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Loss of Melanoregulin (MREG) Enhances Cathepsin-D Secretion by the Retinal
Pigment Epithelium

Abstract

Abstract Cathepsin-D (Cat-D) is a major proteolytic enzyme in phagocytic cells. In the retinal pigment
epithelium (RPE), it is responsible for the daily degradation of photoreceptor outer segments (POSs) to
maintain retinal homeostasis. Melanoregulin (MREG)-mediated loss of phagocytic capacity has been
linked to diminished intracellular Cat-D activity. Here, we demonstrate that loss of MREG enhances the
secretion of intermediate Cat-D (48 kDa), resulting in a net enhancement of extracellular Cat-D activity.
These results suggest that MREG is required to maintain Cat-D homeostasis in the RPE and likely plays a

dsu/dsu

protective role in retinal health. In this regard, in the Mreg mouse, we observe increased basal

laminin. Loss of the Mreg dsu 4)jele is not lethal and therefore leads to slow age-dependent changes in the

RPE. Thus, we propose that this model will allow us to study potential dysregulatory functions of Cat-D in
retinal disease. Copyright © Cambridge University Press, 2013.
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Abstract

Purpose of Review Chronic cluster headache (CH) substantially affects patients’ quality of life, and treatment remains chal-
lenging. The current article reviewed controlled studies for new treatment options targeting calcitonin gene-related peptide
(CGRP) or its receptors in CH and discussed the current gaps and future directions for the treatment of chronic CH.
Recent Findings Two anti-CGRP monoclonal antibodies (i.e., galcanezumab and fremanezumab) completed randomized-
control trials for efficacy for the preventive treatment of episodic and chronic CH. Galcanezumab was effective for preventing
episodic CH but not chronic CH. Fremanezumab was ineffective in preventing episodic and chronic CH. Studies for other
anti-CGRP monoclonal antibodies and CGRP antagonists are still pending for results.

Summary There are no randomized controlled trials for CGRP-targeted therapies that showed efficacy for chronic CH pre-
vention. The different responses to galcanezumab between episodic and chronic CH may be due to the study design, i.e., the
allowance of concomitant preventive therapies in the chronic CH study but not in the episodic CH study. Another reason for
the discrepancies is the different roles and sensitivity of CGRP in chronic CH.

Keywords Cluster headache - Calcitonin gene—related peptide - Chronic cluster headache - Gepant - Monoclonal antibody

Introduction

Cluster headache (CH) is one of the most unbearable pain
disorders worldwide, and is associated with several psy-
chiatric comorbidities with increased suicidality, which
causes significant impairment in patients’ quality of life.
The prevalence of CH is 1/1000 in the general population,
and the male-to-female ratio is approximately 2.5:1 [1e].
The classical presentation is strictly unilateral pain in the
first division of the trigeminal nerve, associated cranial
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autonomic features, and a sense of restlessness that lasts
for 15 to 180 min, with a frequency between 1/day and 8/
day [1e, 2]. The cranial autonomic symptoms of CH include
conjunctival injection, lacrimation, nasal congestion, rhinor-
rhea, eyelid edema, forehead and facial sweating, miosis, and
ptosis [3]. One important feature of CH is “cluster bouts,”
which are attacks that occur more frequently during spe-
cific seasons or months within the year and typically last
4 to 12 weeks [2, 4]. According to the third edition of the
International Classification of Headache Disorders (ICHD-
3), CH is divided into episodic and chronic forms. Chronic
CH has a short remission period (<3 months) within a year,
and some patients do not even experience a remission period
[3]. Chronic CH accounts for approximately 15-20% of all
CH cases in Western populations [5, 6], and a lower preva-
lence (0~5%) was observed in the Asian population [7-9].
The treatment of CH is divided into acute abortive treat-
ment, transitional treatment, and preventive therapies [10].
Acute treatment includes sumatriptan (subcutaneous injec-
tion or nasal spray), high-flow oxygen via a non-rebreather
mask, and non-invasive vagus nerve stimulation (only for
acute episodic CH). Prednisolone is the most common tran-
sitional treatment [11]. Options for preventive treatment
include verapamil, topiramate, lithium, and melatonin [10].
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Some chronic CH patients are refractory to current options
of preventive treatments, and “refractory chronic CH” is a
challenge in headache medicine [12]. The introduction of
calcitonin gene—related peptide (CGRP)-targeted therapies,
including anti-CGRP monoclonal antibodies (anti-CGRP
mAbs) and CGRP antagonists (gepants), changed the real-
world practice of migraine treatment [13, 14]. The current
review provides the most updated knowledge on the role of
CGRP-targeted therapies in chronic and episodic CH.

