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History and Review of anti-Calcitonin Gene-Related Peptide 
(CGRP) Therapies: From Translational Research to Treatment

Stewart J. Tepper, MD, FAHS1,2

Objective.—To briefly describe the history of and available data on anti-calcitonin gene-related peptide (CGRP) therapies 
for headache.

Background.—CGRP was proposed as a target for primary headache therapies. Translational research involved moving 
from delineating the relationships between CGRP and primary headaches and the clinical development of anti-CGRP treat-
ments. The first anti-CGRP treatment, an intravenous CGRP-receptor antagonist or gepant, olcegepant, was described as 
effective in terminating migraines in humans in 2004.

Methods.—The author briefly reviews some of the pathophysiology and translational research that led to the development 
of the gepants initially and then subsequently to the anti-CGRP and anti-CGRP receptor monoclonal antibodies. All acces-
sible randomized controlled trials, abstracts, platform presentations, and press releases on the monoclonal antibody trials are 
summarized. The trajectory from bench research to the approval of the first anti-CGRP receptor monoclonal antibody for 
clinical use in migraine prevention, erenumab, is discussed, as well as potential clinical uses of the anti-CGRP treatments.

Results.—The US Food and Drug Administration (FDA) approved erenumab, an anti-CGRP receptor monoclonal antibody, 
for prevention of migraine May 17, 2018. At the time of this writing (May 2018), 2 other anti-CGRP monoclonal antibodies 
have been submitted to the FDA for the indication of prevention of migraine, galcanezumab and fremanezumab. Galcanezumab 
has reportedly shown effectiveness in preventing episodic cluster headache as well, although has not yet been submitted to 
the FDA for this indication. Eptinezumab will likely be submitted to the FDA for prevention of migraine later in 2018. Two 
gepants, ubrogepant and rimegepant, have completed positive pivotal trials for acute treatment of migraine, but have not yet 
been submitted to the FDA for this indication.

Conclusions.—The development of anti-CGRP therapies opens a new era in the acute and preventive treatment of primary 
headache disorders.
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INTRODUCTION
Migraine pathophysiology suggests calcitonin 

gene-related peptide (CGRP) as a key neurotransmit-
ter in the genesis, and also, likely, the processing of 
migraine. CGRP receptors are located at all of the 
sites involved in migraine pathogenesis.1 CGRP levels 
rise during migraine attacks and fall interictally and 
after treatment. CGRP infusion precipitates migraine 
in migraineurs. Finally, blocking or removing CGRP 
terminates migraine acutely and prevents migraine. T      
his review traces briefly the history of CGRP from 
translational research to clinical research and appli-
cation, a potentially pivotal shift in migraine therapy 
now that the first anti-CGRP receptor monoclonal 
antibody has been approved for use in migraine pre-
vention in the United States.

PATHOPHYSIOLOGY
CGRP release and resultant vasodilation and 

neurogenic inflammation are fundamental to mi-
graine. CGRP receptors are located at all of the sites 
involved in migraine pathogenesis, including cortex; 
thalamic nuclei such as the posterior intralaminar 
complex, the ventral posterior parvicellular nucleus 
(VPpc), and the ventromedial posterior nucleus 
(VMpo); the amygdalostriate area including the cen-
tral nucleus of the amygdala nucleus; the external 
lateral and external medial parabrachial nuclei; the 
nucleus of the solitarius tract; small nuclei in the 
vagus, trigeminal, spinal lamina 1, and dorsal root 
ganglia.1 In addition, human cerebral arteries show 
CGRP immunoreactivity.2–4

CGRP levels rise during migraine attacks and are 
lower interictally.2,5,6 Stimulation of human trigemi-
nal ganglion results in cranial circulation increases in 
CGRP levels.7 Migraine patients infused with CGRP 
developed migraine over the next 11 hours.6

CGRP is linked to major events in migraine. 
CGRP receptor activation increases cyclic AMP 
(cAMP), protein kinase A (PKA), and phosphoryla-
tion of the glutamate N-methyl-D-aspartate (NMDA) 
subreceptor 1 (NR-1), resulting in postsynaptic ini-
tiation of cortical spreading depolarization or de-
pression (CSD) in aura.8–10 CGRP receptors in the 
trigeminocervical complex can be blocked by CGRP 
receptor blockade.11

Finally, CGRP release in the meninges leads to 
vasodilation, mast cell degranulation, and neurogenic 
inflammation, mechanisms for migraine pain.12–15 
Triptans prevent release of CGRP, interrupting this 
cascade.16,17

These and other basic science studies led to CGRP 
assuming the role of target for migraine translational 
research.18 The progression from recognition of the 
target to several classes of migraine acute and preven-
tive medications is a classic for ongoing cooperative 
research between scientists, industry, and clinicians, 
and has the potential to fundamentally change the 
way Headache Medicine is practiced.

SMALL MOLECULE CGRP RECEPTOR 
ANTAGONISTS (GEPANTS)

Characterization of the CGRP receptor led to 
development of small molecules that could block the 
receptor. The first of these were 2 extensively studied 
small peptides which included the receptor sequence 
except for the first 7 amino acids, α and b CGRP8-37.
CGRP8-37 had both a short half-life and low in vivo 
potency and could not be used clinically, although the 
synthesis and availability of the compound resulted in 
important bench research and to the development of 
other gepants.19,20

A German team of Rudolph, Doods, and others 
utilized a pharmacologic high throughput technique 
to synthesize other gepants for potential use. Number 
19 was olcegepant (BIBN4096BS),21 characterized by 
Edvinsson,22 and the first gepant to be tested in hu-
mans. Olcegepant prevented headaches that could be 
triggered by infusion of h-αCGRP.23

From the beginning, the location of gepant ac-
tion was under investigation. Storer, Goadsby, and 
colleagues demonstrated that intravenous (IV) ol-
cegepant could inhibit central nociceptive pathways 
and trigeminocervical activity stimulated by superior 
saggital stimulation and glutamate in cats, suggesting 
central activity.11 Edvinsson, Rudolph, Doods, and 
others felt the likely gepant action was peripheral, in 
trigeminal ganglion, which is outside the blood brain 
barrier, or in dura mater and meninges.21,22,24

A large Phase 2B proof of concept randomized, 
controlled dose-ranging study on IV olcegepant 
was reported in 2004. This trial in acute treatment 
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of episodic migraine was conducted at 16 European 
centers in Denmark, Germany, Netherlands, and the 
United Kingdom from February to December 1999, 
and was a featured article in the New England Journal 
of Medicine. Because this was an entirely new class 
of medication, the investigators used a group-sequen-
tial adaptive treatment assignment design to keep the 
number of patients exposed to a minimum until safety 
was established. Doses were tried in a small group of 
patients and moved up or down depending on results. 
The infusion was given within 6 hours of the migraine 
starting.25

The primary endpoint was 2-hour headache re-
sponse, also called headache relief, pain response, or 
pain relief, that is, treating at moderate to severe pain 
and resulting in pain reducing to zero or mild pain; 
2–3 down to 0–1. This was achieved in 66% (21/32) of 
those treated with 2.5 mg and 27% treated with pla-
cebo (11/41) (P = .001). Onset for this IV 2.5 mg dose, 
defined as statistical difference from placebo, was at 
30 minutes.25

Because studies on acute treatment of episodic 
migraine now use the International Headache Society 
(IHS) recommended endpoint of 2-hour pain free-
dom, it is worth reviewing that secondary endpoint 
in the original gepant study. Two-hour pain freedom 
was 44% for IV 2.5 mg olcegepant, 2% for placebo  
(P values not provided).

Adverse events were minimal and mild, and those 
that occurred more in the olcegepant group included 
mild paresthesias (8% active, 0% placebo), and head-
ache, dry mouth, and abnormal vision (2% active, 0% 
placebo).25

Based on the benefit seen in this study, 7 more 
gepants were developed, all oral, bringing to a total 
of 8 that have been tested in humans. At the time of 
this writing (May 2018), 6 gepants have been reported 
to demonstrate effectiveness in the acute treatment of 
episodic migraine, and none have failed on an effi-
cacy primary endpoint for acute treatment. They ge-
pants which have published trials for acute treatment 
of migraine are olcegepant,25 BI 44370 TA,26 telcage-
pant,27,28 MK-3207,29 rimegepant,30 and ubrogepant.31 
There were reported liver toxicity signals associated 
with BI 44370 TA, telcagepant, and MK-3207 that 
resulted in discontinuation of development of those 
gepants.

Telcagepant.—The most studied of the gepants 
is telcagepant, which went through Phase 2, Phase 
3, and additional testing. It worked well for acute 
treatment of episodic migraine, manifested good 
tolerability, but had liver toxicity signals that led 
to the termination of the drug program.

In Phase 2, telcagepant was tested with an adap-
tive design to assess safety and dose efficacy. The 
study did not turn up the magnitude of the hepatotox-
icity, but found non-inferiority to zolmitriptan and 
superiority to placebo.27 The Phase 3 trial compared  
3 doses of telcagepant and placebo, with similar 
results and minimal liver toxicity signal.28

In the Phase 2 trial of 1380 patients, 23.3% of pa-
tients achieved 2-hour pain freedom with telcagepant 
150 mg, compared with 31.3% for zolmitriptan 5 mg 
and 9.6% for placebo. Active vs placebo for 2-hour 
pain freedom was P = .0031 for telcagepant 150 mg 
and .001 for the zolmitriptan 5 mg.27

In the Phase 3 trial of 1294 patients, 5 co-primary 
endpoints were evaluated for 150 and 300 mg of telcage-
pant versus placebo, including 2-hour pain freedom, 
headache relief, absence of photophobia, absence of 
phonophobia, and absence of nausea. Pain freedom at 
2 hours was achieved in 23.2% of those treated with 
150-mg telcagepant and 10.7% treated with placebo  
(P < .001).28

In addition, telgagepant was studied for effects 
in cardiovascular disease32,33 and exercise tolerance 
time.34 Concerns have been raised that eliminating 
or blocking CGRP could cripple compensatory vaso-
dilation in the setting of ischemia.35 Telcagepant was 
evaluated with this disquiet in mind. Supratherapeutic 
telcagepant doses were assessed on treadmill exer-
cise time in a double-blind, randomized, placebo- 
controlled, 2-period, crossover study in patients with 
stable angina, and reproducible exercise-induced an-
gina. Patients received telcagepant (600 mg, n = 46; 
and 900 mg, n = 14) or placebo and performed tread-
mill exercise at maximal serum concentration (Cmax) 
2.5 hours after dosing. There were no significant 
between-treatment differences in treadmill exercise 
time, maximum exercise heart rate, or time to 1-mm 
ST-segment depression on EKG.34

A telcagepant preventive twice daily dosing study 
reported patients with clinically significantly liver 
function test (LFT) increases.36 A second study using 
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telcagepant in prevention of menstrual migraine also 
suggested a potential liver problem, and the drug de-
velopment program was stopped.37

As noted above, 2 other gepants, BI 44370 TA and 
MK-3207, tested in Phase 2 trials, were effective in 
acute treatment of migraine but reportedly showed 
liver abnormalities resulting in discontinuation of de-
velopment. Again, tolerability appeared excellent.26,29

Ubrogepant And Rimegepant.—Two more gepants  
are in development for acute treatment of episodic 
migraine, rimegepant, and ubrogepant. Both gepants 
have completed and fully published successful Phase 
2 trials.30,31 Both gepants have now reported out some 
Phase 3 data by press release only, one randomized 
controlled trial for ubrogepant, 2 for rimegepant. 
Throughout this review, the author will cite data pre-
sented in press releases, platform presentations, or 
abstracts when full peer-reviewed publications are 
not yet available. The provenence of these data is 
clearly indicated, and inherent in their use is both less 
peer-reviewed scrutiny and less overall information.

The US Food and Drug Administration (FDA) 
now requires positive findings for 2 co-primary end-
points compared with placebo in acute drug trials for 
migraine for regulatory approval. The first is 2-hour 
pain freedom (PF). The second is 2-hour freedom from 
the most bothersome symptom (MBS), chosen by the 
patient from nausea, photophobia, or phonophobia. 
In all of the acute trials that have reported MBS, the 
placebo rate is higher than for pain freedom, and the 
most chosen MBS has been photophobia.

The Phase 3 data announced for rimegepant in-
cludes results from 1072 subjects. In the first study 
(301), the 2-hour pain freedom for rimegepant 75 mg 
was 19.2% and for placebo 14.2% (P < .03). The second 
study (302) was remarkably similar, with 2-hour pain 
freedom 19.6% and in those receiving placebo 12%  
(P < .001). In 301, freedom from MBS was achieved in 
36.6%, placebo 27.7% (P < .002). In the 302 trial, MBS 
freedom was achieved in 37.6% of active and 25.2% of 
placebo (P < .0001).38

Exploratory and secondary endpoints for the ri-
megepant studies were presented in abstracts and 
press releases at the American Academy of Neurology 
(AAN) meeting in Los Angeles in April 2018. Pain 
freedom continued to rise across 8 hours, with 66% 

pain free at 8 hours compared with 47% for placebo 
after a single dose of rimgepant and no rescue medi-
cations. It will be a challenge to evaluate how much of 
this effect is continuing medication benefit and how 
much natural resolution of attacks.39

Sustained pain freedom, usually reported as 2–24 
hours, was 12.3% for rimegepant 75 mg and 7.1% for 
placebo (P = .0040). Because of the suggestion of con-
tinuing benefit, similar to that seen with naratriptan 
and dihydroergotamine (DHE), sustained pain free-
dom of 4–24 hours was also evaluated and was 26.8% 
for rimegepant, 14.4% for placebo (P < .0001).

Sustained pain relief, 2–24 hours was 42.6% for 
rimegepant, 26.5% for placebo (P < .0001). Sustained 
pain relief 4–24 hours was 52.9% for rimegepant, 
36.1% for placebo (P < .0001).38,39

One of 2 planned Phase 3 trials on uborogepant 
was reported in a platform presentation at the 2018 
AAN meeting, the ACHIEVE 1 study, with 1327 sub-
jects. The 50-mg dose achieved 19.2% pain freedom 
at 2 hours, the 100 mg 21.2%, and placebo 11.8%,  
(P < .0023 for 50 mg; P < .0003 for 100 mg). The 50-mg 
dose achieved 2-hour absence of MBS in 38.6%, the 
100 mg 37.7%, and placebo 27.8% (P < .0023 for both 
doses vs placebo).40

Again, the 2 gepants were well tolerated. The most 
common adverse events with ubrogepant were nau-
sea, somnolence, and dry mouth, all occurring in less 
than 5% of patients treated with active drug. Nausea 
occurred in the rimegepant trials at <2%, essentially 
the same rate as those receiving placebo.

Rimegepant exposure was associated with one pa-
tient who received active drug and one patient who re-
ceived placebo who had LFTs elevated to more than 
3 times normal. When evaluating for any elevation at 
all over the upper limit of normal for the LFTs, there 
were 24 patients with rimegepant and 32 patients with 
placebo.38,39

For ubrogepant, there were 2 cases of subjects re-
ceiving active drug with an alanine aminotransferase 
(ALT) more than 3 times normal, 2 with ALT more 
than 5 times normal, and one with ALT more than 10 
times normal, with one patient with ALT more than 
3 times normal who had been treated with placebo. 
Thus, further exposure to gepants and further eval-
uation of safety with respect to the liver is in order.41
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Gepants in the Future.—Two gepants are in Phase 
2 trials for proof of concept in migraine prophylaxis. 
Both atogepant and rimegepant will be tested by daily 
dosing in reducing mean monthly migraine days. 
Efficacy, safety, tolerability, and appropriate dose 
will be evaluated in these studies. There is at least one 
other company studying a different pipeline of small 
molecule CGRP receptor antagonists.

Clinical Use of the Gepants.—An interesting 
question is where gepants would fit into our future 
acute treatment of migraine, assuming liver safety. 
Dr. Peer Tfelt-Hansen explored the relative effective-
ness of telcagepant by analyzing the 4 randomized 
controlled trials on its efficacy and safety. He wrote, 
“Telcagepant 300 mg orally had an incidence of ad-
verse events similar to placebo when used in the acute 
treatment of migraine. Telcagepant, thus, has excel-
lent tolerability in migraine.” and “In the 4 telcagep-
ant RCTs (280–300 mg) the pain-free rate for the drug 
at 120 minutes was 26% (369/1377) vs 10% (143/1394) 
for placebo.” Finally, “Telcagepant 300 mg in one ran-
domized clinical trial was equipotent to zolmitriptan 
5 mg. Based on results from a meta-analysis, rizatrip-
tan 10 mg (41%) and almotriptan (35%) seem superior 
to telcagepant (26%) for pain freedom at 2 hours.”42,43

Both rimegepant and ubrogepant manifest 2-hour 
pain freedom lower than telcagepant, at 19–20%, 
and both show the low therapeutic gain found with 
telcagepant. These gepants appear to behave more 
as naratriptan than sumatriptan, that is with gentle, 
slower onset and better tolerability than most of the 
fast acting oral triptans.

