Research

JAMA Neurology | Original Investigation

Effect of Infusion of Calcitonin Gene-Related Peptide
on Cluster Headache Attacks
A Randomized Clinical Trial
Anne Luise H. Vollesen, MD; Agneta Snoer, MD; Rasmus P. Beske, BSc; Song Guo, MD, PhD;
Jan Hoffmann, MD, PhD; Rigmor H. Jensen, MD, DMSc; Messoud Ashina, MD, PhD, DMSc
Editorial page 1179
IMPORTANCE Signaling molecule calcitonin gene-related peptide (CGRP) induces migraine
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attacks and anti-CGRP medications abort and prevent migraine attacks. Whether CGRP
provokes cluster headache attacks is unknown.
OBJECTIVE To determine whether CGRP induces cluster headache attacks in episodic cluster
headache in active phase, episodic cluster headache in remission phase, and chronic cluster
headache.
DESIGN, SETTING, AND PARTICIPANTS A randomized, double-blind, placebo-controlled, 2-way
crossover study set at the Danish Headache Center, Rigshospitalet Glostrup, in Denmark.
Analyses were intent to treat. Inclusion took place from December 2015 to April 2017.
Inclusion criteria were diagnosis of episodic/chronic cluster headache, patients aged 18 to
65 years, and safe contraception in women. Exclusion criteria were a history of other primary
headache (except episodic tension-type headache <5 days/mo), individuals who were
pregnant or nursing; cardiovascular, cerebrovascular, or psychiatric disease; and drug misuse.
INTERVENTIONS Thirty-seven patients with cluster headaches received intravenous infusion

of 1.5 μg/min of CGRP or placebo over 20 minutes on 2 study days.
MAIN OUTCOMES AND MEASURES Difference in incidence of cluster headache–like attacks,
difference in area under the curve (AUC) for headache intensity scores (0 to 90 minutes),
and difference in time to peak headache between CGRP and placebo in the 3 groups.
RESULTS Of 91 patients assessed for eligibility, 32 patients (35.2%) were included in the
analysis. The mean (SD) age was 36 (10.7) years (range, 19-60 years), and the mean weight
was 78 kg (range, 53-100 kg). Twenty-seven men (84.4%) completed the study. Calcitonin
gene-related peptide induced cluster headache attacks in 8 of 9 patients in the active phase
(mean, 89%; 95% CI, 63-100) compared with 1 of 9 in the placebo group (mean, 11%; 95% CI,
0-37) (P = .05). In the remission phase, no patients with episodic cluster headaches reported
attacks after CGRP or placebo. Calcitonin gene-related peptide–induced attacks occurred in
7 of 14 patients with chronic cluster headaches (mean, 50%; 95% CI, 20-80) compared with
none after placebo (P = .02). In patients with episodic active phase, the mean AUC from 0 to
90 minutes for CGRP was 1.903 (95% CI, 0.842-2.965), and the mean AUC from 0 to 90
minutes for the placebo group was 0.343 (95% CI, 0-0.867) (P = .04). In patients with
chronic cluster headache, the mean AUC from 0 to 90 minutes for CGRP was 1.214 (95% CI,
0.395-2.033), and the mean AUC from 0 to 90 minutes for the placebo group was 0.036
(95% CI, 0-0.114) (P = .01). In the remission phase, the mean AUC from 0 to 90 minutes for
CGRP was 0.187 (95% CI, 0-0.571), and the mean AUC from 0 to 90 minutes for placebo was
0.019 (95% CI, 0-0.062) (P > .99).
CONCLUSIONS AND RELEVANCE Calcitonin gene-related peptide provokes cluster headache
attacks in active-phase episodic cluster headache and chronic cluster headache but not in
remission-phase episodic cluster headache. These results suggest anti-CGRP drugs may be
effective in cluster headache management.
TRIAL REGISTRATION ClinicalTrials.gov (NCT02466334).
JAMA Neurol. 2018;75(10):1187-1197. doi:10.1001/jamaneurol.2018.1675
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C

luster headache is a primary headache disease with an
estimated prevalence at 0.5 to 1.0 of 1000 of the general population.1 Cluster headache attacks feature a
striking combination of extreme unilateral pain in the periorbital area accompanied by prominent ipsilateral cephalic autonomic symptoms (CAS), such as tearing, conjunctival redness, rhinorrhea or nasal congestion, ptosis, as well as sense
of agitation or restlessness.2 The disease shows remarkable periodicity with most patients experiencing episodic cluster headache with month-long attack periods separated by remission
periods.3 The remaining 10% to 15% of patients experience
chronic cluster headache. With attacks lasting up to 3 hours
occurring up to 8 times daily,2 cluster headache greatly burdens individuals as well as society with increased health care
expenses and long sick-leave periods.1 The signaling pathways responsible for initiating cluster periods and individual
attacks are unknown.3 Not surprisingly, treatment options are
limited, and no disease-specific preventive medication exists.4
In migraine, signaling molecule calcitonin gene-related
peptide (CGRP) has gained considerable attention for its migraine-inducing abilities.5 Furthermore, CGRP antagonism with
receptor antagonists or monoclonal antibodies aborts and prevents migraine. 6 Although phenotypically different, migraine and cluster headache share some features like response to triptans,7,8 attack induction by glyceryl trinitrate,9,10
and elevated plasma levels of CGRP.11,12 Elucidating the role
of CGRP in cluster headache attack induction will provide novel
insights to mechanisms underlying the disease. A role of CGRP
in attack generation would provide novel opportunities for targeted treatment of this severely disabling disease.
We hypothesized intravenous infusion of CGRP would provoke cluster headache attacks in episodic cluster headache during the active phase but not during the remission phase. We
also hypothesized CGRP would provoke cluster headache attacks in patients with chronic cluster headache. To test these
hypotheses, we conducted a randomized, double-blind, placebo-controlled, 2-way crossover study.

