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Abstract
Objective: To provide a review of challenges in clinical trials for the preventive treat-
ment of cluster headache (CH) and highlight considerations for future studies.
Background: Current guidelines for preventive treatment of CH are largely based 
on off-label therapies supported by a limited number of small randomized controlled 
trials. Guidelines for clinical trial design for CH treatments from the International 
Headache Society were last issued in 1995.
Methods/Results: Randomized controlled clinical trials were identified in the European 
and/or United States clinical trial registries with a search term of “cluster headache,” 
and manually reviewed. Cumulatively, there were 27 unique placebo-controlled pre-
vention trials for episodic and/or chronic CH, of which 12 were either ongoing, not yet 
recruiting, or the status was unknown. Of the remaining 15 trials, 5 were terminated 
early and 7 of the 10 completed trials enrolled fewer patients than planned or did not 
report the planned sample size. A systematic search of PubMed was also utilized to 
identify published manuscripts reporting results from placebo-controlled preventive 
trials of CH. This search yielded 16 publications, of which 7 were registered. Through 
critical review of trial data and published manuscripts, challenges and complexities 
encountered in clinical trials for the preventive treatment of CH were identified. For 
example, the excruciating pain associated with CH demands a suitably limited baseline 
duration, rapid treatment efficacy onset, and poses a specific issue regarding duration 
of investigational treatment period and length of exposure to placebo. In episodic CH, 
spontaneous remission as part of natural history, and the unpredictability and irregu-
larity of cluster periods across patients present additional key challenges.
Conclusions: Optimal CH trial design should balance sound methodology to demonstrate 
efficacy of a potential treatment with patient needs and the natural history of the disease, 
including unique outcome measures and endpoint timings for chronic versus episodic CH.
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INTRODUC TION

The 1-year cluster headache (CH) prevalence (53 per 100,000)1 is 
similar to other major disabling neurological disorders, such as mul-
tiple sclerosis (21 per 100,000)2 and Parkinson's disease (106 per 
100,000).2 Episodic cluster headache (ECH) is characterized by an 
average of 1 to 2 cluster periods per year with a mean cluster period 
duration of 4 to 9 weeks.3–10 A circannual periodicity is delineated by 
periods of remission5 ranging from 3 months up to a period of years 
(Figure 1).11,12 Chronic cluster headache (CCH) is characterized by 
active cluster cycles lasting anywhere between 1 and 10 years8,11 
with brief (<3 months) or no remission periods (Figure 1).11 While pa-
tients with CCH may not experience remissions, they may report a 
circannual pattern of lessening and worsening of attack frequency.5 
Cluster headache has a substantial impact on quality of life with high 
levels of associated disability and frequent suicidal ideation.13–21 
Considering both the debilitating clinical symptoms and the burden 
to quality of life, there remains a large unmet need for additional 
therapeutic options.

The excruciating pain and cranial autonomic symptoms, often 
occurring with a circadian and circannual rhythm, have been linked 
to activation of the trigeminovascular and cranial parasympathetic 
systems and the hypothalamus.12,22,23  This activation is asso-
ciated with a release of neuropeptides: calcitonin gene-related 
peptide (CGRP), vasoactive intestinal peptide (VIP), and pitu-
itary adenylate cyclase-activating peptide (PACAP38).12,22,24,25 
Intravenous infusion of CGRP,22  VIP,25 and PACAP3825 can in-
duce CH attacks. Interestingly, the attack induction rate after 
CGRP infusion is lower in CCH patients (50%) compared to ECH 
patients (89%) suggesting there may be subtle pathophysiological 
differences between subtypes.22 Based on retrospective reports 
of attack frequency in the month prior to CGRP infusion, it was 
postulated that attack frequency in CCH may signal a suscepti-
bility threshold to CGRP attacks, with higher attack frequency 
associated with increased susceptibility to CGRP provocation.22 
However, the authors cautioned these data should be interpreted 
in light of the acknowledged limitations.22 Additional evidence 
suggesting subtle pathophysiological differences between pa-
tients with ECH and CCH include differences in response to the 
same treatment, as seen in examples from clinical trials to date 
with lithium26,27 (efficacious in CCH but not ECH) and galcane-
zumab28,29 (efficacious in ECH but not CCH) in preventive treat-
ment, as well as non-invasive vagus nerve stimulation for acute 
treatment (efficacious in ECH but not CCH).30,31 However, some 
CH treatments, particularly acute treatments such as subcutane-
ous and intranasal triptans and oxygen are efficacious in both ECH 
and CCH,32–36 although some studies have reported differences in 
the magnitude of response.32,33,35

