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Abstract

Objective > Class of Evidence

To examine the cardiovascular, cerebrovascular, and peripheral vascular safety of erenumab Criteria for rating

o . . therapeutic and diagnostic
across migraine prevention studies.

studies
Methods NPub.org/coe
Vascular adverse events (AEs) and blood pressure data were integrated across 4 double-blind,

placebo-controlled studies of erenumab and their open-label extensions in patients with chronic

or episodic migraine. Subgroup analyses were conducted by acute migraine-specific medication

use and number of vascular risk factors at baseline. Standardized search terms were used to

identify vascular AEs (cardiovascular, cerebrovascular, or peripheral). An independent com-

mittee adjudicated whether targeted events were vascular in origin.

Results

In placebo-controlled studies, 2,443 patients received placebo (n = 1,043), erenumab 70 mg
(n = 893), or erenumab 140 mg (n = 507) subcutaneously once monthly. Regardless of acute
migraine-specific medication use or vascular risk factors at baseline, AE incidence was similar across
the placebo and erenumab treatment groups. Hypertension AEs were reported for 0.9% (placebo),
0.8% (erenumab 70 mg), and 0.2% (erenumab 140 mg) of patients. Vascular AEs, which were
similar across double-blind and open-label treatment, generally were confounded, with plausible
alternative etiologies. In 18 patients with events reviewed by the independent committee, 4 events
were positively adjudicated as cardiovascular in origin: 2 deaths and 2 vascular events. All 4
positively adjudicated cardiovascular events occurred during open-label erenumab treatment.

Conclusion

Selective blockade of the canonical calcitonin gene-related peptide receptor with erenumab for
migraine prevention had a vascular safety profile comparable to that of placebo over 12 weeks,
with no increased emergence of events over time. Further study of long-term safety of ere-
numab in patients with migraine is needed.

Clinicaltrials.gov identifiers
NCT02066415, NCT02456740, NCT01952574, NCT02483585, NCT02174861, and
NCTO01723514.

Classification of evidence
This analysis provides Class II evidence that for patients with migraine, erenumab does not
increase the risk of vascular AEs.
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Glossary

AE = adverse event; ARISE = Study to Evaluate the Efficacy and Safety of Erenumab (AMG 334) Compared to Placebo in
Migraine Prevention; BP = blood pressure; CGRP = calcitonin gene-related peptide; DBP = diastolic blood pressure; SBP =
systolic blood pressure; MedDRA = Medical Dictionary for Regulatory Activities; NSAID = nonsteroidal anti-inflammatory
drug; STRIVE = Study to Evaluate the Efficacy and Safety of Erenumab (AMG 334) in Migraine Prevention.

Migraine affects over 1 billion people worldwide' and
15%-20% of Americans.” More than 25% of adults with mi-
graine are candidates for preventive therapy,” but fewer than
30% of candidates receive it.*> Over 80% of patients with
chronic migraine discontinue oral preventive therapy within
the first year.6 There is an unmet need for an effective, well-
tolerated therapy to prevent migraine.

Calcitonin gene-related peptide (CGRP) plays a key role in
migraine pathophysiology.”® Monoclonal antibodies have
recently been developed that bind to either CGRP or the
canonical CGRP receptor to prevent migraine. Because
CGRP can mediate vasodilation,” inhibition of the CGRP
pathway could theoretically attenuate compensatory vasodi-
lation during ischemic conditions, but the relative importance
of the CGRP receptor pathway compared with other vaso-
dilatory pathways during ischemia (e.g.,, myocardial) has not
been established.”"" In addition, patients with migraine have
an increased risk of vascular events, including stroke and
myocardial ischemia,'>'® and acute migraine-specific medi-
cations such as triptans and ergotamine have known vaso-
constrictive effects."™"> Thus, it is important to examine
vascular safety, particularly over the longer term, in patients
treated with therapies that block the effects of CGRP.

Erenumab (in the United States, erenumab-aooe) is a fully
human monoclonal antibody that specifically targets and
blocks the canonical CGRP receptor to prevent migraine.'®
Administered subcutaneously once monthly, erenumab has
been shown to be effective for migraine prevention.'”*° This
pooled analysis of vascular safety in clinical studies of erenu-
mab for migraine prevention included vascular (cardiovas-
cular, cerebrovascular, or peripheral) adverse events (AEs)
that were reported by investigators, events that were adjudi-
cated across all studies by an independent committee of
clinical experts, and a pooled analysis of blood pressure (BP)
measurements. This report also includes results of a 24-hour
ambulatory BP monitoring study that assessed the potential
cardiovascular effects of erenumab in healthy controls.

Methods

The primary research questions for this pooled analysis were
to examine if the rates of vascular (cardiovascular or cere-
brovascular) AEs were higher in the erenumab group vs the
placebo group of controlled clinical studies, both overall and
in subgroups of patients at a higher risk of vascular AEs, as well
as the effect of erenumab treatment on BP. This analysis
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provides Class II evidence that for patients with migraine,
erenumab does not increase the risk of vascular AEs.

Design

Information about AEs was collected as reported by the pa-
tient, either spontaneously or in response to the investigator’s
nondirected questioning, per standard procedures in clinical
trials. Regulatory authorities in the regions where the trials
were conducted reviewed study protocols, including AE data
collection methods, before implementation. Reported AEs
and BP results were integrated for 12 weeks of double-blind
treatment across 4 placebo-controlled migraine prevention
studies of erenumab administered subcutaneously once
monthly. For long-term safety, AE data were integrated for
any exposure to erenumab in these 4 studies and their open-
label extensions.

