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EXECUTIVE SUMMARY 

This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity Aimovig (erenumab) is necessary to ensure the 
benefits outweigh its risks.  Amgen submitted a Biologic Licensing Application (BLA 761077) for 
erenumab with the proposed indication for prevention of migraine in adults. The risks associated with 
erenumab include a theoretical risk of calcitonin gene related peptide (CGRP) antagonism that could 
lead to major adverse cardiovascular events (MACE) and theoretical risk of liver toxicity.  The applicant 
did not submit a REMS with this application  

 
 

. 

DRISK and the Division of Neurology Products agree that a REMS is not needed to ensure the benefits of 
erenumab outweigh its risks.  The theoretical risk of CGRP antagonism that could lead to MACE was not 
apparent in the clinical studies as cases of MACE were limited and confounded with other plausible 
alternative etiologies. Most adverse events were mild or moderate in severity; there was no discernable 
pattern of adverse events that led to discontinuation, and no safety concerns were identified. The 
impact of use of erenumab during pregnancy remains unknown;  

 Based on the safety 
profile and efficacy demonstrated in the clinical trials, the benefit-risk profile is acceptable and risk 
mitigation beyond labeling is not required. 

1 Introduction 
This review by the Division of Risk Management (DRISK) evaluates whether a risk evaluation and 
mitigation strategy (REMS) for the new molecular entity (NME) Aimovig (erenumab) is necessary to 
ensure the benefits outweigh its risks.  Amgen, Inc submitted a Biologic Licensing Application (BLA) 
761077 for erenumab with the proposed indication for prevention of migraine in adults. This application 
is under review in the Division of Neurology Products (DNP). The applicant did not submit a REMS with 
this application  

 
.   

2 Background 
2.1 PRODUCT INFORMATION 
Erenumab, a new molecular entitya and first in its class, is an anti-calcitonin gene-related peptide (CGRP) 
receptor antibody proposed for the indication of prophylaxis of migraine in adults. Erenumab injection is 
a human immunoglobulin G2 (IgG2) monoclonal antibody that has high affinity binding to the CGRP 
receptor. CGRP is a potent vasodilator in the cerebral, coronary, and renal vascular beds.1 CGRP has 

a Section 505-1 (a) of the FD&C Act: FDAAA factor (F): Whether the drug is a new molecular entity. 
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been shown to have a role in migraine pathophysiology. Plasma CGRP levels increase during migraine 
attacks and infusion of CGRP has been shown to induce migraine-like attacks in susceptible people.2 
Erenumab competes with the binding of CGRP and inhibits the function of CGRP at its receptor. The 
proposed dosing of erenumab is 70 mg or 140 mg once monthly administered using a single dose 
prefilled syringe or auto-injector by subcutaneous route.  The product is intended to be prescribed for 
prophylaxis of both episodic and chronic forms of migraine for patient self-administration. Erenumab is 
not currently approved in any jurisdiction.  

2.2 REGULATORY HISTORY 
The following is a summary of the regulatory history for BLA 761077 relevant to this review:   

• 5/17/2017: BLA 761077 submission received 

• 11/1/2017: A Mid-cycle meeting was held between the Agency and the Applicant. The Agency 
informed the Applicant that based on the currently available data, there were no safety issues 
that require a REMS for erenumab 

• 2/14/2018: A Late-cycle meeting was held between the Agency and the Applicant. The Agency 
informed the Applicant that based on the currently available data, there were no safety issues 
that require a REMS for erenumab 

 

