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A phase 2, randomized, double-blind,
placebo-controlled trial of AMG 301,
a pituitary adenylate cyclase-activating
polypeptide PAC1 receptor monoclonal
antibody for migraine prevention
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Jan Klatt5, Hernan Picard4 and Daniel D Mikol4

Abstract

Objective: To assess the safety and efficacy of AMG 301, an inhibitor of the pituitary adenylate cyclase-activating

polypeptide (PACAP)-1 (PAC1) receptor, for prevention of migraine.

Methods: In a double-blind trial, patients were randomized 4:3:3 to placebo, AMG 301 210 mg every 4 weeks, or AMG

301 420 mg every 2 weeks for 12 weeks. Effect on monthly migraine days and other secondary measures were assessed

over weeks 9–12. Safety and tolerability were assessed.

Results:Of 343 randomized patients (mean age, 41.8–42.5 years), the majority were women (85.4–90.4%), white (94.1–

96.2%), and had episodic migraine (62.5–67.9%). A total of 305 patients completed treatment (placebo, n¼ 124; AMG

301 210 mg, n¼ 94; AMG 301 420 mg, n¼ 87). Least squares mean reduction at week 12 in monthly migraine days from

baseline was �2.5 (0.4) days for placebo and �2.2 (0.5) days for both AMG 301 treatment groups. No difference

between AMG 301 and placebo on any measure of efficacy was observed; mean (95% confidence interval) treatment

difference versus placebo for monthly migraine days for AMG 301 210 mg, 0.3 (�0.9 to 1.4); AMG 301 420 mg, 0.3

(�0.9 to 1.4). The incidence of adverse events was similar across groups.

Conclusion: AMG 301 offered no benefit over placebo for migraine prevention; further studies may be necessary to

fully understand the role of PACAP isoforms and its receptors in migraine pathophysiology.
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Introduction

A majority of treatments currently available as the

standard of care for migraine prevention were original-

ly developed for other indications (1), and they are typ-

ically associated with tolerability issues, leading to poor

patient adherence (2) and ultimately poor treatment

outcomes. The historically high, unmet need in

migraine prevention has led to much research effort

directed to better understanding the pathophysiology

of migraine. Subsequent research led initially to the

development of small molecules, and more recently,

monoclonal antibodies targeting the calcitonin gene–
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related peptide (CGRP) receptor and the CGRP ligand
(3). Four of these monoclonal antibodies have been
clinically developed for the prevention of migraine
(4), but not all patients respond sufficiently to CGRP
pathway inhibition (4,5).

Like CGRP, pituitary adenylate cyclase-activating
polypeptide (PACAP), a neuropeptide expressed in
the trigeminovascular system, is believed to play a
role in migraine pathophysiology (6,7). PACAP is a
member of the vasoactive intestinal polypeptide
(VIP)/secretin/glucagon superfamily. PACAP occurs
in two forms: A 38 amino acid peptide (PACAP-38)
and a truncated 27 amino acid form (PACAP-27). Of
these, PACAP-38 is the predominant form;> 90% of
PACAP in the CNS is PACAP-38 (6). While PACAP
appears to play a major role in the parasympathetic
pathway, and its receptors are also found in the trigem-
inal ganglion, the trigeminocervical complex, the hypo-
thalamus, and the thalamus, PACAP does not appear
to act via an increase in CGRP or tumor necrosis factor
(8–10). Three G-protein-coupled receptors for PACAP
have been identified (VPAC1, VPAC2, and PAC1
receptors); of these, the PAC1 receptor has a 1000-
fold higher binding affinity for PACAP (� 0.5 nM)
than for VIP (>500 mM), whereas the VPAC1 and
VPAC2 receptors both have a similar binding affinity
for PACAP and VIP (� 1 nM) (11). Activation of all
three receptors stimulates adenylate cyclase activity,
increasing intracellular cyclic adenosine monophos-
phate (cAMP) production (6,11). However, activation
of the PAC1 receptor, in particular, by PACAP-38
stimulates adenylate cyclase to a substantially greater
degree than does VIP (11). It has been speculated that
the elevation of cAMP resulting from PACAP-38 acti-
vation of the PAC1 receptor in peripheral trigeminal
nociceptors results in nociception (6,11).

Infusion of PACAP-38 (7) and PACAP-27 (12), and
to a much lesser extent VIP (13,14), has been shown to
cause migraine-like attacks in migraine patients.
Because the PAC1 receptor has a higher affinity for
PACAP-38 versus VIP and VIP does not induce
migraine attacks in the majority of patients, it was con-
sidered possible that PACAP-38 may induce migraine-
like attacks via its activity at the PAC1 receptor rather
than at the VPAC1 or VPAC2 receptors (14).
Furthermore, PAC1 receptor but not VPAC1 or
VPAC2 receptor mRNA expression was increased in
the trigeminal ganglion of rats in an animal model of
migraine (15). Investigation of PAC1 receptor inhibi-
tion, therefore, may lead to a better understanding of
the role of PACAP in migraine (6,14). Subsequently,
AMG 301, a human monoclonal antibody selective for
inhibition of the PAC1 receptor, was developed (16).

The objective of this phase 2 trial was to evaluate the
efficacy and safety of AMG 301 for the prevention of

migraine across the continuum of episodic migraine
(EM) and chronic migraine (CM). The primary
hypothesis was that AMG 301 would cause a greater
reduction in monthly migraine days (MMD) from
baseline over the last 4 weeks of the 12-week double-
blind period compared with placebo.

