ≥2 consecutive hours meeting criteria for probable 
migraine, a migraine subtype where only 1 migraine criterion is missing

 a day when the patient used acute migraine-specific medication (triptans or ergots) to 
treat a headache of any severity or duration

Headache day of at 
least moderate 
severity

headache day of at least moderate severity (including migraine headache, probable 
migraine headache, and non-migraine headache, e.g., tension type headache) will be 
defined as a calendar day where the patient reports:
 a day with headache pain that lasts ≥4 hours with a peak severity of at least moderate 

severity or
 a day when the patient used acute migraine-specific medication (triptans or ergots) to 

treat a headache of any severity or duration
Headache day of any 
severity

headache day of any severity (including migraine headache, probable migraine headache, 
and non-migraine headache, e.g., tension type headache) will be defined as a calendar day 
where the patient reports:
 a day with headache pain that lasts ≥4 hours of any severity or 
 a day when the patient used acute migraine-specific medication (triptans or ergots) to 

treat a headache of any severity or duration
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MIDAS questionnaire 
(Migraine Disability 
Assessment)

The MIDAS questionnaire is a self-administered questionnaire designed to quantify 
headache-related disability over a 3 month period.  Patients completed the MIDAS 
questionnaire in study 30050 at baseline (visit 2) and the EOT visit (visit 5) at the end of 
12-weeks.  The 5-item disability instrument in migraine research (Figure 4) is developed to 
score the level of disability from headaches in 3 domains based on lost days of activity or 
activity limitations in work, chores (household work), and non-work activities (social, 
family and leisure activities) over the previous 3 months, and the score is derived as the 
sum of missed days, while considering all domains for each day accounted.  Responses to 
each question are scaled in units of days and reported as either the number of days 
missed (work or school, household work, and non-work activities) or the number of days 
where productivity was reduced by half or more (work or school and household work) in 
the past 3 months (sum of responses to questions 1 through 5).  The total of the scores of 
the 5 questions is used for grading of disability, with scores of 0 to 5, 6 to 10, 11 to 20, and 
≥21 interpreted as disability grades 1 (little or no disability), 2 (mild disability), 3 
(moderate disability), and 4 (severe disability), respectively.  The literature references cite 
that the MIDAS score is strongly correlated with clinical judgement of the severity of a 
patient's problem with headache and the need for medical care14 15. 

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30050 SAP section 6.2 and 6.4.1.1.

14 Stewart WF et al.  Validity of the Migraine Disability Assessment (MIDAS) score in comparison to a diary-based measure in a population 
sample of migraine sufferers. Pain. 2000 Oct;88(1):41-52.
15 Bigal ME et al.  Assessment of migraine disability using the migraine disability assessment (MIDAS) questionnaire: a comparison of chronic 
migraine with episodic migraine. Headache. 2003 Apr;43(4):336-42.
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Figure 4: MIDAS - Migraine Disability Assessment questionnaire

Reviewer Comment
Please see discussion of the MIDAS self-administered questionnaire in Table 9 and Figure 4 that 
appears to be designed to quantify headache-related disability over a 3 month period.  

There is limited supportive information in the BLA submission (sponsor reference: Stewart W, 
Lipton R. CNS Drugs 2002) regarding what measure or movement in the scale (or domain in the 
scale) should constitute a clinically meaningful change in disability.  The referenced MIDAS 
Perceptions Study investigated whether MIDAS scores reflect headache severity and the need 
for medical care, and a low MIDAS score generally seems to indicate a low need for care, while 
individuals in MIDAS grades III and IV appear to have significant unmet medical care needs.  The 
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MIDAS questionnaire had increasingly perceived relevance as MIDAS grade increased, helped 
the majority of those in MIDAS grades III and IV to understand the impact of their headaches, 
and encouraged those with the greatest disability to seek medical care.  However, there is no 
supportive information with ongoing migraine prophylaxis treatment to interpret the changes in 
level of disability severity for an episodic migraineur in need of migraine prophylaxis i.e., what 
does it mean to an episodic migraineur on migraine prophylaxis therapy to have a MIDAS score 
change from Grade IV (severe disability) to Grade III (moderate disability) rather than a Grade I 
(little or no disability). 
 
While the MIDAS appears to report on those lost days of activity or activity limitations for each 
of the domains be it either in work, chores (household work), and non-work activities (social, 
family and leisure activities) over the previous 3 months, there may be considerable variation in 
reporting their pain experiences (over 3 months) and whether individuals can accurately recall 
features of the chronic pain experiences (e.g. frequency, intensity, interference) providing 
plausibility for biased reporting. A shorter recall period is preferred.  

To show the disability in the episodic and chronic migraine populations, Table 10 provides 
comparisons in % patients with EM and CM based on their MIDAS score reported in the 
literature16.  The MIDAS grade was higher, indicating greater disability, in CM respondents than 
EM respondents.

Table 10: MIDAS Grade and % Disability in Episodic and Chronic Migraineurs

MIDAS Grade MIDAS Score Episodic Migraine
% Disability

Chronic Migraine
% Disability

Grade I 
(little or no disability)

0-5 18% 5%

Grade II 
(mild disability)

6-10 24% 6%

Grade III 
(moderate disability)

11-20 31% 5%

Grade IV 
(severe disability)

21+ 26% 84%

Source: Sanderson JC, et al. J Neurol Neurosurg Psychiatry 2013;84:1309–1317

As reported in the references, the MIDAS questionnaire may facilitate communication between 
doctors and patients, and help physicians to identify those receiving inadequate medical care.  
This reviewer’s assessment is that the MIDAS score can be used in an exploratory fashion but 
does not represent a validated scale for which the degree of change needed to represent a 

16 The World Health Organization (WHO) defines the functional consequence of illness in terms of impairment, functional limitations, and 
disability.  Disability is any restriction or lack (resulting from an impairment) of ability to perform an activity in the manner, or within the range, 
considered to be normal for a human being.  The term disability reflects the consequences of impairment in terms of functional performance 
and activity by the individual, and is a major determinant of the cost of illness.
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clinically meaningful change is understood, and the utility of the scale considering the 3 month 
recall period is limited.
  

Primary Efficacy Endpoint

 mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug

Key Secondary Endpoints

The following key secondary endpoints were pre-specified.
 proportion of patients reaching at least 50% reduction in the monthly average 

number of migraine days during the 12 week period after the 1st dose of study drug
 mean change from baseline (28 day run-in period) in the monthly average number of 

days of use of any acute headache medications during the 12 week period after the 
1st dose of study drug

 mean change from baseline (28 day run-in period) in the number of migraine days 
during the 4 week period after the 1st dose of the study drug

 mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug in patients 
not receiving concomitant migraine preventive medications

 mean change from baseline (day 0) in disability score, as measured by the MIDAS 
questionnaire, at 4 weeks after administration of the last (3rd) dose of study drug

Statistical Analysis Plan - Study 30050 (Episodic Migraine)

In this study, randomization was stratified based on sex, country, and baseline prophylaxis 
migraine medication use (yes, no) to ensure balance for the covariates.  The total number of 
patients receiving concomitant prophylaxis medication during the study was not to exceed 30% 
of the total sample size of the study.

Handling of General Issues
The handling of the following general issues was defined or specified in the Statistical Analysis 
Plan (SAP)

1. Patient Populations for Analysis

The full analysis set (FAS) was defined as all randomized patients who received at least 1 dose 
of study drug and had at least 10 days of post baseline efficacy assessments on the primary 
endpoint.  The FAS was to be used for all efficacy analysis.

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 37
Version date: September 6, 2017 for all NDAs and BLAs

2. Baseline Values

If the run-in period was greater or less than 28 days, the baseline values for calculating the 
change from baseline of the monthly values of the efficacy variables were to be normalized to 
28 days.  The baseline value for calculating change from baseline of the weekly values was to be 
normalized to 7 days.

3. Pooling of Countries

Countries were to be pooled into two regions: United States and Other, which included Japan, 
Czech Republic, Poland, Russia, Canada, Spain, Israel, and Finland.

4. Calculations of Monthly Average Number of Days or hours

The monthly average number of days or hours of efficacy variables (e.g. migraine days, days of 
headache with at least moderate severity, days of headache with any severity, total hours of
headache with any severity, total hours of headache with at least moderate severity, days of 
use of any acute headache medications) during the 12 week period after the 1st dose of study 
drug were to be derived and normalized to 28 days equivalent using the following formula.

The monthly number of days or hours of efficacy variables during a 4 week period after each 
dose was to be derived and normalized to 28 days equivalent using the following formula, 
where monthly data separated by each visit of study drug dosing was to be used.

The baseline values were to be calculated using all data collected in the run-in period.

The percentage of reduction in the monthly average number of an efficacy variable was to be 
calculated as
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where the baseline value was calculated by formula (3) and the postbaseline value in the 
equation was calculated by formula (1) for the variables during the 12 week period or by 
formula (2) for the variables during the 4 week period after each dose for months 1, 2 and 3.

The baseline values for calculating the change from baseline of the weekly number of days of 
the efficacy variables were to use all data collected in the run-in period and be calculated as

The weekly number of days of efficacy variables for each week during the 4 week period after 
the 1st dose of study drug was to be derived and normalized to 7 days equivalent using the 
following formula.

5. Handling Withdrawals and Missing Data

A patient’s monthly number of days/hours of efficacy variables during the 4 week period after 
each dose of study drug was to be calculated for months 1, 2, and 3.

 If a patient had ≥10 days of eDiary data for a month, the monthly number of days/hours 
of efficacy variables was to be prorated to 28 days for that month.

 If a patient had <10 days of eDiary data for a month, the monthly number of days/hours 
of efficacy variables was to be considered as missing.

The weekly number of headache days of at least moderate severity and migraine days was to 
be calculated for the patients’ first 28 calendar days of diary data after the 1st dose of study 
drug.  Each week was defined as 7 calendar days counted from the 1st dose date.

 If the patient had ≥3 days of eDiary data for a week, the weekly number of days of 
efficacy variables was to be prorated to 7 days for that week.

 If the patient had <3 days of eDiary data for a week, the weekly number of days of 
efficacy variables was to be considered as missing for that week.

6. Visit Windows

Study days were numbered relative to the 1st day of study drug administration.  The run-in 
phase was defined as day -28 to -1 before the 1st injection on day 1. 
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Treatment phase including month 1, 2 and 3 was from the beginning of the 1st injection of study 
drug to visit 5/day 84 or the end of treatment visit.  The 3 month visit windows were to be 
separated by each dosing date/time.  Month 1 was from the date/time of the 1st dose of study 
drug administration on day 1 to the date/time just before the 2nd dose.  Month 2 was from the 
date/time of the 2nd dose to the date/time just before the 3rd dose.  Month 3 was from the 
date/time of the 3rd dose to the end of the study on day 84 approximately.

The weekly (7 day) windows for calculating the weekly efficacy endpoints for the first 28 days 
were to be determined based on the 1st dosing day.  The first week was from day 1 to day 7, the 
second week was from day 8 to day 14, the third week was from day 15 to day 21, and the 
fourth week was from day 22 to day 28.  Only the days between the first and the second dose 
were to be included.

Analysis of Efficacy Endpoints

Analysis of the Primary Efficacy Endpoint
The primary efficacy variable is the change from baseline in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug.  According to the 
analysis plan, an analysis of covariance (ANCOVA) method was to be applied for the primary 
analysis.  The model was to include treatment, sex, region, and baseline preventive migraine 
medication use (yes/no) as fixed effects; the baseline number of migraine days and years since 
onset of migraines as covariates.  The least square (LS) means for the treatment groups, LS 
means, and corresponding 95% confidence intervals for the treatment differences, and 
associated p-values were to be provided.

The normality of the residuals from the ANCOVA model was to be checked using Shapiro Wilk’s 
normality test.  In case that the Shapiro Wilk’s test had a p value ≤0.01, Wilcoxon rank-sum test 
was to be conducted as the primary analysis using SAS procedure NPAR1WAY for each active 
treatment group and placebo group.  P-value based on normal approximation from this 
procedure was to be selected for the treatment comparison.  The ANCOVA analysis was to be 
performed as a supportive analysis.

As a sensitivity analysis, a mixed-effect repeated measures (MMRM) analysis model was to be 
implemented to estimate the mean change from baseline in the monthly average number of 
migraine days for the overall 3 month treatment period and by each month to support the 
primary analysis.

The MMRM model was to include baseline value, treatment, sex, region, baseline preventive 
migraine medication use (yes/no), years since onset of migraines, month and treatment-by-
month interaction as fixed effects, and patient in the repeated statement as a random effect.  
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The unconstructed covariance structure was to be used for the repeated observations within a 
patient. 

Analysis of Key Secondary Efficacy Endpoints
According to the analysis plan, an ANCOVA model similar to the one for the primary analysis 
was to be used for the analysis of the mean change from baseline in the monthly average 
number of days of secondary efficacy variables.  The model was to include treatment, sex, 
region, and baseline preventive migraine medication use (yes/no) as fixed effects; the underline 
baseline values and years since onset of migraines as covariates. 

An MMRM model similar to the one used as sensitivity analysis for the primary efficacy variable 
was to be implemented to estimate the mean change from baseline in the monthly average 
number of days of use of any acute headache medications. 

Cochran Mantel-Haenszel test stratified by baseline preventive migraine medication use 
(yes/no) was to be used for analyzing the proportion of patients reaching at least 50% reduction 
in the monthly average number of migraine days during the 12 week period after the 1st dose of 
study drug.  The SAS Proc FREQ was to be used to carry out this analysis.

The change from baseline in the MIDAS total scores was to be analyzed using the same 
ANCOVA method as described for the primary endpoint.

For all relevant secondary endpoints, the normality of the residuals from each ANCOVA model 
was to be checked using Shapiro Wilk’s normality test.  In case that the Shapiro Wilk’s test 
resulted in p-value ≤0.01, Wilcoxon rank-sum test was to be conducted as the primary analysis.  
The ANCOVA analysis was to be considered as a supportive analysis. 