Methods
Study Design and Participants
We recruited participants from the Danish Headache Center
outpatient clinic between December 2015 and April 2017.
Participants aged 18 to 65 years were eligible when having a
verified diagnosis of episodic or chronic cluster headache
according to the International Classification of Headache
Disorders.2 Patients were defined as having active-phase
episodic cluster headache when experiencing usual attacks
within the last 30 days, remission-phase episodic cluster
headache when attack-free for a minimum of 30 days, or
chronic cluster headache when no more than 30 consecutive attack-free days during the previous 12 months or longer. Cluster headache preventive medications were allowed.
Use of safe contraceptive methods if a woman of childbearing potential was required. Exclusion criteria were any history of other primary headache (except episodic tensiontype headache <5 days per month), pregnant or nursing
1188

Key Points
Question Does calcitonin gene-related peptide play a role in
initiating cluster headache attacks in patients with episodic cluster
headache in active phase, episodic cluster headache in remission,
and chronic cluster headache?
Findings In this randomized cross-over trial of 32 patients with
cluster headache, Calcitonin gene-related peptide provoked
cluster headache attacks in patients with episodic cluster
headache exclusively during active phase, not in remission phase,
and provokes attacks in chronic cluster headache.
Meaning Calcitonin gene-related peptide plays a pivotal role in
initiation of cluster headache attacks, possibly indicating efficacy
of calcitonin gene-related peptide antagonism in the treatment of
cluster headache.

women, cardiovascular or cerebrovascular disease, psychiatric disease, or drug misuse. Enrollment was done at Righospitalet Glostrup. The Regional Health Research Ethics
Committee of the Capital Region approved the study
(H-15006836). All participants gave written consent after
receiving detailed oral and written information. The study
was conducted at the Danish Headache Center in accordance with the Declaration of Helsinki,13 with later revisions. The study was registered at ClinicalTrials.gov (identifier NCT02466334) and approved by the Danish Data
Protection Agency. The full trial protocol is available in
Supplement 1.

Experimental Design
We randomly allocated participants to receive continuous intravenous infusion of 1.5 μg/min of CGRP or placebo during 20
minutes on 2 study days separated by at least 7 days. Calcitonin gene-related peptide dose was identical to that in migraine
provocation studies.14,15 Participants were informed that CGRP
might induce headache, but timing and type of headache, including if it would mimic their usual cluster headache attacks,
was not discussed. No study individuals had previously participated in provocation studies. All procedures were performed with individuals in supine position, a venous catheter
inserted into an antecubital vein, and CGRP infused over 20 minutes using a time- and volume-controlled infusion pump. For
details on balanced allocation, blinding, and randomization, see
eAppendix in Supplement 2.
All patients arrived nonfasting during the daytime. On
study day 1, a brief medical and neurological examination and
12-lead electrocardiogram was performed before experiment
start. Patients with episodic cluster headache in active phase
and patients with chronic cluster headache were at least 3 hours
attack-free. All patients with remission-phase episodic cluster headache were, apart from being cluster headache attackfree for a minimum of 30 days, also free of any other type of
headache for at least 8 hours at infusion start. Pregnancy tests
were completed in women before each infusion. After 15 minutes of rest, baseline (10 minutes before infusion start and at
the time of infusion start) headache intensity and vital signs
were measured.
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Box. Cluster Headache–like Attack Criteria
The following criteria were used for an experimentally induced
clusterlike attack. Clusterlike headache attack must fulfill either:
1. Headache described as mimicking the patient’s usual cluster
headache attack (with or without cephalic autonomic
symptom).
2. Headache fulfilling criteria A and B for cluster headache
according to International Classification of Headache Disorders
criteria2:
A. Severe unilateral pain lasting 15 to 180 minutes.
B. Either or both of the following:
i. At least 1 cephalic autonomic symptom ipsilateral to the
headache.
ii. A sense of restlessness or agitation.