Methods

Trial design

A phase 2a, multicenter, randomized, double-blind,
placebo-controlled trial of subcutaneous AMG 301
was undertaken in adults with CM or EM who were
considered eligible for preventive treatment and ful-
filled eligibility criteria (more detailed eligibility criteria
are provided in the Patients section below;
ClinicalTrials.gov: NCT03238781). After an initial
screening period of � 3 weeks followed by a baseline
period of 4 weeks, during which patients were required
to complete a daily electronic headache diary, investi-
gators confirmed that patients met eligibility criteria
and had provided informed consent, patients were
enrolled in the trial and randomized 4:3:3 to placebo,
AMG 301 210 mg every 4 weeks (Q4W), or AMG 301
420 mg every 2 weeks (Q2W) for 12 weeks (Figure 1);
to maintain blinding, patients received a total of six
subcutaneous injections Q2W. Full details are provided
in the Trial treatments section. A safety follow-up visit
was conducted 18 weeks after the last dose of investi-
gational drug.

Before the start of the trial, an interactive voice
response/interactive web response system was used to
facilitate randomization and stratification, and the ran-
domization treatment assignment was generated by the
sponsor’s Global Randomization and Blinding group
independent of the study. Randomization was stratified
by baseline migraine frequency (CM versus EM) and
geographical region (North America vs. rest of world).
CM and EM categories were defined based on frequen-
cy of migraine and non-migraine headache, determined
during the 4-week baseline period (using the daily elec-
tronic diary) in line with the International
Classification of Headache Disorders, 3rd edition
(ICHD-3) criteria (17) for CM (CM: �15 headache
days and �8 migraine-like days; EM: <15 headache
days and �4 migraine-like days).

The trial protocol was approved by each site’s insti-
tutional review board or independent ethics committee,
and each patient was required to provide written
informed consent before participation in the trial.

Pre-planned interim analyses were undertaken for
administrative purposes for future study planning with-
out additional p-value adjustments (this study was not
modified based on the interim effect size results).
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An independent data review team reviewed the results
and made recommendations regarding the safety of
patients, up to and including early stopping of the
trial, if deemed necessary.

Assuming a treatment effect compared to placebo of
�2.0 MMD for both AMG 301 mg treatment groups
and a common SD of 4.7 MMD, the planned sample
size of 135 patients for the placebo group, 100 patients
for the AMG 301 420 mg Q2W, and 100 patients for
the AMG 301 210 mg Q4W group were to provide
�80% power using a two-sample t-test for each
AMG 301 group versus placebo, with a two-sided sig-
nificance level of 0.05, maintaining a family-wise alpha
level of 0.10, assuming a 10% dropout.

Patients

To be eligible for enrolment, patients with EM or CM
were required to be �18 to � 60 years of age, with a
�12-month history of migraine and a migraine fre-
quency of �4 migraine days per month over the 3
months before screening. Patients were also required
to have failed one or more previous migraine preven-
tive treatment as a result of tolerability issues or lack of
efficacy and to be taking (or have taken in the past)
triptans or ergotamine as acute treatment (patients
unable to take triptans or ergotamine due to contra-
indications were allowed in the trial if all other criteria
were fulfilled). Patients with medication overuse head-
ache were not excluded from the study. Finally,
patients must have achieved a �80% compliance rate
on the daily electronic diary during the 28-d baseline
period (i.e. completed �23 daily diary entries). Patients
who were aged> 50 years at onset of migraine; with a
history of cluster headache, hemiplegic migraine

headache, or continuous migraine pain; or unable to

differentiate migraine from other headaches were

excluded as were those taking preventive migraine

treatments within 2 months of baseline (4 months for

onabotulinumtoxinA or monoclonal antibodies target-

ing the CGRP pathway). In addition to standard base-

line characteristics, the cranial autonomic

parasympathetic symptom (CAPS) score was assessed.

Lacrimation, conjunctival injection, eyelid edema, ear

fullness, and nasal congestion were graded 0 (absent) to

2 (present and conspicuous), giving a total possible

CAPS score of 10 (18).

Trial treatments

AMG 301 was provided as 70 mg/mL in 1-mL vials;

placebo was provided in a matching formulation and

identical container. All patients received a total of six

subcutaneous, 1 mL injections Q2W. Patients random-

ized to placebo received six placebo injections Q2W on

day 1 and weeks 2, 4, 6, 8, and 10. Those randomized to

AMG 301 210 mg Q4W received three AMG 301 70-

mg injections on day 1 and weeks 4 and 8 with three

matching placebo injections and six placebo injections

on weeks 2, 6, and 10. Those randomized to AMG 301

420 mg Q2W received six AMG 301 70-mg injections

Q2W on day 1 and weeks 2, 4, 6, 8, and 10. All treat-

ments were administered into the upper arm, upper

thigh, or abdomen.
Dose adjustment was not permitted. Investigators

could, however, discontinue treatment for any patient

experiencing a severe or life-threatening adverse event

considered to be treatment related.