CGRP and Cluster Headache

The pathophysiology underlying CH includes peripheral
and central structures. The peripheral structures include the
trigeminal nerve model, and the central structures include
the hypothalamus and other pain-related structures [1e].
One unique feature of CH is the circadian and circannual
clustering of attacks, which suggests that the endogenous
biological clock is associated with the timing of bouts and
attacks of CH. Several functional neuroimaging studies have
shown that the hypothalamus plays an important role in CH
[15-17]. However, functional and structural neuroimaging
studies showed alternations of the pain modulatory system
in CH patients [18-20]. Dynamic functional differences have
been observed between bout and out-of-bout periods in CH
patients [19]. These research findings suggest that CH is
more likely to be caused by network dysfunction rather than
a single structural lesion.

The trigeminal nerve system is the main peripheral struc-
ture involved in the pathophysiology of CH. Two important
features of CH, activation of the first branch of the ophthalmic
trigeminal nerve and cranial autonomic symptoms, are linked
to the trigeminal nerve system and trigeminal-autonomic
reflex [1e, 21]. The trigeminal nerve model supported by
some peripherally acting treatments, such as triptans (SHT 5
and 5HT, agonists), effectively relieve CH attacks without
evidence of crossing the brain-blood barrier [22, 23]. Some
neuropeptides are linked to the development of CH, includ-
ing CGRP, pituitary adenylate cyclase-activating peptide
(PACAP), and vasoactive intestinal peptide (VIP; a marker
of parasympathetic neuronal activation) [1e]. Several clinical
studies showed a close relationship between CH and these
neuropeptides. The most direct evidence is the elevation of
these neuropeptides during CH attacks. For example, eleva-
tion of CGRP and VIP levels from serum samples collected
at the external jugular vein was observed during CH attacks
[24, 25]. The elevation of CGRP levels had been observed in
tear fluid outside of acute attacks in in-bout episodic CH and
chronic CH patients [26]. Another neuropeptide, PACAP-38,
also plays an important role in the pathophysiology of CH.
Elevation of PACAP-38 from the cubital fossa blood sample
was found during CH attacks [27]. The increased CGRP level
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during acute attacks normalized after sumatriptan and oxy-
gen administration, which are effective treatment options for
CH attacks [28]. However, amelioration of elevated PACAP-
38 during acute attacks by triptans had been only proved in
migraine, and no studies in CH had yet been published [29,
30].

The infusion of these neuropeptides helped further exam-
ine their roles in CH generation. One recent elegant study
showed that CGRP infusion induced CH attack in patients
during the active phase of episodic CH and chronic CH
[31e], which indicates that the link between CGRP and CH
may be generalized to chronic CH patients, not only episodic
CH. However, CGRP infusion less commonly triggered CH
attacks in chronic (50%) than episodic CH patients (89%)
[31e], which suggests that the role of CGRP is different in
chronic CH. Another study supported this hypothesis and
showed that episodic CH in remission had a higher CGRP
level than chronic CH [32]. These studies on CGRP suggest
basic pathophysiological differences between episodic and
chronic CH. However, a recent study found that CH attack
induction via infusion of PACAP-38 and VIP was lower than
expected [33], and the induced attacks were not accompa-
nied by an elevation of CGRP [34]. Therefore, PACAP-38
or its PAC1 receptor blockade might be a promising target
for CH treatments but still warrants further investigation.