Multiple Comparisons and Multiplicity Adjustment
There is one primary endpoint and 5 key secondary endpoints with two dose groups.  
Therefore, there are 12 comparisons, including the primary one, to be tested.  A fixed-sequence 
(hierarchical) testing procedure to control the type 1 error rate was specified in the SAP as 
follows:

1. mean change from baseline (28-day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV-
48125 225/225/225 mg treatment group versus the placebo treatment group

2. proportion of patients reaching at least 50% reduction in monthly average number of 
migraine days during 12 week period after the 1st dose of study drug for the TEV-48125 
225/225/225 mg treatment group versus the placebo treatment group

3. mean change from baseline (28-day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV-
48125 675 mg/placebo/placebo treatment group versus the placebo treatment group
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4. mean change from baseline (28 day run-in period) in the number of migraine days 
during the 4 week period after the 1st dose of the study drug for the TEV-48125 675 
mg/placebo/placebo treatment group versus the placebo treatment group 

5. proportion of patients reaching at least 50% reduction in the monthly number of 
migraine days during 12 week period after the 1st dose of study drug for the TEV-48125 
675 mg/placebo/placebo treatment group versus the placebo treatment group

6. mean change from baseline (28 day run-in period) in the monthly average number of 
days of use of any acute headache medications during the 12 week period after the 1st 
dose of the study drug for the TEV-48125 225/225/225 mg treatment group versus the 
placebo treatment group

7. mean change from baseline (28 day run-in period) in the monthly average number of 
days of use of any acute headache medications during the 12 week period after the 1st 
dose of study drug for the TEV-48125 675 mg/placebo/placebo treatment group versus 
the placebo treatment group

8. mean change from baseline (28 day run-in period) in the number of migraine days 
during the 4 week period after the 1st dose of the study drug for the TEV-48125 
225/225/225 mg treatment group versus the placebo treatment group

9. mean change from baseline (day 0) in disability score, as measured by the MIDAS 
questionnaire, at 4 weeks after administration of the last (3rd) dose of study drug for 
the TEV-48125 225/225/225 mg treatment group versus the placebo treatment group

10. mean change from baseline (day 0) in disability score, as measured by the MIDAS 
questionnaire, at 4 weeks after administration of the last (3rd) dose of study drug for 
the TEV-48125 675 mg/placebo/placebo treatment group versus the placebo treatment 
group

11. mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV-
48125 225/225/225 mg treatment group versus the placebo treatment group in patients 
not receiving concomitant migraine preventive medications

12. mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV-
48125 675 mg/placebo/placebo treatment group versus the placebo treatment group in 
patients not receiving concomitant migraine preventive medications

Sample Size Calculation
A total of 768 patients were planned to be randomized in this study to have 675 completers
(225 completers per treatment group); a 12% drop-out rate was anticipated.  A sample size of
675 patients (i.e., 225 evaluable patients completing the study per treatment group) was 
expected to provide 90% power to detect a 1.6 difference in migraine days between an active 
arm and placebo arm at an alpha level of 0.05, assuming a common standard deviation (SD) of 
5.2 days.
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Changes in the Conduct of the Study or Planned Analyses

SAP Amendments
Amendment 2 of the statistical analysis plan (SAP) was finalized for study 30050 on May 18, 
2017.  The reporting database was validated and locked for analysis on May 18, 2017.
Initial SAP May 31, 2016
Amendment 1 March 27, 2017

Interim Analysis for Safety and Futility
There was no blinded interim analysis planned or an independent DMC. 

Protocol Amendments

The protocol for study 30050 was approved on October 21, 2015; and amended once on March 
30, 2016 providing further clarification for the study definition and endpoints in addition to the 
permitted concomitant medications. 

6.1.2. Study Results 

Table 11: Study 30050 Summary

Study TV48125-CNS-30050 3-month double-blind treatment phase complete;
Randomized patients with at least 1 injection: FMB 581 + PBO 294

Monthly:
 225mg/month maintenance dose

Quarterly: 
 675 mg (three 225 mg subcutaneous injections) once every 3-months

Justification for Phase 3 Study 30050 Dose Regimens 
Phase 2 Episodic Migraine Study LBR-101-022 results
Please see brief explanation of study design for phase 2 episodic migraine study LBR-101-022 in 
section 6.1.1.  In the phase 2 EM study LBR-101-022, patients in the active treatment groups 
received either dose of fremanezumab at 225 mg administered monthly for 3 months or 675 
mg given monthly for 3 months (Figure 5).  There was no difference in efficacy between 
monthly 225 mg or monthly 675 mg dose in EM patients beginning after the first injection 
during the 4 week intervals for the endpoints migraine days or headache days of any severity.  
Teva considered the fremanezumab acceptable tolerability, long terminal elimination half-life 
(T½ ~ 45 days) and ability to administer SC as potential therapeutic candidate for the 
prophylaxis treatment of CM and EM. 
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Figure 5: Phase 2 study LBR-101-022 Episodic Migraine Topline Efficacy

Teva selected fremanezumab 225 mg dose monthly as the treatment for 1 of the active 
treatment groups in this phase 3 study in patients with EM (study 30050) considering the lower 
dose for administration when the two doses (monthly 225 and 675 mg) were equivalent.  A 2nd 
active treatment group, fremanezumab 675 mg quarterly was included to examine the 
potential for loss of efficacy within a 3 month treatment period following a single SC 
administration. 
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Compliance with Good Clinical Practices

Teva provided attestation that the study was conducted in accordance with the CFR governing 
the protection of human subjects (21 CFR part 50), Institutional Review Boards (21 CFR part 56), 
and the obligations of clinical investigators (21 CFR 312.50 to 312.70) in accordance with good 
clinical practice (GCP).

Financial Disclosure

Teva provided certification that there was no financial agreement with the clinical investigators 
defined in 21 CFR part 54.2 for either study 30050 or 30049 whereby the value of compensation 
to the investigator could be affected by the outcome of the study as defined in 21 CFR 54.2(a).  
Financial disclosure and certification information was submitted in module 1.3.4 included in 
Form FDA 3454 with Certification from applicant for those investigators (Box 1 checked) with 
no disclosable financial interests or arrangements.  Teva appended a list of clinical investigators 
to Form FDA 3454.

The investigators with any financial interests were identified in Form FDA 3454 as noted below 
with full disclosure regarding the terms of such arrangements in accordance with 21 CFR 
54.2(b).  Because study 30050 and 30049 were double-blind studies with multiple investigators, 
and the proportionate contribution from site’s included below to the overall recruitment 
towards each of the studies (see table below) were very small, it does not appear that the 
outcome or the interpretation of study results affected study integrity with regard to the 
financial interests of the investigators.  In addition, the primary and secondary endpoints were 
measured by electronic devices that were completed by the patients and study blinding was 
maintained.

Investigator/
Site Number

Declaration Total 
Randomized in 
Study

Randomized by 
Site 
N (%)

MD
Site

a total financial interest of stock valued at $150,000 30049 = 1130
30050 =   875
30051 = 1889

4 (0.35%
10 (1.1%)

6 (0.3%)
Site Site 

30049 = 1130 21 
(1.8%)

14 
(1.2%)

30050 =   875 14 
(1.6%)

9 
(1.0%)

 MD
Site 
Site 

Payments from Teva as grants to fund ongoing research, 
compensation in the form of equipment, retainer for 
ongoing consultation, or honoraria valued at $38,521 
made between 2015 -2017

30051 = 1889 34 
(1.8%)

23 
(1.2%)
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Patient Disposition

Screen failures
A total of 2995 patients consented and were screened for either study 30050 and 30049, and 
875 patients were randomized to study 30050 after meeting entry criteria, including diagnostic 
criteria for EM and diary compliance during the run-in period and these patients received at 
least 1 dose of IP were included in the intent to treat (ITT) population.  Many of the screened 
patients met eligibility for CM study.  The most common reason for screen failure was patients 
not meeting criteria for study enrollment based on migraine headache information collected in 
the eDiary during the prospective baseline phase.

Table 12: Study 30050 Patient Disposition

Patient Disposition Placebo 
(N=294)

FMB 675mg/pbo/pbo 
(N=291)

FMB 225/225/225 mg
(N=290)

Completed DB period 265 (90%) 264 (91%) 262 (90%)
Discontinued DB period 29 (10%) 27 (9%) 28 (10%)

Adverse Event 7 (2%) 5 (2%) 4 (1%)
Lack of Efficacy 0 0 0
Lost to Follow-up 12 (4%) 9 (3%) 4 (1%)
Pregnancy 2 (<1%) 1 (<1%) 0
Protocol Deviation 2 (<1%) 3 (1%) 7 (2%)
Withdrawal by 
Patient 5 (2%) 8 (3%) 13 (4%)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 3 ISE) Fremanezumab = FMB

Post-Randomization
A total of 875 randomized patients received at least 1 dose of investigational product and were 
included in the ITT population.  791 patients (90%) completed the double-blind treatment 
phase.  A sensitivity analysis on the primary endpoint was conducted removing patients with an 
eligibility related important protocol deviation (4% patients) and the conclusion remained 
unchanged (Per protocol subjects Study 30050 CSR Table 15.8.2.1).  The other protocol 
deviations identified (CSR Table 6) affected small numbers of patients relative to the study 
population, or that had minimal impact on study efficacy.

Baseline Demographic and Disease Characteristics

There were no significant differences between the treatment groups with respect to their 
baseline demographic and baseline disease characteristics that were generally similar between 
patients in each treatment group, Table 13.  Overall, the study population was representative of 
the US migraine population based on available epidemiological data with over 85% white 

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 46
Version date: September 6, 2017 for all NDAs and BLAs

females older than 25, of which approximately 40% subjects were >45 years old.  Between 6-
14% of the subjects included patients of Asian or African American race.  

The enrolled episodic migraineurs experienced at baseline on average 9 migraine days and 11 
headache days.  At baseline about 65% patients experienced between 8-14 mean numbers of 
monthly migraine headache days (see definitions Table 9).  Overall, treatment groups were 
balanced with respect to baseline disease characteristics and any treatment group differences 
were not considered meaningful on the study outcomes (Table 14).  Concomitant migraine 
prophylaxis medications were permitted in 20% patients.  There were no differences across 
groups in the baseline rescue acute medications use.  

Table 13: Study 30050 Episodic Migraine Demographic Characteristics

Fremanezumab

Demographic Parameters

Placebo
Monthly
 (N=294)

n (%)

675mg/pbo/pbo 
(N=291)

225/225/225 mg
(N=290)

Total
(N=875)

n (%)
Sex

Male 47 (16) 40 (14) 46 (16) 133 (15)
Female 247 (84) 251 (86) 244 (84) 742 (85)

Age
Mean years (SD) 41.3 (12.04) 41.1 (11.41) 42.9 (12.67) 41.8 (12.06)
Median (years) 41.0 42.0 43.0 42.0 
Min, max (years) (18, 70) (18, 69) (18, 70) (18, 70)

Age Group
≥ 18 - ≤ 24 years 28 (10) 24 (8) 26 (9) 78 (9)
≥ 25 - ≤ 44 years 139 (47) 145 (50) 131 (45) 415 (47)
≥ 45 - ≤ 64 years 117 (40) 119 (41) 124 (43) 360 (41)
≥ 65 years 10 (3) 3 (1) 9 (3) 22 (3)

Race
White 225 (77) 232 (80) 243 (84) 700 (80)
Black or African American 40 (14) 28 (10) 18 (6) 86 (10)
Asian 25 (9) 27 (9) 25 (9) 77 (9)

Race group
Caucasian 225 (77) 232 (80) 243 (84) 700 (80)
Non-Caucasian 69 (23) 59 (20) 47 (16) 175 (20)

Ethnicity
Not Hispanic or Latino 267 (91) 251 (86) 252 (87) 770 (88)
Hispanic or Latino 27 (9) 39 (13) 37 (13) 103 (12)

BMI Category
Underweight (<18.5/Kg/m2) 5 (2) 7 (2) 5 (2) 17 (2)
normal (≥18.5 and <25/Kg/m2) 106 (36) 106 (36) 127 (44) 339 (39)
Overweight (≥25 and <30/Kg/m2) 94 (32) 88 (30) 91 (31) 273 (31)
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Obese (≥30 Kg/m2) 89 (30) 90 (33) 67 (23) 246 (28)
Region 

North America 229 (78) 233 (80) 231 (80) 693 (79)
United States 224 (76) 229 (79) 226 (78) 679 (78)
Canada 5 (2) 4 (1) 5 (2) 14 (2)

Europe 36 (12) 28 (10) 30 (10) 94 (10)
Czech Republic 14 (5) 11 (4) 12 (4) 37 (4)
Finland 3 (1) 3 (1) 1 (<1) 7 (<1)
Poland 8 (3) 5 (2) 7 (2) 20 (2)
Russian Federation 9 (3) 7 (2) 9 (3) 25 (3)
Spain 2 (<1) 2 (<1) 1 (<1) 5 (<1)

Rest of the World 29 (10) 33 (10) 30 (10) 88 (10)
Japan 24 (8) 26 (9) 25 (9) 75 (9)
Israel 5 (2) 4 (1) 4 (1) 13 (1)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 4, CSR for study 30050).  
Fremanezumab = FMB

Table 14: Study 30050 Episodic Migraine Baseline disease Characteristics

Fremanezumab
Baseline Disease Characteristics, 

Important Concomitant Drugs

Placebo
Monthly
 (N=294)

n (%)

675mg/pbo/pbo 
(N=291)

225 /225/225 mg 
(N=290)

Total
(N=875)

n (%)
Number of migraine days

Mean (SD) 9.1 (2.65) 9.3 (2.65) 8.9 (2.63) 9.1 (2.64)
Median (min, max) 9.0 (4, 15) 9.0 (4, 17) 9.0 (3, 16) 9.0 (3, 

17)
≤ 8 days 99 (34) 93 (32) 102 (35) 294 (34)
8< and ≤ 14 days 189 (65) 190 (65) 180 (63) 559 (64)
14< and ≤ 22 days 5 (2) 8 (3) 6 (2) 19 (2)

Number of headache days of any severity
Mean (SD) 11.2 

(2.45)
11.1 

(2.42)
11.0 

(2.49)
11.1 

(2.45)
Median (min, max) 11.7 

(6, 16)
11.0 

(6, 18)
11.2 

(6, 17)
11.4 

(6, 18)
Number of headache days of at least moderate severity

Mean (SD) 6.9 (3.12) 7.2 (3.14) 6.8 (2.90) 7.0 (3.06)
Median (min, max) 7.0 (0, 15) 7.0 (0, 16) 6.5 (0, 15) 7.0 (0, 

16)
Number of headache hours of any severity

Mean (SD) 55.7 
(26.47)

57.1 
(29.97)

57.1 
(30.04)

56.7 
(28.84)

Median (min, max) 50.0 50.0 51.7 50.2 
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(9, 192) (8, 206) (9, 211) (8, 211)
Number of headache hours of at least moderate severity

Mean (SD) 31.6 
(23.21)

33.3 
(25.41)

31.7 
(23.65)

32.2 
(24.09)

Median (min, max) 26.1 
(0, 178)

27.0 
(0, 179)

26.2 
(0, 190)

26.7 
(0, 190)

Number of days of use of any acute headache medications/ Abortive Medication Use
Mean (SD) 7.7 (3.60) 7.8 (3.74) 7.7 (3.37) 7.8 (3.57)
Median (min, max) 8.0 (0, 15) 8.0 (0, 16) 7.7 (0, 15) 8.0 (0, 

16)
Number of days of use of Triptans/Ergots Use

N 137 152 148 437
Mean (SD) 7.1 (2.99) 6.6 (3.07) 6.1 (3.09) 7.8 (3.57)
Median (min, max) 7.0 (1, 14) 7.0 (1, 14) 6.0 (0, 14) 6.8 (1, 

14)
Prophylactic medication use, Yes

Mean (SD) 60 (21) 58 (20) 62 (22) 180 (21)
MIDAS total score

N 290 287 287 864
Mean (SD) 37.3 

(27.59)
41.7 

(32.96)
38.0 

(33.19)
39.0 

(31.36)
Median (min, max) 32.5 

(0, 156)
33.0 

(0, 206)
33.0 

(0, 306)
33.0 

(0, 306)
Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 5, CSR for study 30050).  
Electronic Headache Diary Data.  Fremanezumab = FMB

Efficacy Results – Primary Endpoint

The efficacy results from analyses of the primary endpoint and secondary endpoints presented 
in this section represent the ones reported by the sponsor and confirmed by the statistical 
reviewer unless noted otherwise.