Placebo Q2W SC

AMG 301 210 mg Q4W SC

AMG 301 420 mg Q2W SC

Screening 

Period

(up to 7 weeks) 

Double-blind

Treatment Period 

(12 weeks)

Safety

Follow-up Period

(16 weeks*)

Screening
Period
(up to 3 
weeks)

Baseline 
Period 

(4 weeks)

Figure 1. Trial design.
Q2W: every 2 weeks; Q4W: every 4 weeks; SC: subcutaneous.
*18 weeks after last dose of investigational product.
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Endpoints

Patient electronic daily diaries were the primary tool

used to collect data on efficacy outcomes. Patients

entered headache data (e.g. start and stop times,

worst severity assessment, pain features, and

headache-associated symptoms) and acute medication

use (e.g. medication name, date, dose, and frequency)

each day. The patient also used the electronic diary to
complete the Migraine Physical Function Impact Diary

(MPFID; daily at home), a 13-item patient reported

outcome tool designed to measure the impact of

migraines in daily life based on a 24-h recall. The

MPFID measures across two major domains,

“Impact on everyday activities” (seven items) and

“Physical impairment” (five items) (19). Each item is

assessed using a five-point scale (1, activity completed
without difficulty through 5, unable to complete activ-

ity) (19). Scores across each MPFID domain were cal-

culated as a sum of responses and rescaled on a 0–100

scale (the higher the score, the greater the burden of

migraine).
The primary endpoint was the change in MMD

from baseline to the last 4 weeks of the 12-week treat-

ment period. The secondary efficacy outcomes were

also evaluated over the last 4 weeks of the 12-week

treatment period and included the proportion of

patients achieving �50% reduction in MMD from

baseline, change from baseline in monthly acute

migraine-specific medication days (MSMD), mean

MPFID–physical impairment (MPFID-PI) scores,
and mean MPFID–everyday activities (MPFID-EA)

scores. A pre-specified subgroup analysis was under-

taken to assess the change in MMD from baseline to

the last 4 weeks of the 12-week treatment period in

patients with CM and in those with EM. Safety and

tolerability of AMG 301 were also evaluated.

Statistical analysis

The primary analysis dataset included all patients who

received at least one treatment dose and completed at

least one post-baseline monthly electronic diary mea-

surement and was used for all efficacy analyses. The

effect of a number of covariates on treatment outcomes

was assessed, including region (North America vs. rest

of world), baseline migraine frequency (CM vs. EM),

and corresponding baseline value for the endpoint
being analysed. In general, MMD, acute migraine-

specific medication use, and MPFID data were prorat-

ed based on the number of days with available infor-

mation if �50% of data were available. A linear mixed

effects model including treatment group, baseline

value, stratification factors, scheduled visit, and the

interaction of treatment group with scheduled visit

was used for the primary endpoint and other continu-

ous endpoints, with 95% confidence intervals and

unadjusted two-sided p-values of the means. The

Cochran-Mantel-Haenszel test was used for categorical

endpoints, such as the proportion of patients achieving

a �50% reduction in MMD from baseline, without

imputation for missing data (observed data). For all

endpoints, nominal p-values without multiplicity

adjustment are presented. To maintain a type I error

at 0.10, each of the pairwise comparisons (i.e. AMG

310 210 mg vs. placebo and AMG 310 420 mg vs. pla-

cebo) were tested for the primary endpoint at an alpha

level of 0.05. Statistical analyses were undertaken using

SAS system version 7.1 or later (SAS Institute, Cary,

NC, USA).

Results

Patients

The trial was completed as planned. In total, 343

patients from 46 sites were randomized to treatment.

The majority of the investigators were headache spe-

cialists. Patients were randomized at a 4:3:3 ratio; 137

patients to placebo, 104 patients to AMG 301 210 mg

Q4W, and 102 patients to AMG 301 420 mg Q2W were

included in the analysis dataset (Figure 2). All random-

ized patients received �1 dose of the investigational

product. A total of 305 patients (88.9%) completed

the double-blind treatment phase; 124 patients

(90.5%) receiving placebo, 94 patients (90.4%) receiv-

ing AMG 301 210 mg Q4W, and 87 patients (85.3%)

receiving AMG 301 420 mg Q2W. The investigational

product was discontinued by 38 patients (11.1%), pri-

marily due to patient request (n¼ 25, 7.3%) and

adverse event (n¼ 10, 2.9%); the numbers of patients

discontinuing were similar across treatment groups.
Baseline demographics and clinical characteristics

were generally balanced among the treatment groups

(Table 1). Patients had a mean age of 41.8 to 42.5 years,

85.4% to 90.4% of treatment subgroups were women,

and 94.1% to 96.2% were white. Baseline migraine

classification was EM for 62.5% to 67.9% of patients.

At baseline, mean MMD ranged from 12.1 to 12.5

days, mean monthly headache days ranged from 13.1

to 13.9 days, and mean monthly acute MSMD ranged

from 7.2 to 8.1 days.
In the full analysis set, cranial autonomic parasym-

pathetic symptom (CAPS) scores were available for

99.7% (n¼ 342) of patients at baseline and ranged

from 0–10. CAPS scores were skewed toward the

lower end of the scale at baseline (0, n¼ 210; 1,

n¼ 54; 2, n¼ 48; 3, n¼ 15; �4, n¼ 15), and tended to

remain low and unchanged throughout the course of
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Table 1. Patient demographics and baseline clinical characteristics.