Treatments to interrupt cluster periods or reduce the frequency 
of attacks (i.e., preventive treatment) are generally based on recom-
mendations from treatment guidelines.37,38 However, these guide-
lines are based on a small number of randomized controlled trials 
(RCTs) supplemented with data from uncontrolled trials.37,38 A lack 
of RCTs has resulted in a limited selection of medications approved 
for CH prevention, which has led to off-label prescription of agents 
with limited efficacy evidence.39 Table 1 lists a summary of current 
trial design recommendations in the International Headache Society 
(IHS) guidelines for controlled trials of preventive drugs in CH.40 
Currently there are no CH preventive treatments approved by the 
European Medicines Agency; some locally approved preventive 
treatments vary by country and primarily include lithium and pizoti-
fen. In the United States, only galcanezumab has been approved for 
the treatment of ECH.41

With this scenario in mind, we undertook this review to provide 
an overview of challenges and complexities encountered in clinical 
trials for the preventive treatment of CH and highlight consider-
ations for future studies.

METHODS

Prevention trials for CH were identified via two  methods: (1) 
a search of the European42 and/or US clinical trial registries43; 
and (2) a PubMed database search. As of September 2021, the 
search term “cluster headache” returned 27 unique results in 
the European clinical trial registry42 from which 13 randomized, 

K E Y W O R D S
chronic cluster headache, clinical trial design, episodic cluster headache

F I G U R E  1  Depiction of the International Classification of 
Headache Disorders, 3rd edition (ICHD-3) criteria from the 
International Headache Society for episodic cluster headache 
(ECH) and chronic cluster headache (CCH). (A) According to ICHD-3 
criteria, ECH is defined as at least 2 cluster periods with a duration 
of 7 days to 1 year per period, with a remission period of at least 
3 months between cluster periods. (B) According to the ICHD-3 
criteria, CCH is defined as attacks occurring for at least a year, with 
no remission period or remission periods less than 3 months

Cluster 
Period

Cluster 
PeriodRemission

7 days to 
1 year

≥3 months 7 days  to 
1 year

≥3 months

Remission

ECH

Cluster 
PeriodCluster Period

<3 months

Remission

CCH

≥1 year

(A)

(B)
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controlled prevention trials for ECH and/or CCH were identified 
with manual review (Table 2). In the US clinical trial registry,43 as 
of September 2021, a search for “cluster headache” returned 86 
unique trials. A filter was then applied to restrict results to adults 
and older adults and to interventional trials, which yielded 66 
results. An additional filter was applied for the status of recruit-
ment (terminated, completed, recruiting, or not yet recruiting) in 
a sequential manner, and manual review was conducted to iden-
tify randomized, placebo-controlled prevention trials within each 
recruitment status category. Cumulatively there were 27 unique 
placebo-controlled prevention trials for ECH and/or CCH posted 

to the European42 and/or United States clinical trial registries43 of 
which 12 were either ongoing, not yet recruiting, or the status was 
unknown. Of the remaining 15 trials, 5 were terminated early and 
7 of the 10 completed trials enrolled fewer patients than planned 
or did not report the planned sample size (Table 2).

To identify additional trials, a systematic review was per-
formed via the PubMed database using the following search cri-
teria: ((cluster headache) AND ((“1980/01/01”[Date – Publication]: 
“3000”[Date – Publication]) NOT review AND double blind)). The 
search resulted in 114 potential publications. After manual review 
of all 114 publications (removing those that were not for CH [ECH 

TA B L E  1  Summary of trial design recommendations in the International Headache Society guidelines for controlled trials of preventivea 
drugs in cluster headache40

Category Recommendations

Patient selection •	 Diagnosis for enrollment should be made with strict adherence to the current IHS criteria
•	 Patients with other headache types can be included if they can differentiate cluster headaches from other headaches
•	 The expected duration of the cluster period must be longer than the expected time to onset of action of the drug and 

the pre-defined follow-up period for assessing efficacy

Blinding •	 Trials should use a double-blind design

Placebo control •	 Placebo is recommended for comparative efficacy trials of a new drug
◦	 This helps control for spontaneous remission, assumed to occur at similar rates for both placebo and active drug