Original Investigation Research

Figure 1. Flowchart of Participant Recruitment of Patients
With Episodic and Chronic Cluster Headache
91 Patients assessed for eligibility
16 Excluded
10 Declined to participate
6 Did not meet inclusion criteria
75 Agreed to participate
38 Excluded
33 Lost to follow-up before study day 1
3 Went into remission while awaiting inclusion
2 Changed mind about participation
37 Completed 2 study days
5 Excluded
2 Fulfilled attack criteria at baseline on 1 study day
2 Patients in remission excluded owing to coexisting
migraine
1 Patient in remission went into active phase
between study day 1 and 2

Headache Intensity and Questionnaire
If headache of any type occurred, headache intensity was
recorded. This was done at baseline (10 minutes before infusion start and at the time of infusion start) and after the
intervention every 10 minutes until 1.5 hours (90 minutes
after infusion start) on an 11-point numerical scale from 0 to
10, with 0 representing no headache; 1, a very mild headache (including sensations of pressing, throbbing, or otherwise altered sensation in the head not associated with pain);
5, headache of moderate intensity; and 10, the worst headache imaginable. If participants reported a cluster headache
attack at 70 minutes after infusion start and later, we
extended the recording period with at least 30 minutes to
ensure complete capture of attack development. Participants were asked to characterize any headache occurring
during the observation period as resembling usual cluster
headache or not. Additionally, headache characteristics
(throbbing, stabbing, pressing), headache localization, and
intake of rescue medication including intake time and dosage were recorded.

Cluster Headache–like Attack Criteria
The applied criteria for an experimentally provoked clusterlike attack in the present study are shown in the Box (see eAppendix in Supplement 2 for background on criteria). Based on
previous cluster headache provocation studies,10,16,17 we defined attacks as provocation-related when occurring 0 to 90
minutes after infusion start. On study day 1 before infusion,
we asked participants to retrospectively estimate their attack
frequency the preceding 30 days. For measured vital signs,
nonheadache, and CAS, see eAppendix in Supplement 2.

Statistical Analyses
Headache intensity scores are presented as medians and time
to onset of cluster headache–like attacks, and autonomic symptoms after CGRP infusion are presented as medians, interquartiles, and range. Heart rate and mean arterial pressure data are
presented as median values. Sample size was chosen based on
previous similar migraine studies showing migraine attack induction in 60% to 70% of patients after administration of CGRP
and 20% after placebo at 5% significance with 80% power.5 We
calculated that 15 participants in each group would be suffijamaneurology.com

32 Included in final analysis

9 Patients with episodic
cluster headache
in active phase

9 Patients with episodic
cluster headache
in remission

14 Patients with
chronic cluster
headache

cient to show a difference between 2 experimental days (eAppendix in Supplement 2). The primary end points were difference in incidence of cluster headache–like attacks, difference
in area under the curve (AUC) for headache intensity scores
(0 to 90 minutes), and difference in time to peak headache between CGRP and placebo in the 3 groups. Secondary end points
were differences in AUC for mean arterial pressure and heart rate
during the in-hospital phase (0 to 90 minutes). Incidence of clusterlike attacks and CAS in each group of patients was analyzed
as categorical data using McNemar test. We calculated AUC according to the trapezium rule to obtain a summary measure.
Area under the curve from 0 to 90 minutes for headache scores,
mean arterial pressure, and heart rate were compared using Wilcoxon signed-rank test. Incidence of attacks and AUC from 0 to
90 minutes of headache are presented with means and 95% CI.
We tested for carryover effects of randomization to CGRP vs placebo on study day 1 with Fisher exact test. Difference in time
to peak headache between CGRP and placebo was not calculated owing to a total of only 1 cluster headache attack occurring with placebo. All analyses were performed with GraphPad
Prism Statistics, version 7, for Windows (GraphPad Software,
Inc). We made no adjustment for multiple analyses. Thus, the
level of significance at .05 was accepted for each comparison.

Results
Of 37 recruited participants, 32 (86.5%) were included in the
final analysis (27 men [84.4%] and 5 women [15.6%]) (Figure 1).
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ECHA 10/M

ECHA 09/M

ECHA 06/F

ECHA 05/F

ECHA 04/F

ECHA 03/M

ECHA 02/M

ECHA01/M

None

Placebo

Right/3
Right/1

CGRPe

Placebo

None

Placebo
Right/8

Left/7

CGRPe

Usual

NA/8

None

Placebo

Usual

Right/10

CGRPe

None

Placebo
Right/10

Right/10

CGRPe

Usual

Right/10

None

Right/10

Usual

Placebo

CGRP

e

Right/10

Left/3

CGRPe

Usual

Left/10

Left/2

Placeboe

Usual

None

CGRP

None

Placebo
Left/9

Left/1

CGRPe

Usual

Right/10

Usual

Headache
Characteristics/
Type of
Peak Intensityb
Patient No./Sex
Intervention
Episodic Cluster Headache in Active Phase Group

None

Conjunctival redness; eyelid edema;
rhinorrhea; ptosis; forehead and facial
sweating
Ptosis

Lacrimation

Lacrimation; ptosis; agitation

Conjunctival redness; ptosis; agitation

Conjunctival redness; miosis; ptosis; forehead
and facial sweating
Conjunctival redness; lacrimation; forehead
and facial sweating; ptosis; agitation
None