The pivotal studies testing the doses of erenumab that are
approved for migraine prevention (70 mg and 140 mg once
monthly) were NCT02066415 (n = 667), which enrolled
patients with chronic migraine,'” and NCT02456740 (Study
to Evaluate the Efficacy and Safety of Erenumab [AMG 334]
in Migraine Prevention [STRIVE]; n = 955), which enrolled
patients with episodic migraine.'® The supportive studies
NCT01952574 (n = 483)"® and NCT02483585 (Study to
Evaluate the Efficacy and Safety of Erenumab [AMG 334]
Compared to Placebo in Migraine Prevention [ARISE]; n =
577)%° also enrolled patients with episodic migraine, but in
the placebo-controlled periods of these studies, 70 mg was the
highest dose tested. Safety data for erenumab doses less than
70 mg, which were investigated in the placebo-controlled
period of supportive study NCT01952574 but are not ap-
proved for migraine prevention, were excluded from this in-
tegrated safety analysis. All but 1 of the studies had a 12-week
placebo-controlled period; the episodic migraine STRIVE
study had a 24-week placebo-controlled period. Patients
assigned to an erenumab arm received the same dose (70 or
140 mg) throughout double-blind treatment.

Patients completing the double-blind, placebo-controlled
periods were continued in an active dose-blinded treatment
period (STRIVE study) or open-label erenumab treatment
(all other studies). For the episodic migraine studies, fol-
lowing completion of the double-blind placebo-controlled
period, the active treatment or open-label treatment period was
part of the main study protocol. In NCT 01952574, open-label
erenumab is being maintained for up to 256 weeks (5 years).”!
Patients who completed the chronic migraine study could enter
a separate open-label extension study (NCTO02174861).
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During the active treatment or open-label periods, patients
received only 70 mg (ARISE study), or 70 mg or 140 mg (other
studies).

Ambulatory BP was assessed in a phase 1 study (NCT01723514)
that enrolled 32 healthy controls and 16 patients with migraine
who received erenumab (70 or 140 mg) or placebo sub-
cutaneously once monthly for 12 weeks.”

Standard protocol approvals, registrations,
and patient consents

An institutional review board or independent
ethics committee approved each study in this analysis.
The studies included in this analysis were registered
at clinicaltrials.gov: NCT02066415, NCT02456740,
NCTO01952574, NCT02483585, NCT02174861, and
NCTO01723514. Patients provided written informed con-
sent to participate in each study.

Eligibility criteria

Each of the migraine prevention studies had an initial
screening period (up to 3 weeks), followed by a 4-week,
prospective baseline period to confirm study eligibility before
the patient was enrolled and randomized. Key inclusion cri-
teria at screening were age 18 years or older (up to 60 or 65
years) and a history of migraine with or without aura for at
least 12 months. The chronic migraine study included
patients with at least 15 headache days per month during the
baseline period, of which at least 8 were migraine days. The
episodic migraine studies included patients with fewer than 15
headache days per month during the baseline period, of which
at least 4 were migraine days.

In the episodic migraine studies, use of medications for acute
headache before screening was restricted as follows: acute
migraine-specific medications (triptan or ergot) were limited
to fewer than 10 days per month, analgesics or nonsteroidal
anti-inflammatory drugs (NSAIDs) to fewer than 15 days per
month, and opioids or butalbital-containing medications to
fewer than 4 days per month. In the chronic migraine study,
there was no restriction for prior use of acute migraine-specific
medications, analgesics, or NSAIDs; however, in the prior 3
montbhs, patients could not have used opioids on more than 12
days or butalbital on more than 6 days. In each migraine
prevention study, after randomization, patients could use
acute migraine-specific medications, analgesics, or NSAIDs as
needed to treat acute migraine.

Patients were excluded from the migraine prevention studies
if they had myocardial infarction, stroke, TIA, unstable an-
gina, or coronary artery bypass surgery, or another re-
vascularization procedure within 12 months prior to
screening. Medically stable patients who had any of these
listed conditions more than 12 months prior to screening
could participate in the studies. Patients were excluded from
studies NCT02066415 and NCT01952574 if they had
poorly controlled hypertension (systolic BP [SBP] above
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150-160 mm Hg or diastolic BP [DBP] above 90-100 mm
Hg), and patients with any unstable medical condition were
excluded from each study. Healthy controls in the ambula-
tory BP study had no history of hypertension, hypotension,
or vascular disease.

Safety assessments

AEs that were new or worsened after the first dose of study
treatment were recorded through 12 weeks after the last dose
in studies with doses up to 70 mg (the ARISE study and study
NCT01952574 before protocol amendment to include higher
doses), and 16 weeks after the last dose in studies with doses
up to 140 mg. For each AE, the Medical Dictionary for
Regulatory Activities (MedDRA) was used to determine the
preferred term and system organ class. AE severity was graded
with Common Terminology Criteria for Adverse Events
(CTCAE) criteria, version 4.03. A serious AE was defined as
an AE that met at least 1 of the following criteria: fatal, life-
threatening, required inpatient hospitalization or pro-
longation of existing hospitalization, resulted in persistent or
significant disability/incapacity, congenital anomaly/birth

defect, or another medically important serious event.

Because of the acknowledged interest in the safety of this new
class of medication, an independent committee was estab-
lished to review potential vascular events. The adjudicators,
who were clinical experts in cardiovascular and cerebrovas-
cular disease, adjudicated each potential event based on pre-
specified definitions. Events that were referred to the
adjudicators included the following: death, acute myocardial
infarction or hospitalization for unstable angina event, non-
fatal stroke or TIA, coronary revascularization procedure,
hospitalization for hypertension, hospitalization for peripheral
artery disease event, or revascularization procedure for pe-
ripheral artery disease. Adjudicators were blinded to treat-
ment assignment throughout the adjudication process.