Crossover versus 
parallel

•	 Parallel design recommended
•	 Crossover designs have several drawbacks

◦	 Loss of blinding
◦	 High discontinuation rates due to headache recurrence during washout period
◦	 Prolonged study due to washout periods
◦	 Increased risk of spontaneous remission

Stratification •	 Consideration should be given to stratifying patients by sex and CH type
•	 For ECH, patients should be stratified by how long they have been in the current cluster period prior to randomization

◦	 Intended to avoid differences in cluster period duration between patients
◦	 Intended to create groups with similar rates of spontaneous remission

Randomization •	 Rolling randomization, occurring in small blocks
◦	 To control for extended recruitment periods
◦	 To control for limited frequency of active cluster periods in ECH

•	 Treatment order should be counterbalanced

Duration of 
treatment 
periods

•	 Treatment duration in prophylaxis trials should be at least 2 weeks and should account for time to optimize the dose and 
the expected time for observable treatment effects to occur

•	 Prolonged treatment periods should be avoided given the risk of spontaneous remission in ECH and, importantly, to 
avoid exposing patients to a lengthy treatment period with placebo or an ineffective preventive

Dosage •	 Dosage in phase 3 studies should be based on efficacy and safety; ideally, derived from dose-finding studies
•	 In absence of pharmacological background for efficacy, dosage should be determined by balancing efficacy and safety

Symptomatic 
treatment 
during 
prophylaxis 
trials

•	 In absence of a contraindication or interaction, patients should use usual treatment for acute attacks
•	 Types of acute therapy should be constant for each patient

Control visits •	 At minimum, patients should be seen monthly

Evaluation of 
results

•	 Simple attack report forms to record data relevant to the main objectives of the trial should be used
•	 Number of attacks should be recorded daily
•	 Autonomic symptoms should be recorded at times of primary interest
•	 Number of attacks that required acute treatment per week should be recorded
•	 A global evaluation of therapy should be used to indicate patient satisfaction with the treatment (e.g., poor, moderate, 

good, excellent)
•	 Primary efficacy criterion should be frequency of attacks per week

Abbreviations: CH, cluster headache; ECH, episodic cluster headache; IHS, International Headache Society.
aThese highlights are specific to recommendations relevant to preventive treatment trials and do not include acute treatment trials.
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or CCH or both ECH and CCH], that were open label or were not 
true RCTs, or any study that did not assess preventive treatment as 
a primary efficacy outcome) the search yielded 16 unique publica-
tions (7 ECH,27,29,44–48 4 CCH,28,49–51 and 5 mixed ECH/CCH52–56) 
(Table 3). An additional 3 studies had results published online only 
on the clinical trial registries mentioned above (2 ECH and 1 CCH), 
resulting in 19 clinical trials with published results, which are pre-
sented in Table 3.

Challenges and complexities in the design of RCTs for 
prevention of attacks in cluster headache

Guidelines and recommendations

Guidelines for designing and conducting controlled clinical trials for 
CH treatment were last published in 1995 and modeled after the 
1991 IHS guidelines for migraine (Table 1).40 In migraine treatment, 
guidelines for controlled trials have undergone more recent updates 
that reflect new developments in migraine treatment, including rec-
ommendations for the preventive treatment of episodic migraine57 
or chronic migraine58 and recommendations for acute migraine ther-
apy.59 A discussion of the challenges and complexities in the design 
of RCTs for prevention of attacks in CH follows. A summary of the 
authors’ considerations and suggestions to aid in alleviating these 
challenges and complexities is shown in Table 4.

Some of the major barriers encountered by RCTs for CH pre-
ventive treatments include slow recruitment and/or patient reten-
tion.29,46,52  The phenomenon of spontaneous remission in ECH 
also poses a unique challenge in RCTs of preventive treatments.40 
Once natural resolution of the cluster period begins, differenti-
ating this effect from therapeutic intervention becomes increas-
ingly difficult, if not impossible. Furthermore, between-treatment 
efficacy comparisons in RCTs are hindered by heterogeneity of 
primary outcome measures and the timing of endpoint measure-
ments after randomization. While failure of a specific RCT may 
provide valuable information about a treatment or hypothesis, 
the failure of multiple RCTs to adequately test their hypotheses 
because of issues related to recruitment, retention, protocol de-
viations, or inadequate study design, becomes a barrier to drug 
development.