Placebo

(N¼ 137)

AMG 301

Total

(N¼ 343)

210 mg Q4W

(N¼ 104)

420 mg Q2W

(N¼ 102)

Age, mean (SD), years 41.8 (9.9) 42.3 (9.7) 42.5 (9.4) 42.2 (9.7)

Women, n (%) 117 (85.4) 94 (90.4) 90 (88.2) 301 (87.8)

White, n (%) 129 (94.2) 100 (96.2) 96 (94.1) 325 (94.8)

Disease duration, mean (SD), years 21.5 (11.5) 23.4 (11.1) 22.9 (11.6) 22.5 (11.4)

Number of previous migraine prophylactic treatment failures by category, n (%)*

1 69 (50.4) 42 (40.4) 45 (44.1) 156 (45.5)

2 30 (21.9) 32 (30.8) 29 (28.4) 91 (26.5)

3 26 (19.0) 19 (18.3) 19 (18.6) 64 (18.7)

�4 12 (8.7) 11 (10.6) 9 (8.8) 32 (9.3)

Migraine frequency, n (%)

CM 44 (32.1) 39 (37.5) 36 (35.3) 119 (34.7)

EM 93 (67.9) 65 (62.5) 66 (64.7) 224 (65.3)

MMD, mean (SD) 12.2 (5.1) 12.5 (4.8) 12.1 (5.3) 12.3 (5.1)

Monthly headache days, mean (SD) 13.5 (5.3) 13.9 (4.9) 13.1 (5.2) 13.5 (5.2)

Monthly acute MSMD, mean (SD) 7.2 (5.7) 8.1 (5.3) 7.5 (4.9) 7.5 (5.3)

Acute headache medication use, n (%) 135 (98.5) 101 (97.1) 100 (98.0) 336 (98.0)

Migraine specific 115 (83.9) 95 (91.3) 89 (87.3) 299 (87.2)

Non-migraine specific 78 (56.9) 51 (49.0) 54 (52.9) 183 (53.4)

CM: chronic migraine; EM: episodic migraine; MMD: monthly migraine days; MSMD: migraine-specific medication days; n: number of patients with the

specific characteristic; N: number of patients in the respective treatment group; Q2W: every 2 weeks; Q4W: every 4 weeks.

*Failures were defined by tolerability issues or insufficient efficacy.

Completed placebo treatment 
(n=124)
Discontinued placebo (n=13)

Patient request (n=9)
TEAE (n=3)
Pregnancy (n=1)
Death (n=0)

Randomized to placebo (n=137)

(n=137)

Completed AMG 301 210 mg treatment (n=94)
Discontinued AMG 301 210 mg (n=10)

Patient request (n=7)
TEAE (n=2)
Non-compliance (n=1)
Death (n=0)

Randomized to AMG 301 210 mg Q4W (n=104)

Enrolled into the trial 
(N=343) 

Randomized to AMG 301 420 mg Q2W (n=102)

Completed AMG 301 420 mg treatment (n=87)
Discontinued AMG 301 420 mg (n=15)

Patient request (n=9)
TEAE (n=5)
Lost to follow-up (n=1)
Death (n=0)

Screened for trial  
(N=510)

Received ≥1 dose of placebo Received ≥1 dose of AMG 301 (n=104) Received ≥1 dose of AMG 301 (n=102)

Figure 2. Patient disposition.
Q2W: every 2 weeks; Q4W: every 4 weeks; TEAE: treatment-emergent adverse event.
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the study (CAPS scores at week 12: 0, n¼ 214; 1,

n¼ 42; 2, n¼ 21; 3, n¼ 11; �4, n¼ 13).

Efficacy

Placebo was associated with a least squares (LS) mean

(SE) change from baseline in MMD in the last 4 weeks

of the 12-week double-blind treatment period of �2.5

(0.4) days versus �2.2 (0.5) days for each of the AMG

301 dose groups (Figure 3(a)). The change from base-

line in MMD for each of the AMG 301 dose groups

was not different from placebo. The treatment differ-

ence from placebo was 0.3 (95% CI, �0.9 to 1.4;

p¼ 0.66) for AMG 301 210 mg Q4W and 0.3 (95%

CI, �0.9 to 1.4; p¼ 0.65) for AMG 301 420 mg Q2W

(Table 2).
Based on observed data, of 119 patients receiving

placebo in the analysis dataset, 27 patients (22.7%)

achieved �50% reduction from baseline in MMD

(�50% responders); 18 of 93 patients (19.4%) receiving

AMG 301 210 mg Q4W were �50% responders, as

were 16 of 85 patients (18.8%) receiving AMG 301

420 mg Q2W (Figure 3(b)).
Similarly, there was no treatment difference in

change from baseline for monthly acute MSMD

between placebo and either of the two AMG 301

dose groups (Figure 3(c) and Table 2).
There was no treatment difference in change from

baseline in either of the major domains of the MPFID

(impact on everyday activities or physical impairment

sub-domains) between the two AMG 301 dose groups

and placebo (Figure 4).
In the sub-group of patients with EM, the treatment

difference in change in MMD from baseline between

placebo and AMG 301 210 mg Q4W was 0.2 (95% CI,

�1.1, 1.5; p¼ 0.75) and between placebo and AMG 301

420 mg Q2W was 0.7 (95% CI, �0.6, 2.0; p¼ 0.28;

Supplementary Table 1). In the sub-group of patients

with CM, the treatment difference in change in MMD

from baseline between placebo and AMG 301 210 mg

Q4W was 0.6 (95% CI, �1.7, 2.8; p¼ 0.62) and

between placebo and AMG 301 420 mg Q2W �0.5

(95% CI, �2.9, 1.8; p¼ 0.65).