In each study, resting BP was measured at monthly study
visits, before each administration of study treatment. The
phase 1 study also monitored BP continuously for 24 hours,
starting at 9:00 AM, on day -2 (i.e., 2 days before the first dose
of study treatment) and on days 8, 36, and 64 (i.e., 7 days after
each dose of study treatment).

Statistical analysis

Analyses of AEs were conducted for 2 pools of safety data.
The “12-week placebo-controlled” pool was the integrated
safety dataset from 12 weeks of double-blind treatment (or in
the STRIVE study, the first 12 weeks of double-blind treat-
ment). The “any erenumab exposure” pool included AEs that
occurred during exposure to either double-blind or open-label
erenumab treatment through the data cutoff for the S-year
open-label extension study (NCT01952574) or completion
of the study (all other studies). Integrated analyses of AEs for
the 12-week placebo-controlled pool were conducted by
assigned treatment (placebo, erenumab 70 mg, or erenumab
140 mg). Integrated analyses for any erenumab exposure were
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summarized by actual treatment received (erenumab 70 mg
or erenumab 140 mg) when the AEs occurred. A single pa-
tient in the any erenumab exposure pool could have received
both erenumab 70 mg and 140 mg because of the second
randomization for the active treatment phase in the STRIVE
study, or because of study protocol amendments in
NCT02174861 and NCT01952574 that increased the open-
label dose of erenumab from 70 mg to 140 mg for all patients.
If a patient experienced the same AE when he or she received
each dose of erenumab, then this AE was counted for both
70 mg and 140 mg. Exposure-adjusted incidence rates of AEs
for any erenumab exposure pool were calculated by adjusting
for the length of exposure to erenumab.

For the AE analyses in the 12-week placebo-controlled pool, 1
subgroup analysis examined the incidences of AEs separately by
use or nonuse at baseline of acute migraine-specific medi-
cations (triptans or ergot). Another subgroup analysis exam-
ined the incidences of AEs separately by the number of vascular
risk factors at baseline (none, 1, or >2) using 7 categories for
vascular risk factors (table 1). Each subgroup analysis included
incidences of any AE, any AE by severity, any serious AE, any
AE leading to discontinuation of study treatment, and death.

To analyze vascular AEs, standardized MedDRA queries with
narrow search terms were used to determine the overall
incidences in each treatment group of the 12-week placebo-
control pool in the following categories: ischemic CNS vas-
cular conditions, ischemic heart disease, peripheral arterial
disease, or hypertension. The same queries were used to

Table 1 Determination of baseline vascular risk factors
from reported data

Category Description

Diabetes mellitus History of diabetes mellitus

Hypertension Medical history of hypertension or high
blood pressure at screening (=2 occasions

with systolic >140 mm Hg or diastolic

>90 mm Hg)
Obesity Body mass index >30 kg/m?
Dyslipidemia Total cholesterol >200 mg/dL or low-density

lipoprotein cholesterol >130 mg/dL or high-
density lipoprotein cholesterol <40 mg/dL
or triglycerides >150 mg/dL or medical
history of dyslipidemia

Cigarette use History of smoking

Coronary artery disease Ischemic heart disease (as reported in case
report forms for dedicated vascular
medical history or for general medical

history)

Cerebrovascular or
peripheral artery disease

Cerebrovascular disease or peripheral
artery disease (as reported in case report
forms for dedicated vascular medical
history or for general medical history) or
medical history of peripheral
vasoconstriction, necrosis, or vascular
insufficiency
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analyze vascular AEs for any erenumab exposure. The results
of each search were summarized descriptively. Positively ad-
judicated vascular events were listed.

The integrated data analysis of the 12-week double-blind pool
also summarized resting SBP and DBP at monthly study visits.
To evaluate BP in a manner that was clinically relevant, the
proportion of patients with an increase from baseline of
>10 mm Hg in DBP or >20 mm Hg in SBP was evaluated at the
monthly visits. For the phase 1 study of ambulatory BP, hourly
SBP and DBP were summarized for each treatment group.

Data availability

Qualified researchers may request data from Amgen clinical
studies. Complete details are available at amgen.com/
datasharing.

Results

Patient disposition

During 12 weeks of double-blind treatment across the 4 mi-
graine prevention studies, 2,443 patients with migraine re-
ceived placebo (n = 1,043), erenumab 70 mg (n = 893), or
erenumab 140 mg (n = 507). Most of these patients (94%
erenumab, 92% placebo) completed 12 weeks of double-blind
treatment. In NCT 01952574, an additional 213 patients who
received lower doses of erenumab 7 mg (n = 108) or 21 mg (n
= 105) were not included in the pooled safety analysis for 12
weeks of double-blind treatment but could be analyzed for
AEs during any exposure to erenumab if they switched to
70 mg for the open-label phase.

For the analysis of AEs during any exposure to erenumab,
2,499 patients received at least 1 dose of erenumab 70 mg (n
=2,128) or at least 1 dose of erenumab 140 mg (n = 1,223).
A single patient in any study except ARISE could have re-
ceived both erenumab 70 mg and 140 mg. Thus, considering
all erenumab exposure during double-blind or open-label
treatment, 852 patients received both doses of erenumab,
1,276 received only 70 mg, and 371 received only 140 mg.
The total exposure to either dose of erenumab was 2,639
patient-years.