Cluster period characteristics in ECH

The episodic nature of attacks, spontaneous remission, vari-
ation in attack frequency, and typical cluster period dura-
tion3,5,7,8,11,40 make CH (particularly the ECH subtype) challenging 
to study. These features also present key challenges for enrolling 
and retaining patients27,29,45–48,52,53,60 and for assessing between-
treatment group differences.45,48,53,55 Patients experience unpre-
dictable, relatively brief, active periods separated by periods of 
remission3–12; thus, there is a limited window of opportunity to 

study therapeutic interventions. Patients in remission must enter 
an active period before treatments can be studied, and initiation 
of the active treatment should begin as soon as reasonably pos-
sible after an active period begins. This clashes, however, with 
the need to obtain a proper prospective baseline period during 
which patients are often asked to refrain from taking preventive 
drugs. On one side, this can lead to the loss of patients during 
the run-in period, and on the other side, to the risk of spontane-
ous remission occurrence during the double-blind period, causing 
a convergence of attack frequencies for the placebo and active 
treatment groups.40 Thus, rapid evidence of treatment efficacy is 
extremely important, not only to patients but also to investiga-
tors, if a treatment effect is to be detected. For both ECH and 
CCH, between-patient heterogeneity in the number of attacks 
per day and number of weeks in an active cluster period may 
further complicate identifying meaningful between-treatment 
group differences in attack frequency, despite attempts to ad-
just for baseline.6,14,61–65 Additionally, some patients experience 
a more gradual increase and reduction of frequency and severity, 
which also presents challenges when assessing attack frequency. 
Current guidelines suggest measures to help control for interpa-
tient variability and the impact of spontaneous remission, such 
as rolling randomization and stratification by length of the active 
cluster period prior to enrollment (Table 1),40 but lack of findings 
in past RCTs (Tables 2 and 3) suggest that it may still be difficult to 
successfully and fully control for variability even when implement-
ing these measures.

Symptom severity

Given the excruciating pain experienced in CH attacks,11 CH 
prevention trials should allow acute medications to treat the in-
dividual attack in order to be ethical to patients, to improve enroll-
ment, and to minimize dropout (Table  1).27,40,46,48,66 Some older 
prevention trials have limited the number of acute treatment op-
tions (Table 3), and these restrictions appear to have had an im-
pact on enrollment and patient retention.27,48 Extreme pain and 
failure of conventional treatments may also contribute to the use 
of non-approved drugs or experimental substances with limited 
data (e.g., lysergic acid diethylamide or psilocybin).67,68  Patients 
with CH usually seek treatment urgently at the beginning of a 
cluster period, starting a transitional and/or preventive therapy 
in addition to acute treatments.69 As the use of other preventive 
therapies, non-approved drugs or substances with limited efficacy 
and/or safety data are often exclusion criteria in RCTs, patients 
may be unable or less likely to enroll in a clinical trial or they may 
be subsequently withdrawn due to major protocol deviations
.27-29,44–48,53,54 For both ECH and CCH, it may be useful for clinical 
trial sites to engage patients in a thoughtful discussion (follow-
ing informed consent) to explain the challenges presented to trials 
when these substances are used. If possible, sites may also con-
sider obtaining an agreement (verbal or written) that participants 
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TA B L E  4  Trial design considerations and suggestions for future studies on CH preventive-treatments

Category Considerations for RCT design Justification

Patient selection •	 CCH
◦	 Consideration of treatment history refractoriness should be made, 

similar to migraine treatment studies
◦	 Consideration should be given to limiting the percentage of patients 

who are treatment refractory
◦	 Definition of refractoriness should be provided by experts to avoid 

exclusion of otherwise eligible patients
•	 CCH and ECH

◦	 Enroll more diverse populations

•	 CCH
◦	 To maximize probability of detecting a 

true treatment effect, if one exists
◦	 To enroll the desired patient population

•	 CCH and ECH
◦	 To help ensure study results are 

applicable to the broader CH patient 
population

Study site selection •	 CCH and ECH
◦	 Study site selection may be expanded to include, non-headache 

centers, with verification of the CH diagnosis, using third party 
confirmation and electronic medical records

◦	 Site eligibility should be based on number of active (e.g., seen within 
≤2 years) patients with CH at that site