A total of 865 patients (290 in the placebo group, 288 in the fremanezumab 675 
mg/placebo/placebo group and 287 in the fremanezumab 225/225/225 mg group) in the Full 
Analysis Set (FAS) were included in the efficacy analysis.  Seven randomized and treated 
patients in the ITT patient population (3 in the placebo group, 3 in the fremanezumab 675 
mg/placebo/placebo group and 1 in the fremanezumab 225/225/225 mg group) who had less 
than 10 days of diary data were excluded from FAS for efficacy analysis.

Results from Analysis of the Primary Endpoint
At baseline, the mean number of migraine days was about 9 days for all 3 treatment groups.  
The estimates of the mean change from baseline in the monthly average number of migraine 
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days from the ANCOVA model were -2.2, -3.4, and -3.7 for the placebo group, fremanezumab 
675 mg/placebo/placebo group, and fremanezumab 225/225/225 mg group, respectively.  The 
adjusted mean treatment difference was -1.3 between fremanezumab 675 
mg/placebo/placebo group and the placebo group, and the difference was -1.8 between 
fremanezumab 225/225/225 mg group and the placebo group (the primary comparisons), both 
with a p-value of <.0001. 

Due to the 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 p-values of <.0001 for comparisons of each of the active 
treatment groups versus placebo.  The Wilcoxon rank-sum test does not provide estimates of 
the treatment difference, and the relevant observed medians of the treatment groups are 
provided (Table 15).

Sensitivity analysis using the specified MMRM model confirmed the positive findings as well.  
Table 15 summarizes the results.

Table 15: Change from Baseline in Monthly Average Number of Migraine Days – Study 30050

FremanezumabChange in Monthly Average 
Number of Migraine Days Placebo

(N=290)
675 mg/placebo/placebo

(N=288)
225/225/225 mg

(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. of the difference
   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
Source: Statistical Reviewer’s Analysis

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 50
Version date: September 6, 2017 for all NDAs and BLAs

Figure 6: Change from Baseline in Monthly Average Number of Migraine Days – Study 30050

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Figure 17.1.1, CSR for study 30050).  
Fremanezumab = TEV-48125 

A total of 54 (6.2%) subjects (17 [5.9%] in the placebo group, 23 [8.0%] in the fremanezumab 
675 mg/placebo/placebo group and 14 [4.9%] in the fremanezumab 225/225/225 mg group) 
had second dose less than 25 days after the first dose administration.  The specified dosing 
window was 28 (+ 3) days.  A sensitivity analysis excluding those subjects was performed.  The 
results were similar to the ones from the primary analysis. 

Results from analysis on the per-protocol patient population were similar.

Post Hoc Distribution Analysis of the average change from baseline in migraine headache days 
The sponsor’s Figure 7 plotted post hoc as histogram by dose (placebo, 675mg/placebo/placebo 
and 225/225/225 mg treatment groups) based on the distribution of the average change from 
baseline in migraine headache days (MHDs).  The x-axis represented the change from baseline 
in number of monthly migraine days (including all patients with either negative or positive 
values on this measure).  The y-axis represented the relative frequency (%) of patients with 
change from baseline in MHDs falling within each specific bar of the histogram.  Percentages 
were calculated based on the total number of patients with non-missing average change in 
MHD within each treatment arm.  The number of patients represented by each histogram bar is 
displayed on top of each respective bar.

Note to reader: As an instructional example in interpreting the histogram, note that 23% 
(68/290) of placebo patients in Study 30050 had an average change from baseline in MHDs of ≥-
3 to <-2.
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Both fremanezumab monthly and quarterly dosing regimens consistently had greater reduction 
in the monthly number of migraine days as indicated by the shift to the left in the active 
treatment groups as compared to placebo group and in those patients who experienced at least 
4 day reduction, which indicates more improvement with the active treatment than with 
placebo.

Figure 7: Study 30050 Histogram for Change from Baseline in Monthly Number of Migraine 
days

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0015. Module 1.11.3 (Study 30050, Adhoc Figure 31) 
The early discontinued patients are considered as non-responder for overall analysis. Source table: Adhoc Summary 20.

Efficacy Results – Key Secondary endpoints

Secondary endpoints were analyzed in the order of hierarchy of the variables specified in the 
SAP.  Results are presented in Table 16.

Table 16: Results from Analysis of Secondary Endpoints – Study 30050

Fremanezumab
Secondary Efficacy Endpoints Placebo

(N=290)
675 mg/placebo/placebo

(N=288)
225/225/225 mg

(N=287)
Proportion with > 50% reduction, 
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n (%)
     Overall
     p-value

     Month 1
     Month 2
     Month 3

81 (27.9)

73 (25.2)
101 (34.8)
108 (37.2)

128 (44.4)
<0.0001

127 (44.1)
135 (46.9)
141 (49.0)

137 (47.7)
<0.0001

135 (47.0)
139 (48.4)
147 (51.2)

Change in days of acute meds use
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

     Month 1 LS mean
     Month 2 LS mean
     Month 3 LS mean

-1.6 (0.21)

-1.3
-1.9
-1.8

-2.9 (0.22)
-1.3 (0.24) 
<0.0001

-3.0
-3.0
-2.6

-3.0 (0.22)
-1.4 (0.24) 
<0.0001

-3.1
-3.2
-2.7

Change at Week 4 in migraine days
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

-1.7 (0.28) -3.3 (0.29)
-1.6 (0.32)
<0.0001

-3.5 (0.29)
-1.8 (0.32)
<0.0001

Change in migraine days in 
patients with no preventive meds
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

     Month 1 LS mean
     Month 2 LS mean
     Month 3 LS mean

N=230 (79%)

-2.4 (0.26)

-1.8
-2.7
-2.9

N=230 (80%)

-3.5 (0.27)
-1.1 (0.31)
<0.0001

-3.3
-3.8
-3.7

N=225 (78%)

-3.7 (0.27)
-1.3 (SE)
<0.0001

-3.4
-3.9
-3.9

Change in MIDAS total score*
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

N=274
-17.8 (1.54)

N=271
-23.0 (1.57)
-5.2 (1.73)

0.0027

N=274
-24.4 (1.54)
-6.6 (1.72)

0.0001
*The results from analysis of MIDAS score are slightly different from the sponsor’s analysis.
Source: Statistical Reviewer’s Analysis

Overall, 44% of the subjects in the fremanezumab 675 mg/placebo/placebo group and 48% of 
subjects in the fremanezumab 225/225/225 mg group, compared to 28% of the subjects in the 
placebo group, had at least 50% reduction in the monthly average of migraine days during the 
12 week treatment period, and after considering the placebo response rate there was on 
average 20% difference in response.  The p-value from the comparison of each of the active 
treatment groups versus the placebo group was < 0.0001.

Approximately 94% of the subjects took some acute headache medications at least once during 
the baseline and in the treatment period.  A reduction from baseline in the average monthly 
number of days of acute headache medication use was observed across all treatment groups 
with a mean reduction of 3 days in both fremanezumab 675 mg/placebo/placebo group and 
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fremanezumab 225/225/225 mg groups, compared to a reduction of 1.6 days in the placebo 
group.  Both comparisons reached statistical significance (p<0.0001). 

The analysis of the mean change from baseline in the monthly average number of migraine 
days during the 4 week period after the 1st dose of study drug showed statistically significant 
greater reductions in both active treatment groups compared to the placebo group with a p-
value of < 0.0001.  The reduction in the monthly average number of migraine days during the 4 
week period were 3.3 days and 3.5 days for fremanezumab 675 mg/placebo/placebo group and 
fremanezumab 225/225/225 mg group, respectively, compared to 1.7 days in the placebo 
group.

About 21% of the patients in each treatment group used concomitant migraine prophylaxis 
medication.  These subjects were excluded from the analysis of the change from baseline in the 
monthly average number of migraine days in subjects not receiving concomitant migraine 
prophylaxis medication (Table 17).  The results from the subgroup analysis in patients who were 
not using concomitant migraine prophylaxis medication, which was also the majority episodic 
migraineur primary efficacy analysis study population, were similar to the primary analysis 
(Table 16).

Disability scores in this study were measured by MIDAS total score at 4 weeks after the last 
dose of study drug.  About 5% of the subjects were not assessed.  The missing disability score 
and the handling of the missing score in the analysis were not reported by the sponsor.  A 
treatment difference of -5.2 points (p=0.0027) between fremanezumab 675 
mg/placebo/placebo group and the placebo group and a difference of -6.6 points (p = 0.0001) 
between the fremanezumab 225/225/225 mg group and the placebo group were observed.  
The results from the reviewer’s analysis for this measure without imputation of the missing 
data (Table 16) is slightly different from that reported by the sponsor, probably due to the 
handling of the missing data.  

Except for the change in migraine days during the 4 week period and MIDAS total score, which 
were measured only once, all other secondary endpoints exhibited the same pattern as 
observed in the primary endpoint such that fremanezumab 225/225/225 mg group showed 
slightly better efficacy than fremanezumab 675 mg/placebo/placebo group from month 1 to 
month 3.

Efficacy Results –other relevant endpoints

Additional variables were considered that were not pre-specified with a priori statistical 
methods applied to control for multiplicity (Table 17).  All results should be interpreted in the 
context that the results are from post hoc analysis without adjusting for multiplicity. 
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The mean change from baseline in the monthly average number of headache days of any 
severity (with headache of at least a 4 hour duration), and for at least moderate severity during 
the 12 week period after the 1st dose of study drug showed similar reductions in both dose 
groups from placebo in favor of fremanezumab, and there appeared to be at least a 50% 
reduction in the mean numbers of headache hours in the fremanezumab treated population.  
There appeared to be no difference in the treatment favoring the fremanezumab groups 
whether these patients received concomitant medications or not, in the small subgroup 
included. 

Table 17: Study 30050 Additional Efficacy Analyses

Episodic Migraine Study 30050 (Months 1 to 3)
Statistic

Placebo (N=290)
FMB 675mg/pbo/pbo

(N=288)
FMB 225/225/225 mg

(N=287)
Change from Baseline in Number of Monthly headache days of any severity
LS mean (SE) -1.7 (0.23) -3.2 (0.24) -3.3 (0.23)
Comparison with Placebo
LS mean (SE) -1.5 (0.26) -1.6 (0.26)
Change from Baseline in Number of Monthly Headache Days of at least Moderate Severity
LS mean (SE) -1.5 (0.21) -3.0 (0.22) -2.9 (0.21)
Comparison with Placebo
LS mean (SE) -1.5 (0.24) -1.5 (0.24)
Change from Baseline in Number of Monthly Headache Hours of any severity
mean Baseline hours 55.9 57.3 57.1 
mean overall change 43.2 35.2 31.0
mean reduction -12.7 -22.1 -26.1
Change from Baseline in Number of Monthly Headache Hours of at least Moderate Severity
mean Baseline hours 31.8 33.4 31.7
mean overall change 23.3 17.6 15.8
mean reduction -8.5 -15.8 -15.9
mean change from baseline Migraine Days in patients using Concomitant Migraine Preventive 
Medication

(N=60) (N=58) (N=62)
LS mean change (SE) -2.0 (0.50) -3.7 (0.53) -4.0 (0.49)
Comparison with Placebo
LS mean (SE) -1.8 (0.61) -2.0 (0.60)
Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Modified format. Module 5.3.5.1 (Table CSR Summary 15.10.1.2, Summary 
15.11.1, Table 15.12.3, Table 15.13.3, ISE Table 15).  Fremanezumab = TEV-48125

Post-Hoc Distribution of specified percentage levels of reduction for the average change from 
baseline in migraine headache days (MHDs) (Figure 8)
The sponsors post-hoc analysis of responder rates for the percent reduction from baseline in 
the monthly average number of migraine days during the 12 week period is shown in Figure 8 
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for the distribution analysis presented as a histogram by dose (placebo, 
675mg/placebo/placebo and 225mg/225/225 treatment groups) based on the average change 
from baseline in migraine headache days (MHDs) displayed as “bins” of either 0 ≤ 25% 
reduction of migraine days/month from baseline, >25 - ≤ 50%, >50% - ≥ 75% and >75- ≤ 100% 
reduction.  The y-axis represents the mean percentages of patients within each category for 
each treatment arm.  The numbers of patients are displayed on top of each bar.

Patients receiving fremanezumab experienced the greatest levels of reduction in the average 
number of migraine days.  Significantly more patients treated with either fremanezumab 
monthly or quarterly dosing regimen had reductions of 50% to 75% or 75% to 100% from 
baseline in the monthly average number of migraine days as compared to patients treated with 
placebo, although there does not appear any dose response between the active treatments.

Figure 8: Study 30050 Histogram Percent Change from Baseline in Migraine Headache Days

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Modified format. Module 5.3.5.1 (Figure 12, ISE Source table: Adhoc Summary 20.).  
Fremanezumab = TEV-48125.  The early discontinued patients are considered as non-responder for overall analysis. 

Subpopulations

Studies 30050 was not designed to compare efficacy between these subgroups discussed below 
for the pre-specified primary endpoint in the episodic migraine populations.  In addition, the 
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subgroups for study 30050 and 30049 were not combined due to the differences in the study 
populations, and the endpoint.  

Analyses of the primary endpoint by subpopulations of demographic and baseline 
characteristics were performed to examine if there were any significant discrepancies in 
efficacy among these subpopulations.  The majority (88%) of the subjects were females.  About 
80% of the subjects were Caucasians and the number of subjects in other races (American 
Indian, Asian, Black, Native Hawaiian and Other) were too small to provide meaningful 
statistics.  Therefore, the race is grouped as White (Caucasian) and Other.  Grouping by age and 
baseline BMI values were based on clinical background relevant to migraine patients and 
patients with BMI < 18.5 were not included in Table 18 because the number of patients is too 
small to provide accurate estimates.