None

Conjunctival redness; lacrimation; rhinorrhea;
agitation
Nasal congestion; ptosis; agitation

None

Conjunctival redness; lacrimation; rhinorrhea;
nasal congestion; agitation
Nasal congestion; ptosis; agitation

None

Conjunctival redness; miosis; forehead
and facial sweating; ptosis; agitation
Ptosis

Lacrimation; agitation

None

Conjunctival redness; lacrimation; agitation

None

Lacrimation; ptosis; miosis

Conjunctival redness; lacrimation; rhinorrhea

Autonomic Symptoms/Agitation

Table. Attack Characteristics of Patients With Cluster Headachesa

10 (110)

No

Yes

Yes

30 (40)

NA
30 (40)

Yes

NA

NA

Yes

NA

NA

Yes

NA

NA

Yes

NA

NA

Yes

NA

Yes

NA

NA

NA

Yes

NA

NA

20 (60)

NA

NA

13 (40)

NA

NA

60 (70)

NA

NA

20 (40)

NA

NA

30 (10)

NA

20 (80)

NA

NA

NA

70 (15)

NA

Time to Onset
(Duration), min

Mimics
Usual
Cluster
Attackc

0

10

10

NA

30

NA

NA

20

NA

NA

10

NA

NA

30

NA

NA

0

NA

0

NA

NA

NA

0

NA

None

No

None

Sumatriptan, 6-mg subcutaneous
injection
Sumatriptan, 6-mg subcutaneous
injection (45, 65)/yes
NA

Sumatriptan, 6-mg subcutaneous
injection; rizatriptan, 10 mg
Sumatriptan, 6-mg subcutaneous
injection (18)/yes
NA

NA

Oxygen (63)/NA

Oxygen

Sumatriptan, 6-mg subcutaneous
injection
Sumatriptan, 6-mg subcutaneous
injection; oxygen (14, 16)/yes
NA

NA

No

None

No

Sumatriptan, 6-mg subcutaneous
injection; oxygen
NA

NA

Sumatriptan, 6-mg subcutaneous
injection
No

Time
to
Peak
From
Onset, Immediate Rescue Therapy
min
(Time, d)/Effectd

None

None

None

None

Greater occipital nerve
blockade
None

Verapamil, 560 mg

Verapamil, 560 mg

Verapamil, 560 mg

None

None

None

None

None

None

None

None

None

None

None

None

Verapamil, 400 mg

Verapamil, 400 mg

Verapamil, 400 mg

Preventive Treatment

(continued)

NA

NA

20

NA

NA

16

NA

NA

2

NA

NA

15

NA

NA

4

NA

NA

3

NA

NA

7

NA

NA

28

Disease
Duration, y
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CCH07/M

CCH06/F

CCH05/F

CCH04/M

CCH03/M

CCH02/M

CCH01/M

NA

Placebo

Right/7
NA
NA

CGRP

Placebo

NA

Placebo

Usual

NA

CGRP

NA

Placebo
Left/9

Right/10

CGRPe

Usual

Right/NA

Right/1

Placebo

Usual

Right/3

CGRPe

Right/1 0

NA

CGRP

Usual

Left/10

NA

Placebo

Usual

Left/10

CGRPe

NA

Placebo
Left/6

NA

CGRP

Usual

Right/9

Usual

Chronic Cluster Headache Group

Patient No./Sex
ECHA 11/M

Headache
Characteristics/
Peak Intensityb
Right/10

Type of
Intervention
Usual

NA

Conjunctival redness; nasal congestion;
agitation
NA

NA

NA

Conjunctival redness; lacrimation; miosis;
eyelid edema; rhinorrhea; ptosis; agitation

Lacrimation; nasal congestion; rhinorrhea;
agitation
Conjunctival redness; lacrimation; nasal
congestion; eyelid edema; ptosis; agitation
NA

None

Conjunctival redness; lacrimation; nasal
congestion; rhinorrhea; agitation
Conjunctival redness; nasal congestion

Eyelid edema

NA

Conjunctival redness; miosis; ptosis; agitation

Lacrimation; rhinorrhea; eyelid edema;
forehead and facial sweating; agitation
Eyelid edema

Conjunctival redness; eyelid edema; nasal
congestion; rhinorrhea; ptosis; agitation

NA

NA

Agitation

None

Autonomic Symptoms/Agitation
Conjunctival redness; lacrimation; miosis;
nasal congestion rhinorrhea; ptosis; agitation
Agitation

Table. Attack Characteristics of Patients With Cluster Headachesa (continued)

NA

NA

NA

NA

NA

NA

NA

10 (30)

NA

20 (20)

20 (30)

NA

NA

NA

NA

NA

20 (15)

NA

NA

NA

NA

NA

60 (20)