The clinical utility of gepants for acute treatment 
is likely to be first in patients with known vascular 
disease or multiple vascular risk factors, due to the 
fact that the gepants appear to prevent vasodilation 
but do not cause vasoconstriction. They are also 
likely to be used for patients with poor response to 
or tolerability with oral triptans, but the gepant rela-
tively indolent onset will probably limit their utility in 
migraine patients with quick times to peak intensity 
and vomiting.

Assuming the 2 gepants in the Phase 2 trials being 
administered daily for migraine prevention, atogepant 
and rimegepant, prove safe, tolerable, and effective, 
the next issue is their potential future role in migraine 
prophylaxis. Their use will be somewhat determined 
by the speed with which they show effectiveness, the 

extent of their efficacy, and the continued tolerabil-
ity. If these are all favorable, an advantage of a daily 
oral preventive medication is that if a patient inad-
vertently becomes pregnant, the medication can be 
stopped quickly, while monoclonal antibodies have 
very long half lives and currently unknown effects on 
the developing fetus. Also, some patients will prefer 
oral medication to injections, even injections given 
only monthly or quarterly.

Conclusions on Gepants.—Concluding this brief 
overview on gepants, these small CGRP receptor an-
tagonists are important in proving the translational 
research arc of identifying CGRP as pivotal in mi-
graine and a potent target for acute treatment and, 
possibly for prevention. It is clear that gepants are 
effective in the acute treatment of episodic migraine. 
It is likewise evident that they are well tolerated. 
Further studies on liver safety are indicated, and ge-
pant safety, tolerability, and efficacy in migraine pre-
vention is currently being evaluated.

MONOCLONAL ANTIBODIES
Pharmacologists and chemists considered the 

concept of additional peripherally active anti-CGRP 
therapies given the opinion of some scientists that 
the gepants did not have primarily central effects. 
Migraine-specific prophylaxis, that is designer mi-
graine preventive medications, were unavailable dur-
ing this development period. The last medication 
designed for migraine was the ergot methysergide, 
which caused severe idiosyncratic fibrosis and is no 
longer available worldwide.

The effectiveness of onabotulinumtoxinA in the 
prevention of chronic migraine led to recognition 
that a peripherally active biologic could be effective 
in migraine prophylaxis. OnabotulinumtoxinA does 
not penetrate the brain and may exert its effect by in-
hibition of CGRP release from peripheral neuronal C 
fibers.44,45

Monoclonal antibodies, as large molecules that 
do not enter the brain, offered another approach to 
targeting CGRP. The size of monoclonal antibodies 
is on the order of 150 kilodalton (kDa), while gepants 
are on the order of 0.2–1 kDa. Dr. Lars Edvinsson 
compared the size of a monoclonal antibody to a 
truck, gepants to a grain of rice.
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The main challenge in the gepants development 
program was the liver toxicity, documented in 3 clin-
ical trials, most thoroughly with telcagepant. It was 
hypothesized that this was due to problematic hepatic 
metabolic degradation products, possibly in suscepti-
ble patients.

Another more concerning possibility was that 
the gepants-induced liver harm was mechanistically 
based. That is, since CGRP is ubiquitous, then when 
the CGRP receptors are blocked this results in an ad-
verse liver consequence. This would have bad implica-
tions for a peripherally active anti-CGRP monoclonal 
antibody.

Monoclonal antibodies are eliminated through 
the reticulo-endothelial system. Thus, if the prob-
lem with the gepants and the liver is mechanistically 
based, the new monoclonal antibodies would demon-
strate liver toxicity. If the gepant hepatic problem is 
in the liver metabolic degradation, then the monoclo-
nal antibodies would not be liver toxic, which is what 
proved to be the case.

Available migraine preventive medications prior 
to anti-CGRP therapies were uniformly medications 
created for other therapeutic areas and found ser-
endipitously to be effective in migraine prevention. 
Another advantage of monoconal antibodies would 
be their specificity for a migraine-generating mech-
anism. Monoclonal antibodies should avoid col-
lateral adverse events associated with non-specific 
medications.

Available migraine preventive medications be-
fore the new therapies had adverse events associated 
with use and, except for onabotulinumtoxinA, re-
quirements for adherence to daily dosing. The result 
of these problems is lack of adherence to migraine 
prophylaxis, with more than 80% failing to adhere to 
preventive treatments by 1 year.46 The long half lives 
of monoclonal antibodies allow for infrequent dosing, 
and along with their relative lack of adverse events, 
should improve adherence.

OVERVIEW OF THE FOUR MONOCLONAL 
ANTIBODIES

Four monoclonal antibodies have been studied 
for migraine prevention at the time of this writing 
(May 2018) and one, erenumab-aooe, an antibody 
targeting the canonical CGRP receptor, received 

US Food and Drug Administration (FDA) approval 
for patient use on May 17, 2018. The suffix “aooe” 
was added by the FDA to distinguish this molecule 
from possible biosimilar successors, which would 
have different suffixes in the future if they are ever 
developed. Aooe does not stand for anything, rather 
it is a regulatory placeholder, and in the interest of 
readability, will not follow erenumab in the rest of 
this review. However, the full generic name for this 
product is erenumab-aooe.

The other 3 monoclonal antibodies in develop-
ment, fremanezumab, galcanezumab, and eptine-
zumab, target the CGRP peptide or ligand itself. All 
have completed and reported out positive Phase 3 or 
pivotal randomized controlled data on prevention of 
episodic and chronic migraine, and 2, erenumab and 
fremanezumab, have full published pivotal regulatory 
trials in peer-reviewed journals.

Brief Overview of Erenumab.—Targets.—
Erenumab (AMG 334) has several properties that 
make it different than the other 3. As noted, it is the 
first monoclonal antibody to be available for patient 
use in headache. It is the only one of the new migraine 
preventive monoclonal antibodies which targets the 
canonical CGRP receptor rather than the CRGP 
peptide or ligand itself. This receptor is technically 
the α-CGRP receptor, but because it is ubiquitous in 
humans, is generally simply referred to as the CGRP 
receptor.

The approach to targeting the CGRP receptor 
was chosen because, as the scientists who developed 
it, including the lead, Dr. Cen Xu, wrote, “the ligand 
binding site of CGRP on the calcitonin receptor–like 
receptor (CRLR)–receptor activity-modifying pro-
tein-1 (RAMP1) CGRP-receptor complex is broad;47 
therefore, an antibody that can span the distance 
between these receptor subunits can offer the most 
effective blockade; 2) high selectivity for the CGRP 
receptor complex, which shares similarities with other 
receptors in the family, and if these other receptors 
are blocked by a less selective agent, undesired side 
effects could arise; and 3) the prolonged serum half-
life of an antibody can permit longer dosing intervals, 
which are ideal for preventive therapies.”48

As noted, the pivotal trials on erenumab for 
the targets of preventing episodic and chronic mi-
graine have been published in peer-reviewed jour-
nals, one study on chronic migraine prevention and 2 
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pivotal trials on episodic migraine prevention given in 
monthly subcutaneous dosing.49–51

Erenumab has also been evaluated prospectively 
for prevention of migraine in patients with several pre-
vious preventive medication failures, as it is felt that 
this is the group for whom the monoclonal antibodies 
are most likely to be used initially, and a positive study 
specifically for patients with lack of clinical success 
wth multiple preventive medications was presented at 
the American Academy of Neurology (AAN) meet-
ing in 2018. The erenumab clinical studies will be dis-
cussed further below.

Characterization.—Erenumab is the only one of 
the 4 anti-migraine monoclonal antibodies that is 
fully human. This has an advantage for producing 
species-selective specificity for the CGRP receptor, 
as the developing scientists noted that erenumab 
“showed marked species selectivity, exhibiting >5000-
fold higher affinity for the human…receptors com-
pared with dog, rabbit, and rat receptors. It has been 
previously shown that RAMP1 is responsible for the 
high-affinity binding of the [gepant] class of antag-
onists. It is predicted that [erenumab] binds to the 
CGRP receptor in a manner similar to that of the 
[gepant] small-molecule CGRP-receptor antagonists, 
and RAMP1 governs species selectivity.”48

Current Regulatory and Commercial Position.—
Erenumab was synthesized as AMG 334 by Dr. Cen 
Xu and her group at Amgen using Chinese hamster 
ovary cells. It is an IgG2. As a subcutaneous injection, 
bioavailability runs from 40 to 74%.52–55

As noted above, erenumab was approved for use 
in prevention of episodic and chronic migraine with 
and without aura by the FDA on May 17, 2018. Two 
companies, Amgen and Novartis, are co-market-
ing the biologic worldwide, under the trade name 
Aimovig. There are 2 available doses, 70 and 140 mg, 
both costing the same, available to be self-adminis-
tered by patients at home monthly using a pre-loaded 
subcutaneous autoinjector called the SureClick de-
vice. The prescribing information states that the 
recommended dose is 70 mg but some patients may 
benefit from the 140-mg dose. This recommendation 
remains controversial, and further discussion of the 
problems in creating useful dose–response curves in 
monoclonal antibodies are included below.

Brief Overview of Fremanezumab.—Targets.—
Fremanezumab (LBR-101,TEV-48125) targets the 

peptide or ligand CGRP itself. It is synthesized using 
Chinese hamster ovary cells. Fremanezumab is also 
an IgG2. As a subcutaneous injection, as noted, bio-
availability runs from 40 to 74%.52–55

Pivotal trials on fremanezumab for the targets of 
preventing episodic and chronic migraine have been 
completed, with peer-reviewed publication of the 2 
pivotal trials, for chronic migraine prevention56 and 
episodic migraine prevention.57 The biologic was 
studied in monthly and quarterly regimens. The fre-
manezumab clinical studies will be discussed further 
below.

Fremanezumab is also being studied for addi-
tional targets. There are 2 ongoing studies at the time 
of this writing (May 2018) for prevention of episodic 
and chronic cluster headaches. In one protocol, an in-
travenous form of fremanezumab is used as a loading 
dose.

There is also a study under way for fremanezumab 
in the treatment of post-traumatic headaches. As with 
erenumab, fremanezumab is being evaluated for pre-
vention of migraine in patients with several previous 
preventive medication failures, as it is felt that this is 
the group for whom the monoclonal antibodies are 
most likely to be used initially.

Characterization.—Fremanezumab is a 95% fully 
humanized monoclonal antibody to CGRP itself. The 
other 5% of the antibody is murine.

Current Regulatory and Commercial Position.—
The FDA date for regulatory decision per the 
Prescription Drug User Fee Act (PDUFA date) is 
sometime in late 2018 or early 2019. The biologic 
has been submitted for the indication of prevention 
of migraine, which would include both episodic and 
chronic migraine with and without aura.

There is a delay in approval or availability of fre-
manezumab announced at the time of this writing 
(May 2018), due to a problem with chemistry, man-
ufacturing, and control (CMC). The manufacturing 
facility for fremanezumab is part of a group of fac-
tories run by Celltrion in South Korea. A different 
Celltrion factory did not satisfactorily pass a CMC 
evaluation by the FDA, and a warning letter was is-
sued in January 2018. This has slowed both the regu-
latory approval and availability of fremanezumab to 
late 2018 at the earliest.

Fremanezumab was developed by Labrys 
Biologics, Inc as LBR-101 and purchased by Teva 
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Pharmaceutical Industries. The biologic was re-
named TEV-48125, as the new company completed 
the migraine trials. Teva hopes to market the drug 
worldwide, under the proposed trade name Ajovy 
(not confirmed as of May 2018). The current plan 
is to have 2 dose regimens available to be self-
administered by patients at home, monthly or quar-
terly, using a pre-loaded subcutaneous autoinjector. 
For migraine prevention, fremanezumab would be 
self-injected monthly, possibly with a loading dose 
of 675 mg at baseline, and likely at 225 mg monthly 
thereafter or 675 mg quarterly. It is possible the load-
ing dose will only be used for chronic migraine pro-
phylaxis, not for episodic migraine, but this is not 
known at this time.

Brief Overview of Galcanezumab.—Targets.—
Galcanezumab (LY2951742) targets the peptide or 
ligand CGRP itself. Pivotal trials on galcanezumab 
for the targets of preventing episodic and chronic 
migraine have been completed, and presented at 
meetings and in abstract form.58–60 The biologic was 
administered in monthly subcutaneous dosing.

Galcanezumab has also been studied in 2 studies 
for prevention of episodic and chronic cluster head-
aches. A press release from the manufacturer, Eli 
Lilly and Company, in May 2018 reported that the 
medication was also effective in preventing episodic 
cluster headache, but failed to achieve the primary 
endpoint in preventing chronic cluster headache.61 
The galcanezumab clinical studies will be discussed 
further below.

Characterization.—Galcanezumab is a 90% fully 
humanized monoclonal antibody to CGRP itself. The 
other 10% of the antibody is murine.

Galcanezumab is synthesized using Chinese ham-
ster ovary cells. It is an IgG4. Again, as a subcutane-
ous injection, bioavailability runs from 40 to 74%.52–55

Current Regulatory and Commercial Position.—The 
FDA date for regulatory decision per the Prescription 
Drug User Fee Act (PDUFA date) is sometime in the 
third or fourth quarter of 2018. The biologic has been 
submitted for the indication of prevention of migraine, 
which would include both episodic and chronic mi-
graine with and without aura.

Galcanezumab was initially synthesized by Eli Lilly 
and Company as LY2951742. The biologic was devel-
oped by Arteaus Therapeutics and then re-aquired by 
Eli Lilly, which plans to market the drug worldwide, 

under the trade name Egality. The current plan is to 
have 2 doses, 120 and 240 mg, available to be self-ad-
ministered by patients at home monthly using some 
form of pre-loaded injection.

Brief Overview of Eptinezumab.—Targets.—
Eptinezumab (ALD403) targets the peptide or ligand 
CGRP itself. The antibody is an IgG1 subtype and is 
synthesized using a yeast host. Eptinezumab is the only 
anti-CGRP antibody with the N-linked carbohydrate 
removed, which reduces immune activity by preventing 
the antibody-dependent cellular cytotoxicity (ADCC) 
and complement-dependent cytotoxicity (CDC) path-
ways, and ensures reliable therapeutic bioavailability 
and consistency.52

Pivotal trials on eptinezumab for the targets of 
preventing episodic and chronic migraine have been 
completed, and have been presented at meetings, by 
press release, and in posters (see below). The biologic 
was given intravenously in a quarterly regimen, which 
allows for an instantaneous maximal serum concen-
tration (Cmax). The eptinezumab clinical studies will 
be discussed further below.

Characterization.—Eptinezumab is a 90% fully 
humanized monoclonal antibody to CGRP itself. The 
other 10% of the antibody is murine. Eptinezumab is 
the only anti-CGRP monoclonal antibody whose syn-
thesis is yeast-based.

Current Regulatory and Commercial Position.—
Eptinezumab has not yet been submitted to the FDA 
for regulatory evaluation as of May 2018. The bio-
logic will be submitted for the indication of prevention 
of migraine, which would include both episodic and 
chronic migraine with and without aura.

Eptinezumab was developed by Alder 
Biopharmaceuticals as ALD403, and at the time of 
this writing (May 2018), they plan to market the drug 
worldwide. Two doses are under consideration for 
submission, 100 and 300 mg, and the biologic will be 
administered quarterly by infusion.

MIGRAINE MONOCLONAL ANTIBODY 
CLINICAL TRIALS
This section of the review goes into detail on the mi-
graine prevention monoclonal antibody clinical tri-
als. The first 3 monoclonal antibodes are presented 
as follows: 1) Fully published Phase 2 randomized 
controlled clinical studies; 2) Any other fully 
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published peer-reviewed papers on the Phase 2 trials; 3)  
Phase 3 randomized controlled clinical trials; 4) Any 
other fully published peer-reviewed papers on the 
Phase 3 trials; 5) Other studies with data published 
or presented as abstracts or presentations at meetings 
or in press releases; and 6) Clinical position for that 
particular monoclonal antibody.

At the time of this writing, only erenumab and 
fremanezumab have published their pivotal random-
ized controlled trials for both episodic and chronic 
migraine prevention. All other studies cited in this 
review are identified as press releases, abstracts, post-
ers, or meeting presentations.

ERENUMAB CLINICAL TRIALS
Erenumab Phase 2 Randomized Controlled 

Studies.—Erenumab Conventional Phase 2 Episodic 
Migraine Prevention Trial.—The Phase 2 trial on ere-
numab for prevention of episodic migraine was per-
formed at 59 sites in North America and Europe and 
enrolled patients with from 4 to 14 migraine days/
month.62 This was a dose ranging study of placebo 
versus 7, 21, and 70 mg, and established 70 mg as the 
active dose, given by subcutaneous injection monthly 
for 12 weeks. The total enrolled was 483, with 160 re-
ceiving placebo and 323 receiving erenumab.

The primary outcome measure for this study be-
came the FDA-approved standard primary endpoint 
for all of the subsequent regulatory trials of the mono-
clonal antibodies in migraine prevention, the change 
in monthly migraine days comparing active versus 
placebo at baseline to the last months of the treatment 
phase, in this study the last 4 months.