3 Therapeutic Context and Treatment Options 

3.1 DESCRIPTION OF THE MEDICAL CONDITION 
Migraine is a common disorder that affects up to 12% of the general population in the United States and 
tends to run in families.3 Migraine is more common in women of prime working and childbearing ageb, 
with the highest prevalence among women aged 30-39 years.4 Migraine is characterized by recurrent 
headaches that last 4-72 hours and is often accompanied by symptoms such as nausea, vomiting, 
sensitivity to light and sound, and can be aggravated by routine physical activity. Migraine is typically 
categorized based on the frequency of migraine days per month. Episodic migraine (EM) is defined as 
less than 15 migraine days per month, while chronic migraine (CM) is defined as 15 or more headache 
days per months, at least eight of which are typical migraine days.5 The headache attack may be 
preceded by nonspecific prodromes such as irritability, drowsiness, or photo/phonophobia, or warning 
systems, known as aura, immediately prior to the headache and is followed by a nonspecific postdrome 
phase with symptoms such as fatigue, poor concentration, and depressed mood that can last several 
days. Migraine can result in physical impairment and the inability for patients to perform everyday 

b Section 505-1 (a) of the FD&C Act: FDAAA factor (A): The estimated size of the population likely to use the drug 
involved. 
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activities such as attending school or work, and functioning socially with disability increasing with higher 
attack frequency.c,6,7  

3.2 DESCRIPTION OF CURRENT TREATMENT OPTIONS 
There are several FDA approved therapies for migraine prophylaxis, as well as many other drugs that are 
used off-label. FDA approved therapies include the anticonvulsants divalproex sodium and topiramate, 
the beta-blockers, propranolol and timolol, and the neuromuscular blocking agent, onabotulinumtoxin A 
(CM only). The American Academy of Family Physicians considers divalproex, valproic acid, propranolol, 
timolol, topiramate, and the antidepressant, amitriptyline, as first-line agents for pharmacologic 
migraine prophylaxis.8 Frovatriptan, naratriptan, and zolmitriptan have shown some evidence of 
effectiveness in prevention of menstrually related migraine and are also approved as acute treatment 
for migraine. Other medications have shown some efficacy in the prevention of EM or CM, but are not 
FDA approved for this indication (see Appendix 10.1).9  

The currently FDA-approved treatments all have some limitations. They all have a modest effect at 
reducing the frequency of migraine headaches, however, most patients will continue to have migraines 
even on therapeutic doses of effective medication. Except for onabotulinumtoxin A, all must be taken at 
least daily and up to three times daily for propranolol. Onabotulinumtoxin A requires 31 injections in the 
head and neck, and needs to be administered every three months. Several of the available prophylactic 
medications have some intolerable side effects such as fatigue, nausea, difficulty thinking, and trouble 
functioning making it difficult for some patients to justify continuing to take a daily medication that does 
not completely prevent migraines, however, none require a REMS. Existing treatments are associated 
with variable efficacy and tolerability and were not originally developed for migraine prevention. As 
such, the treatment armamentarium would benefit from therapeutic options that are more efficacious 
and better tolerated. 

4 Benefit Assessment 
Erenumab was evaluated for prevention of migraine in two pivotal phase 2/3 studies, study 20120295d 
in chronic migraine and study 20120296 (NCT02456740) in episodic migraine as well as a supportive 
study, 20120297e, in episodic migraine. All studies enrolled patients with a history of migraine, with and 
without aura, according to the International Classification of Headache Disorders (ICHD-III) diagnostic 

c Section 505-1 (a) of the FD&C Act: FDAAA factor (B): The seriousness of the disease or condition that is to be 
treated with the drug. 

d Study 20120295, a Phase 2 study, was initially designed as a dose-ranging study with 70 mg and 140 mg doses, 
but was amended to meet the standards for it to serve as a pivotal study. NCT02066415 

e Study 2012097 was designed as a pivotal study evaluating the efficacy of erenumab at the 70 mg dose, but the 
Applicant considered it supportive in this marketing application. The review team has reviewed the study in 
support of the 70 mg dose. NCT02483585 
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criteria and allowed subjects to use acute headache treatments including triptans, ergotamine 
derivatives and non-steroidal anti-inflammatory drugs (NSAIDs) during the studies. Patients with a 
history of medication overusef or on other chronic migraine therapy were excluded.  

Safety data was integrated from two phase 2 studies (20120178 in EM, NCT01952574, and 20120295 in 
CM including its open label extension, 20130255, NCT02174861) and two phase 3 studies (20120296 
and 20120297). 