Galcanezumab

Galcanezumab is a 90% humanized IgG4 monoclonal anti-
body that targets CGRP peptides. It is effective in the pre-
vention of episodic and chronic migraine, and treatment-
resistant episodic and chronic migraine patients [35-37].
Galcanezumab is also the only CGRP mAb approved by the
Federal Drug Administration (FDA) for episodic CH preven-
tion. Notably, the dose for migraine prevention is different
than CH prevention.

One phase 3, multi-center, double-blind randomized
placebo-controlled trial (NCT02397473, CGAL study)
analyzed galcanezumab (subcutaneous injection of 300 mg/
month for two months) for the preventive treatment of epi-
sodic CH (n=106) [38e]. The study found that galcan-
ezumab met its primary endpoint and effectively reduced
CH attack frequency across weeks 1 to 3 compared to pla-
cebo (— 8.7 attacks/week vs. — 5.2 attacks/week, p=0.036).
The key secondary end-point was a > 50% reduction in the
weekly frequency of CH attacks, and 71% of the galcan-
ezumab group achieved this end-point compared to 53% in
the placebo group (p =0.046). Other secondary end-points
included the weekly frequency of CH attacks, >30% reduc-
tion in the weekly frequency of CH attacks, and condition
very much or much better. Among them, the active treatment
group had a higher reduction in the weekly frequency of
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CH attacks in week 2. Also, the active treatment group had
a higher probability report ‘condition very much or much
better’ at week 4, but not week 8. In this study, several end-
points were reported in eight weekly epochs. There is a trend
that the difference between the galcanezumab group and pla-
cebo is more prominent in the initial weekly epochs than in
the later weeks.

There were no deaths or other serious adverse events in
this study. Patients in the galcanezumab group experienced
a higher percentage of > 1 adverse events (43% vs. 33%).
The most common adverse events included injection-site
pain, nasopharyngitis, injection-site swelling, and pyrexia,
but only injection-site pain was significantly higher in the
galcanezumab group [38e]. A post hoc subgroup analysis
was performed to analyze the treatment response to galcan-
ezumab in patients with episodic CH who had a known his-
tory of preventive treatment failures [39]. Among the 106
patients in the prior randomized control study, 15 patients
(6 placebo and 9 galcanezumab groups) reported a prior his-
tory of preventive failures, mostly verapamil. Galcanezumab
had a greater mean reduction in weekly CH attack frequency
across weeks 1 to 3 in patients with a history of failed pre-
ventives (8.2 vs. 2.4, least-squares mean difference 5.8 [95%
CI 2.0-13.6]). Patients with a history of verapamil failure
also had a greater mean reduction in weekly CH attack fre-
quency across weeks 1 to 3 (10.1 vs. 1.6, least-squares mean
difference 8.5 [95% CI 0.4-16.7]). This small subgroup
analysis suggests that galcanezumab is also helpful in epi-
sodic CH patients who are not responsive to other preventive
treatments [39].

Another phase 3, double-blind, randomized, placebo-
controlled trial analyzed the efficacy and safety of galcan-
ezumab (subcutaneous injection of 300 mg/month for three
months) for the preventive treatment of chronic CH [40e].
However, this study did not meet its primary endpoint to
effectively reduce CH attack frequency across weeks 1 to 12
compared with placebo (— 5.4 attacks/week galcanezumab
vs. — 4.6 attacks/week placebo, p=0.334). This study also
failed to meet the key secondary endpoint; 32.6% of chronic
CH patients in the galcanezumab group and 27.1% within the
placebo group achieved a>50% reduction in weekly attack
frequency from baseline across weeks 1 to 12 (p=0.170).
Other secondary end-points included the weekly frequency
of CH attacks, >30% reduction in the weekly frequency of
CH attacks, and Patient Global Impression of Improvement
(PGI-I). At weeks 1-2, the galcanezumab group had a sig-
nificantly greater mean change from baseline in the weekly
frequency of CH attacks (—4.0 attacks/week vs. — 1.8 attacks/
week, p=0.006) and a higher percentage achieved >30%
reduction in the weekly frequency of CH attacks (35.2%
vs. 23.0, p=0.037). Other secondary efficacy endpoints did
not show a significant difference. There were no differences
between the galcanezumab and placebo groups that achieved