Mean monthly migraine days at baseline was 
about 8.7 days for all of the arms. Placebo-treated pa-
tients dropped −2.3 days to 6.4 days, while erenumab 
70-mg-treated patients dropped −3.4 days to 5.3 days 
(P = .021). A secondary endpoint was the 50% re-
sponder rate, 30% for placebo, 46% for erenumab 70 
mg (P = .011).62

Two patients had serious adverse events, one a 
ruptured ovarian cyst, one vertigo and migraine. 
All of the other adverse events occurred very infre-
quently, and their relationship to the study drug was 
tenuous at such low numbers. For example, nasophar-
yngitis occurred in the placebo group at 8%, in the 
7-mg group at 9%, and in the 70-mg group at 6%, so 

probably unrelated. Upper respiratory infection was 
reported in 2% of the placebo group, 1% of the 7-mg 
group, 2% of the 21-mg group, and 3% of the 70-mg 
group. Fatigue occurred in 2% of the placebo group, 
5% of the 7-mg group, and 4% of the 70-mg group. 
Nausea was reported in 1% of the placebo group, 
3% of the 7-mg group, and 3% of the 70-mg group. 
Injection site reactions, all described as mild, oc-
curred in 3% of placebo-treated subjects, and in 5–6% 
of each of the active arms.

The issue of liver toxicity with the gepants led to 
increased scrutiny with the monoclonal antibodies. 
In this study, “one patient had an isolated aspartate 
aminotransferase increase greater than three times 
the upper limit of normal in the [erenumab] 7-mg 
group at week 2 (41 U/L at week 4 and 15 U/L at week 
8) with normal alanine aminotransferase and bili-
rubin.” Otherwise, there were “no clinically signifi-
cant” findings in EKGs, chemistries, or bloods in this 
study.62

Erenumab Phase 2 Episodic Migraine Prevention 
Open Label Extension.—Patients who had enrolled in 
the Phase 2 episodic migraine prevention trial were 
allowed to continue erenumab in an open label ex-
tension trial for up to 5 years. A pre-planned anal-
ysis of results at 1 year was published in the journal 
Neurology in 2017.63

The authors reported, “Of 472 patients enrolled in 
the parent study, 383 continued in the open label ex-
tension… [Mean monthly migraine days] were 8.8 at 
parent study baseline, 6.3 at week 12 (beginning of the 
open label extension), and 3.7 at week 64 (mean change 
from baseline [reduction] of 5.0 days). At week 64, 
65%, 42%, and 26% achieved ≥50%, ≥75%, and 100% 
reduction in mean monthly migraine days, respec-
tively. Mean Headache Impact Test (HIT-6) scores 
were 60.2 at baseline and 51.7 at week 64.” They also 
reported improvements in Migraine-Specific Quality 
of life (MSQ) and Migraine Disaability Assessment 
scale (MIDAS) through week 64.

The investigators further stated, “safety profiles 
during the open label extension were similar to those 
in the double blind phase, which overall were simi-
lar to placebo.” There were a death and an angina 
episode reported in the open label extension first year, 
and the exact descriptions by the investigators are as 
follows, “A single event each of arteriosclerosis and 
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myocardial ischemia were reported in the open label 
extension study. The arteriosclerosis event was a fatal 
event in a 52-year-old man with history of migraine 
with aura, and was confounded by preexisting cardio-
vascular risk factors. The patient had a 3-year history 
of diagnosed hypertension with prior treatment with 
lisinopril and hydrochlorothiazide, obesity (body 
mass index 37 kg/m2), a screening low-density lipo-
protein level of 153 mg/dL, left anterior hemiblock on 
baseline ECG, and a family history of myocardial in-
farction. Autopsy showed evidence of severe coronary 
atherosclerosis and presence of cardiac stimulants 
(phenylpropanolamine and norpseudoephedrine) 
in the liver; this event was considered not related to 
treatment per the investigator.”63

“The myocardial ischemia event was based on 
results of an exercise treadmill test (performed to 
evaluate exercise-induced dyspnea), which showed 
transient exercise-induced myocardial ischemia (ST 
segment depression on ECG, angina was not re-
ported). However, this case was confounded by su-
matriptan administration 4 hours prior to the event. 
No cardiac enzymes were reported on the day of the 
exercise ECG, but they were normal 4 days prior; cor-
onary angiography was subsequently performed and 
was normal.”63

Finally, in terms of antibody formation, “of 382 
patients with antibody testing result after the first ere-
numab dose, 50 (13.1%) patients enrolled in the open 
label extension study developed binding (non-neu-
tralizing) antibodies on at least one occasion, and 
29 of the 50 patients had a transient response, with 
a negative result at the last time point tested. Of 382 
patients, 9 (2.4%) patients were positive for neutraliz-
ing antibodies against erenumab on at least one oc-
casion; of these, 8 patients had a transient response. 
Development of antierenumab antibodies was not as-
sociated with any clinical finding or safety events.”63

ERENUMAB PIVOTAL REGISTRATION 
TRIALS

Erenumab Pivotal Chronic Migraine Prevention 
Registration Trial.—The erenumab Phase 2 trial for 
chronic migraine prevention trials was large in num-
ber and was associated with a large safety extension 
trial. The FDA approved the use of this trial as a piv-
otal registration trial for regulatory evaluation. Thus, 

the trial is difficult to classify, as it is technically a 
Phase 2/3 pivotal registration trial.49

The trial on erenumab for prevention of chronic 
migraine was performed at 69 sites in North America 
and Europe and enrolled patients with a definition 
of chronic migraine as ≥15 headache days per month 
of which ≥8 days were migraine days. “A migraine 
day was defined as any calendar day on which the 
patient had an onset, continuation, or recurrence of 
a qualified migraine. A qualified migraine was de-
fined as a migraine headache (with or without aura) 
lasting for at least 4 h continuously, with at least 
two pain features, [eg, two of the ICHD3 C criteria 
of moderate to severe, unilateral, pulsating, or ag-
gravation by or causing avoidance of routine phys-
ical activity],64 and at least one associated nonpain 
feature,” that is one of the D criteria of nausea or 
photophonophobia.49,64

Patients received placebo, 70, or 140 mg of ere-
numab by subcutaneous injection monthly for 12 
weeks. As noted, a safety extension study was added, 
but has not been reported as of this writing (May 
2018). The total enrolled was 667, with 286 receiving 
placebo and 381 receiving erenumab.

The population of chronic migraine patients had 
an average of 21 headache days per month, with 18 
migraine days per month at baseline. Medication 
overuse was noted in 41%.

More than 2/3 had ≥1 preventive medication fail-
ure; almost half had ≥2 previous preventive medi-
cation failures. About one-quarter had previously 
had onabotulinumtoxinA, while about half had had 
topiramate.

“The primary endpoint was the mean change in 
monthly migraine days from the baseline phase to 
the last 4 weeks of the 12-week double-blind treat-
ment phase (number of migraine days from weeks 9 
to 12 of double-blind treatment minus the number of 
migraine days during the 4 weeks of baseline).” The 
secondary endpoints were: 1) the ≥50% responder 
rate in mean monthly migraine day per month re-
duction, 2) the change in the number of days of acute 
migraine-specific medication use (eg, triptan or 
ergot use), and 3) the change in cumulative monthly 
migraine hours.

Erenumab Chronic Migraine Prevention Primary 
Endpoint: Reduction of Mean Monthly Migraine Days 
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per Month, Weeks 9-12, Comparing Placebo to Active 
Versus Baseline.—Mean monthly migraine days at 
baseline was 18.2 days for placebo, 17.9 days for the 
70-mg erenumab arm, and 17.8 days for the 140-mg ere-
numab arm. Placebo-treated patients dropped −4.2 days 
to 14 days, and both erenumab 70 and 140-mg-treated 
patients dropped − 6.6 days to 11.3 and 11.2 days, re-
spectively (P < .001).

Erenumab Chronic Migraine Prevention Secondary 
Endpoints
1. �The ≥50% responder rate was 23% for placebo, 40% 

for erenumab 70 mg, 41% for 140-mg erenumab  
(P < .001).

2. �More than 75% were using migraine-specific acute 
medications, mainly triptans. The number of acute 
migraine-specific drug treatment days at baseline 
was 9.5 for placebo, 8.8 for the 70-mg erenumab 
group, and 9.7 for the 140-mg erenumab group.
�Acute migraine-specific drug treatment days, which 
went down by 1.6 days for placebo-treated subjects, 
3.5 days for the 70-mg group, and 4.1 days for the 
140-mg erenumab patients (P < .001).49

3. �Cumulative monthly headache hour change was not 
statistically different between placebo and active. 
Subsequent evaluation of this endpoint showed a 
very wide variability in data and definition across 
monoclonal antibody studies, and this was not a 
recommended primary endpoint for any of the piv-
otal trials.

Erenumab Chronic Migraine Prevention 
Exploratory Endpoints.—This pivotal trial for 
Chronic Migraine also evaluated earlier timepoints 
as exploratory endpoints, including weeks 4 and 8 for 
onset of change from baseline in mean monthly mi-
graine days, ≥50% responder rates, and reduced acute 
migraine-specific drug treatment days. All of these 
outcomes appeared to separate from placebo as early 
as 4 weeks in these analyses.49

Adverse Events, Pivotal Erenumab Chronic 
Migraine Trial.—No serious adverse events occurred 
in the study that could be related to erenumab, except 
one patient with abdominal pain and one patient with 
non-cardiac chest pain, each of which occurred in only 
one patient and are unlikely to be related to the drug. 
Injection site pain was the most common adverse event, 
occurring in 4% of active and 1% of placebo-treated 
patients.

Nasopharyngitis occurred more often in the 
placebo group than in the erenumab group. Upper 
respiratory tract infection was reported in 1% of 
placebo-treated patients and 3% of each of the ere-
numab-treated arms. Constipation occurred in one 
patient in the placebo group and 4% in the erenumab 
140-mg-treated patients. Muscle spasms were re-
ported in 1% of the placebo-treated patients and 4% 
of the erenumab 140-mg-treated patients.

Again, as in each monoclonal antibody study, liver 
tests were scrutinized. “One patient in the erenumab 
140 mg group experienced abnormal increases in ala-
nine and aspartate aminotransferases at week 4; there 
were no associated adverse events reported by the 
patient and no interruption of treatment, and amino-
transferases had returned to baseline levels by the next 
visit (week 8).” As in the episodic migraine trial there 
were “no clinically significant abnormalities in vital 
signs, laboratory values, or electrocardiograms.”49

Erenumab Pivotal Episodic Migraine Prevention 
Registration Phase 3 Trials.—Erenumab has been stud-
ied in 2 Phase 3 pivotal registration trials for the pre-
vention of episodic migraine. Both of these studies have 
been fully published in peer-reviewed journals.50,51

The STRIVE Trial.—The Study to Evaluate 
the Efficacy and Safety of ERenumab In MigrainE 
Prevention (STRIVE) trial, was a Phase 3 pivotal 
registration randomized, placebo-controlled, 3-arm 
6-month study of erenumab for prevention of episodic 
migraine performed at 121 sites in North America, 
Turkey, and Europe and enrolled patients with from 
4 to 14 migraine days/month. A qualifying migraine 
was defined the same as in the erenumab chronic mi-
graine prophylaxis pivotal trial described above, but 
with duration as short as 30 minutes.49,50

Subjects received either erenumab 70, 140 mg, or 
placebo, given by subcutaneous injection monthly for 
6 months, twice as long as previous monoclonal an-
tibody migraine prevention trials. The total enrolled 
was 955, with 319 receiving placebo, 317 receiving ere-
numab 70 mg, and 319 receiving erenumab 140 mg.

The primary endpoint was change in mean monthly 
migraine days per month, active versus placebo, com-
paring the last 3 months of the study to baseline. The 
secondary endpoints were: 1) the ≥50% responder 
rate in mean monthly migraine day per month re-
duction, 2) the change in the number of days of acute 
migraine-specific medication use (eg, triptan or ergot 
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use), and 3) the change in scores on a novel, validated 
outcome tool for assessing disability domains in phys-
ical impairment and everyday activities, the Migraine 
Physical Function Impact Diary (MPFID).

Erenumab STRIVE Episodic Migraine Prevention 
Primary Endpoint: Reduction of Mean Monthly 
Migraine Days per Month, Months 4-6, Comparing 
Placebo to Active, Versus Baseline.—The mean num-
ber of migraine days per month at baseline was 8.3. 
This was reduced by −1.8 days in the placebo group 
to 14 days, by −3.2 days in the erenumab 70-mg group 
to 11.3 days, and by −3.7 days in the erenumab 140-mg 
group to 11.2 days (P < .001 for each dose vs placebo).50

Erenumab STRIVE Episodic Migraine Prevention 
Secondary Endpoints
1. �≥50% responder rate in mean monthly migraine 

day per month reduction was reported in 26.6% in 
the placebo group, 43.3% of patients in the 70-mg 
erenumab group, and 50.0% of patients in the 140-
mg erenumab group (P < .001 for each dose vs 
placebo).50

2. �The baseline number of days of use of acute mi-
graine-specific medication was 3.4 days per month 
in the placebo and erenumab 140-mg group, and 3.2 
days per month in the 70-mg erenumab group. The 
number of days of acute migraine-specific medica-
tion use per month was reduced by −0.2 days per 
month in the placebo group, −1.1 days in the 70-mg 
erenumab group, and by −1.6 days in the 140-mg ere-
numab group (P < .001 for each dose versus placebo).

3. �This secondary endpoint evaluated changes in scores 
on the physical impairment (PI) and everyday activi-
ties (EA) domains of the Migraine Physical Function 
Impact Diary (MPFID) from 4–6 months in active 
versus placebo compared with baseline. MPFID is a 
validated disability assessment patient-reported out-
comes scale, and is scored from 0 to 100, with higher 
scores representing greater migraine burden on func-
tioning. A 3-point or higher change from baseline is 
associated with clinically meaningful reductions in 
the impact of migraine on MPFID domains.65

Baseline MPFID-EA was 13.7 for placebo, 14.0 for 
erenumab 70-mg, and 13.1 for erenumab 140 mg. These 
scores were reduced from baseline by −3.3 in the pla-
cebo group, −5.5 in the 70-mg erenumab group, and by 
−5.9 in the 140-mg erenumab group (P < .001 for each 
dose versus placebo). The magnitude of MPFID drop 
appears clinically meaningful.

Baseline MPFID-PI was 12.2 for placebo, 12.6 
for erenumab 70-mg, and 12.0 for erenumab 140 mg. 
These scores were reduced from baseline by −2.4 in 
the placebo group, −4.2 in the 70-mg erenumab group, 
and by −4.8 in the 140-mg erenumab group (P < .001 
for each dose versus placebo). Again, the MPFID re-
ductions appear clinically meaningful.

Adverse Events, STRIVE Trial.—There were 628 
patients who could be evaluated for anti-erenumab 
binding antibodies, and 5.6% (35) were positive 
post-baseline. One patient in the 70-mg erenumab 
group tested positive for neutralizing antibodies (0.2%).

As in the Phase 2 trials, and as has been reported 
in all pivotal trials, there were no clinically meaning-
ful differences between active and placebo for vital 
signs, EKG, white blood count, liver function stud-
ies, or creatinine. The authors noted that over the 6 
months, “no cardiovascular safety signal was ob-
served, and the overall safety profile of erenumab was 
similar to that of placebo.”

Looking critically at all symptoms referable to the 
respiratory system, there appeared to be no meaning-
ful differences for nasopharyngitis or upper respira-
tory infection. 2.2% reported sinusitis in the placebo 
and erenumab 70-mg group and 3.4% in the erenumab 
140-mg group. 1.9% reported influenza in the placebo 
group, 1.3% in the erenumab 70-mg group, and 2.5% 
in the erenumab 140-mg group.

Very slight increases (0.5–2% over placebo and 
<4% total) were reported at some doses for constipa-
tion and arthralgia. Injection site pain was reported 
by 0.3% of the placebo group, 3.2% of the erenumab 
70-mg group, and 0.9% of the erenumab 140-mg group.