Safety

Overall, the incidence of treatment-emergent adverse

events (TEAEs) was similar in patients receiving place-

bo (65.7%) and in those receiving AMG 301 (66.0%;

Table 3). The majority of TEAEs were grade 1 or 2,

with 6.6% of placebo recipients and 6.3% of AMG 301

recipients having a grade �3 TEAE. Serious adverse

events occurred in 2.2% of the placebo group and in

1.5% of the overall AMG 301 group. TEAEs rarely led

to discontinuation of the investigational product

(placebo, 2.2%; AMG 301, 3.4%), and there were no
fatal TEAEs.

The most common TEAEs for placebo and AMG
301, respectively, were nasopharyngitis (9.5% and
8.3%), fatigue (5.8% and 6.8%), influenza (3.6% and
5.3%), constipation (0.0% and 4.9%), upper respirato-
ry tract infection (2.9% and 4.9%) and gastroenteritis
(3.6% and 4.4%). AMG 301 420 mg Q2W appeared to
be as well tolerated as AMG 301 210 Q4W (Table 3).
TEAEs leading to discontinuation of investigational
product occurred in three patients (2.2%) in the place-
bo group and seven patients (3.4%) in the AMG 301
treatment groups;> 1 TEAE may have led to discon-
tinuation in a patient. TEAEs leading to discontinua-
tion included fatigue, pyrexia, contusion, migraine,
depression, and cough (n¼ 1 for each) in the placebo
group and migraine (n¼ 4), tinnitus, oral hypoesthesia,
chest discomfort, injection site erythema, injection site
pruritus, hypersensitivity, muscle spasms, paresthesia,
anxiety, throat irritation, and swelling face (n¼ 1 for
each) in the AMG 301 treatment groups. Serious
adverse events included cholelithiasis, gastroenteritis,
and migraine with aura (n¼ 1 for each) in the placebo
group, and erythema nodosum, hypersensitivity and
polycystic ovaries (n¼ 1 for each) in the AMG 301
treatment groups. Overall, 16 (7.8%) patients receiving
AMG 301 developed anti-AMG 301 binding antibodies
over the duration of the trial; anti-AMG 301 binding
antibodies were transient in one patient.

Discussion

Inhibition of PACAP or associated receptors as poten-
tial therapeutic targets for the treatment of migraine,
particularly in migraine non-responsive to CGRP path-
way inhibition, is a current area of active research (20).
PACAP and PAC1 receptors are widely distributed
centrally, being present in structures such as the trigem-
inal nucleus caudalis and the trigeminal ganglion, typ-
ically associated with nociception and migraine
pathophysiology (20). Similarly, PACAP and PAC1
receptors have a wide distribution in the periphery
and are involved in a range of physiological processes,
including maintenance of neurogenic vasodilation (16).

Provocation studies have found PACAP-38 infusion
causes sustained dilation of the middle meningeal
artery, which co-occurs with the induced headache
and is reversed by the administration of subcutaneous
sumatriptan; PACAP-38 does not appear to have any
dilatory effect on the middle cerebral artery (21).
PACAP-38 has also been found to induce premonitory
symptoms in a subgroup of patients, a possible marker
of involvement of the CNS (22).

Since the PAC1 receptor has a high affinity for
PACAP (11), and PACAP, but not VIP, appears to
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Placebo (N=136) AMG 301
210 mg Q4W

(N=103)

AMG 301
420 mg Q2W

(N=100)

Placebo (N=136) AMG 301
210 mg Q4W

(N=103)

AMG 301
420 mg Q2W

(N=100)

Placebo (N1 = 119) AMG 301
210 mg Q4W

(N1 = 93)

AMG 301
420 mg Q2W

(N1 = 85)

Difference from placebo (95% CI):
0.3 (–0.9–1.4; P = 0.66)*

Difference from placebo (95% CI): 0.3 (–0.9–1.4; P = 0.65)*

Difference from placebo (95% CI):
0.0 (–0.9–0.8; P = 0.94)*

Difference from placebo (95% CI): –0.1 (–0.9–0.8; P = 0.84)*

OR (95% CI): 0.8 (0.4–1.6; P = 0.57)*

OR (95% CI): 0.8 (0.4–1.5; P = 0.45)*
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Figure 3. Effect of AMG 301 and placebo on (a) change from baseline of MMD, (b) proportion of patients achieving a � 50%
reduction in MMD, and (c) change from baseline of monthly acute migraine-specific medication use as assessed in the last 4 weeks of a
12-week double-blind treatment period.
LS: least squares; MMD: monthly migraine days; MSMD: migraine-specific medication days; N: number of patients in the primary
analysis dataset (i.e. received � 1 dose of investigational product and completed � 1 post-baseline monthly electronic diary mea-
surement); N1: number of patients with observed data; OR: odds ratio; Q2W: every 2 weeks; Q4W: every 4 weeks.
*Odds ratio versus placebo.
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be implicated in the pathogenesis of migraine based on

provocation experiments (14), therapeutic blockade of

the PAC1 receptor is one area of interest.
Preclinical data found AMG 301, a selective human

monoclonal antibody inhibitor of the PAC1 receptor,

to be as effective as sumatriptan in inhibiting evoked

nociceptive activity in the trigeminocervical complex in

rats, supporting further investigation of AMG 301 in

the treatment of migraine (23). However, in the current

trial, when administered in doses as high as 420 mg

Q2W, AMG 301 was found to be no more effective

than placebo in reducing MMD after 12 weeks of treat-

ment, overall and in the EM and CM subgroups.