Study 20120295 was a randomized, multi-center, 12-week, placebo-controlled, double blind study. 
Patients with a history of chronic migraine with or without aura (≥15 headache days/month with ≥8 
migraine days/month) were randomized 2:1 to receive placebo or erenumab 140 mg subcutaneous 
injections monthly for 12 weeks. The primary outcome measure was the change from baseline at month 
3 in monthly migraine days. Secondary outcomes included the achievement of 50-100% reduction in 
monthly migraine days from baseline (≥ 50% responders) and change from baseline in monthly acute 
migraine-specific medication days. 

Studies 20120296 and 20120297 were multicenter, randomized, double-blind, placebo-controlled, 
parallel group studies evaluating erenumab for prevention of episodic migraine. Patients with a history 
of migraine, with or without aura, for a duration of ≥ 12 months and 4-14 migraine days/month were 
included. In study 20120297, subjects were randomized 1:1 to receive either erenumab 70 mg, or 
placebo by subcutaneous injection monthly for 3 months. The double blind treatment period was 
followed by a 28 week open-label period which included a single arm of 70 mg which was followed by an 
8 week safety follow-up period. In Study 20120296, subjects were randomized 1:1:1 to  
erenumab 70 mg, erenumab 140 mg, or placebo by subcutaneous injection monthly for 6 months. The 
double blind treatment period was followed by an additional 28-week active treatment period where 
subjects were re-randomized 1:1 to 70 mg or 140 mg and were blinded to the actual dose received. The 
active treatment period was followed by a 12 week safety follow up. 

The primary objective was to evaluate the effect of erenumab compared to placebo on the change from 
baseline in monthly migraine days in patients with episodic migraine and to evaluate the safety and 
tolerability of erenumab. Secondary outcome measures included the achievement of a 50-100% 
reduction in mean monthly migraine days from baseline (≥ 50% responders), change from baseline in 
mean monthly acute migraine-specific medication days and change from baseline in the two Migraine 
Physical Function Impact Diary (MPFID)g domains scores: physical impairment (PI) and impact on 
everyday activities (EA). 

f Medication overuse was defined during the baseline period as the following: ≥ 15 days of simple analgesics, ≥ 10 
days of triptans, ≥ 10 days of ergots, ≥ 10 days of combination therapy intake of any combination of ergots, 
triptans, opiates, combination-analgesic medications or simple analgesics 

g Migraine Physical Function Impact Diary (MPFID) is a patient reported outcomes instrument that measures the 
impact of migraine of physical functioning. It contains 13 items evaluating the impact of migraine during the 
previous 24 hours on two physical function concepts of interest: impact on everyday activities (EA) and physical 
impairment (PI), and one global item assessing the overall impact on everyday activities. Patients rate the duration 
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phase 3 studies (20120296 and 20120297). The safety data was grouped into four pools which include 
787 subjects who received 70 mg and 507 subjects who received 140 mg once monthly for 12 weeks. 
Pool A included 12-week placebo-controlled data collected in the first 3 months of the double-blind, 
placebo-controlled phases from studies 20120178, 20120295, 20120296, and 20120297. This pool 
provides an assessment of short-term safety due to availability of controlled data. Pool B included 24-
week placebo-controlled data from the double-blind phase of study 20120296. Pool C included the first 
dose of 70 mg or 140 mg of erenumab through the data cut-off, inclusive of the double blind and open-
label extension/active treatment phases. Pool D included subjects with continuous exposure to 
erenumab 70 mg or 140 mg for a minimum of 1 year through the data cutoff.  

Most AEs were mild or moderate in severity. The most common AE was injection site reactions which 
occurred in 23 (4.5%) subjects who received erenumab 140 mg compared to 33 (3.2%) of subjects who 
received placebo. The majority of injection site reactions were grade 1 in severity and no subjects 
treated with erenumab discontinued due to injection site reactions in the 12-week placebo-controlled 
period of studies. Other common AEs included constipation, muscle spasm, and pruritus. The rates of 
adverse events leading to discontinuation of investigational product were low and similar across 
treatment groups. There was no discernable pattern of adverse events that led to discontinuation and 
no safety concerns were identified. 