Patient characteristics

Baseline patient characteristics, use of acute migraine-specific
medications, and vascular risk factors were balanced across the
treatment groups (table 2). Upon entry into the respective
study, mean patient age in each treatment group was 41.3-41.8
years, and 83.3%-85.0% of patients were female. Mean disease
duration was approximately 21 years in each treatment group,
and the mean number of monthly migraine days in each
treatment group was 10.3-11.9. At baseline, acute migraine-
specific medications were used by 64.1%-66.9% of patients in
each treatment group. Almost all of the acute migraine-specific
medications used were triptans (<1% were ergot-based).
Medications for management of hypertension were used at
baseline by 3.7%-6.5% of patients in each treatment group.
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Table 2 Patient demographic and clinical characteristics at baseline in 4 migraine prevention studies

Placebo QM Erenumab 70 mg QM Erenumab 140 mg QM
Baseline characteristic (n=1,043) (n=893) (n =507)
Age,y 41.8+11.1 41.7+£11.2 41.3+£11.2
Female 869 (83.3) 755 (84.5) 431 (85.0)
White 934 (89.5) 813 (91.0) 475 (93.7)
North America 544 (52.2) 471 (52.7) 248 (48.9)
Body mass index, kg/m? 26.8+5.8 26.9+5.8 26.7+6.0
Disease duration, y 20.7+12.2 20.8+12.4 20.5+12.2
History of migraine with aura 481 (46.1) 429 (48.0) 231 (45.6)
History of migraine without aura 925 (88.7) 788 (88.2) 450 (88.8)
Monthly migraine days 11.1+£55 10.3+£5.0 11.9+5.8
Acute headache medication use
Any 1,024 (98.2) 872 (97.6) 498 (98.2)
Migraine-specific® 690 (66.2) 572 (64.1) 339 (66.9)
Non-migraine-specific 822 (78.8) 705 (78.9) 416 (82.1)
Any hypertension medication use 68 (6.5) 33(3.7) 22 (4.3)
History of vascular disorders 77 (7.4) 59 (6.6) 50 (9.9)
No. of vascular risk factors
0 310(29.7) 233 (26.1) 148 (29.2)
1 423 (40.6) 377 (42.2) 199 (39.3)
>2 310 (29.7) 283(31.7) 160 (31.6)
Vascular risk factors
High cholesterol level® 489 (46.9) 438 (49.0) 241 (47.5)
Obesity*© 253 (24.3) 230 (25.8) 133(26.2)
High lipid level® 250 (24.0) 227 (25.4) 122 (24.1)
History of diabetes mellitus 21(2.0) 17 (1.9) 6(1.2)
History of dyslipidemia 93 (8.9) 69 (7.7) 31 (6.1)
History of hypertension 93 (8.9) 51(5.7) 34 (6.7)
High blood pressure at screening® 73 (7.0) 58 (6.5) 34 (6.7)
History of cigarette use
Current 64 (6.1) 67 (7.5) 41(8.1)
Former 114 (10.9) 93 (10.4) 51(10.1)
Never 430 (41.2) 437 (48.9) 227 (44.8)
Unknown 435 (41.7) 296 (33.1) 188 (37.1)

Abbreviation: QM = once monthly.

Data are presented as mean + SD or number (%) of patients.
?Includes triptan-based or ergot-based medications (<1% received ergot-based medications).
b High cholesterol level is defined as one of the following: total cholesterol >200 mg/dL, low-density lipoprotein cholesterol >130 mg/dL, or high-density

lipoprotein cholesterol <40 mg/dL.

< Obesity is defined as a body mass index >30 kg/m?.
9 High lipid level is defined as triglycerides >150 mg/dL.

¢ High blood pressure at screening is defined as systolic blood pressure >140 mm Hg or diastolic blood pressure >90 mm Hg measured on at least 2 occasions.
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In each treatment group, 6.6%-9.9% of patients had a history
of a vascular disorder, most commonly hypertension
(3.4%-5.1%). More than 70% of patients in each treatment
group had at least 1 vascular risk factor at baseline (table 2).
The most common vascular risk factor at baseline was dysli-
pidemia (based on high cholesterol, high lipids, or history of

dyslipidemia). One in 4 patients was obese.

Vascular adverse events in targeted searches
In the targeted searches for vascular AEs during 12 weeks of
double-blind treatment, investigators reported AEs of hyper-
tension or diastolic hypertension for 9 (0.9%) patients receiving
placebo, 7 (0.8%) receiving erenumab 70 mg, and 1 (0.2%)
receiving erenumab 140 mg (table 3). An AE of cerebral venous
thrombosis was reported for 1 (0.2%) patient in the erenumab
140 mg group; review of the event did not suggest a causal
association for erenumab. This female patient had multiple risk
factors for venous thrombosis: age >40 years, body mass index
>30 kg/m’, a prior history of deep vein thrombosis and pul-
monary embolism, recurrent heparin-induced thrombocytope-
nia, and a recent infection (sepsis, pyelonephritis, and kidney
infection about 7 weeks before the event). No other ischemic
vascular event was reported in any treatment group in the
pooled 12-week placebo-controlled analysis.