The ARISE Trial.—The ARISE trial (A Phase 3, 
RandomIzed, Double-blind, Placebo-controlled Study 
to Evaluate the Efficacy and Safety of AMG 334 in 
Migraine Prevention) was a Phase 3 pivotal registra-
tion randomized, placebo-controlled, 2-arm 3-month 
study of erenumab for prevention of episodic migraine. 
After baseline was collected for 1 month, this was a 
3-month trial, unlike STRIVE, which was a 6-month 
trial. ARISE was a 2-arm study, of placebo and 70-mg 
erenumab with 570 patients in the efficacy analysis.51

The primary endpoint was change in mean 
monthly migraine days from weeks 9–12 in the double 
blind phase compared with baseline and placebo. The 
secondary endpoints were: 1) the ≥50% responder rate 
in mean monthly migraine day per month reduction, 
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2) the change in the number of days of acute mi-
graine-specific medication use (eg, triptan or ergot 
use), and 3) ≥5 point change on the MPFID-PI and 
MPFID-EA (see above in the ARISE trial).51

Erenumab ARISE Episodic Migraine Prevention 
Primary Endpoint: Reduction of mean Monthly 
Migraine Days per Month, Weeks 9-12, Comparing 
Placebo to Active, Versus Baseline.—As noted, the pri-
mary endpoint was change in mean monthly migraine 
days from weeks 9–12 in the double blind phase com-
pared with baseline and placebo. The mean monthly 
migraine days at baseline was 8.3, exactly the same 
as the STRIVE study. This was reduced by −1.8 days 
in the placebo group to 3.5 days and by −2.9 days in 
the erenumab 70-mg group to 5.4 days (P < .001 for 
erenumab versus placebo).51

Erenumab ARISE Episodic Migraine Prevention 
Secondary Endpoints
1. �≥50% responder rate in mean monthly migraine day 

per month reduction was reported in 30% in the 
placebo group and 40% of patients in the 70-mg ere-
numab group (P = .010 for erenumab vs placebo).51

2. �The number of days of acute migraine-specific 
medication use per month at baseline was 3.4 in 
the placebo group and 3.7 in the erenumab group. 
The authors reported a reduction by −0.6 days per 
month in the placebo group to 2.8 days and −1.2 
days in the 70-mg erenumab group to 2.5 days (P = 
.002 for erenumab vs placebo).
�There is an issue as to whether it makes sense to 
evaluate the drop in acute medication use in a pop-
ulation including those who were not taking these 
medications at baseline. In an “ad hoc assessment” 
reporting only those who using acute migraine-spe-
cific drugs at baseline, mean monthly migraine-spe-
cific medication use was reduced by −1.2 to 2.2 
days in the placebo group and −2.1 in the erenumab 
70-mg group to 1.6 days.

3. �This secondary endpoint evaluated a pre-specified 
≥5 point change changes in scores on the physical 
impairment (PI) and everyday activities (EA) do-
mains of the Migraine Physical Function Impact 
Diary (MPFID) from weeks 9–12 in active versus 
placebo compared with baseline. As noted above, 
a 3-point and higher change from baseline is asso-
ciated with clinically meaningful reductions in the 
impact of migraine on MPFID domains.65

The baseline numbers for MPFID were 13.2 for pla-
cebo and 12.6 for the 70-mg group. MPFID-EA scores 
were reduced ≥5 points from baseline in 35.8% of the 
placebo group and 40.4% of the 70-mg erenumab 
group (P = .26, not significant). MPFID-PI scores 
were reduced ≥5 points from baseline in 27.1% of the 
placebo group and 33% of the 70-mg erenumab group 
(P = .13, not significant).51

It may be that expecting a drop of ≥5 points in 
MPFID was unrealistic, as that magnitude of drop is 
rarely seen in a comparable Patient Reported Outcome 
(PRO) measure, the Headache Impact Test (HIT-6). In 
the HIT-6, as in MPFID, a 3-point drop is felt to be 
clinically meaningful, and a 3-point drop may be what 
needs to be assessed in future studies of this new PRO.

Other PRO measures were described in the re-
port. There were improvements in all 3 domains of 
the Migraine-Specific Quality of life (MSQ) PRO. 
HIT-6 scores were 59.5 for placebo and 59.8 for active 
at baseline and dropped by −2.6 for placebo to 56.9 
and −4.9 to 54.9 for erenumab.51

Adverse Events, ARISE Trials.—The most com-
mon adverse events were injection site reactions, 4.2% 
for placebo, 6% for 70-mg erenumab; upper respira-
tory infection, 4.8% for placebo, 6.4% for erenumab; 
and influenza, 3.5% for placebo, 3.9% for erenumab. 
No serious adverse event was treatment-emergent.

The authors noted, “There were no clinically 
apparent differences in the type of serious adverse 
events between the 2 treatment groups and no serious 
adverse event was reported by more than one patient 
within a treatment group during the double-blind 
treatment phase. No deaths occurred during the dou-
ble-blind treatment phase. Twelve (4.3%) erenum-
ab-treated patients developed anti-erenumab–binding 
antibodies through week 12, one of whom tested tran-
siently positive for neutralizing antibodies at week 4, 
but negative for neutralizing antibodies at each subse-
quent visit. No clinically significant changes in serum 
chemistry, hematology laboratory values, electrocar-
diogram (ECG), or vital signs were observed.”51

OTHER ERENUMAB TRIALS AND ANALYSES
Erenumab LIBERTY Trial for Prevention of 

Episodic Migraine in Patients Refractory to Previous 
Preventive Medications.—This trial, presented at the 
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American Academy of Neurology meeting in April 
2018 as a platform presentation, was a 3-month trial 
of 246 patients with episodic migraine (4–14 migraine 
days/month), who had lack of success with 2–4 prior 
preventive migraine treatments, randomized 1:1 pla-
cebo:erenumab 140 mg. The requirement for prophy-
lactic failure was strict, as for a drug to be labeled a 
failure the patient had to have had an adequate dose 
for an adequate period of months with zero clini-
cal efficacy. The baseline was 9.3 monthly migraine 
days. Baseline acute migraine-specific medication 
use was 4.8 days in the active and 4.4 days in the pla-
cebo group. The baseline percentages of patients with 
a lack of success with 2, 3, or 4 previous preventive 
medications respectively were, for the erenumab 140-
mg group: 35.5%, 36.4%, and 27.3%, and for the pla-
cebo group: 41.6%, 39.2%, and 18.4%.66

The primary endpoint was the percentage of pa-
tients with a ≥50% reduction of monthly migraine 
days in the last month of the trial. The placebo group 
had a 13.7% ≥50% responder rate; the erenumab 140-
mg group had a 30.3% responder rate (P = .002).66

Secondary endpoints were extensive and all mea-
sures evaluated from baseline through week 12. The 
reduction of mean monthly migraine days per month 
for the erenumab 140 mg patients was −1.6 days 
to 7.7 days and for placebo −0.15 days to 9.15 days  
(P = .004). The reduction in acute migraine medica-
tion intake was −1.26 to 3.54 days for erenumab 140 
mg and −0.48 to 3.92 days for placebo (P < .0001). The 
≥75% responder rate for reduction in mean monthly 
migraine days was 11.8% for 140-mg erenumab and 
4.0% for placebo (P = .025). The 100% responder rates 
were 5.9% for 140 mg and 0 for placebo.66

Safety was described in the poster as follows, 
“overall, the frequency of adverse events (AEs) and 
serious AEs was similar across erenumab and pla-
cebo groups (AEs: erenumab 54.6%; placebo 54.0%). 
No patients in the erenumab 140-mg group discon-
tinued due to AEs. Injection site pain was the most 
frequently reported treatment-emergent AE, 5.9% 
in the erenumab 140-mg group [placebo not given]. 
No antidrug antibodies were found in the erenumab  
140-mg and placebo groups.”66

The study is important because it was the first 
prospective, placebo-controlled randomized trial of 
one of the new monoclonal antibodies in those who 
had previously had a complete lack of efficacy from 

2 to 4 prior preventive migraine treatments. Multiple 
post hoc analyses of the monoclonal antibody pivotal 
trials suggested effectiveness in this group of patients, 
those in whom the new treatments are most likely to 
be used; this trial documents success prospectively.

Other Erenumab Reports on Patients with Previous 
Preventive Medication Failures.—Ashina and col-
leagues reported on the efficacy of erenumab in the 
pivotal chronic migraine prevention trial for patients 
with treatment failure (≥1, ≥2, and never failed) due 
to lack of efficacy and/or poor tolerability from a 
pre-specified subgroup analysis, in poster abstracts 
at the International Headache Congress (IHC) 
in Vancouver, British Columbia in 2017 and the 
European Headache Federation (EHF) meeting in 
Rome in 2017. This report suggested that erenumab 
140 mg might have additional benefit compared with 
70 mg. The ≥50% reduction in mean monthly mi-
graine days was reported in 41.3% of those with ≥2 
previous prevention trials in the 140-mg group, 35.6% 
in the 70-mg group, and 14.2% of the placebo group.67

Another analysis of these data included an odds 
ratio of 4.42 for the likelihood of a ≥50% reduction in 
mean monthly migraine days over placebo for the 140-
mg group, and 3.46 for the 70-mg group for those with ≥2 
previous prevention trials. On the other hand, the odds 
ratio was 1.33 for the 140-mg group, 1.75 for the 75 mg in 
those who had never failed previous prophylaxis. This 
raises the question of whether erenumab might work 
better in those with multiple preventive failures, as noted 
above, likely the clinical group who will receive it first.

Erenumab and Angina Trial.—As noted in the 
telcagepant section above, there has been concern about 
whether eliminating CGRP or its receptor could also 
abolish compensatory vasodilation during ischemia. 
The study on telcagepant by Chaitman and colleagues34 
was helpful in reducing concern that blocking the CGRP 
receptor with a gepant would be associated with myo-
cardial infarction in angina patients; it was not.

Erenumab was studied in an even larger, more 
rigorous trial based on the telcagepant work, a ran-
domized, double-blind, placebo-controlled study 
to evaluate the effect of erenumab on exercise time 
during treadmill tests in patients with angina, which 
was presented in platform presentations at both the 
IHC in 2017 and the American Academy of Neurology 
(AAN) meeting in 2018.68 The study was so extraordi-
nary that a detailed description is in order, despite the 
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absence of a fully peer-reveiewed published paper at 
the time of this writing (May 2018).

Inclusion criteria required a history of ischemic heart 
disease, with subjects documenting at least one angina 
attack per month on average for at least 3 months prior 
to enrolling. Each patient was then required to complete 
2 qualifying exercise tolerance tests. Qualification re-
quired an exercise duration of 3–12 minutes plus at least 
one of the following: 1) limited by symptoms related to 
myocardial ischemia (eg, angina) AND at least 1 mm 
of ST-segment depression on EKG, OR at least a 3 mm 
ST-segment depression alone if no angina was reported. 
Each of the 2 exercise tolerance tests were required to be 
essentially identical, with ≤1 minute difference in dura-
tion or within 20% for the duration of the total exercise 
time, in order for the subject to qualify.

These were sick patients. Of the 89 patients with 
documented coronary artery disease participating, 
36 had previous myocardial infarctions, 29 had pre-
vious coronary artery bypases, 55 had previous per-
cutaneous coronary artery interventions, and 21 also 
had cerebrovascular or peripheral vascular disease. 
Of those with documented additional cerebrovascu-
lar disease, 4 had had transient ischemic attacks, 3 
had had strokes, and 10 had documented carotid or 
vertebrobasilar disease. Dr. Daniel D. Mikol, who 
presented the trials at both the IHC and the AAN 
meetings, stated that this was the most difficult study 
to recruit subjects for in his entire career.

After the 2 exercise tolerance tests, if the patient 
qualified, they were randomized 1:1 and administered 
either IV placebo or IV erenumab 140 mg with a third 
treadmill administered within 1 hour. Note that the ere-
numab was given IV, resulting in an instaneous maximal 
serum concentration (Cmax), unlike what is now avail-
able commercially, which is subcutaneous erenumab.

The primary endpoint was the change from base-
line in exercise duration as measured by the total ex-
ercise time. The authors stated that “the total exercise 
time change from baseline in the erenumab group was 
non-inferior to that observed in the placebo group, as 
the lower bound of the confidence interval (−44.9) did 
not reach the pre-defined non-inferiority margin of 
−90 seconds, supporting the hypothesis that erenumab 
does not substantially decrease exercise duration.”68

Secondary endpoints were time to onset of at 
least 1 mm ST-segment depression and time to onset 

of exercise-induced angina during the treadmill. The 
investigators reported that “there was no difference 
observed between erenumab and placebo groups for 
the secondary endpoints of time to exercise-induced 
angina …or time to onset of ≥1 mm ST-segment de-
pression… Adverse events were reported by 13.6% of 
erenumab-treated patients and by 27.3% of placebo 
patients. Maximum changes from baseline in vital 
signs (systolic blood pressure, diastolic blood pres-
sure, and heart rate) during the exercise tolerance 
tests were similar between the two groups.”68

Their conclusion is quite important, “Erenumab 
did not adversely affect exercise time in an at-risk 
population of patients with stable angina. No new 
safety concerns were identified. These results suggest 
that inhibition of the CGRP pathway does not worsen 
myocardial ischemia and support the hypothesis that 
other vasodilatory mechanisms and the CGRP path-
way are redundant responses in patients with chronic 
stable angina.”68

There are really 2 hypotheses that would make 
erenumab safe from a vascular standpoint. The first is 
that stated by the authors, that other pathways for va-
sodilation (for example, nitric oxide) make CGRP one 
of many ways to achieve vasodiation, a thankfully ex-
cessively redundant set of vasodilatory pathways.

It is also possible that since erenumab targets only 
the canonical CGRP receptor, and CGRP can bind to 
the other CGRP receptor as well as the amylin and ad-
renomedullin receptors, that compensatory CGRP-
mediated vasodilation occurs through activation of 
those other receptors as well. That is, erenumab does 
not target circulating CGRP, and it may cause vaso-
dilation by binding at other sites besides the canonical 
CGRP receptor. If that is the case, then the safety of 
those monoclonal antibodies targeting the CGRP li-
gand or peptide itself and taking out almost all of the 
circulating CGRP, remains to be proven.

Erenumab and Blood Pressure Studies.—Another 
study, presented in poster abstract at the AAN in 2018, 
gathered blood pressure data from 5 randomized, pla-
cebo-controlled trials of erenumab. The first part of 
the study evaluated data from the Phase 2 episodic mi-
graine prevention trial, the pivotal chronic migraine 
prevention trial, and the 2 Phase 3 episodic trials.

Blood pressures were recorded at baseline and 
every 4 weeks, and obtained in ≥2 measurements 
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taken ≥5 minutes apart with subjects lying supine and 
rested for ≥5 minutes. Patients treated with placebo, 
erenumab 70 mg, or erenumab 140 mg, who had ≥20 
mm Hg increases in systolic blood pressure resulting 
in systolics of ≥140 mm Hg were compared, and there 
were no notable differences between placebo and ac-
tive. The same lack of difference was seen in patients 
who had ≥10 mm Hg increases in diastolic blood pres-
sure resulting in diastolics of ≥90 mm Hg.69

In the second part of the report, 24-hour continu-
ous BP was assessed and reported in healthy volunteers 
receiving erenumab monthly over 12 weeks. Erenumab 
70 and 140 mg did not increase BP and had no effect 
on diurnal rhythm when recorded across 24 hours.69

Erenumab Use With Triptans or Cardiovascular 
Risk Factors.—Data from the 3 pivotal randomized 
controlled trials were assessed for treatment emer-
gent adverse events in patients who had received at 
least one dose of erenumab and used triptans or er-
gots, or who had 0–2 cardiovascular (CV) risk fac-
tors in an abstract presented at the AAN meeting in 
2018. “At baseline, 29.7% and 28.2% of placebo and 
erenumab-treated patients had 0 CV risk factors, 
respectively, 40.6% and 41.7% had 1 CV risk factor, 
and 29.7% and 30.1% had ≥2 CV risk factors…Cardiac 
(<2.0%) or vascular AE incidence (≤2.3%) was similar 
among CV risk subgroups and treatment groups, as 
was serious AE incidence (<2.0%). No dose relation-
ship was observed with triptans/ergotamines or CV 
risk.”70 Table 1 below suggests that these clinical fea-
tures made no difference in adverse events with ere-
numab use in the studies.

Erenumab and Aura.—The investigators on pivotal 
erenumab prevention studies evaluated the effective-
ness of erenumab in both chronic migraine without 
or with a history of aura and in episodic migraine 

without or with a history of aura in the 6-month 
STRIVE trial and reported these findings in abstracts 
presented at the IHC in 2017 and the AAN meeting 
in 2018 (see Table 2). All comparisons of migraine 
with and without aura had significant P values versus 
placebo. The investigators noted, “Nominal p-values 
were presented without multiplicity adjustment and 
not used for pre-planned hypothesis testing.”71,72

Erenumab Onset of Effect.—All of the monoclo-
nal antibodies report onset of effect, that is, separa-
tion from placebo, in the first week of treatment, for 
both episodic and chronic migraine. Data from the 
pivotal chronic migraine prevention trial of erenumab 
suggested onset of effect of the ≥50% responder rate 
for reduction in mean monthly migraine days for both 
70 and 140 mg in the first week of treatment. These 
data were presented in poster abstract form at the 
European Academy of Neurology (EAN) meeting in 
2017, the American Headache Society (AHS) scien-
tific meeting in 2017, and the IHC in 2017.73,74

Reuter and colleagues and Ashina et al described 
onset of erenumab separation from placebo in the 
6-month episodic migraine STRIVE prevention trial 
at the IHC in a poster abstract and at the EHF meet-
ing, both in 2017. Almost every post hoc report on the 
antibodies uses different measures to evaluate onset 
of effect, in this case, 1) the proportion of subjects 
with ≥50% reduction in weekly migraine days and 2) 
the percentage of subjects with migraine days each 
day during the first 2 weeks of treatment.75

Their conclusions were, “Baseline mean weekly 
migraine days was 2.1 days for all treatment arms. 
At week 1, 28% of patients on placebo (n = 316) had 
≥50% reduction in weekly migraine days compared to 
34% receiving erenumab 70 mg (n = 312; P = .097) and 
43% receiving erenumab 140 mg (n = 318; P < .001), 

Table 1.—Adverse Events, Triptan/Ergot Use, and Cardiovascular Risk Factors in Erenumab Pivotal Trials

Adverse Events Factors Serious Adverse Events Cardiovascular Risk

Triptan/Ergot users Non-users Triptan/Ergotusers Non-users 0

≥1 CV 
risk 

factors ≥2

Placebo 49.6% 47.9% 1.9% 0.8% 47.4% 46.3% 54.2%

Erenumab 47.4% 47.2% 1.7% 0.5% 44.8% 46.4% 51.1%

Data summarized from reference 70.
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increasing to 30%, 45%, and 47%, for placebo, 70 and 
140 mg, respectively, at week 2 (P < .001 for both 70 
and 140 mg vs placebo).