◦	 Clinicians and clinical trial sites should consider working in 
conjunction with CH support and advocacy groups (e.g., 
Clusterbusters, OUCH UK, American Migraine Foundation) to 
increase patient awareness and improve recruitment and enrollment

•	 CCH and ECH
◦	 To maximize eligible sample of patients
◦	 To increase patient awareness of trials

Incorporation of a 
baseline period

•	 CCH and ECH
◦	 Limiting the length of the prospective baseline period to 5-7 days
◦	 A plea should be made to well-organized CH support and advocacy 

groups to ask patients, who are willing to enter clinical trials, to 
maintain a daily diary to facilitate drug development
▪	 Such a plea may obviate the need for a lengthy prospective 

baseline by providing a reliable retrospective baseline
◦	 In the presence of a diary, a historical baseline plus a shorter 

prospective baseline period may be acceptable

•	 CCH and ECH
◦	 To avoid the onset of spontaneous 

remission, particularly in ECH, by 
minimizing the overall length of 
prospective baseline and the treatment 
period

◦	 To maximize enrollment
◦	 To improve the effectiveness of patient 

diaries and reliability of diary data

Placebo or other 
comparator

•	 CCH and ECH
◦	 Allowance for effective acute treatments is a must in placebo-

controlled trials
◦	 Limit exposure to potentially ineffective comparator (either placebo 

or standard-of-care) to the minimal time needed to assess efficacy
◦	 Permit patients who have had prior preventive treatment failures
◦	 Stratify treatment randomization by number of prior treatment 

failures

•	 CCH and ECH
◦	 To minimize pain severity for patients 

and improve patient retention
◦	 To ensure the treatment groups are 

balanced; maximize probability of 
detecting a true treatment effect, if 
one exists

Primary efficacy 
outcome measure

•	 CCH
◦	 A standardized preferred efficacy outcome measure should be 

recommended, such as reduction of attacks over a period of weeks in 
association with persistence of the effect over longer periods

•	 ECH
◦	 A standardized preferred efficacy outcome measure should be 

recommended, such as early termination of an active cycle, or 
reduction in attack frequency

◦	 Assessment of attack frequency (numerical reduction or proportion 
of responders) should be ascertained early in the ECH episode, 
preferably within 1 to 3 weeks of treatment, depending on the 
expected onset of action of the investigational treatment

•	 CCH and ECH
◦	 Outcomes MUST be biologically AND pragmatically appropriate
◦	 Expert consensus on the optimal timing of assessments should be 

defined
◦	 An expert consensus on a magnitude of reduction in attack 

frequency indicating a clinically meaningful response needs to be 
defined and incorporation of patient-reported improvement should 
be considered

•	 CCH
◦	 To standardize clinical trials
•	 ECH

◦	 To standardize clinical trials
◦	 To maximize the probability of 

assessing the primary outcome prior to 
the onset of spontaneous remission

•	 CCH and ECH
◦	 To ensure the outcome is relevant to 

clinicians and the CH population

(Continues)
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Category Considerations for RCT design Justification

Secondary outcomes •	 CCH
◦	 Similar to primary outcomes, secondary outcomes for CCH should 

be assessed in a period of weeks as well as persistence of the effect 
over longer periods

•	 ECH
◦	 We suggest optimal timing for outcome assessment for ECH is 

within 2–3 weeks of treatment onset
•	 CCH and ECH

◦	 Expert consensus on the optimal timing of assessments should be 
defined

◦	 We suggest patient and/or clinician perception of improvement as a 
key secondary outcome

◦	 Other secondary outcome measures to be considered for both ECH 
and CCH, including:
▪	 Acute medication use
▪	 Limited assessments to acute treatments specific to CH 

(subcutaneous or intranasal triptans and oxygen) and measure 
within patient to reduce variability

▪	 Quality of life. Disability, sleep disruption outcomes may be 
considered but are limited by the lack of validation in the CH 
population

◦	 Validated scales should be developed for these outcomes specific to 
patients with CH

•	 CCH
◦	 Endpoints should be assessed at 

multiple timepoints, particularly for 
CCH, given the long duration of bouts, 
with minimal periods of remission

•	 ECH
◦	 To maximize the probability of 

assessing the secondary outcomes 
prior to the onset of spontaneous 
remission

•	 CCH and ECH
◦	 To standardize clinical trial 

measurements
◦	 To emphasize the patient voice and 

provide data relevant to the CH 
condition

Concomitant 
preventive 
therapies

•	 CCH
◦	 Concomitant preventive therapies should be considered, must be 

stable for study period, and should not include corticosteroids or 
interventional procedures (e.g., occipital or trigeminal nerve blocks)

◦	 Randomization to treatment should be stratified by baseline 
concomitant preventive therapy.