During the placebo-controlled, randomized period (up to week 12; Pool A), the percentages of subjects 
reporting serious adverse events (SAEs)j were similar across treatment groups with no evidence of a 
dose-dependent pattern or trend for certain types of events (1% to 1.7% of subjects in the placebo or 
erenumab treatment groups in the integrated safety data set), with most events reported in single 
subjects only. SAEs reported by more than one subject in the erenumab treatment groups were 
cholelithiasis, intervertebral disc protrusion, and migraine (reported for 2 subjects each, 0.1%). Review 
of SAEs in pools B, C, and D did not reveal any safety concerns. The most frequent adverse events 
leading to discontinuation in > 1 subject receiving erenumab in Pool A included arthralgia, fatigue, 
metrorrhagia, palpitations, positional vertigo, and upper abdominal pain (2 subjects each, 0.1%). No 
patterns in adverse events leading to discontinuation were observed in Pools B, C, and D. A single case 
of acute liver injury was reviewed from Phase 2 study 20160349 (section 5.2) 

The clinical reviewer stated that no serious safety issues related to the use of erenumab were identified 
and erenumab has an acceptable safety profile for the migraine population. Safety issues have not been 
adequately evaluated in the population 65 and older, or in patients with major cardiovascular disease. 

j Any adverse drug experience occurring at any dose that results in any of the following outcomes: Death, a life-
threatening adverse drug experience, inpatient hospitalization or prolongation of existing hospitalization, a 
persistent or significant disability/incapacity, or a congenital anomaly/birth defect. Important medical events that 
may not result in death, be life-threatening, or require hospitalization may be considered a serious adverse drug 
experience when, based upon appropriate medical judgment, they may jeopardize the patient or subject and may 
require medical or surgical intervention to prevent one of the outcomes listed in this definition. 
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5.1 THEORETICAL RISK OF CGRP ANTAGONISM: MAJOR ADVERSE CARDIOVASCULAR 

EVENTS (MACE ) 
As CGRP is a vasodilator in addition to its role as a modulator of pain transmission, inhibition of the 
CGRP receptor may pose a theoretical cardiovascular safety risk by interfering with compensatory 
vasodilation, particularly in the context of the coronary circulation during ischemia-related 
diseases/conditions. Additionally, migraine is associated with an increased risk of cardiovascular disease, 
with a stronger association in young women with migraine with aura.10 Results from the American 
Migraine Prevalence and Prevention study suggest that migraine was also associated with increased risk 
of total stroke.11 

The Applicant concluded that cardiovascular and cerebrovascular events were uncommonly reported; 
19 (0.9%) in the 70 mg group and 9 (0.8%) in the 140 mg group in pool C, integrated safety analysis set. 
The review of the individual cardiovascular cases found that all had confounding factors and there was 
no notable pattern in type of events or time to onset. Two deaths were reported, one in study 20120178 
and the other in 20120296. The causes of death were reported as arteriosclerosis for one subject and 
heart failure due to arrhythmogenic cardiomyopathy for the other subject. The investigators determined 
that neither death was related to the study drug and the deaths do not represent a safety signal. DNP 
consulted the Division of Cardiovascular and Renal Products (DCRP) for further evaluation of the cardiac 
deaths12. The cardiology reviewer stated that both deaths have confirmed non-drug related 
explanations at post-mortem exam, neither of which appears to be related to drug therapy. The clinical 
reviewer stated that a relationship between erenumab and these events cannot be entirely ruled out, 
but is not considered likely. The clinical reviewer also notes that the clinical trials included generally 
younger, healthier patients and excluded patients over age 65. Patients with major pre-existing 
cardiovascular disease were effectively excluded. The clinical reviewer recommends a post-marketing 
requirement to study safety and efficacy in patients over age 65 enriched with patients with major pre-
existing cardiovascular disease.  