Moreover, the percentage of patients experienc-
ing a migraine day was lower for the erenumab groups 
within several days after initiation of treatment, sup-
porting that the onset of erenumab efficacy occurs 
within the first week of treatment, earlier for the 140 
mg dose than for the 70 mg dose,” which did not sep-
arate at week 1.75

Erenumab Immunogenicity, Phase 2 and 
3.—Investigators examined all of the Phase 2/3 ere-
numab randomized controlled trials for the rate 
of anti-erenumab binding antibodies. Those with 
binding antibodies were then assessed for neutraliz-
ing antibodies. The conclusions of the investigators 
were that “anti-erenumab antibodies have a low oc-
currence rate, high reversion rate, and most impor-
tantly, no appreciable clinical impact on the efficacy 
or safety in erenumab-treated subjects…There was 
no impact of anti-erenumab antibodies on safety, in 
particular, injection-site reactions, hypersensitivity, 
and immune-related disorders. Despite an overall 
lower exposure (35–40%, week 12) at the group level, 
the concentrations of erenumab in individual binding 
antibody-positive subjects overlapped with those of 
binding antibody-negative subjects.”76

Erenumab in Menstrually Related Migraine, Phase 
3.—Investigators in the Phase 3 erenumab STRIVE 
episodic migraine prevention trial evaluated efficacy 
in those patients with a history of menstrually re-
lated migraine in an abstract presented at the AAN 

in 2017. “Among 713 women of childbearing poten-
tial, 243 (34%)/470 (66%) were with/without history of 
menstrually related migraine.” All of the endpoints 
for patients with and without a history menstrually 
related migraine for both 70 and 140 mg of erenumab 
were statistically significant versus placebo, includ-
ing reduction of mean monthly migraine days, ≥50% 
responder rates for reduction of mean monthly mi-
graine days, and reduction in migraine specific acute 
medication intake days. Thus, erenumab appeared 
to adequately prevent those women with a history of 
menstrually related migraine the same as those with-
out in this episodic migraine study.77

Erenumab and Comorbid Depression and Anxiety, 
Phase 3.—Because depression and anxiety are comor-
bid with migraine, evaluation of monoclonal antibody 
efficacy in subjects with either a history of or clinical 
comorbid depression or anxiety is of clinical utility. A 
post hoc evaluation of erenumab effectiveness in the 
STRIVE study in patients with a known history de-
pression or anxiety was presented in poster abstract 
form at the IHC in 2017.

Histories of depression and/or anxiety were re-
ported in 23% of placebo patients, 18% of those 
treated with erenumab 70 mg, and 19% of those 
treated with 140 mg. The reductions in mean monthly 
migraine days were −1.3 for placebo, −4.2 for 70 
mg (P < .001 versus placebo) and ‑4.1 for 140 mg  
(P < .001). In patients without depression/anxiety his-
tory, the reductions were −2.0 for placebo, −3.0 for 70 mg  
(P < .001) and −3.6 for 140 mg (P < .001). ≥50% reduc-
tions in mean monthly migraine days for depression/

Table 2.—Erenumab Effectiveness in Episodic and Chronic Migraine With and Without Aura, Phase 3

Episodic Migraine Chronic Migraine

Mean Migraine Days 
(MMD)

Placebo Erenumab 70 mg 140 mg Placebo 70 mg 140 mg

MMD without aura (wo) −1.5 −2.7 −3.8 −3.8 −6.6 −6.1
MMD with aura (w) −2.1 −3.8 −3.5 −4.5 −6.6 −7.1
≥50% responder rate (RR) 

wo
30% 47% 51%

≥50% RR with aura 30% 47% 51%
Mean migraine-specific 

medication days 
(MSMD) wo

−0.1 −1.3 −2 −1.7 −4 −4.3

MSMD w −0.3 −1 −1.3 −1.5 −2.8 −4

As noted, all P values were significant versus placebo in these post hoc analyses without multiplicity adjustment.

Data from references 71 and 72.
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anxiety history were 16% for placebo, 54% for 70 mg  
(P < .001), and 54% for 140 mg (P < .001); for no de-
pression/anxiety history 30% for placebo, 41% for 70 
mg, and 49% for 140 mg (P < .001). There were also 
equivalent drops in mean monthly migraine-specific 
acute medication use for the 2 groups. Erenumab ap-
peared equally effective in patients with or without de-
pression and/or anxiety history, which is fortunate.78

Erenumab Injection Site Reactions.—Pascual and 
colleagues evaluated data on injection site reactions 
from 4 erenumab randomized controlled trials and 
2519 subject-years of erenumab exposure and re-
ported their findings in abtract presented at the AAN 
meeting in 2018. “Incidence of injection site pain, er-
ythema, and pruritus was comparable in the placebo, 
erenumab 70 mg, and erenumab 140 mg groups.” Over 
the extended erenumab exposure period, to a median 
of 46 weeks, the incidence of injection site reactions 
was 6.1% for erenumab 70-mg and 4.2% for 140-mg 
groups [placebo percent not given in the abstract]. 
Most of the reactions were mild, with moderate er-
ythema in 4 subjects (0.2%) and moderate pain in 3 
subjects (0.1%). There were no serious injection site 
reactions. “One subject discontinued due to injection 
site pain, one due to injection site rash, and one due to 
injection site urticaria.”79

Clinical Use of Erenumab.—As noted above, ere-
numab is available in 2 doses, 70 and 140 mg, which 
cost the same, and is approved for both episodic and 
chronic migraine prevention. The prescribing informa-
tion suggests 70 mg as the starting dose, with consid-
eration for 140 mg depending on the patient. However, 
as one can see in the above clinical trials, there are sug-
gestions that 140 mg may have slightly better response 
rates and clinical benefits, although no study has pro-
vided statistically significant evidence for this, as they 
were powered against placebo and not between the 
doses. There do not appear to be dramatically different 
or more adverse events for the higher dose.

This raises one of the clinical conundrums posed 
by the monoclonal antibodies. They do not have a 
traditional dose–response curve, because the higher 
doses have not been associated with more adverse 
events. Establishing the balance between efficacy and 
adverse events is not easy. Since the majority of pa-
tients have meaningful clinical effects in 1 month and 
the treatments have high tolerability, an argument 
can be made to start patients with the higher dose to 

achieve what may be maximal clinical benefit without 
a therapeutic penalty.

There is some evidence for improvement of clini-
cal effect across at least 3 months, and in the STRIVE 
study, even across 6 months. A clinical trial for pa-
tients of at least 2–3 months seems reasonable. The 
manufacturer is offering most patients in the United 
States with commercial insurance the first 2 months 
of erenumab free, to establish effectiveness. This is 
likely a sensible approach.

The question of where to position erenumab when 
the other 3 monoclonal antibodies become available is 
more problematic in the absence of direct comparison. 
It seems practical to try patients on the anti-CGRP 
receptor monoclonal antibody (erenumab) and then at 
least one with at least one anti-CGRP ligand mono-
clonal antibody before abandoning this clinical ap-
proach for prophylaxis (not necessarily in this order). 
The issue of whether an intravenous monoclonal an-
tibody should be tried if a subcutaneous monoclonal 
antibody has failed is also unresolved.

In the United States, commercial payers are re-
quiring documentation of classes of migraine preven-
tive medication failures before approving the use of 
the monoclonal antibodies. Erenumab has both pro-
spective and exploratory evidence of effectiveness in 
migraine patients who have had lack of success with 
from 1 to 4 previous preventive medications, which 
as noted before is encouraging for the group that will 
probably be prescribed this biologic.

The numerous sub-analyses of erenumab in pa-
tient populations, iterated in the plentiful abstracts, is 
supportive of the likelihood of clinical effect in a broad 
spectrum of migraineurs. The studies finding no clin-
ical adverse effects on blood pressure, in patients with 
cardiovascular risk factors, and in the setting of active 
angina are particularly hopeful for safe use.

FREMANEZUMAB CLINICAL TRIALS
Fremanezumab Phase 2 Episodic Migraine 

Prevention Trial.—Fremanezumab was intitially 
studied for prevention of episodic migraine in a Phase 
2b trial of 297 subjects in 62 sites in the United States, 
with patients with 8–14 headache days per month. 
(Bigal 2015A) In all fremanezumab Phase 2 and 3 
studies, a novel, original, upside down Y design was 
used, conceived of by Dr. Marcelo Bigal. Patients with 
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frequent migraine were recruited and a baseline diary 
of migraine day frequency was collected. If the pa-
tient had ≥15 headache days per month, they went into 
the chronic migraine preventive trial. If the subject 
had 8–14 headache days per month, they went into the 
episodic migraine trial. In this way, patients were not 
disqualified when they were close to fulfilling inclu-
sion criteria for either episodic or chronic migraine.

The design of the episodic migraine trial included 
2 dose regimens, monthly doses of subcutaneous 
225 or 675 mg compared with placebo, as this was a 
dose-ranging study. “Primary endpoints were change 
from baseline in migraine days during the third treat-
ment cycle (weeks 9–12) and safety and tolerability. 
The secondary endpoint was change relative to base-
line in headache days [as opposed to migraine days] 
during weeks 9–12.”80

Baseline migraine days per month were 11.5 and 
11.3 in the 2 active groups and 11.5 in the placebo 
group. Baseline headache days were 12.6 and 12.5 
days in the 2 active groups and 12.4 in the placebo 
groups. Reduction of mean monthly migraine days 
from baseline to weeks 9–12 was −6.27 days to 5.23 
days in the 225-mg dose group, −6.09 days to 5.21 in 
the 675-mg dose group, and −3.46 days to 8.04 days 
in the placebo group (P < .0001). Reduction of mean 
headache days baseline to the third month was −6.14 
to 6.46 days in the 225-mg dose fremanezumab group, 
−6.10 to 6.4 days in the 675-mg group, and −3.52 days 
to 8.88 days in the placebo group (P < .0001).80

Post hoc analysis revealed “a 50% reduction in the 
number of migraine-days in 28% of patients in the pla-
cebo group, compared with 53% of patients in the 225 
mg group (P = .0005) and 59% of patients in the 675 
mg group (P < .0001). A reduction of ≥75% in the num-
ber of migraine-days was recorded in 11% of patients 
in the placebo group, compared with 34% patients in 
the 225 mg group (P = .0001) and 31% of patients in 
the 675 mg group (P = .0008).” MIDAS scores were 
also significantly lower in the active groups compared 
with placebo. Overall, the authors did not feel there 
was a dose–response difference.80

The most common adverse events with injection 
site reactions and pain, but it was not clear these 
were higher in the active groups. Most of the adverse 
events that occurred more in one or more of the ac-
tive groups did not exceed 4% over the placebo group. 
The adverse events in which at least one active group 

was greater than placebo included, under respiratory 
symptoms, bronchitis, sinusitis, and influenza. In the 
other categories, adverse events exceeding placebo 
in one active group that were non-respiratory were 
fatigue, dizziness, tachycardia, hypertension, ar-
thralgia, and extremity pain. “No meaningful hemo-
dynamic or cardiovascular changes were seen…Liver 
function abnormalities were not seen.”80

Fremanezumab Phase 2 Chronic Migraine 
Prevention Trial.—The Phase 2b fremanezumab 
chronic migraine prevention trial was matched to the 
episodic migraine trial, in that patients with high-fre-
quency migraine were recruited and then allocated to 
either the episodic migraine trial or the chronic mi-
graine trial depending on whether they had ≥15 head-
ache days/month (chronic) or 4–14 headache days 
per month (episodic). There were 264 subjects in the 
chronic migraine preventive trial. They were random-
ized either to monthly subcutaneous placebo injec-
tions or to one of 2 active groups. In the first, there 
was a loading dose of 675 mg, followed by 2 doses of 
225 for the second and third months. In the second, 
the patients received 900 mg each of the 3 months.

This study was the only major headache mono-
clonal antibody study which used an unusual primary 
endpoint, “the mean change relative to baseline in the 
number of headache-hours of any severity during the 
third treatment cycle (weeks 9–12).” Because reduc-
tion in headache hours has proven difficult to inter-
pret and repeat in other studies, the author will not 
cite the actual hour changes other than to note that 
both active groups were superior to placebo, the lower 
dose at P = .0386 and the higher dose at P = .0057.81

The secondary endpoint was the change in in 
headache days of at least moderate to severe intensity, 
active vs placebo, baseline vs weeks 9–12, roughly cor-
relating to the conventional change in mean monthly 
migraine days. The headache days of moderate to se-
vere intensity were reduced from a baseline of 13.9 in 
placebo group by −4.2 days to 9.7. In the lower treat-
ment group, migraine days went down from a baseline 
of 13.8 days by −6.04 to 7.76 days per month (P = .0345 
vs placebo), and in the higher treatment group, were 
reduced from 13.1 days by −6.16 days to 6.94 days per 
month (P = .0237 vs placebo).81

Adverse events were described as follows, “The 
most common adverse events were mild injection-site 
pain in 3% of patients in the placebo group vs 7% of 
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patients in the 675/225-mg group vs 9% in the 900-mg 
group) and pruritus (none vs 5% vs 2%). No relevant 
changes in blood pressure or other vital signs were 
recorded. Treatment-related adverse events, most of 
which were minor injection-site reactions, occurred in 
17% of patients in the placebo group, 29% of patients 
in the 675/225 mg group, and 32% of patients in the 
900-mg group. Two percent of patients had transient 
increases in liver enzyme concentrations during the 
treatment phase, which was considered non-treat-
ment related. Three of these patients were receiving 
active drug, one of whom was diagnosed with acute 
hepatitis C and the other 2 of whom both had histo-
ries of cholecystectomy and hepatic steatosis, with 
past documentation of increased liver enzyme con-
centrations. Liver enzyme concentrations remitted 
to normal during the study, even after receiving ad-
ditional doses of study drug. One patient developed 
pneumonia after having influenza, and the event was 
considered by the investigator to be moderate in se-
verity. A third patient had irritable bowel syndrome, 
considered as severe by the investigator.

Finally, a patient with a well documented history 
of severe depression had an episode of depression 
with suicidal ideation, considered severe by the inves-
tigator. All above cases resolved during the course of 
the study.

“Two (1%) patients had antibodies against freman-
ezumab before receiving study medication. After study-
drug administration, we found no change in antibody 
concentration, and therefore the antibody response 
was not considered treatment emergent.”

“Excluding local injection discomfort, no other 
relevant differences in the prevalence of  treatment 
emergent adverse events were reported between pa-
tients receiving fremanezumab and placebo. We found 
no specific pattern of  adverse events…No hemody-
namic or cardiovascular changes were recorded.”81

Evaluation of Fremanezumab Onset of Effect 
Phase 2.—The Phase 2 fremanezumab prevention of 
chronic migraine trial data were evaluated as to how 
early the active drug separated from placebo and this 
analysis published in Neurology in 2016. As noted 
above, this trial had 2 active arms, In one arm, the 
first dose was 675 mg, followed by 2 doses of 225 mg 
in monthly subcutaneous injections for 12 weeks. In 
the second arm, patients received 900 mg monthly for 
the 3 months.82

This was the study that used reduction in head-
ache hours as the primary endpoint. For this end-
point, the 675-mg dose separated from placebo 7 days 
after the first injection (P = .048), and the 900-mg 
dose separated from placebo 3 days after the first in-
jection (P = .033).82

The more traditional endpoint is reduction in mean 
monthly migraine days, which was similar to what was 
described in this study as reduction of moderate to se-
vere headache days. Using this endpoint, the 900-mg 
dose separated from placebo by the end of the first 
week and maintained this separation through week 3.82

Early onset was also reported for both doses in the 
matching Phase 2 fremanezumab episodic migraine 
prevention trial. Recapitulating what was discussed 
above, doses of either 675 or 225 mg were adminis-
tered every 28 days for 12 weeks and compared with 
placebo. These data were only available in abstract 
form at the time of this writing (May 2018), and only 
graphs and P values were provided. The investiga-
tors stated that “decreases in the number of migraine 
days [the primary endpoint] were seen during 1 week 
of therapy for both fremanezumab doses (P < .001),” 
which continued through 3 weeks.83

Fremanezumab Sustained Acute Medication Use 
Reduction by Responder Rates, Phase 2.—The investi-
gators in the Phase 2 fremanezumab migraine preven-
tion studies reported a post hoc analysis of ≥50%, ≥75%, 
and 100% responder rates for those patients showing 
sustained reductions in migraine days and days of 
acute medication use for the 3 months of the trials in 
a fully published article in 2018. The analysis suggests 
that both dosage arms in the episodic migraine study 
resulted in ≥50% or ≥75% of patients manifesting sus-
tained reductions in migraine days. The higher 900-
mg dose also resulted in ≥50% or ≥75% of patients with 
sustained reductions in migraine days.84 See Table 3.