•	 ECH
◦	 Concomitant preventive therapies should not be permitted during 

the assessment of efficacy (primary and key secondary outcomes)

•	 CCH
◦	 Given patients with CCH may experience 

partial relief from their current therapies, 
but still qualify for the study, allowance 
of concomitant therapies is ethical and 
will likely improve recruitment

◦	 Given the established efficacy of 
corticosteroids, their use should be 
excluded during the assessment period 
for the primary and key secondary 
outcomes

•	 ECH
◦	 To maximize the probability of 

detecting a true treatment effect of the 
investigational preventive treatment

Spontaneous 
remission

•	 CCH
◦	 Understanding of patient history of spontaneous remission is 

important
•	 ECH

◦	 Limit prospective baseline periods to minimal duration as noted 
above

◦	 Limit length of efficacy assessments to minimal time needed based 
on the expected onset of action for the investigative treatment

◦	 Enroll patients with consistent ECH episode duration that is of 
sufficient length to exceed the key efficacy endpoints and that have 
good response to the allowed acute CH treatments

•	 CCH
◦	 To minimize potential of spontaneous 

remission (although it is much less 
common for patients with CCH)

•	 ECH
◦	 To minimize potential of spontaneous 

remission during assessment of the 
primary and key secondary outcomes

◦	 To minimize time spent for patients 
exposed to placebo or an ineffective 
treatment

◦	 To maximize the number of enrolled 
patients who will experience an active 
bout during the clinical trial period

TA B L E  4  (Continued)
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will not use these types of excluded substances, which may not 
be detectable in a urine drug screen. If a sponsor or investigator 
feels compelled to allow these substances, consideration should 
be given to the suggestions outlined in Table  4 for concomitant 
preventive therapies.

The appropriate comparator for a new investigational treat-
ment in an RCT may be placebo, standard-of-care, or both. 
However, patients who get rapid preventive effects from an-
other therapy are not likely to be the target patient for RCTs; 
patients who historically do not have a reliable or rapid onset 
preventive treatment option are the patients of most interest 
in RCTs evaluating a new investigational preventive therapy. 
Consideration should be given to the number of allowed pre-
ventive treatment failures and/or stratification by the number 
of prior treatment failures. For RCTs in CCH, consideration 
should also be given to the allowable percentage of patients 
who may be treatment refractory.70 As long as acute treat-
ments are permitted, placebo-controlled trials are possible and 
remain necessary to characterize the drug effect and control 
for spontaneous remission. Evaluation of a newer preventive 
treatment compared to an older standard preventive treatment 
can also provide useful information. In all RCTs, regardless of 
whether placebo or standard-of-care is chosen as the compar-
ator, it is essential to ensure limited exposure to a potentially 
ineffective treatment to the minimal time needed to assess ef-
ficacy of the new investigational preventive therapy. Just as 
the severe pain of CH may limit enrollment and retention in 
RCTs, a lengthy prospective baseline period only adds to the 
patient burden.

Some trials have allowed concomitant preventive therapies 
(primarily CCH and mixed ECH/CCH studies), the most successful 
of which include oral or injectable steroids that were included as 
add-ons to concurrent preventive or verapamil.45,52,55 Other trials 
permitting the use of non-steroid concomitant preventive treat-
ments have failed to meet their primary endpoint.28,49,50,60 Whether 
the concomitant preventive treatment contributed to the failure of 
these studies to meet their primary endpoint is difficult to ascertain. 

Other potential reasons for failure, such as treatment duration, dos-
age or dosing frequency, or incorrect method of administration, are 
equally plausible.28,49,50,60

For ECH, we believe concomitant preventive therapies should 
not be considered in an RCT; this is possible with an appropriate 
trial design that allows acute treatments and limits time on placebo. 
For CCH, concomitant preventives should be allowed, provided pa-
tients have been on a stable dose prior to enrollment and the dose 
is maintained for the double-blind study period. Corticosteroids or 
interventional procedures (e.g., occipital or trigeminal nerve blocks) 
should not be allowed.