Time to Onset
(Duration), min
NA

NA

NA

NA

NA

NA

NA

NA

Yes

NA

No

Yes

NA

NA

NA

NA

NA

Yes

NA

NA

NA

NA

NA

Yes

Mimics
Usual
Cluster
Attackc
NA

NA

NA

NA

NA

NA

NA

NA

10

NA

0

0

NA

NA

NA

NA

NA

20

NA

NA

NA

NA

NA

NA

Sumatriptan, 6-mg subcutaneous
injection
NA

NA

Sumatriptan, 6-mg subcutaneous
injection; oxygen; sumatriptan,
100 mg orally
NA

Sumatriptan, 6-mg subcutaneous
injection; oxygen (35)/yes
NA

Oxygen

None

None

None

NA

Sumatriptan, 6-mg subcutaneous
injection; oxygen
NA

NA

Sumatriptan, 6-mg subcutaneous
injection; voltaren, 25-mg subcutaneous
injection
Voltaren, 25-mg subcutaneous injection

NA

NA

Oxygen

NA

Time
to
Peak
From
Onset, Immediate Rescue Therapy
min
(Time, d)/Effectd
NA
Sumatriptan, 6-mg subcutaneous
injection; oxygen
10
Oxygen (64)/yes

Verapamil, 400 mg

Verapamil, 400 mg

Verapamil, 400 mg

NA

NA

(continued)

NA

NA

13

NA

NA

NA
10

NA

NA

2

NA

NA

12

NA

NA

11

NA

NA

Verapamil, 100 mg

Verapamil, 100 mg

Verapamil, 100 mg

Verapamil, 480 mg

Verapamil, 480 mg

Verapamil, 480 mg

Verapamil, 440 mg

Verapamil, 440 mg

Verapamil, 440 mg

None

None

NA
27

None

NA

6

NA

NA

Disease
Duration, y
5

Verapamil, 240 mg

Verapamil, 240 mg

Verapamil, 240 mg

Verapamil, 400 mg

Verapamil, 400 mg

Preventive Treatment
Verapamil, 400 mg
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Right/10
Right/5
NA

CGRPe

Placebo

NA

Placebo

Usual

NA

CGRP

NA

Placebo
Right/9

Left/10

CGRPe

Usual

Left/NA

NA

Placebo

Usual

NA/1

CGRPe

NA

Placebo
Left,right/8

Bilateral/1

CGRP

Usual

Left/9

NA

Left/3

Usual

Placebo

CGRP

e

Left/5

NA

Placebo

Usual

NA

CGRP

ECHR01/M
Bilateral/1
Bilateral/1

Placebo

Right/NA

CGRP

Usual

Episodic Cluster Headache in Remission Group

CCH14/M

CCH13/M

CCH12/F

CCH11/M

CCH10/M

CCH09/M

Patient No./Sex
CCH08/M

Headache
Characteristics/
Peak Intensityb
Left/10

Type of
Intervention
Usual

None

Conjunctival redness; lacrimation; rhinorrhea;
agitation
Lacrimation

NA

Conjunctival redness; lacrimation; nasal
congestion; rhinorrhea; agitation
Conjunctival redness

20 (10)

20 (10)

NA

NA

60 (30)

NA

NA

No

No

NA

NA

Yes

NA

NA

NA

NA

Agitation

NA

NA

Yes

NA

NA

13 (40)

NA

Yes

NA

NA

No

NA

NA

Yes

NA

NA

NA

NA

60 (30)

NA

NA

10 (20)

NA

NA

30 (70)

NA

NA

NA

Time to Onset
(Duration), min
NA

Mimics
Usual
Cluster
Attackc
NA

NA
Lacrimation; conjunctival redness; eyelid
edema; nasal congestion; rhinorrhea;
forehead and facial sweating; ptosis; agitation
NA
NA

Lacrimation; eyelid edema; rhinorrhea; nasal
congestion; forehead and facial sweating;
ptosis; agitation
Conjunctival redness; lacrimation; rhinorrhea;
nasal congestion; eyelid edema; forehead and
facial sweating; ptosis; agitation
NA

NA

None

Nasal congestion; rhinorrhea; agitation

NA

None

Lacrimation

NA

Lacrimation; conjunctival redness; ptosis;
agitation
Conjunctival redness; lacrimation; agitation

NA

Autonomic Symptoms/Agitation
Conjunctival redness; lacrimation; rhinorrhea;
ptosis; agitation
NA

Table. Attack Characteristics of Patients With Cluster Headachesa (continued)

0

0

NA

NA

10

NA

NA

NA

NA

NA

10

NA

NA

0

NA

NA

0

NA

NA

10

NA

NA

NA

None

Sumatriptan, 6-mg subcutaneous
injection
None

NA

Oxygen (60)/yes

Sumatriptan, 100-mg orally

NA

NA

Oxygen

NA

Sumatriptan, 6-mg subcutaneous
injection; sphenopalatine ganglion
neurostimulator
Sphenopalatine ganglion
neurostimulator

NA

None

Oxygen; sumatriptan, 100-mg orally

NA

Sumatriptan, 6-mg subcutaneous
injection; oxygen
None

NA

None

Oxygen

NA

NA

Time
to
Peak
From
Onset, Immediate Rescue Therapy
min
(Time, d)/Effectd
NA
Oxygen