In the targeted searches for vascular AEs during any erenumab
exposure (either double-blind or open-label), the exposure-
adjusted patient incidence rate for an AE of hypertension was 2.5
per 100 patient-years for erenumab 70 mg and 1.7 per 100
patient-years for erenumab 140 mg (table 3). The exposure-
adjusted patient incidence rate for an AE of cerebral venous
thrombosis was 0.2 per 100 patient-years for 140 mg, including
the AE described above for the double-blind period and another
AE during open-label erenumab treatment. The latter AE oc-
curred in a 38-year-old man who experienced subdural hema-
toma, cerebral venous thrombosis, and facial bone fractures as
a result of closed head injury sustained during a fall while hiking.
He was found unconscious and under the influence of Ecstasy
(3/4-methylenedioxy-methamphetamine). Two patients had an
AE of myocardial ischemia (<0.1 per 100 patient-years for 70
mg), both of which occurred during open-label erenumab
treatment. One of these patients had demand ischemia that was
a positively adjudicated vascular event (see description in the
next section). The other patient had exercise-induced ischemia
and had taken sumatriptan 4 hours before the exercise test. This
patient received a total of 2 doses of erenumab 70 mg, with the
second dose 36 days before the event. The dose of sumatriptan
on the day of the event was 50 mg, and the patient’s previous
dose of sumatriptan was administered 68 days before the event.
Other AFs in the searches for vascular events occurred in only 1
patient each. Review of the individual events did not suggest
a causal association for erenumab.

Adjudicated vascular events

Eighteen patients had AEs that fulfilled criteria for adjudica-
tion. The blinded, independent, clinical experts adjudicated
the events as cardiovascular in origin for 4 patients. All
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occurred during open-label erenumab treatment. For each
adjudicated event, investigators considered the respective AEs
as not related to erenumab treatment; adjudicators did not
assess the relationship of positively adjudicated events to
treatment. Details on these 4 events are given below.

A S5-year-old woman in the ARISE study had AEs of multi-
focal pneumococcal bacteremia, life-threatening acute re-
spiratory distress syndrome, atrial fibrillation, myocardial
(demand) ischemia, and elevated troponin levels on day 135,
during open-label treatment with erenumab 70 mg.

A 54-year-old man in study NCT01952574 with a history of
hypertensive cardiovascular disease died of arteriosclerosis and
hypertensive heart disease on day 650 of exposure during open-
label treatment with erenumab 70 mg. On autopsy, there was
evidence of severe coronary atherosclerosis with presence of
alcohol and stimulants (phenylpropanolamine and norpseu-
doephedrine). This case was reported previously.'

A 44-year-old man in the STRIVE study with body mass index
of 30 kg/mz, high triglycerides, a history of abnormal ECG
findings (first-degree atrioventricular block, intraventricular
conduction defect, and anomalies of repolarization), and mild
mitral prolapse died after 12 months of exposure to erenumab
during open-label treatment with 140 mg. He was asymp-
tomatic for the duration of the study, including during physical
exertion. Postmortem genetic assessment revealed a genetic
form of arrhythmogenic right ventricular cardiomyopathy/
dysplasia, which predisposes to sudden cardiac death.”® Con-
sistent with this diagnosis, postmortem findings included hy-
perplastic sclerosis of coronary arteries, fat infiltration of the
right heart chamber musculature, hypertrophy of the left car-
diac musculature, and dilation of both cardiac chambers. The
direct cause of death was attributed to heart failure.

A 64-year-old man in study NCT02174861 with a history of
hypertension and migraine with aura had monocular visual
blurring lasting 2 minutes on day 209 of exposure during
open-label treatment with erenumab 140 mg (10 weeks after
last dose). The event was reported as an AE of TIA.

AEs by use of acute migraine-

specific medications

Patients who used acute migraine-specific medications at
baseline had similar incidences of AEs and serious AEs across
the placebo and erenumab treatment groups (table 4). Overall,
patients using acute migraine-specific medications had a slightly
higher incidence of serious AEs compared with nonusers of
acute migraine-specific medications. There was no evidence of
an increased incidence of vascular AEs or serious vascular AEs
among patients using acute migraine-specific medications.

AEs by number of vascular risk factors

at baseline

Regardless of the number of vascular risk factors at baseline,
incidences of AEs were similar across the placebo and

Neurology.org/N
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Table 3 Treatment-emergent vascular adverse events in migraine prevention studies

During 12 weeks of double-blind treatment During any exposure to erenumab

Erenumab Erenumab
Category Placebo QM 70 mg QM 140 mg QM 70 mg QM 140 mg QM
Preferred term (n =1,043) (n =893) (n =507) (n=2,128) (n=1,223)
Ischemic CNS vascular conditions 0(0.0) 0(0.0) 1(0.2) 0(0.0) 4(0.3)
2,068.2 [0.0] 1,015.1 [0.4]
Cerebral venous thrombosis 0(0.0) 0(0.0) 1(0.2) 0(0.0) 2(0.2)
2,068.2 [0.0] 1,016.2 [0.2]
Cerebrovascular disorder 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(<0.1)
2,068.2 [0.0] 1,015.4 [<0.1]
TIA® 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(<0.1)
2,068.2 [0.0] 1,016.3 [<0.1]
Ischemic heart disease 0(0.0) 0(0.0) 0(0.0) 5(0.2) 0(0.0)
2,066.2 [0.2] 1,016.4 [0.0]
Myocardial ischemia?® 0(0.0) 0(0.0) 0(0.0) 2 (<0.1) 0(0.0)
2,067.5 [<0.1] 1,016.4 [0.0]
Angina pectoris 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 0(0.0)
2,067.7 [<0.1] 1,016.4 [0.0]
Arteriosclerosis coronary artery 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 0(0.0)
2,067.8 [<0.1] 1,016.4 [0.0]
Blood CPK-MB increased 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 0(0.0)
2,067.8 [<0.1] 1,016.4 [0.0]
Peripheral arterial disease 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 1(<0.1)
2,067.9 [<0.1] 1,015.7 [<0.1]
Raynaud phenomenon 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 1(<0.1)
2,067.9 [<0.1] 1,015.7 [<0.1]
Hypertension 9(0.9) 7 (0.8) 1(0.2) 50 (2.3) 17 (1.4)
2,034.8 [2.5] 1,007.1 [1.7]
Hypertension 9(0.9) 7 (0.8) 0(0.0) 41 (1.9) 15(1.2)
2,039.4 [2.0] 1,008.9 [1.5]
Diastolic hypertension 0(0.0) 0(0.0) 1(0.2) 0(0.0) 1(<0.1)
2,068.2 [0.0] 1,015.1 [<0.1]
Blood pressure increased 0(0.0) 0(0.0) 0(0.0) 7(0.3) 1(<0.1)
2,063.8 [0.3] 1,015.9 [<0.1]
Blood pressure diastolic increased 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 0(0.0)
2,068.1 [<0.1] 1,016.4 [0.0]
Hypertensive heart disease® 0(0.0) 0(0.0) 0(0.0) 1(<0.1) 0(0.0)
2,068.2 [<0.1] 1,016.4 [0.0]