Both dose regimens reduced days of acute med-
ication use in ≥50% or ≥75% of patients for episodic 
migraine. Again, the higher 900-mg dose resulted in 
sustained reductions in acute migraine medication 
use days.84 See Table 4.

FREMANEZUMAB PIVOTAL 
REGISTRATION TRIALS 

Fremanezuamb Phase 3 HALO Episodic Migraine 
Prevention Trial.—This trial was a pivotal episodic 
migraine study with 3 arms of 875 patients at 123 
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study locations in 9 countries. One group received 
225 mg every month for 3 months, the monthly 
dosing group, with drug given every 28 days for 3 
months. The second arm consisted of a dose of 675 
mg given quarterly (placebo given weeks 4 and 8), 
and the third group received subcutaneous placebo 
for 3 months. Patients had an average of 9.1 migraine 
days per month at baseline for placebo, 8.9 days in 
the monthly group and 9.2 days for the quarterly 
dose.57

Fremanezuamb Phase 3 HALO Episodic Migraine 
Prevention Trial Primary Endpoint.—“The primary 
end point was the mean change from baseline (28-day 

pretreatment period) in the mean number of monthly 
migraine days during the 12-week period after the 
first injection.” The monthly dosing reduced migraine 
days by −3.7 to 4.9 monthly migraine days per month 
compared with −2.2 days to 6.5 days with placebo  
(P < .001). The quarterly dose-reduced migraine days 
by −3.4 days to 5.3 days (P < .001).57

Fremanezuamb Phase 3 HALO Episodic Migraine 
Prevention Trial Secondary Endpoints.—The active arms 
reduced the number of acute monthly migraine medica-
tions as well. This study evaluated all acute medications 
used, not just triptans and ergots. Baseline acute monthly 
medication use was 7.7 days for the fremanezumab 

Table 3.—Fremanezumab Migraine Day Reduction by Responder Rates, Phase 2

Episodic Migraine Chronic Migraine

≥50% RR% ≥75% RR% 100% RR% ≥50% RR% ≥75% RR% 100% RR%

Placebo 10 3 2 18 3 1
225 mg 39 19 4

P < .0001 P = .0002 NS
675 27==35 11 3

P < .0001 P = .0176 NS
675/225 24 7 2

NS NS NS
900 33 12 2

P = .0232 P = .0353 NS

NS = not statistically significant.

Table data from reference 84.

Table 4.—Fremanezumab Sustained Reduction in Acute Medication Use by Responder Rates, Phase 2

Episodic Migraine   Chronic Migraine

≥50% RR% ≥75% RR% 100% RR% ≥50% RR% ≥75% RR% 100% RR%

Placebo 8 2 2 11 4 2
225 mg 36 16 2

P < .0001 P = .0005 NS
675 27 8 1

P = .0003 P = .0377 NS
675/225 26 7 2

P = .0098 NS NS
900 22 11 1

P= .0492 NS NS

NS = not statistically significant.

Table data from reference 84.
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monthly arm and for placebo, and 7.9 days for the quar-
terly dose group. Reduction of any acute medication use 
was by −3 days for the monthly arm to 4.7 days, −2.9 
days for the quarterly arm to 5 days, and −1.6 days for 
those receiving placebo to 6.1 days per month (P < .001 
for both versus placebo). The ≥50% responder rates 
were 27.9% for those receiving placebo, 47.7% for those 
receiving the monthly dose, and 44.4% for the quarterly 
dose (P < .0001 for both versus placebo).57

Disability was assessed using the Migraine 
Disability Assessment scale (MIDAS). Baseline 
MIDAS scores were all in the severely disabled range, 
at 37.3 for placebo, 38 for the monthly arm, and 41.7 
for the quarterly group. MIDAS reductions were 
−17.5 for those receiving placebo to 19.8, −24.6 for the 
monthly dose to 13.4 (P < .001 versus placebo), and 
−23 for the quarterly dose to 18.7 (P = .002 versus pla-
cebo), all reduced to the moderately disabled range.57

Fremanezuamb Phase 3 HALO Episodic Migraine 
Prevention Trial Adverse Events.—The investigators 
reported that “severe adverse events, serious adverse 
events, and adverse events leading to discontinuation 
were infrequent and had similar incidences (≤2%) 
across the treatment groups…The proportion of pa-
tients who discontinued because of adverse events 
was similar in each treatment group (2%). The most 
common adverse events leading to discontinuation 
from the fremanezumab treatment groups included 
injection site erythema (n = 3), injection site indu-
ration (n = 2), diarrhea (n = 2), anxiety (n = 2), and 
depression (n = 2). No other adverse events leading 
to discontinuation from the study occurred in more 
than 1 patient.” Injection site pain and reactions were, 
for the most part, higher in active arms than placebo.

Upper respiratory infection, nasopharyngitis, or 
bronchitis all occurred slightly more often in at least 
one fremanezumab arm than placebo. There were no 
hypersensitivity reactions in the active arms.57

Nausea occurred in 2.4% of the quarterly dose, 
compared with 1.4% of the monthly arm and 1.7 % 
of placebo-treated patients. Liver function abnormal-
ities occurred in no placebo-treated patient, one pa-
tient treated with the quarterly dose, and 2 patients 
treated with the monthly dose.57

There was one death in the study described as fol-
lows, “One patient who withdrew consent (not study 
related) was subsequently reported as deceased by 
a family member. The event occurred 109 days after 

receiving a single higher dose of fremanezumab. The 
patient had withdrawn from the study 38 days earlier 
because of a family emergency. Cause of death per au-
topsy report was diphenhydramine overdose (suicide).”

Fremanezuamb Phase 3 HALO Chronic Migraine 
Prevention Trial.—The fremanezumab Phase 3 
Chronic Migraine prevention trial is fully published, 
with with 1130 patients enrolled at 132 sites. Again, 
this was a study comparing monthly or quarterly 
active dosing regimens with placebo. The monthly 
fremanezumab arm received 675 mg at baseline as a 
loading dose in 3 subcutaneous injections and then 
225 mg subcutaneously in single injections at month 
2 and 3. The quarterly fremanezumab group received 
675 mg subcutaneously in 3 injections at baseline and 
placebo as single injections at month 2 and 3. The goal 
was to evaluate whether quarterly would be as effec-
tive as monthly in a therapy with a long half-life.56

Fremanezuamb Phase 3 HALO Chronic Migraine 
Prevention Trial Primary Endpoint.—The primary 
endpoint was reduction of monthy migraine days. 
The authors described these as headache days, but 
they met ICHD3 criteria for migraine days in the defi-
nition of chronic migraine, and the published article 
reads, “The primary end point was the mean change 
in the average number of headache days (days in 
which headache pain lasted ≥4 consecutive hours and 
had a peak severity of at least a moderate level or days 
in which acute migraine–specific medication [trip-
tans or ergots] was used to treat a headache of any 
severity or duration) per month, comparing the base-
line 28-day preintervention period with the 12-week 
period after the first dose of the trial regimen.”56,64 
Therefore, this primary endpoint appears the same as 
all of the other monoclonal antibody prevention tri-
als, and will be described in this review as change in 
mean monthly migraine days.

The baseline monthly migraine days were 16 
days for the monthly group, 16.2 days for the quar-
terly group, and 16.4 days for the placebo group. 
Reductions occurred by −4.6 days to 11.4 days in the 
monthly group, −4.3 days to 11.9 days in the quarterly 
group, and −2.5 days to 13.9 days in the placebo group 
(P < .001 for both groups against placebo).56

Fremanezuamb Phase 3 HALO Chronic Migraine 
Prevention Trial Secondary Endpoints.—The ≥50% 
responder rate in terms of reduction of monthly mi-
graine days was 41% for the monthly dose arm, 38% 
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for the quarterly group, and 18% for those receiving 
placebo (P < .001 both dose regimens versus placebo). 
Onset of effect was reported in the active group within 
the first 4 weeks.

The baseline days of acute headache medicine of 
any kind was 13.1 days per month in the active group 
and 13 days in the placebo group. Reductions occurred 
by −4.2 days in the monthly group to 8.9 days of use, by 
−3.7 days to 9.4 days of use in the quarterly group, and 
by −1.9 to 11.1 days of use in the placebo group (P < .001).

Disability was assessed using the Headache 
Impact Test (HIT-6). Baseline HIT-6 was in the se-
verely impacted range, with scores of 63.6 in the 
monthly group, 64.3 in the quarterly group, and 64.1 
in the placebo group. Reductions were by −6.8 to 
57.8 in the monthly group, by −6.4 in the quarterly 
group to 57.9, and by −4.5 to 59.6 in the placebo group  
(P < .001 for both active groups versus placebo).56

The investigators in this study also evaluated the 
effectiveness of fremanezumab in lowering disability 
as measured by the Migraine Disability Asssessment 
scale (MIDAS) and reported these findings in an ab-
stract at the AAN meeting in 2018. This was also a 
secondary endpoint in the trial. The abstract did not 
give the actual MIDAS numbers, but rather the de-
creases, −17.5 for placebo, −24.6 for the monthly dose 
(P < .001), and −23 for the quarterly dose (P = .002).85

Fremanezuamb Phase 3 HALO Chronic Migraine 
Prevention Trial Adverse Events.—Injection site reac-
tions were more common in the active groups, occur-
ring in 47% compared with 40% of the placebo group 
(P = .03 for both groups versus placebo).

There was a death reported in this study reported 
as follows, “One death occurred in the fremanezumab- 
quarterly group, 69 days after the patient received 
fremanezumab at a dose of 675 mg, which was deter-
mined on the basis of an autopsy to be due to chronic 
obstructive pulmonary disease (COPD).” In addition, 
the investigators noted, “One serious adverse event 
led to discontinuation of the trial; an event of suicidal 
ideation (assessed by the investigator as being moder-
ate in severity and unrelated to the trial regimen) was 
reported in a patient in the fremanezumab-monthly 
group who had a history of depression.”56

Liver function tests elevated as aspartate ami-
notransferase or alanine transaminase level ≥3 times 
the upper limit of normal, total bilirubin level as ≥2 
times the upper limit of normal, or international 

normalized ratio >1.5 were reported in 5 in each ac-
tive group and 3 treated with placebo, not statistically 
different between fremanezumab and placebo. Other 
elevations appeared transient and/or associated with 
use of acetaminophen, alcohol, or non-steroidal 
anti-inflammatories.56

Respiratory adverse events did not occur at a 
higher rate in the active than placebo groups. No 
anaphylaxis occurred. Two patients in the quarterly 
group developed anti-drug antibodies.56

OTHER FREMANEZUMAB TRIALS AND 
ANALYSES

Consecutive Headache Free Days in Episodic 
Migraine, Phase 2.—The fremanezumab Phase 2 epi-
sodic migraine prevention trial data were assessed “with 
a Bayesian model performed to evaluate the number of 
consecutive headache free days in the high frequency 
episodic migraine (HFEM) study” in an abstract pre-
sented at the EHF meeting in 2017. They reported sig-
nificant differences in the likelihood of consecutive 
headache free days for fremanezumab versus placebo. 
Patients in the fremanezumab 225 mg monthly group 
had a mean maximum number of consecutive headache 
free days of 14.5, the 675 mg monthly group experienced 
15.9 consecutive days of no headache and the placebo 
group 11.12 days.”86

Change of Classification of Migraine Frequency 
Groups with Fremanezumab Treatment, Phase 2.—The 
investigators on the Phase 2 fremanezumab episodic 
migraine prevention trial performed an analysis of the 
participants in terms of frequency of migraines and 
presented the findings in abstracts form at the IHC 
and the EHF meetings in 2017. They divided patients 
into chronic migraine (CM) with ≥15 headache days/
month with 8 migraine days; high-frequency episodic 
migraine (HFEM) with 8 to 14 headache days/month 
with 8 migraine days, moderate frequency episodic 
migraine (MFEM) with 4 to 7 headache days and 4–7 
migraine days, and low-frequency episodic migraine 
(LFEM) with 0–3 headache days and 0–3 migraine 
days. Treatment was associated with a shift to a lower 
frequency of migraine days. “45% and 52% of patients 
on fremanezumab 225 and 675 mg showed a shift in 
migraine category from HFEM to LFEM in 3 months 
compared to 20% of placebo patients.”86,87
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Fremanezumab Onset of Reduction of Migraine-
Associated Symptoms and Acute Medication Reduction, 
Phase 2.—The investigators in the Phase 2 fremane-
zumab episodic migraine prevention study evaluated 
how soon fremanezumab dosing reduced days with 
nausea, vomiting, photophonophobia, or acute med-
ication use compared with placebo and presented the 
data in abstracts at both the IHC meeting of 2017 and 
the AAN in 2018. Both doses decreased all of these 
with statistically significant values for disproving the 
null hypothesis, that is, one dose of fremanezumab, 
either 225 or 675 mg, decreased days with nausea, 
vomiting, photophonophobia, and acute medication 
use beginning in week 1 and maintained the decrease 
to week 3 compared with placebo in episodic mi-
graine patients.88

Fremanezumab Effectiveness in Chronic Migraine 
With and Without Concomitant Preventive Medication 
Use, Phase 3.—Investigators in the fremanezumab 
Phase 3 chronic migraine prevention trial divided 
patients into those on one additional concomitant 
migraine preventive medication (N = 239) or not on 
another preventive medication (N = 882). The monthly 
fremanezumab active arm was statistically effective 
versus placebo in reducing days of moderate to severe 
headache in those taking one additional preventive 
medication, and both the monthly and quarterly dos-
ing regimens were more effective than placebo in the 
patients not taking concomitant preventive medica-
tion, with the benefit seen by 4 weeks.89

Fremanezumab Effectiveness in Chronic Migraine 
Patients Who Had Previously Tried Topirmate or 
OnabotulinumtoxinA, Phase 3.—The investigators in 
the fremanezumab Phase 3 chronic migraine preven-
tion trial evaluated fremanezumab effectiveness in 
those who had previously tried topiramate or onabot-
ulinumtoxinA and described the results in an abstract 
at the AAN meeting in 2018. Prior topiramiate use 
was reported by 338, while 165 had previously tried 
onabotulinumtoxinA.

Similar to the previous study, the monthly fre-
manezumab active arm was statistically effective ver-
sus placebo in reducing days of moderate to severe 
headache in those who had previously tried onabot-
ulinumtoxinA, and both the monthly and quarterly 
dosing regimens were more effective than placebo 
in the patients who had previously tried topiramate, 
with the benefit seen by 4 weeks. Thus, 2 abstracts 

suggested circumstances in which monthly fremane-
zumab appeared to be more effective than quarterly 
dosing.90

Fremanezumab Impact on Migraine-Specific 
Health-Related Quality of Life and Overall Health 
Status, Phase 3.—The investigators on the Phase 3 
fremanezumab migraine prevention studies reported 
on patient reported outcomes of quality of life and 
overall health status in 2 abstracts presented at the 
EHF meeting in 2017. In the episodic migraine trial, 
mean Migraine-Specific Quality of Life (MSQoL) 
role function-restrictive (RFR) domain and and emo-
tional function (EF) domain scores for each freman-
ezumab dosing regimen were significantly increased 
from baseline to 4 weeks after the final dose of study 
drug. For chronic migraine, fremanezumab treat-
ment was superior to placebo for improving MSQoL 
in the RFR, role function-preventive (RP), and EF 
domains, as early as 4 weeks after the first dose and 
sustained from then until Week 12. Fremanezumab 
patients treated in the chronic migraine study also 
had larger inmprovements in overall health status as 
measured by the European Quality of Life (EuroQoL) 
5-dimension 5 response (EQ-5D-5L) Visual Analog 
Scale VAS.91,92

FREMANEZUMAB IMPACT ON WORK 
PRODUCTIVITY
The investigators in the fremanezumab pivotal study 
for chronic migraine prevention evaluated work pro-
ductivity using the Work Productivity and Activity 
Impairment (WPAI) questionnaire and presented 
their findings at the EHF meeting in 2017 and again 
at the AAN meeting in 2018. Both doses of freman-
ezumab were more statistically effective than placebo 
at reducing overall work productivity loss, a com-
posite of absenteeism and impairment while working 
(presenteeism) [quarterly dose P = .0009; monthly  
P = .0026 versus placebo] as well as presenteeism 
alone [quarterly dose P = .0049; monthly P = .0169 
versus placebo], from baseline.93

Fremanezumab Effects on Patients with Comorbid 
Depression.—Again, as noted above, because depres-
sion is comorbid with migraine, evaluation of mono-
clonal antibody efficacy in subjects with comorbid 
depression is important. A post hoc evaluation of 
fremanezumab effectiveness in the fremanezumab 
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chronic migraine prevention study in patients with 
moderate to severe depression or anxiety was pre-
sented in poster abstract form at the 2017 AAN. 
“Almost 20% of the patients in the study had moder-
ate to moderately severe depression at baseline. As in 
the overall study population, fremanezumab-treated 
patients in this subgroup had significant reductions 
from baseline in the mean number of monthly head-
ache days of at least moderate severity (quarterly: 
−5.4; monthly: −5.6) versus those who received pla-
cebo (−2.2) during the 12-week treatment period 
(both, P < .001), with effects observed as early as 
Week 4 (P < .0001).”94

Fremanezumab Onset of Effect, Phase 
3.—Assessing earliest onset of effect requires evalu-
ating endpoints other than monthly migraine days. 
Investigators in the Phase 3 fremanezumab chronic 
and episodic migraine prevention trials reported 
separation from placebo for reduction in the weekly 
number of headache days of at least moderate se-
verity (chronic migraine) or migraine days (episodic 
migraine) in the first week after subcutaneous injec-
tion, maintained for the first 4 weeks (P < .0001) in 
abstracts presented at the EHF meeting in 2017 and 
at the AAN meeting of 2018. Also, post hoc analyses 
indicated that more patients treated with fremane-
zumab with either dosing regimen reported no head-
ache of at least moderate severity (chronic migraine) 
or no migraine days (episodic migraine) versus pla-
cebo by the next day following first injection, and 
both abstracts reported statistical significance for 
this post hoc endpoint.90,95

Other Fremanezumab Studies in Progress.—At 
the time of this writing (May 2018), fremanezumab is 
being studied for prevention of episodic and chronic 
cluster headache. At least one of these studies uses an 
intravenous loading protocol. Both studies are con-
sidered pivotal trials for FDA approval.