None

None

None

None

None

None

None

None

None

Melatonin, 4 mg

Melatonin, 4 mg

Verapamil, 240 mg;
lithium, 200 mg
Verapamil, 240 mg;
lithium, 200 mg
Verapamil, 240 mg;
lithium, 200 mg
Melatonin, 4 mg

None

None

None

Verapamil, 600 mg

Verapamil, 600 mg

Verapamil, 600 mg

Verapamil, 240 mg

Verapamil, 240 mg

Preventive Treatment
Verapamil, 240 mg

(continued)

NA

NA

1

NA

NA

5

NA

NA

26

NA

NA

10

NA

NA

35

NA

NA

6

NA

NA

3

NA

NA

Disease
Duration, y
4
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NA

Placebo

Right/9
Right/2
NA

CGRP

Placebo

NA

Placebo

Usual

NA

CGRP

NA

Placebo
Right/9

NA

CGRP

Usual

Right/7

NA

Placebo

Usual

NA

CGRP

Right/9

NA

CGRP

Usual

Right/NA

NA

Placebo

Usual

NA

CGRP

NA

Placebo
Left/10

NA

CGRP

Usual

Right/10

NA

Placebo

Usual

NA

CGRP

NA

Conjunctival redness; lacrimation; rhinorrhea;
agitation
None

NA
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Cerebral autonomic symptoms, restlessness, and immediate treatment is reported from 0 to 90 minutes after
20 minutes of intravenous infusion of calcitonin CGRP (1.5 μg/min) or placebo.

Patients rated the intensity of their headache on an 11-point scale, with 0 indicating no headache; 1, a very mild
headache (including a sensation of pressing or throbbing or otherwise altered sensation in the head not
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Therapy effect: more than 50% reduction in pain intensity over 2 hours.
Patient developed a clusterlike attack on study days.
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Clusterlike attack is defined according to criteria described in the Methods section.

associated with pain); 5, headache of moderate intensity; and 10, the worst headache imaginable.
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Abbreviations: CCH, chronic cluster headache; CGRP, calcitonin gene-related peptide; ECHA, episodic cluster
headache in active phase; ECHR, episodic cluster headache remission phase; NA, not applicable.

ECHR12/M

ECHR10/M

ECHR08/M

ECHR06/ M

ECHR05/M

ECHR04/M

ECHR03/M

Patient No./Sex
ECHR02/M

Headache
Characteristics/
Peak Intensityb
Right/10

Type of
Intervention
Usual
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Figure 2. Onset of Clusterlike Attack, Cephalic Autonomic Symptoms, Restlessness,
and Intake of Rescue Medication
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The mean (SD) age was 36 (10.7) (range, 19-60 years) years, and
the mean weight was 78 kg (range, 53-100 kg). Enrollment
ended before reaching 45 participants owing to recruitment
difficulties. Nine patients (28.1%) with episodic cluster headache were included during active phases and 9 (28.1%) were
included during remission. Fourteen patients (43.8%) had
chronic cluster headache. Detailed descriptions of usual attacks, attack treatment, preventive medication, and study day
information are listed in the Table. For analysis of carryover
effect and details on intake of preventive medication, patients in active disease phase, and vital signs, see eAppendix
in Supplement 2.

Patients With Active-Phase Episodic Cluster Headache
During the 90-minute in-hospital phase, 8 of 9 patients with
active-phase episodic cluster headache reported a clusterlike attack after CGRP (mean, 89%; 95% CI, 63%-100%)
compared with 1 of 9 after placebo (mean, 11%; 95% CI,
0%-37%) (P = .05) (Table). All except 1 attack occurred on
the patient’s usual side, and no bilateral attacks occurred
(Table). During CGRP-induced attacks, all 8 patients with
episodic cluster headache in active phase experienced CAS
and/or agitation (Table). The mean AUC from 0 to 90 minutes for CGRP was 1.903 (95% CI, 0.842-2.965), and the
mean AUC from 0 to 90 minutes for placebo was 0.343 (95%
CI, 0-0.867) (P = .04) (Figure 2).

Patients With Remission-Phase Episodic Cluster Headache
During the 90-minute in-hospital phase, no patients with
remission-phase episodic cluster headache reported clusterlike attacks after CGRP or placebo (Table). In addition, no
patients with remission-phase episodic cluster headache
reported attacks the following 24 hours. The mean AUC
from 0 to 90 minutes for CGRP was 0.187 (95% CI, 0-0.571),
and the mean AUC from 0 to 90 minutes for placebo was
0.019 (95% CI, 0-0.062) (P > .99) (Figure 2). The eAppendix
in Supplement 2 includes a description of headache in the 2
patients excluded for coexisting migraine.
1194

Patients With Chronic Cluster Headache
During the 90-minute in-hospital phase, 7 of 14 patients
with chronic cluster headache reported a clusterlike attack
after CGRP (mean, 50%; 95% CI, 20%-80%) compared with
none after placebo (mean, 0; 95% CI, 0%) (P = .02) (Table).
All attacks occurred on the patient’s usual attack side, and
no patients reported bilateral attacks (Table). During
CGRP-induced attacks, 6 of 7 patients with chronic cluster
headache experienced CAS (Table). The median time to
onset of attack, autonomic symptoms, restlessness, and
intake of medication are shown in Figure 3.
In the 30 days before study day 1, the 7 patients who did
report a clusterlike attack after CGRP reported a median
attack frequency of 33. The 7 patients who did not report
attack after CGRP had a median attack frequency of 7.5
(Figure 4). The mean AUC from 0 to 90 minutes for CGRP
was 1.214 (95% CI, 0.395-2.033), and the mean AUC from 0
to 90 minutes for placebo was 0.036 (95% CI, 0-0.114)
(P = .01) (Figure 2).