No serious discrepancies among the subpopulations were found.  Inconsistencies in efficacy 
among patients younger than 25 years old should not be interpreted as lack of efficacy in the 
subgroup as the number of patients is small and large variation plays a role.  The results are 
presented in Table 18.  Overall, the subgroup analyses suggest there were differences in 
magnitude of effect between fremanezumab and placebo, and there appeared to be consistent 
directional differences of effect for fremanezumab compared with placebo, although with no 
subgroup indicating dose response. 

Table 18: Study 30050 Episodic Migraine Subgroup Analysis

Fremanezumab
Change in Monthly Average 
Number of Migraine Days

Placebo
(N=290)

675mg/placebo/placebo
(N=288)

225mg/225/225 
(N=287)

Age (years)
   < 25 years
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  25 to < 45 years  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo 
   > 45 years
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

27 (9.3)
-3.6 (0.91)

138 (47.6)
-1.9 (0.40)

125 (43.1)
-2.1 (0.35)

24 (8.3)
-4.7 (1.03)
-1.1 (1.07)

143 (49.7)
-3.2 (0.39)
-1.3 (0.39)

121 (42.0)
-3.4 (0.36)
-1.4 (0.41)

25 (8.7)
-3.4 (1.03)
0.2 (1.06)

129 (45.0)
-3.4 (0.39)
-1.5 (0.40)

133 (46.3)
-3.9 (0.34)
-1.8 (0.40)

Gender
   Male
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  Female  

46 (15.9)
-2.8 (0.58)

39 (13.5)
-3.6 (0.66)
-0.9 (0.77)

45 (15.7)
-3.9 (0.59)
-1.1 (0.74)

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 57
Version date: September 6, 2017 for all NDAs and BLAs

     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

244 (84.1)
-2.0 (0.24)

249 (86.5)
-3.3 (0.24)
-1.3 (0.29)

242 (84.3)
-3.5 (0.24)
-1.5 (0.30)

Race
   White
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  Other  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

222 (76.6)
-2.2 (0.28)

68 (23.4)
-2.3 (0.56)

231 (80.2)
-3.5 (0.29)
-1.3 (0.30)

57 (19.8)
-3.5 (0.58)
-1.2 (0.67)

240 (83.6)
-3.7 (0.28)
-1.5 (0.30)

47 (16.4)
-3.6 (0.61)
-1.3 (0.71))

Region
   North America
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo  
  Europe  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
   Other
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

225 (77.6)
-3.1 (0.27)

36 (12.4)
-1.0 (0.78)

29 (10.0)
-0.2 (0.67)

230 (79.9)
-4.1 (0.27)
-1.0 (0.30)

28 (9.7)
-2.8 (0.95)
-1.9 (0.97)

30 (10.4)
-2.8 (0.66)
-2.7 (0.85

228 (79.4)
-4.2 (0.26)
-1.1 (0.30)

30 (10.5)
-3.6 (0.89)
-2.7 (0.96)

29 (10.1)
-3.3 (0.67)
-3.1 (0.86)

BMI
   18.5 to < 25  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  >  25 to < 30
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  >  30
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

104 (35.9)
-1.6 (0.43)

93 (32.1)
-2.7 (0.42)

88 (30.3)
-3.4 (0.52)

105 (36.5)
-3.1 (0.43)
-1.4 (0.48)

89 (30.9)
-3.7 (0.45)
-1.0 (0.49)

87 (30.2)
-4.1 (0.50)
-0.7 (0.47)

125 (43.6)
-3.4 (0.40)
-1.8 (0.46)

91 (31.7)
-4.0 (0.42)
-1.3 (0.48)

66 (23.0)
-4.3 (0.58)
-0.9 (0.49)

Baseline migraine days
   < 8 days
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  > 8 days  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

125
-1.5 (0.34)

165
-2.7 (0.36)

114
-3.1 (0.31)
-1.6 (0.35)

174
-3.7 (0.37)
-0.9 (0.40)

122
-2.9 (0.30)
-1.5 (0.34)

165
-4.1 (0.37)
-1.4 (0.40)

Source: Statistical reviewer’s analysis
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Discussion of Statistical Issues and Efficacy Conclusions

A total of 875 subjects were randomized with 865 subjects who had at least 10 days of diary 
data included in the FAS for efficacy analysis.  Among the FAS subjects, the dropout rate was 
near 9% (26 [9.0%] for the placebo group, 24 [8.3%] for the fremanezumab 675 
mg/placebo/placebo group and 25 [8.7%] for the fremanezumab 225/225/225 mg group).  The 
average monthly migraine days were calculated based on dosing period rather than on the 
dosing window (28 + days).  About 15% of the subjects were dosed outside of the dosing 
window; 7% received 2nd or 3rd dose less than 25 days from the previous dose and 8% received 
dose more than 31 days from the previous dose.  Dosing period up to 84 days was observed in 
the first dosing period for all 3 treatment groups.

Sensitivity analyses were performed to evaluate the impact of the above issues on the efficacy 
results.  Since the effect of the study drug started early within the first month and duration of 
the effect was long, it is concluded that the impact of dosing outside the dosing window and 
the missing value due to dropout are not likely to cause serious bias of the estimates of 
efficacy. 

Overall, the study demonstrated efficacy in the primary endpoint and all secondary endpoints.  
The efficacy results are consistent and robust.

Dose/Dose Response

The lowest effective doses in the phase 2 studies along with the PK information for 
fremanezumab was used to determine the two dose regimens of fremanezumab (i.e., 675 
mg/placebo/placebo and 225/225/225mg) selected for further evaluation in the phase 3 
episodic migraine study 30050.  Please see 6.1.1 for dose justification discussion and the 
beginning of this section showing phase 2 study results (Figure 5). 

As discussed above for the primary and several other efficacy endpoints in study 30050 there 
was statistically significant mean between-group difference favoring fremanezumab compared 
to placebo with onset of effect as early as month 1 (Figure 6 and Table 16) that is maintained 
and showing reductions in endpoint variables through month 3.  Although the higher initial 
dose of fremanezumab 675 mg (administered quarterly) does not seem to provide better 
efficacy than the initial dose of fremanezumab 225 mg at month 1.  In addition, while the 
fremanezumab 225/225/225 mg group showed larger reduction in the monthly average 
number of migraine days at month 1, it continued to show better efficacy throughout the study 
as compared to fremanezumab 675 mg/placebo/placebo group, which appeared to be due to 
the additional monthly SC administration of fremanezumab 225 mg (Figure 6).  The results are 
suggestive that lower monthly fremanezumab 225/225/225 mg might provide continued 
benefit to maintain the efficacy as shown in Figure 6. 
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Onset, Duration and Durability of Response

The treatment effects of fremanezumab for the primary efficacy variables including the 
secondary measures were observed as early as month 1 after the initiation of treatment and 
persisted throughout the 12 week treatment periods.  As discussed above, there was slight loss 
of efficacy with fremanezumab 675 mg administered quarterly.  The results were fairly 
consistent showing persistence of treatment effect over the 12 week study period across 
multiple endpoints with statistically convincing evidence of clinically meaningful treatment 
effect. 

6.2. Protocol 30049 Phase 3 Chronic Migraine

6.2.1. Study Design

Title: A Multicenter, Randomized, Double-Blind, Placebo-Controlled, Parallel-Group Study 
Comparing the Efficacy and Safety of 2 Dose Regimens of Subcutaneous Administration of TEV-
48125 Versus Placebo for the Preventive Treatment of Chronic Migraine

Trial Design

Study 30049 is a phase 3, multicenter, randomized, stratified, double-blind, placebo-controlled, 
parallel-group study of subjects with chronic migraine.  

Figure 9: BLA 761089 Study Design CM Study 30049 for Fremanezumab Migraine Prophylaxis

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30049, Figure 1.
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Table 19 provides an overview of the key study design characteristics for the episodic migraine 
study 30050, and for chronic migraine study 30049 highlighting any similarities and differences.  
See details explained below.  In addition to the differences in the EM and CM study 
populations, the doses evaluated differed in these studies and there were varying endpoint 
definitions (Table 9, Table 23) including primary efficacy variables. 

Table 19: BLA 761089 Overview of Study Design EM Study 30050 and CM Study 30049

Study Chronic migraine – 0049 Study Episodic Migraine – 0050
Study 
Design

Phase 3, multisite, RDBPC in Chronic migraineurs
 Screening visit: approximately 28 days before 

the baseline visit
 Baseline Phase/Run-in period:  28 days
 First treatment administration: Visit 2 (day 0)
 Double-Blind Treatment Period: 12 weeks (84-

day) duration
 Final Evaluation: week 12 end-of-treatment visit
 ADA Follow-up: 7.5 months (225 days [>5 half-

lives]) after administration of the last (3rd) dose
Randomization stratified for Hx of prior 
prophylactic med use. 
 1/3rd of study patients were enrolled using 

concomitant prophylactic medications

Phase 3, multisite, RDBPC in Episodic migraineurs
 Visit I – Screening 
 Prospective Baseline Phase/Run-in period:  28 

days
 Visit 2 (day 0): First treatment administration 
 Visit 2 – 4 Double-Blind Treatment Period: 12 

weeks (84-day) duration
 Visit 5 – End of study, Day 84
 ADA Follow-up: 7.5 months (225 days [>5 half-

lives]) after administration of the last (3rd) dose
Randomization stratified for Hx of prior 
prophylactic med use. 
 1/3rd of study patients were enrolled using 

concomitant prophylactic medications
Study 
Drug

Key 
Inclusio
n 
Criteria

ICHD-3 prior diagnosis of chronic migraine and 
based on eDiary recorded information during the 
28-day initial screening period (headache 
occurring on ≥15 days, of which at least ≥8 days 
have features of  migraine)

ICHD-3 prior diagnosis of episodic migraine and 
based on eDiary recorded information during the 
28-day initial screening period (6 to 14 migraine-
days/month and ≤14 headache-days/month)

Primary 
Endpoin
t

The mean change from baseline (28-day run-in 
period) 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.
 a day with headache pain that lasts ≥4 hours 

with a peak severity of at least moderate 
severity OR

 a day when the patient used acute migraine-
specific medication (triptans or ergots) to treat 
a headache of any severity or duration

The mean change from baseline (28-day run-in 
period) in the monthly average number of 
migraine days during the 12-week period after 
the 1st dose of study drug. 
 a day with headache pain that lasts ≥2 

consecutive hours meeting criteria for migraine 
with or without aura

 a day with headache pain that lasts ≥2 
consecutive hours meeting criteria for probable 
migraine, a migraine subtype where only 1 
migraine criterion is missing

 a day when the patient used acute migraine-

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 61
Version date: September 6, 2017 for all NDAs and BLAs

specific medication (triptans or ergots) to treat a 
headache of any severity or duration

Reviewer Comment
Please see fremanezumab development discussions with the Division in Table 5 regarding 
acceptability of the study design including the patient selection criteria, concomitant 
medications during the study, the controlled study duration, the definitions of the primary 
endpoint and any pre-specified key secondary endpoints, and the sponsors statistical analysis 
plan.

18-70 year old patients with a history of migraine for at least 12 months and fulfilled the ICHD-3 
criteria for CM were enrolled after confirming diagnosis during the 28 day run-in period in an 
electronic headache diary device during Visit 1.  Information included previously in section 6.1.1 
for episodic migraineurs applies to the study schedule for chronic migraine study 30049.  

Table 20: BLA 761089 Study 30049 Planned Sample Size

Screen (n=) Eligible for Randomization (n=)
Placebo 340
675 mg followed by monthly SC 225 mg 340
675 mg followed by monthly SC placebo (Quarterly)

3148
340

Doses for Phase 3 Study 30049

Information discussed previously in section 6.1.1 for the dosing regimen and blinded schedule 
in episodic migraine study 30050 applied to the dosing schedule for chronic migraine study 
30049, and there was no difference regarding the numbers of initial injection and subsequent 
monthly injections.  Please see the dose regimens/arms studied in chronic migraineurs shown 
in Table 20 and Figure 9 above.

Upon completion of the final study assessments, patients who complete all scheduled visits 
were eligible to enter a long-term safety and efficacy study (Study TV48125-CNS-30051), 
consisting of a 12-month blinded treatment period to different doses and a 6.5-month follow-
up period.

Justification for Phase 3 Study 30050 Dose Regimens 
Phase 2 Chronic Migraine Study LBR-101-021 
In order to identify doses for the phase 3 development program in patients with chronic 
migraine, the sponsor considered the results from phase 2 chronic migraine Study LBR-101-021.  
Study LBR-101-021 was a randomized, double-blind, placebo-controlled phase 2 study of two SC 
dosing regimens of fremanezumab.  Patients in the active treatment groups received either 
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dose of fremanezumab 900 mg given monthly for 3 months or fremanezumab 675 mg given 
during the first month and then 225 mg monthly for the next 2 months (Table 21 and Figure 
11).  The 225 mg monthly dose (without a loading dose) was not studied in CM patients.  Please 
see dose selection explanation based on the results from the chronic migraine phase 2 Study 
LBR-101-021 shown in section 6.2.2 of this review. 

Table 21: Phase 2 study LBR-101-021 Chronic Migraine

Trial design Trial Endpoints

Randomized, double-blind, double-dummy, placebo controlled, parallel-group study comparing two doses of TEV-48125 
with placebo.  Following a 28 day run-in period, participants were randomized and treated SC once monthly for three 
months.  

Patients were allowed up to two migraine prophylactic medications (e.g. topiramate, propranolol) or 
interventions/devices (e.g. scheduled nerve blocks, trans-magnetic stimulation) for migraine if the dose and regimen 
has been stable for at least 2 months prior to beginning the 28-day run in period.  Patients were not excluded based on 
analgesic consumption allowing weekly use of opioids or barbiturates (medications used for migraine).  Medication use 
was analyzed as covariates in efficacy analyses.