Fremanezumab is also being studied prospec-
tively in migraine patients with numerous previous 
preventive medication failures. Finally, fremane-
zumab is being studied in post-traumatic headache. 
All of these studies are of great clinical interest and 
importance.

Clinical Use of Fremanezumab.—Fremanezumab 
will probably be approved in a monthly and a quar-
terly dosing for both episodic and chronic migraine, 
although the doses are not completely established at 

the time of this writing (May 2018). Answers to the 
questions of whether to load a patient with an initial 
dose and how much and whether to dose monthly for 
a period of time before switching to quarterly injec-
tions are unknown at this time. Again, there do not 
appear to be dramatically different or more adverse 
events for higher doses or the quarterly regimen, so at 
least for frequency of dosing, patient preference may 
be the deciding factor.

Both fremanezumab and erenumab have been 
studied in a large number of subsets of patients, as 
noted by the numerous abstracts for both monoclo-
nal antibodies. This is reassuring that the drugs are 
likely to effective in a broad swath of patients with 
numerous therapeutic benefits beyond just reducing 
monthly migraine days.

Both fremanezumab and erenumab are effective 
in chronic migraine with medication overuse, the 
most common form of chronic migraine seen in head-
ache clinics. Both have clinical onset in the first week. 
Both are effective in patients with previous preventive 
medication failures. Both are effective in patients with 
comorbid depression or histories of depression.

Fremanezumab is effective in altering the clas-
sification of the migraine itself, converting pa-
tients from chronic to less frequent migraine forms. 
Fremanezumab administration reduces all acute 
medication use.

Both fremanezumab and erenumab are effective 
in improving quality of life and patient reported out-
come measures. When multiple monoclonal subcuta-
neous antibodies are available, selection of the first 
used in the United States may end up being related 
to cost and access set by companies, and algorithms 
promulgated by payers.

GALCANEZUMAB CLINICAL TRIALS
Galcanezumab Phase 2 Episodic Migraine Preve

ntion Trial.—Galacanezumab was studied in a fully 
published Phase 2 trial for episodic migraine prevention 
(4–14 headache days/month) at 35 US centers. Two hun-
dred and eighteen patients were given 150 mg or placebo 
every other week for 12 weeks. “The primary endpoint 
was the mean change in number of migraine headache 
days per 28-day period assessed at 9–12 weeks.”96

During the 28 day baseline period, the placebo 
group had 7 migraine days, and the galcanezumab 
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group had 6.7 days. The placebo group had a reduc-
tion of −3 days to 4 days, the active group had a reduc-
tion of −4.2 days to 2.5 days (P = .003). The responder 
rates were secondary endpoints, and 40% of the pla-
cebo group had >50% reduction and 70% of the active 
group had a >50% reduction. MSQol and HIT6 were 
improved in exploratory analyses as well.96

Overall adverse events were reported in 67% of the 
placebo group and 72% of the active group. Upper re-
spiratory infection was noted in 10 % of the placebo 
arm and 17% of the galcanezumab group, nasopharyn-
gitis in 7% of the placebo group and 4% of those treated 
with galacanezumab. Injection site reactions were more 
common in the active group, as were rash, hyperten-
sion, abdominal pain, dizziness, neck pain, and tooth-
ache. “Two serious adverse events were reported in the 
[galacanezumab] group (one pregnancy that occurred 
78 days after the last dose and one peripheral vascular 
disease that occurred 43 days after the last dose), and 
four were reported in the placebo group.”96

Galcanezumab Pivotal Phase 3 Trials.— 
Galcanezumab Phase 3 EVOLVE-1 and EVOLVE-2 
Episodic Migraine Prevention Trials.—All of the re-
maining galcanezumab studies that will be described 
in this review have been published in abstracts, press 
releases or presented in platform presentations only. 
There have been 2 Phase 3 randomized controlled 
trials of galacanezumab for episodic migraine that 
have been presented in abstracts and platforms at 
meetings, EVOLVE-158 and EVOLVE-2.59 Both trials 
were 6-month trials, that is 1 month of baseline and 
6 months of either active or placebo. Both trials had 
3 arms, a placebo arm, an arm of galcanezumab 120 
mg, and a group of 240 mg. Unlike in the Phase 2 trial, 
subcutaneous injections were given monthly rather 
than every other week.

For both studies, the primary endpoint was the 
overall mean change from baseline in the number of 
monthly migraine headache days during months 1 
through 6. Secondary outcome measures for both 
studies included the percentages of patients with 50%, 
75%, and 100% reduction in monthly migraine days, re-
duction days of acute migraine treatments per month, 
change on the Role Function-Restrictive (RF-R) do-
main score of the Migraine-Specific Quality of Life 
Questionnaire (MSQoL), and change on the Patient 
Global Impression of Severity (PGI-S) rating.58,59

Baseline migraine days per month were 9.1 “and 
similar across treatment groups” in both abstracts for 
both studies. For EVOLVE-1, placebo was associated 
with a reduction across the 6 months of −2.81 days, 
galacanezumab 120 mg −4.73 days, 240 mg −4.57 
days, (P < .001 for both active doses versus placebo). 
For EVOLVE-2, placebo was associated with a reduc-
tion of −2.28 days, galcanezumab 120 mg −4.29 days, 
the 240-mg dose −4.18 days, (P < .001 for both active 
doses versus placebo).58,59

In the presentation at the AHS scientific meeting 
in 2017 for EVOLVE-1, the ≥50% responder rates for 
both doses were above 60%, and for placebo not quite 
40%. The ≥75% responder rates were about 40% for 
the active doses and 20% for placebo, and the 100% 
responder rate was about 17% for both doses and 7% 
for placebo. All P values were <0.001 versus placebo.58

For EVOLVE-2, from the platform presentation, 
the ≥50% responder rates for 120 mg was 59.3%, for 
240 mg 56.5% and for placebo 36%. The ≥75% re-
sponder rates for 120 mg was 33.5%, for 240 mg 34.3% 
and for placebo 17.8%, and the 100% responder rate 
was for 120 mg 11.5%, for 240 mg 13.8% and 5.7% for 
placebo. All P values were <0.001 versus placebo.59

The acute medication per month baselines were 
not listed in the abstracts, but in the presentation of 
EVOLVE-1, decreases were −2.15 for placebo, −3.96 
for the 120-mg galcanezumab arm, and −3.76 for the 
240-mg group, again P < .001 versus placebo for both. 
For EVOLVE-2, the actual numbers of acute med-
ication decreases were also not given in abstract or 
presentation, but from the presentation figure, they 
appear to be about −4.4 for active and −2.5 for pla-
cebo, again both doses P < .001 versus placebo. The 
other secondary endpoints were described as positive 
in the abstracts.58,59

Adverse events were described as follows for both 
studies, “There were no clinically meaningful dif-
ferences between galcanezumab and placebo on any 
safety parameters except for a statistically signifi-
cantly greater incidence of injection site” pruritis and 
reactions. No death has been reported in any galcane-
zumab trial.58,59

Galcanezumab Phase 3 Chronic Migraine 
Prevention Trial.—There has been one Phase 3 ran-
domized controlled trial of galacanezumab for 
chronic migraine that has been presented in abstracts 
and platforms at meeting, the REGAIN study. This 
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was a 3-month 3-arm study of placebo, 120 mg of 
galcanezumab, or 240 mg of galcanezumab, followed 
by an open label extension phase to evaluate safety 
and tolerability. The primary endpoint was monthly 
migraine day change during the 3-month random-
ized controlled portion of the study. The secondary 
endpoints were the same as for the episodic migraine 
studies, except for only 3 months, which was the dura-
tion of the randomized placebo controlled section of 
the chronic migraine trial.

In this chronic migraine study, the mean number 
of migraine days per month at baseline was 19.55 days 
for placebo, 19.36 days for the 120 mg galcanezumab 
group, and 19.17 days for the 240-mg arm. Medication 
overuse was documented at baseline in 63.38% of the 
placebo group, 64.26% of the 120-mg galcanezumab 
arm, and 64.13% of the 240-mg group. At least 2 
previous preventive medication failures was docu-
mented in 29.21% of the placebo-treated patients, 
24.46% of the 120-mg-treated patients, and 35.02% of 
the 240-mg subjects. Average MIDAS score was in the 
disabled range at 68.66 for placebo, 62.46 for 120 mg, 
and 69.17 for 240 mg, all at baseline.60

The mean monthly migraine day reduction was 
−2.74–16.81 days for placebo, −4.83 days to 14.53 for 
the 120-mg dose, and −4.62 days to 14.55 day in the 
240-mg group (P < .001 for both doses versus pla-
cebo). The ≥50% responder rates were 15.4% for pla-
cebo, 27.6% for 120 mg, and 27.5% for 240 mg (P < .001 
after multiplicity adjustment). The ≥75% responder 
rates were 4.5% for placebo, 7% for the 120-mg dose 
(not significant after the multiplicity adjustment), and 
8.8% for the 240-mg dose (P < .001 after multiplicity 
adjustment).60

The mean change from baseline in the MSQoLin 
Role Function-Restrictive was again adusted for mul-
tiplicity and the 120-mg dose was not significant, the 
improvement for placebo was 16.76, and the improve-
ment for 240 mg was 23.05 (P < .001 versus placebo). 
The baseline mean acute migraine medication days 
are not listed in the abstract. The overall mean change 
in migraine specific acute medication days was −2.23 
for placebo, −4.74 for 120 mg (not significant ver-
sus placebo), and −4.25 for 240 mg (P < .001 versus 
placebo).60

Injection site reactions were more common with 
active than placebo. Respiratory symptoms variously 
described as upper respiratory infection, sinusitis, 

or nasopharyngitis were slightly higher in most of 
the active groups. Fatigue was somewhat higher in 
the active groups. One patient each had the follow-
ing serious adverse event: for the 120-mg dose, colon 
cancer; for the 240-mg dose, hypokalemia, kidney 
stone, acute pancreatitis, pulmonary embolus, and 
renal colic. Again, there were not clinically meaning-
ful differences between active and placebo for labora-
tory tests or any cardiovascular parameters including 
blood pressure or EKGs.60

Galcanezumab Episodic and Chronic Cluster 
Headache Prevention Trials.—On May 15, 2018, Eli 
Lilly issued a press release on the galcanezumab 
for prevention of episodic and chronic cluster head-
ache studies. These were both pivotal trials for FDA 
consideration.

The press release read in part, “galcanezumab 
met its primary endpoint in a Phase 3 study of pa-
tients with episodic cluster headache, demonstrating 
statistically significant differences in the reduction of 
weekly cluster headache attacks compared to placebo 
across weeks 1–3 of the 2-month, double-blind treat-
ment period. A statistically significantly greater per-
centage of patients treated with galcanezumab also 
achieved ≥50% reduction in weekly cluster headache 
attacks compared to placebo at Week 3, the gated sec-
ondary endpoint.61”

“8% of patients treated with galcanezumab dis-
continued treatment during the study compared to 
21% of patients treated with placebo. Four percent 
of patients treated with galcanezumab discontinued 
treatment during the study due to adverse events 
compared to 2% of patients treated with placebo. 
Discontinuations due to lack of efficacy occurred in 
2% of patients treated with galcanezumab, compared 
to 14% of patients treated with placebo.”61

The other trial, that of galcanezumab for preven-
tion of chronic cluster headache, did not meet its pri-
mary endpoint.61

CLINICAL USE OF GALACANEZUMAB
Galcanezumab is likely to be approved in 2 doses for 
prevention of episodic and chronic migraine, 120 and 
240 mg. Efficacy, responder rates, and tolerability all 
seem excellent.

This will be one of the 2 anti-CGRP ligand self in-
ected subcutaneous choices for both migraine preventive 
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categories. Again, patient preference, cost, access, and 
payer directives will likely determine choice.

The use of galcanezumab as a preventive agent 
for episodic cluster headache cycles is particularly 
exciting. It is likely that episodic cluster heacache pa-
tients with longer cycles, not responsive to verapamil 
or transitional treatments such as steroids or occipital 
nerve blocks, will be candidates for galacanezumab 
prophylaxis at the time of their cluster cycles.

Eptinezumab Clinical Trials.—Eptinezumab Phase 
2 Episodic Migraine Prevention Trial.—The Phase 2 
trial of eptinezumab for prevention of episodic mi-
graine (5–14 headache days/month) was fully pub-
lished in 2014 and consisted of 2 arms with a single 
dose, placebo or 1 g of eptinezumab, either admin-
istered intravenously (IV) to 174 patients.97 As noted 
above, the plan is for eptinezumab to be submitted to 
the FDA for quarterly IV infusions. Erenumab was 
studied after an intravenous administration in the an-
gina trial,68 and fremanezumab is being studied with 
an intravenous load for prevention of cluster head-
ache, but neither is likely to be commercial available 
intravenously initially, as the majority of studies on 
both are with subcutaneous injections.

The primary endpoint for the Phase 2 prevention 
of episodic migraine study was mean monthly mi-
graine day change from baseline to weeks 5–8, so at 
2 months, rather than 3. Baseline migraine days were 
8.8 days per month for placebo and 8.4 days for the ep-
tinezumab group. In weeks 5–8, the placebo-treated 
patients dropped their migraine days by −4.6–4.2 
days, and the eptinezumab-treated patients were re-
duced by −5.6 days to 2.8 days (P = .0306).

Adverse events occurred in 52% of the place-
bo-treated group and 57% of the active arm. Upper 
respiratory tract infection occurred in 2% more of the 
active than placebo group, however, sinus congestion 
occurred in 2% of placebo-treated patients and no 
one who received eptinezumab. Other adverse events 
that occurred more in the active group, all <5% over 
placebo, were tooth abscess, dizziness, sciatica, mal-
aise, dry mouth, nausea, and vomiting, QTc prolon-
gation, pruritis, hyperkalemia, and weight loss. One 
patient who received eptinezumab had a conversion 
disorder and non-cardiac chest pain. “There were no 
clinically significant differences in vital signs, 12-lead 
ECGs, or laboratory safety data (hematology and 
clinical chemistry).”97

Eptinezumab Phase 2 Chronic Migraine Prevention 
Trial.—All of the remaining eptinezumab studies that 
will be described in this review have been published in 
abstracts or presented in platform presentations only. 
Since all data are from these sources and which data 
will be reported in the peer-reviewed paper is unknown, 
all data are reported for each study under its primary 
heading, rather than as primary and sub-analyses.