sustained response (16.2% galcanezumab vs. 17.5% placebo,
p=0.946) [40e]. During the study period, no deaths were
reported, but two galcanezumab-treated patients and three
placebo-treated patients reported serious adverse events. The
galcanezumab-treated group had higher treatment-emergent
adverse events (71.8% galcanezumab vs. 62.5% placebo).
Commonly reported adverse events included injection-site
pain, nasopharyngitis, injection-site erythema, and nausea.
Among the adverse events, injection-site erythema and nau-
sea were significantly higher in the galcanezumab-treated
group [40e]. One post hoc analysis found no difference in
the concomitant acute treatments between the galcanezumab
and placebo groups in chronic CH patients [41].

Fremanezumab

Fremanezumab is a fully humanized IgG2 monoclonal
antibody that selectively targets CGRP. It is effective in the
prevention of episodic and chronic migraine, and treatment-
resistant migraine episodic and chronic migraine patients
[42—44]. The dosing schedule of fremanezumab in trials for
CH prevention was not identical to migraine prevention.

Two phase 3, double-blind, randomized, placebo-controlled
trials were launched to analyze the efficacy and safety of fre-
manezumab for preventing episodic and chronic CH. The epi-
sodic CH prevention study (NCT02945046) compared two
treatment arms (high dose: fremanezumab 900/225/225 mg
and low dose: fremanezumab 675 mg/placebo/placebo) and
a placebo arm. The dosing schedule of the fremanezumab
900/225/225 mg group was 1-h intravenous fremanezumab
900 mg infusion plus subcutaneous placebo at week 0, fol-
lowed by subcutaneous fremanezumab 225 mg at week 4 and
week 8. The dosing schedule of the fremanezumab 675 mg/
placebo/placebo group was subcutaneous fremanezumab
675 mg plus a 1-h intravenous placebo infusion at week 0, fol-
lowed by subcutaneous placebo injections at week 4 and week
8. According to the results presented at the 2019 International
Headache Conference (n=169), neither the high- nor low-dose
fremanezumab groups met the primary endpoint, i.e., changes
from baseline in the weekly average number of CH attacks
during the 4-week period (fremanezumab high dose: —7.6
vs. fremanezumab low dose: —5.8 vs. placebo: —5.7, p>0.1)
[45e, 46]. Compared with the fremanezumab high-dose and
placebo groups, there were significant decreases in acute medi-
cation use during the 12-week period and weekly over the first
8 weeks (p <0.05, not multiplicity adjusted) [46]. The episodic
CH prevention study was discontinued after the interim analy-
sis demonstrated futility, but there were no safety concerns
during the study period [13].

The chronic CH prevention study (NCT02964338) compared
two treatment arms (high dose: fremanezumab 900/225/225 mg
and low dose: fremanezumab 675 mg/225 mg/225 mg) and
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a placebo arm. The dosing schedule of the fremanezumab
900/225/225 mg group was 1-h intravenous fremanezumab
900 mg infusion plus subcutaneous placebo at week 0, fol-
lowed by subcutaneous fremanezumab 225 mg at week
4 and week 8. The dosing schedule of the fremanezumab
675 mg/225 mg/225 mg group was subcutaneous freman-
ezumab 675 mg plus a 1-h intravenous placebo infusion at week
0, followed by subcutaneous fremanezumab 225 mg injections
at week 4 and week 8. The primary endpoint was different
from the episodic CH study, which was mean changes from
baseline in the overall monthly average number of CH attacks
within 12 weeks. However, this study was discontinued after
the interim analysis showed no effectiveness [13]. Therefore,
current evidence does not support the use of fremanezumab in
episodic or chronic CH prevention.