Study site selection

Guidelines recommend conducting studies at multiple centers to 
increase the population size and ensure the study is appropriately 
powered.40 Using headache centers as study sites, with headache spe-
cialists on staff, ensures study quality and appropriate patient select
ion.27–29,45–47,50,52,54,55 However, exclusively using headache centers 
may limit the number of eligible patients and challenge feasibility of 
completing the trial. If non-headache centers were included, verifica-
tion of the CH diagnosis (and any other comorbid headache condi-
tions) may be accomplished by implementing third-party confirmation 
with a headache specialist. Electronic medical records may make it 
easier to utilize non-headache centers, as they aid in quickly and ac-
curately identifying patients with a documented diagnosis of CH (as-
suming records have been coded correctly). Therefore, site eligibility 
should be based on the number of active patients with CH at that site 
(e.g., seen within ≤2 years), preferably after outreach to patients to 
determine interest in a clinical trial. This method is currently utilized in 
many headache clinics. Furthermore, if clinicians work in conjunction 
with CH support and advocacy groups (e.g., Clusterbusters, OUCH 
UK, American Migraine Foundation), there is a possibility of increasing 
patient awareness of available clinical trials and improving recruitment 
and enrollment, particularly if organized and/or co-chaired by CH sup-
port groups or patient advocacy organizations.

Category Considerations for RCT design Justification

Statistical 
considerations

•	 CCH and ECH 
◦	 Statistical methods to assess efficacy should be based on ability to 

accommodate missing data, while still achieving accurate estimate 
(e.g., mixed model with repeated measures)

◦	 Reporting reduction in attack counts as a percentage of patients 
meeting a defined response threshold (≥x%) can be estimated 
for each treatment using a categorical, pseudo-likelihood-based 
repeated measures analysis of longitudinal binary outcomes

◦	 Confounding factors must be accounted for in all analyses (e.g., 
sex, baseline attack frequency, length of current bout, history of 
treatment responsiveness, concomitant medication use)

•	 CCH and ECH
◦	 Low diary compliance or non-

completers may contribute to a smaller 
sample size than intended

◦	 These methods can account for a 
smaller than intended sample size by 
including partial data

◦	 Confounding factors may have an 
impact on treatment efficacy and thus 
should be accounted for in all analyses

Abbreviations: CCH, chronic cluster headache; CH, cluster headache; ECH, episodic cluster headache; IHS, International Headache Society; RCT, 
randomized controlled trials.

TA B L E  4  (Continued)
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Incorporation of a baseline period

As shown in Tables 2 and 3, the efficacy of CH preventive treatments 
in RCTs is often determined by comparing the change in attack fre-
quency from baseline (prospective or retrospective) for each treat-
ment group.40 Currently, clinical trial results have not demonstrated 
a clear advantage between prospective or retrospective baseline pe-
riods, nor is there an expert consensus on optimal trial design. Many 
RCTs use a prospective baseline period; however, this can limit patient 
enrollment and retention if too lengthy due to not having access to 
the investigational treatment during the prospective baseline. Prior 
to bout stabilization, some patients experience an escalation in attack 
frequency and severity,65 which may complicate assessing a prospec-
tive baseline period; any prospective baseline period should not begin 
until the typical cluster cycle has started. In response to recommen-
dations against using a prospective baseline,53 one placebo-controlled 
study utilized a pseudo-baseline design where baseline was defined as 
the first week of active treatment (see Tronvik et al.48 listing in Table 3). 
However, this study failed to meet its primary endpoint due to the ab-
sence of a significant difference between active and placebo groups 
when attack frequency during week 3 of treatment was compared to 
the pseudo-baseline period.48

Another option is a retrospective baseline, for which some may 
advocate. However, few patients with CH maintain a diary outside of 
a clinical study; therefore, documentation of daily-attack frequency 
is often based on a patient's historical recall. Nevertheless, in clin-
ical experience, patients with CH are remarkably accurate when it 
comes to frequency and duration of attacks. To improve the use of 
retrospective baseline periods, we believe a plea could be made to 
well-organized CH support and advocacy groups to ask patients who 
are interested in participating in clinical trials, to maintain a diary to 
facilitate drug development for the treatment of CH and obviate the 
need for a prospective baseline. In the presence of a diary, a histor-
ical baseline plus an ultra-short prospective baseline of 2–3 days, to 
document the patient's retrospective estimate is accurate, should be 
acceptable.