  

Primary Endpoint
Mean change from 
baseline in the 
monthly headache 
hours of any 
severity during the 
28-day post 
treatment period 
ending with week 
12

Secondary Endpoint
Mean change from 
baseline on the 
number of 
headache days 
lasting ≥4-Hours 
each day, with at 
least moderate 
severity during the 
28-day post 
treatment period 
ending with week 
12

Subject eDiary

Please refer to eDiary discussed under 6.1.1.
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Table 22: Study 30049 Schedule 3-months Double-Blind Treatment

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30049, Table 1.
a Height will only be obtained at screening.
b Procedure will be performed before other assessments (eg, blood draws and administration of questionnaires).
c Electrocardiograms will be performed in triplicate, with approximately 1 minute between recordings.
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d Inquiries about adverse events will be made before and after study drug administration. Postdose inquiries will be made before the patient 
leaves the study center.
e Serum chemistry, hematology, coagulation, and urinalysis.
f Women of childbearing potential only; a serum β-HCG test will be performed at screening, and urine β-HCG tests will be performed at 
subsequent visits.
g Postmenopausal women only.
h Eligible patients will be given an electronic headache diary device and will be trained in its use and compliance requirements on the day of 
screening.
i Patients will complete electronic headache diary entries about the previous day daily beginning on day -27 through the EOT/early withdrawal 
visit.
j Blood samples for plasma drug concentration determination will be collected prior to dosing at visits 2, 3, and 4.
k Blood samples for serum ADA assessment will also be collected upon observation of any severe hypersensitivity reaction (eg, anaphylaxis).
l A single blood sample for 64harmacogenomics analysis will be collected at visit 2 or any visit thereafter from patients who consent to this 
procedure. A separate informed consent form for 64harmacogenomics sampling must be signed by the patient.
m Patients will respond first to the PHQ-2. They will respond to questions 3 through 9 (unique questions) of the PHQ-9 only if PHQ-2 is positive
n The eC-SSRS Baseline/Screening version will be completed at visit 2, and the eC-SSRS Since Last Visit version will be completed at all other 
visits.
o Injection sites will be assessed for erythema, induration, ecchymosis, and pain immediately and 1 hour after study drug administration. If a 
patient has severe injection site induration, erythema, and/or ecchymosis and/or grade 3 (severe) or grade 4 (worst possible) injection site pain 
at 1 hour after completion of study drug administration, the patient will be reassessed 3 hours after study drug administration and hourly 
thereafter until the reaction/pain is of moderate or less severity. 
ADA=antidrug antibody; β-HCG=beta-human chorionic gonadotropin; ECG=electrocardiogram; eC-SSRS=electronic Columbia-Suicide Severity 
Rating Scale; EOT=end of treatment; EQ-5D=EuroQol-5 Dimension; FSH=follicle-stimulating hormone; HIT-6=6-item Headache Impact Test; 
MSQOL=Migraine-Specific Quality of Life; PGIC=Patient Global Impression of Change; PHQ-2=2-item Patient Health Questionnaire; PHQ-9=9-
item Patient Health Questionnaire; V=visit; WPAI=Work Performance and Activity Impairment.

Efficacy Endpoints

For purposes of efficacy analysis explained in the Statistical Analysis Plan section, the following 
definitions included in Table 23 were used for study 30049. 

Table 23: Migraine and Headache Endpoint Definitions (CM Study 30049)

Diagnosis Definition/Criteria
Headache day of 
at least 
moderate 
severity

headache day of at least moderate severity (including migraine headache, probable migraine 
headache, and non-migraine headache, e.g., tension type headache) will be defined as a 
calendar day where the patient reports:
 a day with headache pain that lasts ≥4 hours with a peak severity of at least moderate 

severity or
 a day when the patient used acute migraine-specific medication (triptans or ergots) to treat a 

headache of any severity or duration
Migraine 
Headache

a migraine day is endorsed when at least 1 of the following situations occur:
 a day with headache pain that lasts ≥4 consecutive hours meeting criteria for migraine with or 

without aura
 a day with headache pain that lasts ≥4 consecutive hours meeting criteria for probable 

migraine, a migraine subtype where only 1 migraine criterion is missing
 a day when the patient used acute migraine-specific medication (triptans or ergots) to treat a 

headache of any severity or duration
Headache day of 
any severity

headache day of any severity (including migraine headache, probable migraine headache, and 
non-migraine headache, e.g., tension type headache) will be defined as a calendar day where 
the patient reports:
 a day with headache pain that lasts ≥4 hours of any severity or 

Reference ID: 4237952



BLA 761089 Statistical & Clinical Efficacy Review
Sharon Yan, Ph.D. 
Suhail Kasim, M.D., M.P.H.
Ajovy (fremanezumab) Injection

CDER Clinical Review Template 65
Version date: September 6, 2017 for all NDAs and BLAs

 a day when the patient used acute migraine-specific medication (triptans or ergots) to treat a 
headache of any severity or duration

Headache 
Impact Test 
(HIT-6)

The six-item Headache Impact Test (HIT-6) was designed to provide a global measure of 
adverse headache impact and was developed to use in screening and monitoring patients with 
headaches in both clinical practice and clinical research.  The questionnaire measures the 
adverse impact of headache on social functioning, role functioning, vitality, cognitive 
functioning, and psychological distress.  It also assesses severity of headache pain.  Response 
options are (with corresponding relative weights in parentheses): never (6), rarely (8), 
sometimes (10), very often (11) and always (13).  Scores range from 36 to 78, where a higher 
score indicates a greater impact of headache on the daily life of the patient, i.e., scores ≤49 
represent little or no impact, scores between 50 and 55 represent some impact, scores 
between 56 and 59 represent substantial impact; and scores ≥60 indicate severe impact.  
Patients completed the HIT-6 at baseline (visit 2) and the EOT visit (visit 5).

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Module 5.3.5.1, Modified format Study 30049 SAP section 6.2 and 6.3.
***The criteria for migraine headache adapted from the Standard (IHS) ICHD-3, which has a required minimum duration 4 hours untreated

Figure 10: Headache Impact Test (HIT-6)
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Reviewer Comment
The sponsor’s limited referenced literature (Yang Cephalalgia 2010; Smelt Cephalalgia 2014) 
reported assessment of psychometric properties of the six-item Headache Impact Test (HIT-6) 
in migraineurs and identified the within-person minimally important change (MIC17) and the 
between-group minimally important difference (MID18) in a Dutch primary care population with 
history of migraine and using ≥2 triptans per month.  The study estimated MIC at -2.5 to -6 
whereas, the between-group MID was estimated as -1.5.  However, it does not appear any 
inferences can be drawn to interpret the results of the HIT-6 results in study 30049 in chronic 
migraineurs. 

Primary Efficacy Endpoint

17 MIC- The within-person MIC is defined as the smallest change in score in the construct to be measured, which patients perceive as important
18 MID- The difference in mean change scores of two groups that are followed over time, e.g. in a randomized trial
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 mean change from baseline (28 day run-in period) 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

Key Secondary Endpoints

The following key secondary endpoints were pre-specified
 mean change from baseline (28 day run-in period) in the monthly average number of 

migraine days during the 12 week period after the 1st dose of study drug
 proportion of patients reaching at least 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

 mean change from baseline (28 day run-in period) in the monthly average number of 
days of use of any acute headache medications during the 12 week period after the 
1st dose of study drug

 mean change from baseline (28 day run-in period) in the number of headache days 
of at least moderate severity during the 4 week period after the 1st dose of study 
drug 

 mean change from baseline (28 day run-in period) 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 in patients not receiving concomitant migraine preventive 
medications

 mean change from baseline (day 0) in disability score, as measured by the HIT-6 at 4 
weeks after administration of the last (3rd) dose of study drug

Statistical Analysis Plan - Study 30049 (Chronic Migraine) 

As in study 30050, randomization was stratified based on sex, country, and baseline preventive 
migraine medication use (yes, no) to ensure balance for the covariates.  The total number of 
patients receiving concomitant preventive medication during the study was not to exceed 30% 
of the total sample size of the study.

Handling of General Issues Applied to Both Studies 30050 and 30049
Handling of general issues for this study is the same as in study 30050.  Please see SAP 
discussions for study 30050 discussed previously in section 6.1.1 of the review.

Analysis of Efficacy Endpoints
According to the SAP, similar analysis methods described in study 30050 for analyses of the 
primary and secondary endpoints were to be used with the following exception:

1. Covariate of baseline was to be the baseline of each underline variable in ANCOVA 
models.  In the case of the primary endpoint, the baseline number of headache days of 
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at least moderate severity instead of the baseline number of migraine days was to be 
the baseline.

2. The HIT-6 total score was to be analyzed using the same ANCOVA method as described 
for the primary endpoint.

3. The two fremanezumab groups were combined in order to analyze change from 
baseline at week 4 for headache days of at least moderate severity, since the initial dose 
for the two groups were the same

Multiple Comparisons and Multiplicity Adjustment
There was one primary endpoint and 6 secondary endpoints with two dose groups.  Therefore, 
there were 14 comparisons to be tested altogether.  As specified in the SAP, if the comparison 
of TEV 48125 675/225/225 mg versus the placebo achieved statistical significance, the 
remaining 13 comparisons were to be made in a fixed-sequence (hierarchical) testing 
procedure to control the type 1 error rate at 0.05.  The sequence of comparisons was as 
follows:

1. mean change from baseline (28 day run-in period) 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 for the TEV 48125 675/225/225 mg treatment group versus the 
placebo treatment group

2. mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV 
48125 675/225/225 mg treatment group versus the placebo treatment group

3. mean change from baseline (28 day run-in period) in the number of headache days of at 
least moderate severity during the 4 week period after the 1st dose of study drug for the 
TEV 48125 675/225/225 mg and TEV 48125 675 mg/placebo/placebo treatment group 
versus the placebo treatment group

4. proportion of patients reaching at least 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 for the TEV 48125 675/225/225 mg treatment group versus the 
placebo treatment group

5. mean change from baseline (28 day run-in period) 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 for the TEV 48125 675 mg/placebo/placebo treatment group versus 
the placebo treatment group

6. mean change from baseline (28 day run-in period) in the monthly average number of 
days of use of any acute headache medications during the 12 week period after the 1st 
dose of study drug for the TEV 48125 675/225/225 mg treatment group versus the 
placebo treatment group

7. proportion of patients reaching at least 50% reduction in the monthly average number 
of headache days of at least moderate severity during the 12 week period after the 1st 
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dose of study drug for the TEV 48125 675 mg/placebo/placebo treatment group versus 
the placebo treatment group

8. mean change from baseline (28 day run-in period) in the monthly average number of 
days of use of any acute headache medications during the 12 week period after the 1st 
dose of study drug for the TEV 48125 675 mg/placebo/placebo treatment group versus 
the placebo treatment group

9. mean change from baseline (28 day run-in period) in the monthly average number of 
migraine days during the 12 week period after the 1st dose of study drug for the TEV 
48125 675 mg/placebo/placebo treatment group versus the placebo treatment group

10. mean change from baseline (28 day run-in period) 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 for the TEV 48125 675/225/225 mg treatment group versus the 
placebo treatment group in patients not receiving concomitant migraine preventive 
medications

11. mean change from baseline (28 day run-in period) 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 for the TEV 48125 675 mg/placebo/placebo treatment group versus 
the placebo treatment group in patients not receiving concomitant migraine preventive 
medications

12. mean change from baseline (day 0) in disability score, as measured by the HIT-6 at 4 
weeks after administration of the last (3rd) dose of study drug for the TEV 48125 
675/225/225 mg treatment group versus the placebo treatment group

13. mean change from baseline (day 0) in disability score, as measured by the HIT-6 at 4 
weeks after administration of the last (3rd) dose of study drug for the TEV 48125 675 
mg/placebo/placebo treatment group versus the placebo treatment group

Sample Size Calculation
In a phase 2b study in CM patients, a treatment difference of 1.7 days was observed for 
monthly average headache days of at least moderate severity between the TEV-48125 
675/225/225 mg and placebo treatment groups.  A sample size of 867 patients (i.e., 289 
evaluable patients completing the study per treatment group) would result in at least 90% 
power for the study to succeed (assuming a common standard deviation [SD] of 6.29 days) at 
an alpha level of 0.05.  Assuming a 15% discontinuation rate, 340 patients per treatment group 
were planned.

Changes in the Conduct of the Study or Planned Analyses

Interim Analysis for Safety and Futility
There was no blinded interim analysis planned or an independent DMC. 

Protocol Amendments
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The protocol for study 30049 was approved on October 21, 2015; and amended once on March 
30, 2016 providing further clarification for the study definition and endpoints in addition to the 
permitted concomitant medications.

6.2.2. Study Results 

Table 24: Study 30049 Summary

Study TV48125-CNS-30049 3-month double-blind treatment phase complete;
Randomized patients with at least 1 injection: FMB 750 + PBO 371

Monthly:
 675 mg (three 225 mg subcutaneous injections) for the first dose followed by 225mg/month 

maintenance dose
Quarterly: 

 675 mg (three 225 mg subcutaneous injections) once every 3-months

Justification for Phase 3 Study 30049 Dose Regimens 
Phase 2 Chronic Migraine Study LBR-101-021 results
Please see brief explanation of study design for phase 2 chronic migraine study LBR-101-021 in 
section 6.2.1.  Patients in the active treatment groups received either dose of fremanezumab 
900 mg given monthly for 3 months or fremanezumab 675 mg given during the first month and 
then 225 mg monthly for the next 2 months (Table 21 and Figure 11).  The 225 mg monthly 
dose (without a loading dose) was not studied in CM patients, which was actually a dose arm 
included in the phase 2 episodic migraine study discussed in section 6.1.2.  As seen in Figure 11 
there was no difference in efficacy for the key secondary endpoint of headache days lasting ≥4 
hours each day, with at least moderate severity, showing respectively a -6 (p-value=0.024) and -
6 (p-value=0.035) change from baseline in number of headache days for the 675/225/225 mg 
cohort and the 900 mg monthly cohort, as compared to placebo (-4.2), beginning after the first 
injection during the 1st 4 weeks.  
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Figure 11: Phase 2 study LBR-101-021 Chronic Migraine

Teva explained in their IND 106533 and stated that the loading dose of fremanezumab at 675 
mg was selected followed by fremanezumab at 225 mg dose monthly as the treatment for one 
of the active treatment groups in this phase 3 study in patients with CM (study 30049) 
considering the lower dose for administration when the two doses (monthly fremanezumab 
900 mg and monthly fremanezumab 675/225/225mg) doses were equivalent based on phase 2 
CM data.  Teva further explained that although fremanezumab 225 mg dose was considered to 
be a reasonable and pragmatic choice for the lowest dose with potential for effectiveness, it 
was not considered by Teva for evaluation in the CM population (study 30049) since 
fremanezumab 225 mg dose did not reach steady state during the 3 month phase 2b efficacy 
study in patients with CM (Study LBR-101-021).  The loading dose of 675 mg was utilized in the 
phase 3 study 30049 to mimic a concentration that was similar to what would be reached 
during steady state.  According to Teva, the intent of this dose and schedule is to preserve the 
speed of efficacy, a very important and clinically relevant attribute in CM therapy, while 
avoiding a higher dose than is necessary.  A 2nd active treatment group fremanezumab 675 mg 
quarterly was included in the phase 3 study 30049 to examine the potential for loss of efficacy 
within a 3 month treatment period following a single SC administration.

Reviewer Comment
The fremanezumab 225 mg monthly dosing regimen was not considered in the chronic migraine 
population in study 30049 for the reasons stated above.  However, efficacy interpretations for 
monthly 225 mg dosing in the chronic migraine population cannot be made in the absence of an 
adequate comparison to the 675/225/225 monthly regimen which had a loading dose of 675 
mg.
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Compliance with Good Clinical Practices

Teva provided attestation that the study was conducted in accordance with the CFR governing 
the protection of human subjects (21 CFR part 50), Institutional Review Boards (21 CFR part 56), 
and the obligations of clinical investigators (21 CFR 312.50 to 312.70) in accordance with good 
clinical practice (GCP).