Erenumab

Erenumab is a fully human IgG2 monoclonal antibody
that competitively inhibits the CGRP receptor. It is the first
anti-CGRP mAb, and it is effective in preventing episodic
and chronic migraine [39, 47, 48]. The dose of erenumab
in ongoing CH prevention studies differs from the dose for
migraine prevention.

One double-blind, randomized, placebo-controlled trial
is analyzing the efficacy and safety of erenumab for chronic
CH prevention (NCT04970355, CHERUBOI study), but
there is no ongoing study analyzing its efficacy in episodic
CH. The dosing schedule of this study was subcutaneous
injection of 280 mg erenumab as a loading dose at week
0, followed by 140 mg erenumab at week 4. Their primary
endpoint was a reduction in weekly CH attack frequency
between baseline and weeks 5-6 (days 29—42, average for
7 days).

There have been no published randomized controlled
studies on the efficacy of erenumab in CH prevention. How-
ever, one case report (1 chronic CH), and one case series
(migraine patients with comorbid CH; 4 chronic CH and
1 episodic CH) showed that off-label use of erenumab (70
or 140 mg) may be helpful in chronic CH patients [49, 50].
One observation from these case series is that patients who
received a higher dose (i.e., 140 mg) with a longer dura-
tion (at least three months) tended to be more responsive to
erenumab treatment.

Eptinezumab

Eptinezumab is a fully humanized IgG1 monoclonal anti-
body that targets CGRP peptides. It is delivered by intra-
venous administration and showed efficacy in prevent-
ing episodic and chronic migraine [51, 52]. Notably, one
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randomized placebo-controlled trial found that eptinezumab
shortened the time of headache resolution in acute migraine
attacks, which suggests a rapid onset of action [52].

One double-blind, randomized, placebo-controlled trial
is analyzing the efficacy and safety of eptinezumab for epi-
sodic CH prevention (NCT04688775, ALLEVIATE study).
The precise dosing schedules are not shown on clinicaltrials.
gov, and the primary endpoint was change from baseline in
the number of weekly CH attacks over weeks 1-2. Another
open-label, fixed-dose multiple administration study on
chronic CH prevention (NCT05064397, CHRONICLE
study) analyzed the safety and tolerance of eptinezumab
within 56 weeks. Changes in attack frequencies and conver-
sion from chronic to episodic CH were secondary endpoints.
There have been no published randomized controlled studies
on the efficacy of eptinezumab in CH prevention.

Studies That Included Different anti-CGRP
mAbs

A small, retrospective case series (n=22) analyzed the effi-
cacy of CGRP (or its receptor) monoclonal antibodies in
preventing chronic CH. Most patients (73%) in this case
series received galcanezumab (mostly 240 mg per month),
and other patients received 70 or 140 mg of erenumab [53].
The baseline number of attacks was 23.3/week and signifi-
cantly decreased by 9.2 attacks/week in the first month of
anti-CGRP mAb treatment. A total of 55% of chronic CH
patients achieved a 50% reduction, and 36% achieved a 75%
reduction in attack frequency [53]. These real-world data
suggest that the off-label use of anti-CGRP mAb may be
helpful in chronic CH.