Abbreviations: CPK-MB = creatine phosphokinase-muscle/brain; QM = once monthly.

Data for double-blind treatment are presented as number (%) of patients who received at least 1 dose of 70 mg or 1 dose of 140 mg (the same patient could
have received both doses). Data for any exposure to erenumab are presented as number (%) of patients/total time at risk in years [exposure-adjusted
incidence rate per 100 patient-years], where total time at risk was the time from the patient’s first dose of erenumab 70 mg or 140 mg to onset of the first event
or, ifno event occurred, to the earliest of patient’s end of safety follow-up (12 or 16 weeks after last dose of 70 mg or 140 mg, respectively), end of study, or data
cutoff date. Each erenumab dose group includes adverse events while the patient received that dose. Multiple events of the same preferred term are only
counted once per patient.

@ Four patients had a positively adjudicated vascular event, including 1 patient each with a vascular adverse event of TIA, myocardial ischemia, and
hypertensive heart disease, plus 1 patient without a reported vascular adverse event.

erenumab treatment groups (table S). In the subgroup of
patients with at least 2 vascular risk factors at baseline, there
were slightly higher incidences of AEs or serious AEs com-
pared with the subgroups of patients with no risk factor or 1
risk factor at baseline, but incidences were balanced across the
placebo and erenumab groups. There was no evidence of an
increased incidence of vascular AEs or serious vascular AEs
among patients with vascular risk factors at baseline.

Neurology.org/N

Blood pressure changes

In the integrated analysis of the 4 migraine prevention studies,
resting BP readings were similar across the treatment groups
and across the study visits (figure 1). Mean (SD) change in
SBP from baseline to week 12 was —0.4 (9.6) mm Hg in the
placebo group, —0.5 (10.0) mm Hg in the erenumab 70 mg
group, and —1.0 (9.8) mm Hg in the erenumab 140 mg group.
Mean (SD) change in DBP from baseline to week 12 was —0.6
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Table 4 Patient incidence of adverse events (AEs) during 12 weeks of double-blind treatment in 4 migraine prevention
studies, by use of acute migraine-specific medications at baseline

Users of acute migraine-specific medications

Nonusers of acute migraine-specific medications

Placebo QM Erenumab 70 mg Erenumab 140 mg Placebo QM Erenumab 70 mg Erenumab 140 mg

AEs (N1 = 690) QM (N1 =572) QM (N1 = 339) (N1 = 353) QM (N1 = 321) QM (N1 = 168)
Any 342 (49.6) 269 (47.0) 159 (46.9) 169 (47.9) 153 (47.7) 74 (44.0)

Any grade 22 194 (28.1) 128 (22.4) 86 (25.4) 95 (26.9) 89 (27.7) 37 (22.0)

Any grade 23 24 (3.5) 21(3.7) 9(2.7) 9 (2.5) 9(2.8) 7(4.2)

Any grade >4 0(0.0) 1(0.2) 0(0.0) 0(0.0) 0(0.0) 1(0.6)

Serious 13(1.9) 12(2.1) 5(1.5) 3(0.8) 3(0.9) 0(0.0)
Discontinued® 7 (1.0) 8(1.4) 6(1.8) 3(0.8) 7(2.2) 4(2.4)

Death 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Abbreviation: QM = once monthly.

Data are presented as number (%) of patients. N1 is the number of patients with use/nonuse of an acute migraine-specific medication at baseline. Acute
migraine-specific medications include triptan-based or ergot-based medications.

? Investigator reported that the AE led to discontinuation of study treatment.

(7.1) mm Hg in the placebo group, —0.3 (7.7) mm Hg in the
erenumab 70 mg group, and 0.4 (7.2) mm Hg in the ere-
numab 140 mg group.

There were no clinically relevant differences across treatment
groups for a SBP increase of >20 mm Hg or a DBP increase of
>10 mm Hg from baseline at weeks 4, 8, and 12 (table 6).

In the 24-hour continuous BP monitoring study, SBP and
DBP after 12 weeks of treatment in healthy controls were
similar in the erenumab 70 mg group and the erenumab
140 mg group compared with the placebo group, and ere-
numab had no effect on the diurnal pattern of BP (figure 2).
Similar results were observed for 24-hour continuous BP

monitoring after the first and second monthly doses of
placebo or erenumab in healthy controls, or after each dose
of study treatment in patients with migraine (data not
shown).