Financial Disclosure

Please see information included in section 6.1.2.

Patient Disposition

Screen failures
A total of 3148 patients consented and were screened for study 30049 and study 30050.  
N=1130 patients were randomized to study 30049 after meeting entry criteria, including 
diagnostic criteria for CM and diary compliance during the run-in period.  These patients 
received at least 1 dose of IP were included in the intent to treat (ITT) population.  Many of the 
screened patients met eligibility for EM study and were considered for that study.  The most 
common reason for screen failure was patients not meeting criteria for study enrollment based 
on migraine headache information collected in the eDiary during the prospective baseline 
phase.

Table 25: Study 30049 Patient Disposition

Patient Disposition Placebo 
(N=375)

FMB 675mg/pbo/pbo 
(N=376)

FMB 675/225/225 mg
(N=379)

Completed DB period 342 (91%) 349 (93%) 343 (91%)
Discontinued DB period 33 (9%) 27 (7%) 36 (9%)

Adverse Event 8 (2%) 5 (1%) 7 (2%)
Lack of Efficacy 0 0 1 (<1%)
Lost to Follow-up 8 (2%) 7 (2%) 10 (3%)
Pregnancy 2 (<1%) 0 0
Protocol Deviation 2 (<1%) 2 (<1%) 2 (<1%)
Withdrawal by 
Patient 12 (3%) 10 (3%) 11 (3%)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 3 ISE) Fremanezumab = FMB

Post-Randomization
A total of 1130 randomized patients received at least 1 dose of investigational product and 
were included in the ITT population.  1034 patients (92%) completed the double-blind 
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treatment phase.  A sensitivity analysis on the primary endpoint was conducted removing 
patients with an eligibility related important protocol deviation (3-5% patients) and the 
conclusion remained unchanged (Per protocol subjects Study 30049 CSR Table 15.8.2.3).  The 
other protocol deviations identified (CSR Table 6) affected small numbers of patients relative to 
the study population, or that had minimal impact on study efficacy.

Baseline Demographic and Disease Characteristics

There were no significant differences between the treatment groups with respect to their 
baseline demographic and baseline disease characteristics that were generally similar between 
patients in each treatment group (Table 26, Table 27).  Overall, the study population was 
representative of the US migraine population based on available epidemiological data with 88% 
white females older than 25, of which approximately 40% subjects were >45 years old.  
Between 8-11% of the subjects included patients of Asian or African American race.  The 
demographic characteristics of sex, age, race, and BMI were generally similar across treatment 
groups with 25% patients classified as obese based on the BMI.  75% of the study participants 
were from North America, and the patient population is generally representative of the US 
migraine population.  

The enrolled chronic migraineurs in study 30049 also experienced at baseline on average 16 
migraine days and 20 headache days.  Chronic migraineurs experienced on average 120 hours 
of headache at baseline of which at least 68 hours were of moderate severity.  Like study 
30050, the chronic migraine study 30049 permitted concomitant prophylaxis migraine 
medications use which included 20% subjects at baseline, and there were no differences across 
the dose arms in the allowed baseline rescue acute medications.  Overall, treatment groups 
were balanced with respect to baseline disease characteristics and any treatment group 
differences were not considered meaningful on the study outcomes (Table 27).  

Table 26: Study 30049 Chronic Migraine Demographic Characteristics

Demographic Parameters

Placebo
Monthly
 (N=375)

n (%)

FMB 
675mg/pbo/pbo 

(N=376) 
n (%)

FMB 
675/225/225mg

(N=379) 
n (%)

Total
(N=1130)

n (%)

Sex
Male 45 (12) 45 (12) 49 (13) 139 (12)
Female 330 (88) 331 (88) 330 (87) 991 (88)

Age
Mean years (SD) 41.4 (12.03) 42 (12.37) 40.6 (11.95) 41.3 (12.12)
Median (years) 41.0 43.0 40.0 41.0 
Min, max (years) (19, 70) (18, 71) (18, 70) (18, 71)

Age Group
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≥ 18 - ≤ 24 years 32 (9) 32 (9) 34 (9) 98 (9)
≥ 25 - ≤ 44 years 185 (49) 174 (46) 201 (53) 560 (50)
≥ 45 - ≤ 64 years 152 (41) 160 (43) 136 (36) 448 (40)
≥ 65 years 6 (2) 10 (3) 8 (2) 24 (2)

Race
White 303 (81) 293 (78) 297 (78) 893 (79)
Black or African American 29 (8) 33 (9) 37 (10) 99 (9)
Asian 40 (11) 40 (11) 41 (11) 121 (11)

Race group
Caucasian 303 (81) 293 (78) 297 (78) 893 (79)
Non-Caucasian 72 (19) 83 (22) 82 (22) 237 (21)

Ethnicity
Not Hispanic or Latino 343 (91) 352 (94) 338 (89) 1033 (91)
Hispanic or Latino 32 (9) 22 (6) 41 (11) 95 (8)

BMI Category
Underweight (<18.5/Kg/m2) 8 (2) 8 (2) 11 (3) 27 (2)
normal (≥18.5 and <25/Kg/m2) 162 (43) 162 (43) 154 (41) 478 (42)
Overweight (≥25 and <30/Kg/m2) 112 (30) 93 (25) 117 (31) 322 (29)
Obese (≥30 Kg/m2) 93 (25) 113 (30) 97 (26) 303 (27)

Region 
North America 276 (73) 279 (74) 280 (73) 823 (74)

United States 264 (70) 265 (70) 267 (70) 796 (70)
Canada 12 (3) 14 (4) 13 (3) 27 (4)

Europe 56 (14) 54 (15) 56 (15) 166 (14)
Czech Republic 16 (4) 15 (4) 16 (4) 47 (4)
Finland 12 (3) 12 (3) 12 (3) 36 (3)
Poland 10 (3) 10 (3) 8 (2) 28 (2)
Russia 13 (3) 14 (4) 14 (4) 41 (4)
Spain 5 (1) 3 (<1) 6 (2) 14 (1)

Rest of the World 43 (12) 43 (11) 43 (11) 122 (11)
Japan 36 (10) 35 (9) 38 (10) 109 (10)
Israel 7 (2) 8 (2) 5 (1) 13 (1)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 4, CSR for study 30049).  
Fremanezumab = FMB

Table 27: Study 30049 Chronic Migraine Baseline disease Characteristics

Baseline Disease Characteristics,
Important Concomitant Drugs

Placebo
Monthly
 (N=375)

n (%)

FMB 
675mg/pbo/pbo 

(N=376) 
n (%)

FMB 
675/225/225mg

(N=379) 
n (%)

Total
(N=1130)

n (%)

Number of migraine days
Mean (SD) 16.4 (5.15) 16.2 (4.88) 16.0 (5.19) 16.2 (5.07)
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Median (min, max) 15.5 (7, 28) 15.9 (7, 28) 15.4 (5, 28) 15.7 (5, 28)
Number of headache days of any severity

Mean (SD) 20.3 (4.19) 20.4 (3.93) 20.3 (4.26) 20.3 (4.13)
Median (min, max) 19.3 (11, 28) 20.0 (13, 28) 19.0 (8, 28) 19.6 (8, 28)

Number of headache days of at least moderate severity
Mean (SD) 13.3 (5.82) 13.2 (5.47) 12.8 (5.80) 13.1 (5.70)
Median (min, max) 12.6 (0, 28) 13.0 (1, 28) 12.0 (0, 28) 12.6 (0, 28)

Number of headache hours of any severity
Mean (SD) 127.2

(86.03)
119.1 

(73.23)
129.0

(88.62)
125.1

(82.95)
Median (min, max) 103.6 

(22,672)
104.1 

(24, 672)
108.0 

(21,672)
105.2 

(21,672)
Number of headache hours of at least moderate severity

Mean (SD) 68.5 (57.03) 66.4 (58.83) 68.0 (53.88) 67.6 (56.57)
Median (min, max) 52.0 (0, 454) 54.0 (0, 672) 52.4 (0, 494) 53.0 (0, 672)

Number of days of use of any acute headache medications/ Abortive Medication Use
Mean (SD) 13.0 (6.92) 13.1 (6.79) 13.1 (7.20) 13.1 (6.96)
Median (min, max) 13.5 (0, 28) 14.0 (0, 28) 13.6 (0, 28) 13.8 (0, 28)

Number of days of use of Triptan/Ergot use
Mean (SD) 10.7 (6.30) 11.3 (6.18) 11.1 (5.99) 11.0 (6.15)
Median (min, max) 10.0 (1, 28) 11.0 (1, 28) 10.3 (1, 27) 10.3 (1, 28)

Prophylactic medication use, Yes
Mean (SD) 77 (21) 77 (20) 85 (22) 239 (21)

Headache Impact Test (HIT-6) Disability Score
Mean (SD) 64.1 (4.80) 64.4 (4.58) 64.6 (4.42) 64.3 (4.65)
Median (min, max) 64.0 (48, 78) 65.0 (42, 78) 64.0 (50, 78) 64.0 (42, 78)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Table 5, CSR for study 30049). 
Electronic Headache Diary Data.  Fremanezumab = FMB

Efficacy Results – Primary Endpoint

The efficacy results from analysis of the primary and secondary endpoints presented in this 
section represent the ones reported by the sponsor and confirmed by the statistical reviewer 
unless noted otherwise.

A total of 1121 patients (371 in the placebo group, 375 in the fremanezumab 675 
mg/placebo/placebo group and 375 in the fremanezumab 675/225/225 mg group) in the FAS 
were included in the efficacy analysis.  Nine randomized and treated patients (4 in the placebo 
group, 1 in the fremanezumab 675 mg/placebo/placebo group and 4 in the fremanezumab 
675/225/225 mg group) who had less than 10 days of post-baseline diary data were excluded 
from FAS for efficacy analysis.
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Results from Analysis of the Primary Endpoint
At baseline, the mean number of the headache days of at least moderate severity was about 13 
days for all 3 treatment groups.  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 for the placebo group, fremanezumab 675/placebo/placebo 
group, and fremanezumab 675/225/225 mg group, respectively.  The adjusted mean treatment 
difference was -1.8 between fremanezumab 675/placebo/placebo mg group and the placebo 
group, and the difference was -2.1 between fremanezumab 675/225/225 mg group and the 
placebo group (primary comparison), both with a p-value of <.0001. 

Due to the 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 p-values of <.0001 for comparisons of each of the active 
treatment groups versus placebo.  Since the Wilcoxon rank-sum test does not provide estimates 
of the treatment difference, the observed medians of the treatment groups are provided (Table 
28).

Sensitivity analysis using a specified MMRM model confirmed the positive findings as well.  
Table 28 summarizes the results.  

Table 28: Change from Baseline Monthly Average Number of Headache Days – Study 30049

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

Placebo
(N=371)

675 mg/placebo/placebo
(N=375)

675/225/225 mg
(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. of the difference
   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

Source: Statistical Reviewer’s Analysis

There was a statistically significant mean between-group difference favoring fremanezumab 
compared to placebo in the overall mean reduction in the number of monthly moderate to 
severe headache days with onset of effect as early as month 1 (Table 28) (Figure 12).  Please 
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note that at baseline both active arms received fremanezumab 675 mg.  

Even though the onset of the effect of fremanezumab started as early as month 1, there 
appeared to be a slight loss of efficacy after month 1 numerically for the fremanezumab 675 
mg/placebo/placebo group as compared to fremanezumab 675/225/225 mg group (Figure 12); 
that is maintained through month 3.  There was no nominal statistically significant difference 
between the doses studied.  The results are suggestive that monthly administration of 
fremanezumab 225 mg after the first fremanezumab 675 mg loading dose might have provided 
continued benefit to maintain the efficacy as shown in Figure 12.

Figure 12: Change from Baseline Monthly Average Number of Headache Days – Study 30049

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004. Modified format. Module 5.3.5.1 (Figure 17.1.1, CSR for study 30049).  
Fremanezumab = TEV-48125 

A total of 50 (4.5%) subjects (16 [4.3%] in the placebo group, 14 [3.7%] in the fremanezumab 
675 mg/placebo/placebo group and 20 [5.3%] in the fremanezumab 675/225/225 mg group) 
had second dose less than 25 days after the first dose administration.  The specified dosing 
window was 28 (+ 3) days.  A sensitivity analysis excluding those subjects was performed.  The 
results were similar to the ones from the primary analysis.  

Results from analysis on the per-protocol patient population were similar.

Post Hoc Distribution Analysis average change from baseline in average number of headache 
days of at least moderate severity
The sponsor’s Figure 13 plotted post hoc as histogram by dose (placebo, 
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675mg/placebo/placebo and 675/225/225mg treatment groups) based on the distribution of 
the average change from baseline in average number of headache days of at least moderate 
severity.  The x-axis represented the change from baseline in number of monthly headache 
days of at least moderate severity (including all patients with either negative or positive values 
on this measure).  The y-axis represented the relative frequency (%) of patients with change 
from baseline in average number of headache days of at least moderate severity falling within 
each specific bar of the histogram.  Percentages were calculated based on the total number of 
patients with non-missing average change in headache days of at least moderate severity 
within each treatment arm.  The number of patients represented by each histogram bar is 
displayed on top of each respective bar.

Both fremanezumab monthly and quarterly dosing regimens consistently had greater reduction 
in the monthly number of headache days of at least moderate severity within each treatment 
arm as indicated by the shift to the left in the active treatment groups as compared to placebo 
group and in those patients who experienced at least 6-day reduction, which indicates more 
improvement with the active treatment than with placebo.

Figure 13: Study 30049 Histogram Cumulative Mean Change from Baseline in Monthly 
Average Number of Headache Days of at Least Moderate Severity During the 12-Week Period 
(increments of 3)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0015. Module 1.11.3 (Study 30049, Adhoc Figure 31) 
The early discontinued patients are considered as non-responder for overall analysis. Source table: Adhoc Summary 66.
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Efficacy Results – Key Secondary endpoints 

Secondary endpoints were analyzed in the order of hierarchy of the variables specified in the 
SAP.  Results are presented in Table 29.  