DNP consulted DCRP a second time to review the literature13 and render an opinion regarding strength 
and quality of published evidence concerning possible vascular risk with CGRP antagonism. DCRP 
concluded that there is consensus from well performed nonclinical models that CGRP is a potent 
microvascular vasodilator. These studies suggest that CGRP is one of multiple redundant control 
mechanisms of regional and tissue specific blood flow, and that lack of vasodilation from blocking this 
pathway does not result in tissue-threatening vasoconstriction. For example, CGRP is a vasodilator in 
coronary arteries, but its antagonism does not induce vasoconstriction nor affect the extent of ischemia 
secondary to coronary artery stenosis nor vasodilation secondary to a short period of ischemia (reactive 
hyperemia). Therefore, if CGRP plays a role in coronary flow regulation, there are redundant systems to 
override inhibition of this modulator. There were several limitations in the literature review including 
that almost all the coronary flow data derives from in vivo canine studies and most of the studies were 
old as these types of experiments are currently uncommon. DCRP was unable to find clinical safety data 
on the effect of CGRP receptor blockers in subjects diagnosed with known Prinzmetal’s Angina or severe 
multi-vessel coronary artery disease. Given the limitations of the current datasets, DCRP suggests that 
post-marketing assessment of cardiovascular event rates comparing subjects being treated with triptans 

11 

 
Reference ID: 4264817



compared to patients being treated with CGRP receptor antagonists be considered using a Sentinel 
approach. 

The review team considered additions to the Warnings and Precautions section of labeling to include 
information about the theoretical risk of CGRP antagonism. DNP sought input and guidance from the 
Medical Policy Council (MPC) regarding the need for description in labeling of a theoretical risk of 
ischemia with CGRP blockade in patients with underlying vascular disease on April 20, 2018. The possible 
theoretical cardiovascular or cerebrovascular risks of prolonged antagonism of CGRP including 
worsening of ischemia due to impairment of compensatory vasodilation in the setting of ischemic 
vascular events and interference with the process of ischemic preconditioning, i.e., brief periods of 
ischemia and reperfusion prior to prolonged ischemia and reperfusion were discussed. The MPC 
concluded that the literature review and animal data are not suggestive of adverse outcomes and that 
there is insufficient evidence to include this theoretical risk in labeling at this time. Therefore, the 
theoretical risk of ischemia with CGRP blockade will not be included in the labeling. 

5.2 HEPATIC EFFECTS 
The development of the small-molecule-gepant class of CGRP receptor antagonists was stopped due to 
the risk of potential liver toxicity after continuous exposure.14 Although hepatotoxicity was considered 
an off-target effect, the potential hepatotoxic effect of erenumab was assessed. A total of 13/1785 
(0.7%) subjects exposed to erenumab 70 mg and 3/644 (0.4%) who received erenumab 140 mg for 3 
months experienced ALT > 3 times the upper limit of normal (ULN). A total of 3/1025 (0.3%) subjects 
exposed to erenumab 70 mg and 3/644 (0.4%) dosed with erenumab 140 mg for 3-6 months 
experienced ALT > 3x ULN. A total of 7/1042 (0.7%) subjects exposed to erenumab 70 mg and 4/556 
(0.7%) dosed with erenumab 140 mg for 6-12 months experienced ALT > 3x ULN. Some patients were 
found to have alternative etiologies for the transaminase elevations such as alcoholic hepatitis and 
hemangioma, while a few patients did not have any attributable etiology for liver enzyme elevations. 
The Applicant concluded that the clinical data do not reveal any evidence of potential hepatotoxicity. 