Discussion

During 12 weeks of double-blind treatment in 4 clinical
studies of migraine prevention, the incidences of AEs were
similar across the placebo, erenumab 70 mg, and erenumab
140 mg groups, with no evidence of dose dependency for
safety. Review of both individual and aggregate AEs did not
find evidence of an association between erenumab treatment
and vascular events, including cardiovascular, cerebrovascular,

Table 5 Patient incidence of adverse events (AEs) during 12 weeks of double-blind treatment in 4 migraine prevention
studies, by number of vascular risk factors at baseline®

No vascular risk factor

1 vascular risk factor

22 vascular risk factors

Placebo Erenumab Erenumab Placebo Erenumab Erenumab Placebo Erenumab Erenumab
QM 70 mg QM 140mgQM QM 70 mg QM 140mgQM QM 70 mg QM 140 mg QM
AEs (N1=310) (N1=233) (N1 =148) (N1=423) (N1=377) (N1=199) (N1=310) (N1 =283) (N1 =160)
Any 147 (47.4) 111 (47.6) 58 (39.2) 196 (46.3) 174 (46.2) 87 (43.7) 168 (54.2) 137 (48.4) 88 (55.0)
Grade >2 91 (29.4) 61(26.2) 33(22.3) 110 (26.0) 83(22.0) 49 (24.6) 88 (28.4) 73(25.8) 41 (25.6)
Grade 23 10(3.2) 7(3.0) 4(2.7) 12(2.8) 12(3.2) 5(2.5) 11 (3.5 11(3.9) 7 (4.4)
Grade >4 0(0.0) 1(0.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(0.6)
Serious 3(1.0) 2(0.9) 2(1.4) 701.7) 6(1.6) 1(0.5) 6(1.9) 7(2.5) 2(1.3)
Discontinued®  4(1.3) 8(3.4) 3(2.0) 4(0.9) 6(1.6) 4(2.0) 2(0.6) 1(0.4) 3(1.9)
Death 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)
Abbreviation: QM = once monthly.
Data are presented as number (%) of patients. N1 is the number of patients with that number of vascular risk factors at baseline.
@ See table 1 for descriptions of the 7 categories of vascular risk factors.
® Investigator reported that the AE led to discontinuation of study treatment.
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Figure 1 Blood pressure by visit in patients with migraine during 12 weeks of double-blind treatment in 4 migraine

prevention studies
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or peripheral vascular events. Vascular ischemic events oc-
curred during open-label erenumab treatment and were
confounded with plausible alternative etiologies.

Subgroup analyses were conducted to examine the overall
safety of erenumab in patients with migraine who might be at
higher risk of vascular events. Approximately two-thirds of the
patients were using an acute migraine-specific medication at
baseline. Triptans and ergot-based medications have vaso-
constrictive effects that may contribute to a higher risk of
cardiovascular or cerebrovascular AEs with these acute
medications.'*" Thus, triptans and ergot-based medications
have relative contraindications for use in patients at high risk
of vascular events, which includes more than 900,000 men
and women with migraine in the United States.”* In this
analysis, the incidences of AEs were similar between the
erenumab and placebo groups, supporting that adding ere-
numab to an acute migraine-specific medication did not in-
crease risk compared with adding placebo to an acute
migraine-specific medication. Overall, users of acute migraine-
specific medications had a slightly higher incidence of serious
AEs compared with nonusers of acute migraine-specific
medications.

Among patients with common vascular risk factors at baseline,
the incidences of AEs were similar across the placebo and

Neurology.org/N

erenumab treatment groups. Regardless of treatment group,
the incidences of AEs and serious AEs were slightly higher in
the subgroup of patients with at least 2 vascular risk factors
than in those with 0 or 1 risk factor.

Erenumab treatment for 12 weeks also had no relevant effect
on BP compared with placebo, either for resting measure-
ments at monthly study visits in patients with episodic or
chronic migraine, or for continuous 24-hour ambulatory BP
monitoring after 12 weeks of treatment. There were no clin-
ically relevant differences in the number of patients with
a 210 mm Hg increase in DBP or a >20 mm Hg increase in
SBP, no difference between erenumab and placebo for mean
SBP or DBP, and no imbalances in outliers for BP. This is
consistent with the similar incidence of clinically reported AEs
of hypertension between the placebo and erenumab treat-
ment groups during the first 12 weeks of the placebo-
controlled studies, and a similar incidence of hypertension
AEs during long-term erenumab treatment. Collectively,
these analyses supported the vascular safety profile for ere-
numab across different study periods, populations, and
methodologies, providing a comprehensive examination of
the safety of erenumab treatment for migraine prevention.

Supportive information for these findings was provided by ex
vivo studies that showed no vasoactive effect of erenumab
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Table 6 Percentage of patients by visit with increases from baseline in blood pressure during 12 weeks of double-blind

treatment in 4 migraine prevention studies

Placebo QM Erenumab 70 mg QM Erenumab 140 mg QM
(n=1,043) (n =893) (n =507)

Week 4

No. of patients with SBP/DBP result 1,022 878 501

SBP increase 220 mm Hg to SBP <140 mm Hg 15(1.5) 14(1.6) 8(1.6)

SBP increase 220 mm Hg to SBP >140 mm Hg 9(0.9) 6(0.7) 3(0.6)

DBP increase 210 mm Hg to DBP <90 mm Hg 57 (5.6) 61 (6.9) 46 (9.2)

DBP increase 210 mm Hg to DBP >90 mm Hg 10 (1.0) 19 (2.2) 2(0.4)
Week 8

No. of patients with SBP/DBP result 997 871 497

SBP increase 220 mm Hg to SBP <140 mm Hg 12(1.2) 17 (2.0) 7(1.4)

SBP increase 220 mm Hg to SBP >140 mm Hg 3(0.3) 6(0.7) 3(0.6)

DBP increase 210 mm Hg to DBP <90 mm Hg 58 (5.8) 65 (7.5) 47 (9.5)

DBP increase 210 mm Hg to DBP >90 mm Hg 15(1.5) 12 (1.4) 2(0.4)
Week 12

No. of patients with SBP/DBP result 985 860 482

SBP increase 220 mm Hg to SBP <140 mm Hg 10(1.0) 24 (2.8) 8(1.7)

SBP increase 220 mm Hg to SBP >140 mm Hg 8(0.8) 8(0.9) 4(0.8)

DBP increase 210 mm Hg to DBP <90 mm Hg 70(7.1) 67 (7.8) 44 (9.1)

DBP increase 210 mm Hg to DBP >90 mm Hg 12(1.2) 12 (1.4) 7(1.5)

Abbreviations: DBP = diastolic blood pressure; QM = once monthly; SBP = systolic blood pressure.