Table 29: Study 30049 Key Secondary Efficacy Analyses

Fremanezumab
Secondary Efficacy Endpoints Placebo

(N=371)
675 mg/placebo/placebo

(N=375)
675/225/225 mg

(N=375)
Baseline mean migraine days
     Mean (SD)
     Median

Change in Migraine Days
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

     Month 1 LS mean
     Month 2 LS mean
     Month 3 LS mean

16.3 (5.1)
15.4

-3.2 (0.35)

-2.9
-3.1
-3.6

16.2 (4.9)
15.9

-4.9 (0.35)
-1.7 (0.39)
<0.0001

-5.0
-4.7
-4.8

16.0 (5.2)
15.4

-5.0 (0.35)
-1.8 (0.39)
<0.0001

-4.9
-5.1
-5.3

Change at Week 4 in headache 
days
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

-2.3 (0.31) -4.6 (0.27)
-2.3 (0.31)
<0.0001

Proportion with > 50% 
reduction, n (%)
     Overall
     p-value

     Month 1
     Month 2
     Month 3

67 (18.1)

80 (21.6)
90 (24.3)
98 (26.4)

141 (37.6)
<0.0001

155 (41.3)
149 (39.7)
152 (40.5)

153 (40.8)
<0.0001

150 (40.0)
157 (41.9)
167 (44.5)

Change in days of acute meds
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

     Month 1 LS mean
     Month 2 LS mean
     Month 3 LS mean

-1.9 (0.30)

-1.8
-1.9
-1.9

-3.7 (0.30)
-1.8 (0.33)
<0.0001

-4.1
-3.4
-3.3

-4.2 (0.30)
-2.3 (0.33)
<0.0001

-4.2
-4.1
-4.1

Change in headache days in 
patients with no preventive 
meds
     Overall LS mean (SE)
     Mean Difference (SE)

N=294 (79%)

-2.6 (0.33)

N=298 (79%)

-4.6 (0.33)
-1.9 (0.38)

N=290 (77%)

-4.8 (0.33)
-2.2 (0.39)
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     p-value

     Month 1 LS mean
     Month 2 LS mean
     Month 3 LS mean

-2.2
-2.5
-2.8

<0.0001

-4.8
-4.5
-4.4

<0.0001

-4.8
-4.7
-4.9

Change in Disability Score, HIT-6
     Overall LS mean (SE)
     Mean Difference (SE)
     p-value

N=352
-4.5 (0.42)

N=356
-6.4 (0.42)
-1.9 (0.48)

0.0004

356
-6.8 (0.41)
-2.4 (0.48)
<0.0001

Source: Statistical Reviewer’s Analysis

At baseline, the mean number of migraine days was about 16 days for all 3 treatment groups.  A 
reduction in the mean number of migraine days from baseline were observed across all 
treatment groups with 4.9 days and 5.0 days of reduction in the fremanezumab 675 
mg/placebo/placebo group and fremanezumab 675/225/225 mg group, respectively, compared 
to a reduction of 3.2 days in the placebo group.  The treatment difference between either of 
the active treatment groups and the placebo group was statistically significant with a p-value of 
< 0.0001.

For the analysis of change in headache days of at least moderate severity at week 4, the two 
fremanezumab groups were combined because both groups received the same 1st dose of 
fremanezumab 675 mg.  The pooling of the two groups in the analysis was specified in SAP.  The 
analysis of the mean change from baseline in the monthly average number of headache days of 
at least moderate severity during the 4 week period after the 1st dose of study drug showed 
statistically significant greater reductions in the combined active treatment group compared to 
the placebo group with a p-value of < 0.0001.  The reduction in the monthly average number of 
headache days during the 4 week period was 4.6 days for fremanezumab group and 2.3 days in 
the placebo group.

Overall, 38% of the subjects in the fremanezumab 675 mg/placebo/placebo group and 41% of 
the subjects in the fremanezumab 675/225/225 mg group, compared to 18% of the subjects in 
the placebo group, had at least 50% reduction in the monthly average of headache days of at 
least moderate severity during the 12 week treatment period and after considering the placebo 
response rate there was on average 20% difference in response.  The p-value from the 
comparison of each of the active treatment groups versus the placebo group was < 0.0001.

Like in the episodic migraine study 30050, approximately 94% of the subjects took some acute 
headache medications at least once during the baseline and in the treatment period.  A 
reduction from baseline in the average monthly number of days of acute headache medication 
use was observed across all treatment groups with a mean reduction of 3.7 days and 4.2 days in 
the fremanezumab 675 mg/placebo/placebo group and fremanezumab 675/225/225 mg group, 
respectively, compared to a reduction of 1.9 days in the placebo group.  Both comparisons 
reached statistical significance (p<0.0001) in the treatment difference. 
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About 21% of the patients used concomitant migraine prophylaxis medication.  These subjects 
were excluded from the analysis of the change from baseline in the monthly average number of 
headache days in subjects not receiving concomitant migraine prophylaxis medication.  An 
analysis of the primary endpoint on this subpopulation had a reduction of headache days from 
baseline of 2.6 days, 4.6 days, and 4.8 days for the placebo group, fremanezumab 675 
mg/placebo/placebo group, and fremanezumab 675/225/225 mg group, respectively.  The 
comparison between each of the active treatment group and the placebo group reached 
statistical significance (p<0.0001) in the treatment difference.  In the subgroup of patients who 
were not using concomitant migraine prophylaxis medication, which was also the majority 
chronic migraine primary efficacy analysis study population, the reductions were slightly larger 
numerically for all 3 treatment groups as compared to the reductions in the whole patient 
population. 

Disability scores were measured by Headache Impact Test at 4 weeks after the last dose of 
study drug.  About 5% of the subjects were not assessed.  A reduction in the disability score was 
observed across all treatment groups with a mean reduction of 6.4 points and 6.8 points in 
fremanezumab 675 mg/placebo/placebo group and fremanezumab 675/225/225 mg group, 
respectively, compared to 4.5 points in the placebo group.  The treatment difference between 
fremanezumab 675 mg/placebo/placebo group and the placebo group was -1.9 (p=0.0004), and 
the treatment difference between fremanezumab 675/225/225 mg group and the placebo 
group was -2.2 (p < 0.0001).

For all 6 secondary endpoints, the treatment difference between each of the fremanezumab 
dose groups and the placebo group achieved statistical significance.  Except for the change in 
headache days during the 4 week period and the disability score (HIT-6), which were measured 
only once, all other secondary endpoints exhibited the same pattern as observed in the primary 
endpoint such that fremanezumab 225/225/225 mg group showed similar efficacy to 
fremanezumab 675 mg/placebo/placebo group at month 1 and numerically better efficacy than 
fremanezumab 675 mg/placebo/placebo group at month 2 and month 3.  The results in the 
monthly efficacy in the above Table 29 seemed to suggest that the slight loss in overall efficacy 
for the fremanezumab 675 mg/placebo/placebo group was probably due to the loss of efficacy 
at months 2 and 3 without additional monthly dosing.

Efficacy Results –other relevant endpoints

Additional variables were considered that were not pre-specified with a priori statistical 
methods applied to control for multiplicity (Table 30).  All results should be interpreted in the 
context that the results are from post hoc analysis without adjusting for multiplicity. 
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The fremanezumab treated population had at least a 30% reduction in the mean numbers of 
headache hours and at least 20 fewer hours of headaches on average compared to 18% 
reduction from baseline in the placebo group (Table 30).  Among the small subgroup of chronic 
migraineurs who received concomitant medications, treatment appeared to favor the 
fremanezumab 675/225/225 mg group with a 2 day reduction on average compared to the 1 
day in the quarterly dosing group. 

Table 30: Study 30049 Additional Efficacy Analyses

Chronic Migraine Study 30049 (Months 1 to 3)
Statistic

Placebo (N=371)
FMB 675mg/pbo/pbo

(N=375)
FMB 675/225/225 mg 

(N=375)
Change from Baseline in Number of Monthly Headache Hours of any severity
mean Baseline hours 127.4 119.1 129.6
mean overall change 104.1 82.8 87.3
mean change (SE) -23.3 -36.3 -42.3
Change from Baseline in Number of Monthly Headache Hours of at least Moderate Severity
mean Baseline hours 68.4 66.2 68.3
mean overall change 54.3 42.2 41.8 
mean change (SE) -14.1 -24.0 -26.4
Change from baseline in the monthly average number of headache days of at least moderate 
severity in patients using concomitant migraine preventive medication

(N=77) (N=77) (N=85)
LS mean change (SE) -2.5 (0.61) -3.8 (0.62) -4.4 (0.58)
Comparison with Placebo
LS mean (SE) -1.3 (0.68) -2.0 (0.66)
Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Modified format. Module 5.3.5.1 (Table CSR Summary 15.12.3, Summary 
15.13.3, Summary 15.13.1.1, ISE Table 30).  Fremanezumab = TEV-48125

The overall treatment effect favored fremanezumab 675/225/225 mg group compared to 
fremanezumab 675 mg/placebo/placebo group for these additional endpoints.  The results in 
the monthly efficacy data was consistent with the observations for the key secondary and 
primary efficacy endpoints discussed above.  The reduction in the monthly number of headache 
hours of any severity of the two fremanezumab groups although appearing similar at month 1 
(because of the loading 675 mg dose), there is a loss in overall efficacy in the 675 
mg/placebo/placebo group at months 2 and 3 in the chronic migraineurs with a trend for 
further headache hours reduction when the patients received monthly dosing, while 
considering that these results are post hoc (Figure 14).  
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Figure 14: Change from Baseline in Monthly Number of Headache Hours of Any Severity by 
Month and Treatment Group Using MMRM (Study 30049, FAS)

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Modified format. Module 5.3.5.1 (Figure 17.6, CSR Study 30049).  Fremanezumab = 
TEV-48125

Post Hoc Distribution of specified percentage levels of reduction for the average change from 
baseline in headache days of at least moderate severity (Figure 15)
The sponsors post hoc analysis of responder rates for the percent reduction from baseline in 
the monthly average number of migraine days during the 12 week period is shown in Figure 15 
for the distribution analysis presented as a histogram by dose (placebo, 675/225/225mg and 
675mg/placebo/placebo treatment groups) based on the average change from baseline in 
headache days of at least moderate severity displayed as “bins” of either 0 ≤ 25% reduction of 
migraine days/month from baseline, >25 - ≤ 50%, >50% - ≥ 75% and >75- ≤ 100% reduction.  
The y-axis represents the mean percentages of patients within each category for each 
treatment arm.  In addition, the numbers of patients are displayed on top of each bar.

Patients receiving fremanezumab experienced the greatest levels of reduction in the average 
number of headache days of at least moderate severity.  More patients treated with either 
fremanezumab monthly or quarterly dosing regimen had reductions of 50% to 75% or 75% to 
100% from baseline in the monthly average number of headache days of at least moderate 
severity as compared to patients treated with placebo, although there does not appear any 
dose response between the active treatments.
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Figure 15: Study 30049 Histogram Percent Change from Baseline in Headache Days of At least 
Moderate Severity

Source: BLA 761089 \\cdsesub1\evsprod\BLA761089\0004 Modified format. Module 5.3.5.1 (Figure 27, ISE).  Fremanezumab = TEV-48125

Subpopulations

Analyses of the primary endpoint by subpopulations of demographic and baseline 
characteristics were performed to examine if there were any significant discrepancies in 
efficacy among these subpopulations.  Studies 30049 was not designed to compare efficacy 
between the subgroups discussed below for the pre-specified primary endpoint in the chronic 
migraine populations.  In addition, the subgroups for study 30050 and 30049 were not 
combined due to the differences in the study populations, and the endpoint.  

The majority (88%) of the subjects were females.  About 80% of the subjects were Caucasians 
and the number of subjects in each of the other races (American Indian, Asian, Black, Native 
Hawaiian, and Other) was too small to provide meaningful statistics.  Therefore, the race is 
grouped as White (Caucasian) and Other.  Grouping by age and baseline BMI values were based 
on clinical background relevant to migraine patients and patients with BMI < 18.5 were not 
included in Table 31 because the number of patients is too small to provide accurate estimates.

No serious discrepancies among the subpopulations were found.  The results are presented in 
Table 31.  Overall, the subgroup analyses suggest there were differences in magnitude of effect 
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between fremanezumab and placebo, and there appeared to be consistent directional 
differences of effect for fremanezumab compared with placebo.

Table 31: Study 30049 Chronic Migraine Subgroup Analysis

FremanezumabChange in Monthly Average 
Number of Headache Days Placebo

(N=371)
675mg/pbo/pbo

(N=375)
675mg/225/225 

(N=375)
Age (years)
   < 25 years
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  25 to < 45 years  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo 
   > 45 years
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

31 (8.4)
-2.9 (0.99)

183 (49.3)
-2.5 (0.47)

157 (42.3)
-2.3 (0.46)

32 (8.5) 
-4.1 (1.13)
-1.2 (1.07)

173 (46.1)
-3.8 (0.45)
-1.2 (0.50)

170 (45.3)
-4.8 (0.46)
-2.5 (0.51)

34 (9.1)
-3.9 (1.08)
-1.0 (1.03)

197 (52.5)
-4.7 (0.45)
-2.1 (0.50)

144 (38.4)
-4.7 (0.46)
-2.4 (0.53)

Gender
   Male
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  Female  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

45 (12.1)
-2.8 (0.75)

326 (87.9)
-2.6 (0.28)

45 (12.0)
-3.0 (0.75)
-0.3 (0.93)

330 (88.0)
-4.6 (0.28)
-2.0 (0.36)

48 (12.8)
-4.4 (0.71)
-1.6 (0.92)

327 (87.2)
-4.8 (0.28)
-2.2 (0.36)

Race
   White
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  Other  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

301 (81.1)
-2.5 (0.36)

70 (18.9)
-2.7 (0.65)

292 (78.4)
-4.2 (0.36)
-1.8 (0.38)

83 (22.1)
-4.5 (0.61)
-1.8 (0.74)

294 (78.4)
-4.7 (0.36)
-2.2 (0.38)

81 (21.6)
-4.2 (0.60)
-1.5 (0.75)

Region
   North America
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo  
  Europe  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
   Other

272 (73.3)
-3.0 (0.37)

56 (15.1)
-1.3 (0.84)

278 (74.1)
-4.4 (0.36)
-1.4 (0.40)

54 (14.4)
-3.7 (0.86)
-2.4 (0.88)

276 (73.6)
-4.6 (0.36)
-1.6 (0.40)

56 (14.9)
-5.0 (0.82)
-3.8 (0.87)
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     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

43 (11.6)
-1.5 (0.66)

43 (11.5)
-4.7 (0.66)
-3.2 (0.81)

43 (11.5)
-4.6 (0.65)
-3.1 (0.82)

BMI
   18.5 to < 25  
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  >  25 to < 30
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo
  >  30
     N (%)
     LS mean (SE)
     LS mean (SE) vs. Placebo

162 (43.7)
-1.6 (0.44)

111 (29.9)
-3.3 (0.54)

90 (24.3)
-2.3 (0.81)

162 (43.2)
-4.3 (0.44)
-2.6 (0.47)

94 (25.1)
-4.6 (0.56)
-1.3 (0.65)

111 (29.6)
-3.4 (0.77)
-1.0 (0.71)

151 (40.3)
-4.7 (0.44)
-3.1 (0.48)

119 (31.7)
-4.5 (0.52)
-1.2 (0.62)

94 (25.1)
-4.2 (0.76)
-1.9 (0.70)

Source: Statistical reviewer’s analysis

Discussions of Statistical Issues and Efficacy Conclusions

The dropout rate and the percentage of subjects who were dosed outside of dosing window for 
this study were similar to those of study 30050.  Due to the early onset and long duration of the 
study drug effect, the missing value from dropout subjects and the dosing outside the window 
are not likely to cause serious bias of the estimates of efficacy.  