One subject experienced acute hepatitis 10 days after a single dose of erenumab during phase 2 study 
20160349 as evidenced by biochemical testing and a clinical picture consistent with hepatocellular 
injury. This was the only Hy’s Law case observed in the clinical program. The pattern of injury was 
consistent with drug induced liver injury (DILI) but was confounded by the use of other hepatotoxic 
drugs (i.e. amoxicillin-clavulanate). DNP consulted the Division of Gastroenterology and Inborn Errors 
Products (DGIEP) for further evaluation of the potential DILI15. The hepatology reviewer believes an 
unidentified cause may be the most likely explanation. The second most likely explanation is a bile duct 
stone, with erenumab or amoxicillin as unlikely culprits. DGIEP recommends considering a Limitation of 
Use statement in labeling for patients with pre-existing liver disease, as there are no data to support use 
of erenumab in patients with hepatic impairment. DGIEP also recommends including in labeling that if a 
patient experiences liver-related symptoms such as jaundice, right upper quadrant abdominal pain, 
nausea, or vomiting, this may be indicative of serious liver injury and should lead to discontinuation of 
erenumab. 
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6 Expected Postmarket Use 
Erenumab is expected to be prescribed by specialists and used primarily by patients in an outpatient 
setting. The proposed dose is 70 mg or 140 mg by subcutaneous injection for self-administration 
monthly. Patients and their caregivers should be trained on how to prepare and administer erenumab 
prior to use, according to the Instructions for Use. 

7 Risk Management Activities Proposed by the Applicant 
Amgen proposes  

 
 

  

8 Discussion of Need for a REMS 
The Clinical Reviewer recommends approval of erenumab on the basis of the efficacy and safety 
information currently available.   

Migraine is a common, chronic neurologic condition with a broad spectrum of frequency and severity. It 
is characterized by recurrent headache attacks with accompanying symptoms of nausea, vomiting, 
photophobia, and phonophobia. These attacks are of moderate to severe intensity and can at times be 
disabling and impact the quality of patients’ lives. There are several FDA approved drugs for the 
prophylaxis of migraine. They have limitations related to tolerability and to their frequency or route of 
administration. 

The efficacy of erenumab was demonstrated in three randomized clinical trials. Two trials were 
conducted in episodic migraine and one trial conducted in chronic migraine. Both erenumab 70 mg and 
140 mg demonstrated reduction in monthly migraine days as compared to placebo. In episodic migraine 
trials, patients had a baseline of about 8 migraines per month. Erenumab reduced monthly migraine 
days by about 1-2 days compared to placebo. In the chronic migraine trial, patients had a baseline of 
about 18 migraines per month. Erenumab reduced monthly migraine days by about 2-3 days compared 
to placebo. 

No major, serious toxicities were identified in the clinical trials. Most AEs were mild or moderate in 
severity. The most common AE was injection site reactions and other common AEs included 
constipation, muscle spasm, and pruritus. There was no discernable pattern of adverse events that led 
to discontinuation and no safety concerns were identified. A theoretical risk of ischemia with CGRP 
blockade and MACE exists with the use of erenumab. A relationship between erenumab and MACE 
events observed in the clinical trials is considered unlikely, but cannot be ruled out, however at the time 
of this review, will not be addressed in labeling as the review team currently has not determined this to 
be beyond a theoretical risk to the studied patient population. As most of the patients in the study were 
under age 65, the review team is also recommending a PMR to study safety and efficacy in patients over 
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the age of 65 enriched with patients with major pre-existing cardiovascular disease and for a pregnancy 
registry study. In addition, the review team is recommending PMRs to further evaluate the effect of 
erenumab on pregnancy outcomes. These PMRs combined with routine pharmacovigilance and product 
labeling will further clarify the risks associated with erenumab in the postmarketing setting. 

Based on the data available, the risks associated with erenumab do not require a REMS for the benefits 
of the drug to outweigh its risks. Therefore, DRISK is not recommending a REMS for the management of 
the risks of erenumab therapy. 

9 Conclusion & Recommendations 
Based on the available data, the benefit-risk profile is favorable therefore, a REMS is not necessary for 
erenumab to ensure the benefits outweigh the risks. At the time of this review, evaluation of safety 
information and labeling was ongoing.   Please notify DRISK if new safety information becomes available 
that changes the benefit-risk profile; this recommendation can be reevaluated.   

Should the Division of Neurology Products have any concerns or questions or if new safety information 
becomes available, please send a consult to DRISK.        
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