Similarly, AMG 301 did not have any additional

effect compared with that seen with placebo on other

measures of migraine efficacy, such as a reduction in

the use of monthly acute migraine-specific medication.

This outcome is similar to that observed with the

orexin receptor antagonists, agents that showed pre-

clinical effect (24) but no prophylactic effect in clinical

trials (25). Based on the results of this trial alone, sub-

cutaneous AMG 301 does not appear to be effective in

the prevention of migraine.
It is unclear whether the lack of efficacy might be

due to pharmacologic properties of AMG 301 per se

(e.g. differences in the affinity of anti-PAC1 receptor

antibodies), whether the concentrations of AMG 301

achieved at the target were insufficient to produce

effective inhibition of the PAC1 receptor; whether

selective inhibition of the PAC1 receptor alone is insuf-

ficient to reduce migraine frequency in the trial popu-

lation; or whether targeting the PAC1 receptor will be

effective in certain subpopulations of migraine only

(26–28).
In the study population, a minority of patients had

evidence of parasympathetic autonomic symptoms at

baseline (based on CAPS), which mirrors the findings

of others in patients with migraine (18,29). It remains

to be determined whether PAC1 receptor inhibition

might be of more benefit in headache conditions asso-

ciated with more prominent autonomic/parasympa-

thetic components, such as those with cluster

headache (30); evaluation of PAC1 receptor inhibition

in these populations may be warranted.
It is also possible that PACAP exerts its migraine-

inducing activity via VPAC1 or VPAC2 receptors or

via all three receptors. Indeed, VPAC1 and VPAC2

receptors appear to have a role in vasodilation

(31,32), while PAC1 receptors are implicated in pro-

nociceptive transmission (33). Monoclonal antibodies

targeting PACAP directly are also currently being

actively investigated for prevention of migraine (20).

Table 2. Summary of primary and secondary efficacy outcomes assessed at week 12*.

Placebo

(N¼ 136)

AMG 301

210 mg Q4W

(N¼ 103)

420 mg Q2W

(N¼ 100)

Primary outcome

Baseline MMD, mean (SD) 12.2 (5.2) 12.5 (4.8) 12.1 (5.4)

Change from baseline in MMD, LS mean (SE) �2.5 (0.4) �2.2 (0.5) �2.2 (0.5)

Difference from placebo (95% CI) 0.3 (�0.9, 1.4) 0.3 (�0.9, 1.4)

p-value 0.66† 0.65†

Secondary outcomes

� 50% reduction from baseline in mean MMD, n/N1 (%) 27/119 (22.7) 18/93 (19.4) 16/85 (18.8)

Odds ratio (95% CI) 0.8 (0.4, 1.6) 0.8 (0.4, 1.5)

p-value 0.57‡ 0.45‡

Baseline MSMD, mean (SD) 7.1 (5.8) 8.1 (5.3) 7.5 (4.9)

Change from baseline in MSMD, LS mean (SE) �1.3 (0.3) �1.3 (0.3) �1.3 (0.3)

Difference from placebo (95% CI) �0.0 (�0.9, 0.8) �0.1 (�0.9, 0.8)

p-value 0.94† 0.84†

LS: least squares; MMD: monthly migraine days; MSMD: migraine-specific medication days; n: number of responders; N: number of patients in the

primary analysis dataset (i.e. received � 1 dose of investigational product and completed � 1 post-baseline monthly electronic diary measurement);

N1: number of patients with observed data; Q2W: every 2 weeks; Q4W: every 4 weeks.

*Assessed over the last 4 weeks of the 12-week trial period.
†Adjusted analysis used a generalized linear mixed model that included treatment, visit, treatment-by-visit interaction, stratification factors of region

and baseline migraine frequency (CM versus EM), and baseline value as covariates and assumed a first-order autoregressive covariance structure. The

p-values for pairwise comparisons were nominal without multiplicity adjustment.
‡The common odds ratios and p-values were obtained from a Cochran-Mantel-Haenszel (CMH) test stratified by region and baseline migraine

frequency (CM vs. EM). The same analysis was repeated for each visit. p-values for pairwise comparisons versus placebo were nominal p-values

obtained from the CMH test using data including placebo and corresponding AMG 301 dose group only.
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Figure 4. Effect of AMG 301 and placebo on change from baseline for (a) MPFID impact on everyday activities sub-score, and (b)
MPFID on physical impairment sub-score as assessed in the last 4 weeks of a 12-week double-blind treatment period.
LS: least squares; MPFID: Migraine Physical Function Impact Diary; N: number of patients in the primary analysis dataset (i.e. received
� 1 dose of investigational product and completed � 1 post-baseline monthly electronic diary measurement); Q2W: every 2 weeks;
Q4W: every 4 weeks.

Table 3. Overview of adverse events.

Placebo

(N¼ 137)

AMG 301

210 mg Q4W

(N¼ 104)

420 mg Q2W

(N¼ 102)

All

(N¼ 206)

All TEAEs, n (%) 90 (65.7) 71 (68.3) 65 (63.7) 136 (66.0)

Grade �3 9 (6.6) 5 (4.8) 8 (7.8) 13 (6.3)

Serious 3 (2.2) 1 (1.0) 2 (2.0) 3 (1.5)

Leading to discontinuation of IP 3 (2.2) 2 (1.9) 5 (4.9) 7 (3.4)

Fatal 0 0 0 0

Most frequent TEAEs (�3% in either AMG 301 dose group), n (%)

Nasopharyngitis 13 (9.5) 10 (9.6) 7 (6.9) 17 (8.3)

Fatigue 8 (5.8) 5 (4.8) 9 (8.8) 14 (6.8)

Influenza 5 (3.6) 5 (4.8) 6 (5.9) 11 (5.3)

(continued)
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While the target remains of interest (28), further studies
with other inhibitors of PAC1 will be required to fully
understand a possible role of PACAP/PAC1 receptor
in migraine pathophysiology.