Data are presented as number (%) of patients, except as specified.

beyond its blockade of the vasodilatory effect of CGRP.>>*° In
those studies, which measured arterial segments from brain
and coronary vessels, exposure to erenumab alone did not
affect vascular contractility. Because erenumab is selective for
the canonical CGRP receptor, the absence of an effect of
erenumab on vascular tone may not be generalizable to other
agents that block CGRP from binding to other receptors in
the calcitonin-like receptor family or to the CGRP ligand

itself.?”>°

Recent clinical studies provide additional support for the
vascular safety of erenumab. An exercise treadmill safety study
in 88 patients with coronary artery disease and stable angina
showed no aggravation of myocardial ischemia in the patients
who received erenumab compared with those who received
placebo.*® Erenumab did not decrease exercise duration as
measured by the change from baseline in total exercise time
compared to placebo (the primary endpoint of the study).
That study enrolled patients with coronary artery disease and
stable angina; the study population was older (median age
~6S years) and contained a higher proportion of men (78%)
than this pooled analysis.

Neurology | Volume 94, Number 5 | February 4, 2020

A drug-drug interaction study in 34 healthy controls found
that concomitant administration of erenumab 140 mg with
the acute migraine-specific medication sumatriptan had no
clinically meaningful or additive effects on resting BP com-
pared with sumatriptan alone.”* Because the healthy controls
in the latter study received sumatriptan, those with elevated
BP or heart rate, a prolonged QT interval, or a history of
major vascular event or major cardiovascular intervention
were excluded from the study.

Strengths of this safety analysis in approximately 2,500
patients with migraine were the size and characteristics of the
patient population and the overall extent of exposure to ere-
numab. Patient demographics (mostly female and mean age
of approximately 40 years) were representative of patients
with migraine, supporting the generalizability of the results to
other patients with chronic or episodic migraine. Safety results
from the individual studies were also consistent across
patients with either chronic or episodic migraine.'”>* The
number of patients was complemented by duration of expo-
sure. The total exposure to erenumab was 2,639 patient-years,
and one of the episodic migraine studies includes open-label

Neurology.org/N
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Figure 2 Twenty-four-hour continuous blood pressure in healthy controls after 12 weeks of double-blind treatment in

a phase 1 study
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treatment for up to 5 years. As noted above, the exclusion of ~ patients who might be excluded from many migraine pre-
patients with major vascular events within 12 months before ~ vention studies were allowed to enroll in the erenumab

each study was a limitation of the analysis, but this is typical  studies.

for most studies of migraine treatment or prevention. In ad-

dition, patients with symptomatic vascular disease for more  This safety analysis used data from the controlled setting of
than 12 months before screening were allowed to participate  clinical trials. Additional safety data from real-world analyses
in the erenumab studies of migraine prevention. Hyperten-  would be useful to confirm the vascular safety of erenumab
sion was not an exclusion criterion in the ARISE or STRIVE  with widespread use in a broader patient population. A pla-
studies, and patients could participate in the other studies if ~ cebo comparator group was not available for the longer-term
they did not have poorly controlled hypertension. Thus, safety data in this analysis. A limitation of any open-label study
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is contextualization of events that occur when there is no
comparator group. Assessment and adjudication of potential
vascular ischemic events by a panel of clinical experts con-
firmed only 4 events as being vascular in origin. Each occurred
during open-label erenumab treatment, when the adjudicators
were not blinded to the patient’s study treatment. While the
independent adjudicators did not determine treatment re-
latedness, the investigators did not consider any of these
events to be related to treatment. BP also seems to have been
unaffected by erenumab treatment. If cardiovascular and ce-
rebrovascular AEs do not occur more often, it might still be
speculated that their severity is increased with blockade of the
CGRP receptor. In these clinical studies, investigators were
not specifically asked to judge whether the study treatment
influenced the severity of vascular AEs. Given the rarity of
these events (only 4 events in the whole dataset were deemed
cardiovascular in origin), only substantial long-term real-world
safety data will help address this question. Standardized searches
for AE terms of vascular events used narrow search terms to
increase specificity of the analyses. Sensitivity analyses using
broad search terms identified 2 additional events that were not
specific to vascular injury during any exposure to erenumab:
T-wave inversion on ECG (n = 1) and increase in blood crea-
tine phosphokinase (n = 17). Review of the individual AEs of
increased blood creatine phosphokinase indicated that these
were isolated events with no association with cardiac injury
(most of them related to intense physical activity).

In this integrated analysis, erenumab had a vascular safety
profile comparable to that of placebo over 12 weeks, and the
overall safety profiles for erenumab and placebo were similar
regardless of whether patients also used an acute migraine-
specific medication or had risk factors for vascular events. A
vascular safety signal did not emerge with longer-term treat-
ment with dose-blinded or open-label erenumab for up to 256
weeks. Results from ex vivo studies and other clinical studies
provided support for the vascular safety of erenumab treat-
ment. Further study of long-term vascular safety of erenumab
in patients with migraine is needed.
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