Overall, the study demonstrated efficacy in the primary endpoint and all secondary endpoints.  
The efficacy results are consistent and robust.

Dose/Dose Response

The lowest effective doses in the phase 2 studies along with the PK information for 
fremanezumab was used to determine the two dose regimens of fremanezumab (i.e., 675-
mg/placebo/placebo and 675/225/225mg) selected for further evaluation in the phase 3 
chronic migraine study 30049.  Please see 6.2.1 for dose justification discussion. 

As discussed previously for the primary and several other efficacy endpoints for chronic 
migraineurs in study 30049 the treatment differences were significant between fremanezumab 
treatment and placebo treatment, with an onset of efficacy during the 1st month in both dose 
groups which received fremanezumab 675 mg as their 1st dose.  However, the fremanezumab 
675/225/225 mg monthly regimen did numerically better and there was a loss of efficacy in the 
675mg/placebo/placebo (quarterly) dose group at months 2 and 3.  In addition, in the 
subgroups discussed above, there is trend favoring fremanezumab 675/225/225 mg monthly 
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regimen compared to the quarterly 675mg/placebo/placebo dosing in the chronic migraine 
population (Table 31).  The subgroup of patients <45 years had a 2 day reduction on average in 
the fremanezumab 675/225/225 mg monthly maintenance regimen (compared to 1 day with 
quarterly 675 mg dosing), the smaller sample of men responded with 1.6 days reduction 
(compared to 0.3), and individuals with BMI >30 showed a 2 day reduction versus 1 day with 
the fremanezumab 675/225/225 mg monthly maintenance dosing even though such 
discrepancies can be due to large variations in the small numbers of subjects in the subgroups.  

The sponsors ISE Table 48 included in the ISE showing percent relative improvement of monthly 
regimen compared to quarterly regimen on additional secondary endpoints further supported 
treatment with the monthly fremanezumab (675/225/225 mg) relative to quarterly dosing 
(675mg/placebo/placebo) at months 2 and 3 of treatment to maintain efficacy. 

In the absence of efficacy evaluation for dose arm evaluating fremanezumab 225/225/225 mg 
monthly regimen in the chronic migraine population, as discussed previously in section 6.2.1 
under dose justification, it is problematic to make inferences comparing efficacy information 
from the episodic migraine population (study 30050).  

Teva provided supportive information from survey summaries in section 5 of the ISE from 
independently conducted physicians and patient surveys querying the general anti-CGRP class 
of products under review for migraine prophylaxis marketing approval, in order to understand 
perceptions and preferences for monthly versus quarterly dosing, preferences for various 
product attributes, etc.  

Among the 605 migraineurs surveyed, the report stated most patients preferred monthly, 
single injection dosing (64% ranked 1st and 18% ranked 2nd) while a much smaller proportion of 
patients preferred quarterly dosing (15% ranked 1st and 12% ranked 2nd) (Source: In-Text Figure 
49, ISE).  8% patients surveyed ranked 1st a starting dose of 3 injections at a time and then 1 
injection per month thereafter (9% ranked 2nd).  The surveyed subjects also identified flexible 
dosing option versus having a choice of quarterly or monthly dosing.  

The independent healthcare provider survey of physicians managing migraine patients 
identified monthly as their preferred dosing regimen (neurologists: 77% ranked 1st and 20% 
ranked 2nd; primary care physicians: 83% ranked 1st and 13% ranked 2nd).  A segment of 
physicians expressed a preference for quarterly dosing (neurologists: 21% ranked 1st and 21% 
ranked 2nd; primary care physicians: 14% ranked 1st and 17% ranked 2nd).  Similar to the 
preferences stated by the patients surveyed, the physicians identified the flexible choice of 
monthly or quarterly dosing.
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Onset, Duration and Durability of Response

The treatment effects of fremanezumab for the primary efficacy variables including the 
secondary measures were observed as early as month 1 after the initiation of treatment and 
persisted throughout the 12 week treatment periods.  As discussed above, there was slight loss 
of efficacy with fremanezumab 675 mg administered quarterly.  The results were fairly 
consistent showing persistence of treatment effect over the 12 week study period across 
multiple endpoints with statistically convincing evidence of clinically meaningful treatment 
effect.

7. Integrated Review of Effectiveness

7.1. Assessment of Efficacy Across Trials

BLA 761089 included information from single study each in patients with episodic migraine 
(study 30050) and chronic migraine (study 30049) to evaluate fremanezumab as a potential 
migraine prophylaxis therapy.

7.2. Additional Efficacy Considerations

Please see discussions in section 7.3

7.3. Integrated Assessment of Effectiveness

Table 32 provides an overview of the primary efficacy endpoints (shaded in gray) measured in 
the chronic migraine study (30049) and the episodic migraine study (30050), with the primary 
efficacy result (in bold font) for each of the studies.  Additional information for key secondary 
endpoints and additional secondary endpoint information are included.

Table 32: BLA 761089 Efficacy Analyses Summary; Studies 30049 and 30050

Chronic Migraine-30049 Episodic Migraine-30050
Placebo
N=371

675mg/pbo/pbo 
Quarterly

N=375

675/225/225mg 
Monthly
N=375

Placebo
N=290

675mg/pbo/pbo 
Quarterly

N=288

225/225/225mg
Monthly
 N=287

mean change from 
baseline in monthly 
average number of 
headache days of at least 
moderate severity

-2.5 -4.3** -4.6** -1.5 -3.0 -2.9

mean change from 
baseline in the monthly -3.2 -4.9** -5.0** -2.2 -3.4** -3.7**
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average number of 
migraine days
reduction of at least 50% 
in monthly average 
number 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) 
$$ The first dose in study 30049 was 675 mg to both active treatment groups
N/A – Not applicable

Episodic Migraine (Study 30050)

Study 30050 was a 12 week, randomized, double-blind, placebo-controlled, parallel-group study 
conducted in episodic migraine patients representative of the US adult migraine population 
comparing 2 dose regimens of subcutaneous fremanezumab (Monthly dosing - 
225/225/225mg; Quarterly dosing - 675mg/pbo/pbo) and placebo.  Fremanezumab treated 
patients reported on average 9 migraine days at baseline and experienced a reduction of 3-4 
days for the analysis of the primary efficacy endpoint, the mean change from baseline in the 
monthly average number of migraine days during the 12 week period after the 1st dose of study 
drug for both fremanezumab doses, demonstrating statistically significant differences from 
placebo group which had about 2 days reduction (p<0.0001).  The endpoint is well-established 
for migraine prophylaxis and the effect size is similar to comparable drugs (Table 4).  

Teva is seeking labeling claims based on the protocol specified key secondary endpoints in 
study 30050 (Table 32) that were controlled for type -1 error, and the endpoints are discussed 
in section 6.1.2.  In general, consistent with the primary efficacy data, the onset of efficacy 
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appeared as early as month 1 with the efficacy maintained and showing reductions in endpoint 
variables through month 3, similar to the primary endpoint.  The episodic migraineurs used 
acute medications on fewer days for their migraine and both fremanezumab doses 
demonstrated efficacy regardless of concomitant medications administered (Table 16, Table 17) 
with statistically significant and clinically meaningful results in both dose groups compared to 
placebo treatment.

Based on the several endpoints evaluated, there was no clear evidence of dose response 
between the monthly and quarterly dosing option, although the subgroup of episodic migraine 
patients who received fremanezumab 225/225/225mg (monthly dosing) appeared to have 
greater reduction from baseline in the migraine days compare to the 675mg/pbo/pbo 
(quarterly dosing) in a post hoc analysis in patients with >8-14 days of migraine days at baseline 
and as discussed in section 6.1.2 under dose response, the overall results were suggestive that 
lower monthly fremanezumab 225/225/225 mg maintenance dosing provided numerically 
greater benefit to maintain the efficacy (Figure 6). Even though with the slight differences in 
response rates in some subgroups there were no differences in the efficacy analysis between 
the various subgroups analyzed that were considered persuasive for labeling.

Chronic Migraine (Study 30049)

Study 30049 was a 12 week, randomized, double-blind, placebo-controlled, parallel-group study 
conducted in chronic migraine patients representative of the US adult migraine population 
comparing 2 dose regimens of subcutaneous fremanezumab (Monthly dosing - 
675/225/225mg; Quarterly dosing - 675mg/pbo/pbo) and placebo.  The monthly dosing with 
fremanezumab 225 mg was administered as the second dose after the 1st loading dose with 675 
mg at baseline.  Presubmission discussions and alignment with the Division regarding general 
study design and endpoints for migraine prophylaxis studies are included in section 3.2.  Study 
subjects experienced at least 20 headache days (of any severity) at baseline and reported on 
average 13 headache days of at least moderate severity at baseline.  With fremanezumab 
treatment the subjects experienced a reduction of 5 days for the analysis of the primary 
efficacy endpoint, the mean change from baseline 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 for 
both fremanezumab doses, demonstrating statistically significant differences from placebo 
group which showed 3 days reduction (p<0.0001).  The endpoint has been previously studied 
and established for chronic migraine prophylaxis and the effect size is similar to comparable 
drugs (Table 4).  

Teva is seeking labeling claims based on the protocol specified key secondary endpoints (Table 
32) that were controlled for type -1 error, and these chronic migraine secondary endpoints are 
discussed in section 6.2.2.  The chronic migraineurs used acute medications on fewer days 
compared to the placebo group.  Both fremanezumab doses demonstrated efficacy regardless 
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of concomitant medications administered even though there was numerically greater reduction 
in the moderate to severe headache days in the small numbers of patients when they were on 
other concomitant prophylactic medications and received fremanezumab 675/225/225mg 
monthly dosing (Table 29, Table 30).  Treatment with fremanezumab resulted in significant 
reductions in the frequency of moderate/severe headaches days and fewer total hours of 
headache occurring on headache days compared to those treated with placebo with a mean 
reduction of 40 hours of headache experienced (Table 30).  That difference represents a 
significant number of hours during the week, which is probably clinically meaningful to the 
chronic migraineurs. 

In general, consistent with the primary efficacy data, the onset of efficacy appeared as early as 
month 1 in both dose groups that received fremanezumab 675 mg dose at baseline as their first 
dose, albeit with differences in efficacy between the dosing regimens through the remaining 
treatment period (Figure 12, Figure 14) with fremanezumab monthly dosing arm that received 
225 mg maintenance dose providing continued benefit and maintaining efficacy as discussed 
under Dose/Dose response in section 6.2.2.  Considering the available efficacy information in 
chronic migraineurs from study 30049, it appears that the quarterly dosing does not offer any 
additional benefit besides the flexible dosing that the patients and providers identified in the 
blinded surveys, and that there were some subpopulations that appear to have loss of efficacy 
with quarterly dosing compared to the monthly dosing arm.  In addition, it is of the reviewer’s 
opinion that regular monthly administration regimen for migraine prophylaxis should maintain 
therapeutic levels that may lead to treatment adherence and compliance because of 
improvement in their migraine symptoms overall in addition to providing a consistent regimen 
in the episodic and chronic migraine population.  Furthermore, patients need to self-administer 
single monthly subcutaneous injections as opposed to three subcutaneous injections every 
three months.  

While the Clinical Outcomes Assessment (COA) reviews for the disability measures that were 
prespecified for testing for statistical significance after adjusting for multiplicity in study 30050 
and 30049 are under review and have not been validated by FDA at this time, based on the 
reviewers evaluation  

 as discussed in sections 6.1.1 and 6.2.1.  

Conclusion

Teva’s BLA 761089 included clinical studies for evaluation of efficacy from adequately designed 
and well-controlled studies of sufficient study duration, that were based on prior discussions 
with the FDA during fremanezumab development with alignment regarding general study 
design and efficacy endpoints for the phase 3 migraine prophylaxis studies for assessing clinical 
meaningfulness using clinically relevant endpoints meeting regulatory standards (see Summary 
of Presubmission/Submission Regulatory Activity section 3.2).  There were highly statistically 
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significant primary and secondary efficacy outcomes after correction for multiplicity across 
multiple headache symptom measures with independently substantive results across study 
subsets in the episodic migraine population (study 30050) and the chronic migraine population 
(study 30049) with results favoring fremanezumab treatment group across clinically relevant 
endpoints.  

The treatment effects observed with fremanezumab is similar to available prophylactic 
therapies (Table 4).  Fremanezumab treatment demonstrated onset of efficacy during the 1st 
month after the initial subcutaneous injection and with a reduction in use of acute medications 
for the chronic intermittent migraine attacks, along with reductions in the migraines and the 
hours of overall moderate to severe headaches experienced; all measures with clinically 
meaningful impact.  While there is no clear demonstration of dose response, there is some 
evidence based on the efficacy outcomes suggesting that the fremanezumab 225 mg monthly 
interval dosing injections may provide maintenance of efficacy in both the episodic and chronic 
migraine populations.  As migraine evolves from episodic migraine to chronic migraine, and 
with the possibility to revert to less frequent symptoms with better managed migraines, it may 
be best to consider the maintenance monthly injection regimen in both the episodic and 
chronic migraine populations.  

While the reviews from the disciplines of Clinical Pharmacology, Office of Scientific 
Investigations, and the Clinical Outcomes Assessments are pending, based on the available 
information reviewed for the determination of efficacy in BLA 761089, Teva’s application 
appears to provide substantial evidence supporting fremanezumab for migraine prophylaxis 
indication based on clinically significant endpoints.

The efficacy data submitted in BLA 761089 provides for a reasonable assessment of benefit 
supporting effectiveness for the proposed indication, prophylaxis of migraine, with reference to 
21 CFR 601.25 (d)(2) and 21 CFR 314.126.

8. Review of Safety

Please refer to the clinical safety review of Maria Lourdes Villalba, MD for BLA 761089, 
Fremanezumab.

9. Advisory Committee Meeting and Other External Consultations

Not applicable.
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10. Labeling Recommendations

10.1. Prescription Drug Labeling

Please see edits proposed for labeling in separate labeling review.

11. Risk Evaluation and Mitigation Strategies (REMS)

At the time of this review completion, no REMS have been determined for BLA 761089.

12. Postmarketing Requirements and Commitments

A pregnancy registry and pediatric PMRs are being considered for BLA 761089.
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