The Phase 2 chronic migraine prevention study 
was presented at the American Headache Society 
scientific meeting in 2017. Chronic migraine patients 
(N=588) with 15 to 28 headache days per month, of 
which at least 8 were migraine days, were randomized 
to receive a single IV dose of placebo or eptinezumab 
10, 30, 100, or 300 mg.98

The primary endpoint was unusual and quite 
clinically significant, the percentage of patients with 
≥75% reduction in migraine days the ≥75% responder 
rate over the entire 3 months, weeks 1–12. The ab-
stract reports, “Baseline migraine days were between 
16.2 and 16.5 days per month.” Only the 100-mg and 
300-mg doses reached statistical significance, with 
21% of placebo-treated patients showing a ≥75% re-
duction in migraine days over the 3 months, 31% of 
the 100-mg arm, and 33% of the 300-mg group (P < 
.05 for both doses versus placebo).98

The other responder rates were reported. The 
≥50% responder rates were statistically significant for 
30, 100, and 300 mg versus placebo (56%, 55% [both P 
< .05], and 57% [P < .005], respectively.98

The 100% responder rate was calculated for any 
patient having no migraine days on a given month 
rather than for the entire 3-month study. No dose 
reached statistical significance, but the numbers are 
of interest: 3% for placebo, 8% for 10 mg, 4% for 30 
mg, 5% for 100 mg, and 8% for 300 mg.98

Eptinezumab Pivotal Phase 3 Migraine Prevention 
Trials.—Eptinezumab Phase 3 Episodic Migraine 
Prevention Trial (PROMISE-1).—The eptinezumab 
Phase 3 episodic migraine prevention trial was enti-
tled the PRevention Of Migraine via Intravenous ep-
tinezumab Safety and Efficacy-1 (PROMISE-1 trial) 
and has been partially presented in abstract and plat-
form presentations at the IHC meeting in 2017 and the 
AAN meeting in 2018. This was a trial of 888 patients 
with 4–14 migraine days per month randomized to 
quarterly intravenous infusions of placebo or eptine-
zumab 30, 100, or 300 mg.
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The primary endpoint was the reduction in mi-
graine days over weeks 1–12. Baseline mean monthly 
migraine days were 8.4 for the placebo group, 8.7 for 
the 30-mg arm, 8.7 for the 100 mg, and 8.6 for the  
300 mg. Placebo dropped the mean monthly migraine 
days by −3.2 days to 5.2 days, 30 mg by −4 days to 4.7 
days (P = .0046 versus placebo), 100 mg by −3.9 days 
to 4.8 days (P = .0182), and 300 mg by −4.3 days to 
4.3 days (P < .0001). The investigators also reported 
reductions in mean monthly migraine hours and mi-
graine duration for weeks 1–24 weeks in the abstract, 
but statistics on significance by dose were not pro-
vided as these were post hoc reports.99,100

Secondary endpoints included ≥75% responder 
rate for weeks 1–4, ≥75% responder rate for weeks 
1–12, ≥50% responder rate for weeks 1–12, and the 
probability of migraine one day after the IV infusion. 
The ≥75% responder rate for weeks 1–4 were 20.3% for 
the placebo group, 30.8% for the 100 mg (P = .0112 ver-
sus placebo), and 31.5% for the 300 mg (=0.0066). The 
30-mg data were not presented due to a gated statis-
tical analysis plan in which the 100-mg dose failed to 
reach significane, as described in the next paragraph.

The ≥75% responder rate for weeks 1–12 was 16.2% 
for placebo, 22.2% for 100 mg (not significant), 29.7% 
for 300 mg (P = .0007 versus placebo). The 30-mg 
data were not presented. The ≥75% responder rate for 
weeks 1–12 was 37.4% for placebo, 49.8% for the 100-
mg group (P = .0085), and 56.3% for the 300-mg arm 
(P < .0001).99,101,102

As noted, another secondary endpoint was the 
probability of migraine one day after the IV infusion. 
The average probability of migraine on any given day 
during the baseline period was 29.9% for the placebo 
arm, 31.0% for the 100-mg IV arm, and 30.8% for the 
300-mg IV group. At week 4, the average probability 
of daily migraine was 20.1% for placebo-treated pa-
tients (−32.8%), 17.2% for the 100-mg group (−44.5%), 
and 15.9% for the 300-mg arm (−48.4%). P values were 
not given for these decreases versus placebo.101,103

Over weeks 1–12, the average probability of daily 
migraine was 18.9% for placebo-treated patients 
(−36.8%), 17.1% for the 100-mg group (−44.8%), and 
15.3% for the 300-mg arm (−50.3%). P values were not 
given for these decreases versus placebo.103

The authors further stated, “Similar decreases in 
probability of daily migraine were observed at earlier 
time points: over Weeks 1–4, 16.8% (−45.8%) [for 100 

mg] and 16.1% (−47.7%) [for 300 mg] vs 20.4 (−31.8%) 
[placebo].99,103

The investigators also reported some later dura-
tion of eptinezumab effects, including reductions in 
mean migraine hours from baseline and reduced mean 
migraine attack duration for weeks 21–24. (Silberstein 
2018A) Saper presented 12 months of data and effects 
of 4 infusions, and reported that “over 51% of eptin-
ezumab 300 mg subjects achieved ≥75% reduction in 
migraine days after the 3rd and 4th infusions and over 
70%... achieved ≥50% reduction in migraine days after 
the 3rd and 4th infusions.”99

In the AAN platform presentation and abstract, 
decreases in migraine-free intervals were reported 
weeks 1–12 that correlated with dosage and responder 
rates. These were reported by groups of responder 
rates as follows, “For the 300-mg group, in patients 
with responder rates of ≥75%, <75% to 50%, <50% to 
25%, and <25%, the median duration of migraine free 
intervals at baseline was 4.1, 3.8, 4.4, and 4.4 days, re-
spectively, versus 40, 13.5, 9.3, and 9.5 days, respec-
tively, at Week 12.” (statistics not provided).101

Overall, the ≥50% responder rate increased from 
40.5% to 52.3% for placebo, and from 56.3% in Weeks 
1–4 to 63.1% in Weeks 21–24 for the 300-mg group. 
The ≥75% responder rate went from 20.3% to 32.4% 
for those receiving placebo and from 31.5% to 40.5% 
for those receiving 300 mg. The other dose results 
were not in the abstract.102

In addition, improvements in the SF-36 evaluating 
health related quality of life from baseline were reported 
as follows, “Baseline SF-36 scores were lowest in bodily 
pain (BP), role physical (RP), and social functioning 
(SF) domains. The greatest SF-36 score improvements 
at Week 12 were in BP (+5.2, +6.0, +4.0, +2.5), RP (+3.7, 
+2.6, +2.6, +2.6), and SF (+2.2, +2.3, +0.1, +2.2) do-
mains according to the above responder rates.”101

The most common adverse event was upper re-
spiratory infection, occurring in 7% of those treated 
with placebo, 11% of those treated with 30-mg, 10% 
in the 100-mg and 300-mg groups. Nasopharyngitis 
occurred in 5% of the placebo group, 6% of the 30-mg 
and 300-mg groups, and 8% of the 100-mg arm. 
Sinusitis occurred more frequently in placebo (5%) 
than any active group.99

Eptinezumab Phase 3 Chronic Migraine Prevention 
Trial (PROMISE-2).—The eptinezumab Phase 3 
episodic migraine prevention trial was entitled the 
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PRevention Of Migraine via Intravenous eptine-
zumab Safety and Efficacy-2 (PROMISE-2 trial) and 
has been partially presented in abstract and platform 
presentations at the AAN meeting in 2018. This was 
a study of 1072 chronic migraine patients receiving 
either placebo or quarterly intravenous doses of ep-
tineumab 100 or 300 mg. Chronic migraine for this 
study was defined as ≥ 15 to ≤ 26 days of headache per 
month, with ≥ 8 migraine days per month.

The primary endpoint was the change in mean 
monthly migraine days weeks 1–12. Baseline migraine 
days were 16.2 days for placebo and 16.1 days for both 
the 100-mg and 300-mg eptinezumab groups. The re-
duction of monthly migraine days was −5.6 days to 
10.6 days for placebo, −7.7 days to 8.4 days for the 100-
mg eptinezumab arm and −8.2 days to 7.9 days for 
300-mg eptinezumab group after a single quarterly in-
fusion (P < .0001 for both doses versus placebo).104,105

Secondary endpoints included the ≥ 75% re-
sponder rates weeks 1–4, ≥ 75% responder rates Weeks 
1–12, ≥ 50% responder rates Weeks 1–12, the percent-
age of subjects experiencing a migraine day 1 post 
dose, changes in the HIT-6, and use of acute migraine 
specific medications (triptans or ergots). Both doses of 
eptinezumab were superior to placebo for the ≥ 75% 
responder rates weeks 1–4 at 15.6% for placebo, 30.9% 
for 100 mg, and 36.9% for 300 mg (P < .0001 for both 
doses versus placebo). The ≥ 75% responder rates for 
weeks 1–12 were 15% for placebo, 26.7% for the 100-mg 
dose, and 33.1% for the 300-mg dose of eptinezumab 
(P < .0001 for both doses versus placebo). The ≥50% 
responder rate was seen in 39.3% of those receiving 
placebo, 57.6% of those who received the 100-mg dose, 
and 61.4% percent of patients receiving 300-mg eptine-
zumab (P < .0001 for both doses versus placebo).105,106

The average 28-day baseline percentage of pa-
tients with a migraine on any given day was ≈58%. 
The likelihood of a migraine on day 1 after the first 
infusion dropped by 27% for placebo, by 51% for 
those who received one dose of IV eptinezumab 100 
mg, and by 53% for those who received eptinezumab 
300 mg (P < .0001 for both doses versus placebo), 
percent changes almost identical to those seen with 
eptinezumab in the prevention of episodic migraine 
trial.106 A press release further stated, “15 percent of 
patients had no migraines (ie, 100 percent response) 
for a full three months, compared to 5 percent for pla-
cebo, P < .0001 (post hoc, unadjusted).”107

The HIT-6 numbers at baseline were 64.6 for pla-
cebo, 65.0 for the100-mg group, and 65.1 for the 300-
mg arm, all in the severe impact range. By weeks 9–12, 
the placebo group dropped −4.7 to 59.9, the 100-mg 
group dropped −6.6 to 58.4 (P = .0011 versus pla-
cebo), and the 300-mg arm dropped −7.7 to 57.4 (P < 
.0001).104,108

Baseline acute migraine-specific medication 
use (triptans or ergots) were 6.2 days per month for 
placebo, 6.6 days per month for the 100-mg eptine-
zumab group, and 6.7 days per month for the 300-mg 
arm. During weeks 1–12, placebo triptan/ergot use 
dropped to 4.3 days, the 100-mg eptinezumab group 
use dropped to 3.3 days (a 50% drop), and the 300-
mg eptinezumab group medication use dropped to 3.2 
days (a 52% drop) [statistics not provided].105

No adverse event occurred greater than 2% over 
placebo, and only nasopharyngitis was reported 
greater than 4%, as it was noted in 4% of those receiv-
ing placebo and 100-mg eptinezumab and 6% of those 
receiving 300 mg. Nausea and urinary tract infection 
occurred in 2% of the placebo and 100-mg group and 
3% of the 300-mg group. Dizziness occurred in 1% of 
the placebo and 100-mg groups and 2% of the 300-
mg group. Anxiety was reported in 0 of the placebo 
group, 1% of the 100-mg arm, and 2% of the 300-mg 
arm. Fatigue was noted in 1% of placebo-treated pa-
tients and 2% of the active groups. The absence of 
significant side effects is noteworthy. No death was 
reported in any eptinezumab study.106

Clinical Use of Eptinezumab.—Eptinezumab 
is likely to be approved in 2 doses for prevention of 
episodic and chronic migraine, 100 and 300 mg. It will 
likely be the only anti-CGRP monoclonal antibody 
that will initially be available for intravenous admin-
istration quarterly. Efficacy, responder rates, and tol-
erability all seem excellent.

Eptinezumab has established rapid onset of ef-
fect, with dramatic drops in the likelihood of migraine 
within one day of infusion. The effectiveness and high 
≥75% responder rates for the 300-mg dose, at about 
one-third of patients, is maintained for up to a year.

The intravenous dose achieves an instant Cmax and 
can stop the CGRP biology immediately, and appar-
ently completely. Assuming equal access, patients will 
likely be asked in the future whether they prefer subcu-
taneous self-injection or quarterly or intravenous treat-
ment quarterly for their starting monoclonal antibody. 
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It is worth asking whether patients who have a lack of 
response to subcutaneous monoclonal antibodies merit 
an intravenous trial when this form is available.

CONCLUSIONS
Targeting CGRP as a specific goal in migraine ther-
apy has resulted in translational research made real. 
The gepants, small molecule CGRP receptor antago-
nists, are in the final regulatory stage before submis-
sion to the FDA for acute treatment of migraine. They 
appear tolerable and effective in stopping migraine, 
with similarity to naratriptan.

Daily gepant use for prevention of migraine is 
being studied in Phase 2 trials. Liver safety remains 
to be demonstrated, but if the new gepants are safe, 
they would be the first oral daily designer migraine 
preventive medications of the modern era.

The situation before the availability of the mono-
clonal antibodies was that migraine preventive med-
ications were all designed for other therapeutic areas 
and found to have modest benefits in migraine pro-
phylaxis. They uniformly have side effects related to 
their actions, for example, anticholinergic adverse 
events with tricyclic antidepressants, hypertension 
and sexual dysfunction with serotonin norepineph-
rine reuptake inhibitors, hypotension with antihyper-
tensives, cognitive dysfunction with topiramate, and 
polycystic ovarian syndrome and other problems with 
valproate. Adherence to conventional oral migraine 
prophylaxis is poor, and as noted before, over 80% of 
patients begun on oral prevention are off the drugs 
within a year.

OnabotulinumtoxinA is not approved for epi-
sodic migraine and should not be used in myasthenic 
conditions. Use of onabot requires quarterly visits for 
at least 31 injections each cycle.

Tolerability and adverse events associated with 
the monoclonal antibodies are comparable to pla-
cebo, with the exception of injection site reactions 
for the 3 subcutaneous drugs and a slight increase in 
respiratory symptoms for some of the 4 in some of 
the studies. The deaths noted do not seem related to 
the medications, and no deaths were reported in the 
studies of galcanezumab or eptinezumab. The study 
of intravenous erenumab given to patients with active 
angina and the subset analysis of erenumab in pa-
tients with cardiovascular risk factors are particularly 

encouraging for use in patients with cardiovascular 
disease.

All of the currently available oral preventive medi-
cations take at least 2–3 months at optimal dose to eval-
uate for effectiveness. OnabotulinumtoxinA should be 
given for at least 2–3 cycles, with another month after 
the last cycle to assess efficacy, so at least 7 months.

The monoclonal antibodies all separate from 
placebo by one week. All show meaningful clinical 
benefit in the majority of patients within 1 month. 
Eptinezumab drops the likelihood of migraine within 
one day of infusion. These rapid onsets of clinical im-
provement are unprecedented in migraine prevention.

The oral migraine preventive medications show 
less than 50% of patients demonstrating ≥50% reduc-
tion in migraine or headache days, taking into account 
all of the acceptable modern randomized controlled 
trials. The monoclonal antibodies demonstrate up to 
one-third of patients with ≥75% reduction of monthly 
migraine days, an endpoint that is strongly linked to 
reduction in migraine-related disability.

Many oral preventive medications, such as topi-
ramate, show reduced effectiveness in the setting of 
acute medication overuse. Those monoclonal anti-
bodies that have reported analysis of their subsets of 
chronic migraine with medication overuse show equal 
effectiveness to primary chronic migraine. Reported 
rates of medication overuse in the pivotal chronic mi-
graine studies for the monoclonal antibodies range 
from 40% to 2/3 of patients studied.

In the pivotal trials of onabotulinumtoxinA for 
chronic migraine prevention, onabot lowered use of 
triptans, but not other acute medications. The Phase 3 
fremanezumab HALO episodic and chronic migraine 
prevention trials evaluated all acute medication use, 
not just triptans and ergots. Fremanezumab was ef-
fective in reducing the use of any acute medication use 
compared with placebo. All of the monoclonal anti-
bodies reduced use of triptans and ergots. This again 
suggests added benefits.

The potential for the monoclonal antibodies 
appears great. They have specificity, unlike other 
preventive migraine medications. They have wide 
therapeutic targets, including episodic migraine, 
chronic migraine, medication overuse headache, and 
for galacanezumab, episodic cluster headache. They 
have unique speed of onset, separating from placebo 
in the first week, and showing meaningful clinical 
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benefit for most patients in 1 month. They have im-
proved ≥75% responder rates. They lower acute mi-
graine-specific medication use, and in the case of 
fremanezumab, all acute medications.

As noted, the monoclonal antibodies have tolera-
bility similar to placebo. Thousands have already been 
taking the monoclonal antibodies for years with no ap-
parent safety signal. However, the difference between 
10,000 patients exposed for years and 1,00,000 patients 
exposed for years can sometimes expose unknown risks.

Clinicians will need to monitor for unusual side 
effects. The erenumab angina study and the report 
on use in patients with cardiovascular risk factors are 
reassuring, but when the monoclonal antibodies are 
used in large numbers of older patients with vascular 
disease, surveillance will be important.

Unplanned pregnancy exposures need to be ex-
amined. CGRP and its receptor are not immune tar-
gets, and therefore the likelihood of immune adverse 
events such as neoplasm or opportunistic infection 
should be zero, but vigilance and reporting remain 
important to confirm this. These treatments will be 
the first non-immunomodulating monoclonal anti-
bodies to be used in Neurology.

The opportunity for patients with migraine to use 
these medications will be dependent on cost and access. 
The improvements over current treatments appear sig-
nificant and exciting. The prospect of life-changing 
migraine preventive therapy is real and imminent.
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