Conclusions

AMG 301, a human monoclonal antibody against the
PAC1 receptor, was no more effective than placebo in
reducing MMD or monthly acute MSMD or achieving

�50% reduction in MMD when administered subcuta-
neously for the prevention of CM or EM. AMG 301
had a favorable tolerability profile, with no new safety
risks identified. While these results do not show efficacy
of PAC1 receptor inhibition with AMG 301, further
studies may be necessary to fully understand the poten-
tial role of PACAP and its receptors in the pathophys-
iology of migraine.

Clinical implications

• The role of PAC1 receptor inhibition in the treatment of migraine is currently under investigation.
• Subcutaneous AMG 301, a human monoclonal antibody selective for inhibition of the PAC1 receptor,

does not appear to offer any benefit compared with placebo in the prevention of CM and EM.
• Further research may be required to understand the potential role of PACAP and its receptors in the

pathophysiology of migraine.
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Gastroenteritis 5 (3.6) 4 (3.8) 5 (4.9) 9 (4.4)

Migraine 3 (2.2) 2 (1.9) 6 (5.9) 8 (3.9)

Injection site erythema 2 (1.5) 2 (1.9) 5 (4.9) 7 (3.4)

Hypertension 1 (0.7) 2 (1.9) 5 (4.9) 7 (3.4)

Influenza-like illness 1 (0.7) 3 (2.9) 4 (3.9) 7 (3.4)

Sinusitis 6 (4.4) 4 (3.8) 3 (2.9) 7 (3.4)

Dizziness 3 (2.2) 4 (3.8) 1 (1.0) 5 (2.4)

Developed binding anti-AMG 301 antibodies, n/N1 (%)* N/A 4/104 (3.8) 12/100 (12.0) 16/204 (7.8)

Transient† N/A 0 1 (8.3) 1 (6.3)

IP: investigational product; N/A: not applicable; n: number of patients with the given adverse event; N: number of patients in the safety analysis dataset

(i.e. received� 1 dose of IP); N1: number of patients with no evidence of anti-AMG 301 antibodies at baseline and a postbaseline result; Q2W: every 2

weeks; Q4W: every 4 weeks; TEAE: treatment-emergent adverse event.

*Percentage calculated based on the number of patients with no evidence of anti-AMG 301 antibodies at baseline and a postbaseline result.
†Indicates a negative result at the last time point tested; percentage based on the number of patients who developed anti-AMG 301 antibodies

postbaseline.

Note: Neutralizing activity of binding antibodies was not assessed.

42 Cephalalgia 41(1)

http://www.amgen.com/datasharing
http://www.amgen.com/datasharing


editor of the Journal of Headache and Pain; and is the

President of the International Headache Society.
DD is a speaker, consultant or scientific advisor for Allergan,

Amgen, Eli Lilly, Novartis, and Teva, as well as a primary

investigator for Alder, Allergan, Amgen, Eli Lilly, Novartis,

and Teva.
JHB reports no conflicts. JK is an employee of Novartis and

owns Novartis stock. LZ, HP and DDM are employees of

Amgen Inc., and own Amgen stock/stock options.

Funding

The authors disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

article: This work was supported by Amgen Inc. (Thousand

Oaks, CA, USA).

References

1. Estemalik E and Tepper S. Preventive treatment in

migraine and the new US guidelines. Neuropsychiatr

Dis Treat 2013; 9: 709–720.
2. Hepp Z, Dodick DW, Varon SF, et al. Persistence

and switching patterns of oral migraine prophylactic

medications among patients with chronic migraine: A

retrospective claims analysis. Cephalalgia 2017; 37:

470–485.
3. Hargreaves R and Olesen J. Calcitonin gene-related pep-

tide modulators – the history and renaissance of a new

migraine drug class. Headache 2019; 59: 951–970.
4. Charles A and Pozo-Rosich P. Targeting calcitonin gene-

related peptide: A new era in migraine therapy. Lancet

2019; 394: 1765–1774.
5. Dodick DW. CGRP ligand and receptor monoclonal

antibodies for migraine prevention: Evidence review

and clinical implications. Cephalalgia 2019; 39: 445–458.
6. Schytz HW, Olesen J and Ashina M. The PACAP recep-

tor: A novel target for migraine treatment.

Neurotherapeutics 2010; 7: 191–196.

7. Schytz HW, Birk S, Wienecke T, et al. PACAP38 induces

migraine-like attacks in patients with migraine without

aura. Brain 2009; 132: 16–25.
8. Tajti J, Uddman R and Edvinsson L. Neuropeptide local-

ization in the “migraine generator” region of the human

brainstem. Cephalalgia 2001; 21: 96–101.
9. Uddman R, Tajti J, Hou M, et al. Neuropeptide expres-

sion in the human trigeminal nucleus caudalis and in the

cervical spinal cord C1 and C2. Cephalalgia 2002; 22:

112–116.
10. Guo S, Vollesen AL, Hansen YB, et al. Part II:

Biochemical changes after pituitary adenylate cyclase-

activating polypeptide-38 infusion in migraine patients.