Gepants

Gepants are small molecule CGRP receptor antagonists that
are different from large monoclonal antibodies [54]. Ubroge-
pant and rimegepant have been approved for acute migraine
treatment [14, 55-57]. Rimegepant and atogepant could
be used for migraine prevention [58, 59]. The gepants are
administered orally, but published trials only examined their
efficacies in acute and preventive treatment for migraine.
One small open-label pilot study was recently registered
on clinicaltrials.gov and analyzed the efficacy of rimege-
pant in CH prevention. The dose of rimegepant in the CH
trial (150 mg) is larger than migraine treatments (75 mg for
migraine acute and preventive treatments) [56, 58].
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Discussion

Based on our review, two anti-CGRP mAbs, galcanezumab
and fremanezumab, underwent randomized control trials
for efficacy for episodic and chronic CH prevention. Only
galcanezumab was effective in preventing episodic CH, but
the trial for chronic CH did not meet its endpoint. Trials
for fremanezumab for episodic and chronic CH prevention
were discontinued after interim analyses showed a lack of
clinical benefit (Table 1). Small case reports and case
series showed that erenumab may be effective in prevent-
ing chronic CH. Two possible reasons may account for
the discrepancies between these studies, study designs and
underlying pathophysiology.

There are some barriers and difficulties in the current
study design for CH [60]. First, spontaneous remission
is part of the natural history of CH and poses great chal-
lenges in study design [60, 61]. The onset and duration
of cluster bouts may be irregular and variable in some
patients. Therefore, patients in the double-blind phase
of the study may subside spontaneously due to a natu-
ral course and not because of the treatment response.
The placebo arm’s improvement may combine the pla-
cebo response and spontaneous remission. Patients with
chronic CH may not have a remission period, or their
remission period may shortened compared to episodic
CH. Therefore, the difference in trials of galcanezumab
(effective in episodic but not chronic CH) is less likely
confounded by spontaneous remission. Second, concomi-
tant preventive therapies may have a substantial impact
in randomized control trials [61]. Current concomitant
preventive therapies are generally accepted in trials for
chronic CH due to ethical considerations but are not
allowed in studies for episodic CH. In the chronic CH
trial of galcanezumab, > 63% were using > 1 preventive
drugs, and 49.8% of participants were taking verapamil
[40e]. The concomitant use of preventive therapies may
explain the failure to meet the primary endpoint in the
chronic CH study, but it is not easy to clarify its impact
on treatment response. The future selection of chronic
CH patients under similar concomitant preventives and

providing a stable maintenance dose during the double-
blind phase may be a solution for this problem [61].
Third, the effective dose for CH may be different than
migraine. The interim analysis of the fremanezumab trial
for episodic CH did not meet its primary endpoint but
showed a significant reduction in acute medication use in
the higher dose group [34]. The effective dose of galcan-
ezumab for preventing episodic CH was higher than the
dose for migraine prevention. Therefore, the insufficient
dose of anti-CGRP mAbs may explain the negative find-
ings in CH trials.

The results of trials for preventive CH treatments may
differ between episodic and chronic CH. For example,
anti-CGRP mAb effectively prevented episodic CH but
not chronic CH [38e, 40¢]. Conversely, controlled studies
found that lithium was ineffective in preventing episodic
CH but effective in chronic CH [62, 63]. These observa-
tions suggest fundamental pathophysiological differences
between episodic and chronic CH. This hypothesis was
supported by infusion studies, which found that infu-
sion of CGRP less commonly triggered CH attacks in
chronic (50%) than episodic CH patients (89%) [31e].
The baseline CGRP level is lower in chronic CH patients
than episodic CH patients in remission [32]. The lack of
response of anti-CGRP mAbs in chronic CH is consist-
ent with the above physiological studies, which suggests
chronic CH is less sensitive to CGRP, and other factors
contribute to this chronic pain disorder. One recent study
found that chronic CH patients had a higher family his-
tory and higher history of traumatic brain injury [64]. A
chronorisk study also showed that episodic CH tended
to follow circadian rhythmicity, but chronic CH was
dominated by ultradian oscillations [65]. Neuroimaging
studies found certain differences between episodic and
chronic CH [66]. Lesser sensitivity to CGRP and dif-
ferences in central pathways may explain the discrepan-
cies in trial results in the same treatment options [46].
Monoclonal antibodies targeting other neuropeptides
(i.e., PACAP-38) or a combination of treatments target-
ing different pathways warrant further investigation of
their roles in chronic CH [67].
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Table 1 Completed or discontinued pivotal trials of CGRP-related therapies in CH