Discussion
A key novel finding of the present study was that CGRP provoked cluster headache attacks only in patients with episodic
cluster headache during the active phase and not in patients
in remission. Another important finding was the influence that
attack frequency (periodicity) had on incidence of CGRPinduced attacks in patients with chronic cluster headache.
Overall, our findings suggest that (1) CGRP plays a pivotal
role in initiation of a single cluster headache attack and (2) that
CGRP induces cluster attacks may suggest a possible clinical
efficacy of pharmacological interventions that block the effects of CGRP (eg, specific monoclonal antibodies). In episodic and chronic cluster headache, monoclonal CGRP antibodies are currently being investigated in phase III studies
as preventive treatment with study completion expected in
2018.18
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Medians, interquartiles, and ranges
from 0 to 90 minutes after
20-minute intravenous infusion of
calcitonin gene-related peptide
(1.5 μg/min) are reported. The blue
arrow indicates the duration of
infusion. CCH indicates chronic
cluster headache, ECHA, episodic
cluster headache in active phase.
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Figure 3. Numerical and Verbal Rating Scores of Patients
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Figure 4. Number of Patients With Chronic Cluster Headache (CCH)
Taking Preventive Treatment and Experiencing Usual Attacks
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The median is indicated by orange lines, and individuals are indicated by blue lines.
Headache intensity was rated on an 11-point numerical scale from 0 to 10 for 9
patients with episodic cluster headache in active phase, 14 patients with chronic
cluster headache, and 9 patients with episodic cluster headache in remission from
0 to 90 minutes after 20-minute intravenous infusion of calcitonin gene-related
peptide (CGRP) (1.5 μg/min) and placebo. In episodic active phase, the area under
the curve (AUC) 0 to 90 minutes of headache intensity after CGRP was larger than
placebo (P = .04), the median peak attack pain intensity after CGRP was 3.5 (range,
1-10), mean of AUC from 0 to 90 minutes for CGRP was 1.903 (95% CI,
0.842-2.965), and the mean AUC from 0 to 90 minutes of placebo was 0.343
(95% CI, 0-0.867). In chronic cluster headache, the AUC from 0 to 90 minutes of
headache intensity after CGRP was larger than placebo (P = .01), the mean of AUC
from 0 to 90 minutes for CGRP was 1.214 (95% CI, 0.395-2.033), and mean AUC
from 0 to 90 minutes of placebo was 0.036 (95% CI, 0-0.114). In episodic
remission phase there was no difference in the AUC from 0 to 90 minutes of
headache intensity between CGRP and placebo (P > .99, mean of AUC from 0 to
90 minutes for CGRP was 0.187 (95% CI, 0-0.571), and mean AUC from 0 to 90
minutes of placebo was 0.019 (95% CI, 0-0.062).

Our findings raised an important question of how infusion of CGRP induces cluster headache attacks in active disease phase (ie, patients with episodic cluster headache in
active phase and patients with chronic cluster headache).
Studies in patients with cluster headache reported elevated
jamaneurology.com