Cephalalgia 2017; 37: 136–147.
11. Vaudry D, Falluel-Morel A, Bourgault S, et al. Pituitary

adenylate cyclase-activating polypeptide and its recep-

tors: 20 years after the discovery. Pharmacol Rev 2009;

61: 283–357.
12. Ghanizada H, Al-Karagholi MA, Arngrim N, et al.

PACAP27 induces migraine-like attacks in migraine

patients. Cephalalgia 2020; 40: 57–67.

13. Rahmann A, Wienecke T, Hansen JM, et al. Vasoactive

intestinal peptide causes marked cephalic vasodilation,

but does not induce migraine. Cephalalgia 2008; 28:

226–236.
14. Amin FM, Hougaard A, Schytz HW, et al. Investigation

of the pathophysiological mechanisms of migraine

attacks induced by pituitary adenylate cyclase-activating

polypeptide-38. Brain 2014; 137: 779–794.
15. Han X, Ran Y, Su M, et al. Chronic changes in pituitary

adenylate cyclase-activating polypeptide and related

receptors in response to repeated chemical dural stimula-

tion in rats. Mol Pain 2017; 13: 1–10.
16. Rubio-Beltran E, Correnti E, Deen M, et al. PACAP38

and PAC1 receptor blockade: A new target for headache?

J Headache Pain 2018; 19: 64.
17. Headache Classification Committee of the International

Headache Society. The International Classification

of Headache Disorders, 3rd edition. Cephalalgia 2018;

38: 1–211.
18. Riesco N, Perez-Alvarez AI, Verano L, et al. Prevalence

of cranial autonomic parasympathetic symptoms in

chronic migraine: Usefulness of a new scale.

Cephalalgia 2016; 36: 346–350.
19. Kawata AK, Hsieh R, Bender R, et al. Psychometric

evaluation of a novel instrument assessing the impact

of migraine on physical functioning: The Migraine

Physical Function Impact Diary. Headache 2017; 57:

1385–1398.
20. Vollesen ALH, Amin FM and Ashina M. Targeted pitu-

itary adenylate cyclase-activating peptide therapies for

migraine. Neurotherapeutics 2018; 15: 371–376.
21. Amin FM, Asghar MS, Guo S, et al. Headache and pro-

longed dilatation of the middle meningeal artery by

PACAP38 in healthy volunteers. Cephalalgia 2012; 32:

140–149.
22. Guo S, Vollesen AL, Olesen J, et al. Premonitory and non-

headache symptoms induced by CGRP and PACAP38 in

patients with migraine. Pain 2016; 157: 2773–2781.
23. Hoffmann J, Miller S, Martins-Oliveira M, et al. PAC1

receptor blockade reduces central nociceptive activity:

New approach for primary headache? Pain 2020; 161:

1670–1681.
24. Hoffmann J, Supronsinchai W, Akerman S, et al.

Evidence for orexinergic mechanisms in migraine.

Neurobiol Dis 2015; 74: 137–143.
25. Chabi A, Zhang Y, Jackson S, et al. Randomized con-

trolled trial of the orexin receptor antagonist filorexant

for migraine prophylaxis. Cephalalgia 2015; 35: 379–388.
26. Ashina H, Guo S, Vollesen ALH, et al. PACAP38 in

human models of primary headaches. J Headache Pain

2017; 18: 110.
27. Holland PR, Barloese M and Fahrenkrug J. PACAP in

hypothalamic regulation of sleep and circadian rhythm:

Importance for headache. J Headache Pain 2018; 19: 20.
28. Bertels Z and Pradhan AAA. Emerging treatment targets

for migraine and other headaches. Headache 2019; 59:

50–65.
29. Uluduz D, Ayta S, Ozge A, et al. Cranial

autonomic features in migraine and migrainous features

Ashina et al. 43



in cluster headache. Noro Psikiyatr Ars 2018; 55:
220–224.

30. Snoer AH, Lund N, Jensen RH, et al. More precise phe-
notyping of cluster headache using prospective attack
reports. Eur J Neurol 2019; 26: 1303–1309, e85.

31. Fahrenkrug J, Hannibal J, Tams J, et al.
Immunohistochemical localization of the VIP1 receptor
(VPAC1R) in rat cerebral blood vessels: Relation to
PACAP and VIP containing nerves. J Cereb Blood Flow

Metab 2000; 20: 1205–1214.

32. Grant S, Lutz EM, McPhaden AR, et al. Location and
function of VPAC1, VPAC2 and NPR-C receptors in
VIP-induced vasodilation of porcine basilar arteries.
J Cereb Blood Flow Metab 2006; 26: 58–67.

33. Akerman S and Goadsby PJ. Neuronal PAC1 receptors
mediate delayed activation and sensitization of trigemi-
nocervical neurons: Relevance to migraine. Sci Transl

Med 2015; 7: 308ra157.

44 Cephalalgia 41(1)


	table-fn1-0333102420970889
	table-fn2-0333102420970889
	table-fn3-0333102420970889
	table-fn4-0333102420970889
	table-fn5-0333102420970889
	table-fn6-0333102420970889
	table-fn7-0333102420970889
	table-fn8-0333102420970889
	table-fn9-0333102420970889
	table-fn10-0333102420970889