Study name Dosing, patient number, Primary endpoint: Key Secondary endpoint Adverse events
treatment duration, and reduced CHF (attacks/ (s):
usage of concomitant week)
preventive therapies
Episodic CH
Goadsby et al. [38¢] e Galcanezumab 300 mg Weeks 1-3 >50% reduction of Injection-site pain, Naso-
CGAL study, SC monthly (V=49) Galcanezumab weekly CHF at week 3: pharyngitis, Injection-site
NCT02397473 o Placebo (N=57) group: —8.7 Acute treatment group: swelling, Pyrexia
o Study duration: 8 weeks  Placebo group: —5.2 53% *Only injection-site pain
o Concomitant preventive  p=0.036 Placebo group: 71% was significantly higher in
therapies: not allowed [Met] p=0.046 the galcanezumab group
[Met]
Lipton et al. [45¢] e Fremanezumab, high Week 1-4 Percentage of patients Reported no safety concerns

NCT02945046

Presentation in IHC 2019

Terminated after the
interim analysis

Chronic CH

Dodick et al. [40e]
NCT02438826

NCT02964338 [13, 61]

Not published

Terminated after the
interim analysis

dose

900 I'V/225 mg
SC/225 mg SC monthly
(N=55)

e Fremanezumab, high
dose

675 mg SC/225 mg
SC/225 mg SC monthly
(N=55)

e Placebo arm (V=159)

e Study duration: 4 weeks
o Concomitant preventive
therapies: up to 2 other

preventives were allowed

High dose group: -7.6
Low dose group: —5.8
Place group: —5.7
p>0.1

[Not met]

Weeks 1-12

Galcanezumab
group: —5.4

Placebo group: —4.6

p=0.334

[Met]

o Galcanezumab 300 mg
SC monthly (N=117)

e Placebo (N =120)

o Study duration: 12 weeks

e Concomitant preven-
tive therapies: allowed,
included verapamil,
lithium, topiramate,
valproate, melatonin, and
gabapentin

Weeks 1-12
[Not met, not present the
data]

o Fremanezumab, high
dose

900 mg IV/225 mg
SC/225 mg SC monthly
N=87)

e Fremanezumab, high
dose

675 mg SC/225 mg
SC/225 mg SC monthly
(N=88)

e Placebo arm (N =84)

e Study duration: 8 weeks
e Concomitant preventive
therapies: up to 2 other

preventives were allowed

with > 50% reduction in
monthly attacks

[Not met, not present the
data]

>50% reduction of
weekly CHF across

Injection-site pain, Naso-
pharyngitis, Injection-site

weekz 1-12: erythema
Galcanezumab group: Nausea

32.6% *Injection-site erythema and
Placebo group: 27.1% nausea were significantly
p=0.170 higher in the galcan-
[Not met] ezumab group

Sustained response
through week 12:
Galcanezumab group:

17.5%
Placebo group: 16.2%
p=0.946
[Not met]

>50% reduction of
weekly CHF

[Not met, not present the
data]

Sustained response
through week 12:

[Not met, not present the
data]

Not reported

CHF cluster headache attacks frequency, SC subcutaneous injection, /V intravenous injection
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Conclusions

Randomized-control trials of galcanezumab and fremane-
zumab for chronic CH prevention were negative. The effective-
ness of galcanezumab and erenumab for chronic CH preven-
tion was reported in case series or small retrospective studies.
Studies for other anti-CGRP mAbs and gepants are ongoing.
Reasons for the discrepancies in response to anti-CGRP mAbs
between episodic and chronic CH include concomitant pre-
ventive therapies in chronic CH studies, possible insufficient
doses, and lower sensitivity of CGRP in chronic CH.
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