ictal plasma levels of CGRP, which normalized after oxygen
inhalation and subcutaneous sumatriptan injection.11 Interestingly, plasma CGRP is also elevated in patients during
active phase compared with patients during remission.17
Calcitonin gene-related peptide is one of the most powerful vasodilators known, and CGRP immunoreactive nerves
innervate human cranial arteries.19 The intracellular signaling cascade after CGRP receptor activation is mediated
by cyclic adenosine monophosphate,19 a pathway shared by
other known headache/migraine–inducing molecules.20 Calcitonin gene-related peptide modulates the activity of nociceptive trigeminal neurons as well as central structures that
process trigeminal pain.21 Neurons in the trigeminal19 and
sphenopalatine 22 ganglia express CGRP, and CGRP is released on the thermocoagulation of the trigeminal ganglion.23
This suggests that CGRP is optimally located to play a role at
both the nociceptive and parasympathetic end of the trigemino-autonomic reflex. Since CGRP has very limited passage of the blood-brain barrier,24 the triggering site is likely to
be peripheral. Calcitonin gene-related peptide may exert its
cluster headache–inducing abilities in 3 distinctive ways. First,
this may happen via vascular effects of CGRP, likely involving neurogenic inflammation.25 Second, CGRP receptor components are also found in the human trigeminal ganglion,26,27
which has been suggested as the possible site of action for the
CGRP receptor antagonists in migraine treatment.26 Third, neurons in sphenopalatine ganglion express CGRP and its receptor components.22 Efferent outflow from sphenopalatine
ganglia is suggested as initiating mechanism of cluster headache attacks, and on-demand sphenopalatine ganglia stimulation is an effective novel therapy for individuals with cluster headache with dual effects, acute pain relief, and attack
prevention.28 Interestingly, in the present study, the median
time to onset of parasympathetic symptoms preceded median onset of head pain. These data indicate that CGRP may
induce parasympathetic outflow and trigger cluster headache attacks. Collectively, these data suggest that mechanisms behind CGRP-induced cluster headache attacks likely
(Reprinted) JAMA Neurology October 2018 Volume 75, Number 10
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involve peripheral triggering through trigeminal afferents and
parasympathetic efferents.
Previous nonplacebo-controlled studies showed glyceryl
trinitrate induced cluster headache during active phase in 33%
to 100% of patients.10,12,17,29 In chronic cluster headache, glyceryl trinitrate induced attacks in 20% to 78% of patients29,30 and
no attacks in remission-phase episodic cluster headache.10,12,17
Our results extend these findings showing, placebocontrolled, that CGRP did not provoke cluster headache attacks during remission. Interestingly, compared with migraine
provocation studies9,20 the observed placebo response rate was
extremely low (only 1 patient with active phase episodic cluster headache after saline). These data suggest peripheral mechanisms alone cannot explain CGRP-induced attacks and central
mechanisms altering the provocability threshold by CGRP
should be considered. The remarkable circadian/circannual periodicity in cluster headache as well as neuroendocrine changes
hint to the hypothalamus as responsible for altering the provocability threshold.3,4 Brain imaging studies have yielded substantial support for this hypothesis. Activation of the posterior
hypothalamus is seen during cluster headache attacks.31 Additionally, structural abnormalities in the same region were detected using voxel-based morphometry magnetic resonance
imaging in patients with cluster headache.32 However, later
larger studies were unable to reproduce this.33 These controversies notwithstanding, deep brain stimulation studies showed
that continuous posterior hypothalamus stimulation aborts
clusters.34 Remarkably, though, relief is not instant34 as deep
brain stimulation has no effect on acute attacks but prevents
cluster headache attacks after a lag time of days to weeks. This
suggests that simple direct neuronal inhibition in the hypothalamus is not responsible for the success of deep brain
stimulation.35 Rather, the hypothalamus may modulate the system lowering the provocability threshold down to allowing a
peripheral trigger to set off attacks.
In the present study, CGRP infusion induced cluster headache attacks in 7 (5 men and 2 women) of 14 (11 men and 3 women) patients with chronic cluster headache. Intake of preventive
medications was similar in those who developed attack (5 of 7)
and those who did not (4 of 7). Thus, intake of preventive medication seems insufficient in explaining provocability in patients
with chronic cluster headache. Interestingly, exploratory analyses showed that in the month before provocation, patients with
chronic cluster headache who experienced attacks after CGRP
reported a median of 33 attacks, contrasting 7.5 attacks in patients
who were not triggered by CGRP. This could indicate (1) those
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with fewer attacks may benefit more from their preventive medication than those with more attacks, possibly explaining their
insusceptibility to CGRP provocation; (2) those with fewer attacks
may have higher thresholds for CGRP-induced attacks; and (3)
high attack frequency in those who developed attack after CGRP
may indicate increased disease activity and low threshold for triggering because of possible periodicity in chronic cluster headache. In support, circannual periodicity of chronic cluster headache has been suggested in some patients with chronic cluster
headache.36 Participants were asked about attack frequency in
the month before provocation before infusion start on study day
1. Although participants at this time were unaware of their provocability status, we cannot rule out recall bias.

Limitations
We acknowledge some of the limitations of the present study. The
differences in CGRP-induced attacks in patients with chronic cluster headache based on usual attack frequency should be interpreted cautiously because baseline (1 month before experimental day 1) attack frequency was collected retrospectively. Ideally,
data should have been collected during 1-month run-in period
by electronic diary. Furthermore, patients were allowed to use
preventive medication, which could have influenced the threshold to induce cluster headache attacks. However, we found similar numbers of patients using preventive medication in patients
with chronic cluster headaches who developed attacks and in patients with chronic cluster headaches who did not develop attacks. One might argue that some provoked attacks were mild to
moderate in pain intensity. However, patients may report variability in pain intensity during spontaneous attacks, which is
noted in the International Classification of Headache Disorders,
3rd edition, cluster headache criteria.2

Conclusions
We demonstrated that CGRP provokes cluster headache attacks
in patients with cluster headache exclusively during active phase
in episodic cluster headache and in chronic cluster headache. We
hypothesize that this difference hails from the hypothalamus
modulating the provocability threshold of the system allowing
a peripheral trigger to set off attacks. Our results also cautiously
suggest efficacy of CGRP antagonism in the treatment of cluster
headache and current phase III trials elucidating this18 will emerge
in coming years.
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