Primary efficacy outcome

To be worthy of consideration, efficacy outcomes in preventive 
treatment RCTs for CH should theoretically be both biologically 
and pragmatically appropriate. Although prevention of a CH cycle 
is the ideal outcome, demonstrating prevention in an RCT is dif-
ficult given the current lack of a reliable biomarker and can likely 
be detected only in a clinical practice setting. Thus, for ECH, early 
termination of a cycle (within days) followed by suppression or 
reduced frequency of attacks40 are the preferred outcomes of 
preventive therapy. For CCH, reduction in frequency is a more 
appropriate endpoint. Indeed, reduction in CH attack frequency 
has been used as the primary outcome in the majority of the 
placebo-controlled RCTs28,29,44–50,54,55,60 for both ECH and CCH 
(Table  3). Although clinical experience suggests any reduction 

in attack frequency represents a positive outcome, defining the 
magnitude of reduction indicative of a clinically meaningful re-
sponse remains to be determined71,72 (either by specific methods, 
such as an anchor-based approach or by expert consensus). By 
default, many studies have used a 50% response in both ECH and 
CCH (Table 3), and 30%, 75%, and 100% responses may be useful 
secondary endpoints to explore. Documenting CH frequency is 
another challenge, which can be facilitated by patient diaries. For 
diaries to be useful, patients must maintain a high level of diary-
entry compliance. This should be feasible with electronic diaries, 
particularly if outcomes are measured early (at 2 or 3  weeks). 
Real-time data entry allows attack frequency and compliance 
to be more easily monitored. A daily diary is also beneficial for 
collecting other headache features that may be useful second-
ary outcomes, such as cranial autonomic symptoms, sleep disrup-
tion, and acute medication use. Each of these outcomes faces the 
same key challenge: outcome measurement is extremely difficult 
if there is not a high level of diary-entry compliance. The adop-
tion of diaries with automatic reminders or reminders activated 
by missed data entry represent a potential strategy for improving 
data completeness.

Determining the appropriate timing to assess attack frequency 
relative to baseline is another challenging facet of this outcome. 
The timing of endpoints relating to attack frequency is important 
for both ECH and CCH but can be particularly difficult to determine 
in ECH trials because assessments must occur prior to the natural 
onset of spontaneous remission. Thus, observations over a pro-
longed period are problematic for ECH trials.40 Primary endpoint 
assessment timing in past clinical trials has included a range of time 
points including days, 1 week, 2 weeks, 3 weeks, 4 weeks, and up to 
12 weeks.27–29,44−50,52,53,55,60 Enrollment criteria that take into account 
the current length of time in an active cluster period and the expected 
timing of spontaneous remission based on previous cluster periods 
may be helpful for optimizing assessment of efficacy endpoints.

We suggest a primary efficacy outcome of active cluster period 
termination or reduced attack frequency for ECH. This outcome 
should be evaluated within 2 to 3 weeks of treatment. Rapid onset 
of treatment effect is essential for ECH. Thus, we believe this timing 
would be a compromise between allowing some time for an inter-
vention to be effective but not so long that the utility and value of 
a treatment for patients with ECH is called into question. Slightly 
different outcomes will likely be needed in the case of CCH. We sug-
gest a reduction of attacks over a period of weeks in association with 
the persistence of the effect over longer periods.

Secondary outcomes

Secondary efficacy outcomes in CH prevention trials include patient 
or clinician perception of improvement, pain severity and/or dura-
tion, acute treatment use, the proportion of patients considered re-
sponders (e.g., ≥50% reduction in attack frequency), and remission 
(Table 3). While patient or clinician perception of improvement (e.g., 
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Patient Global Impression of Improvement) are widely accepted as 
useful outcomes, there is no consensus on the optimal timing or fre-
quency of patient/clinician perception; we would suggest the same 
timepoint as the primary efficacy parameter, within 2 to 3 weeks of 
treatment onset. Assessing improvements in pain severity or dura-
tion is complicated by the necessity of allowing acute treatments that 
might reduce pain severity and attack duration, a factor that clearly 
complicates accurately measuring this outcome in prevention trials. 
The restricted 5-point (0–4) scale,73 commonly used to assess pain 
severity in CH RCTs, makes it difficult to interpret average reduc-
tions from the standpoint of being clinically meaningful. Endpoints 
related to changes in acute medication use have the potential to be 
unreliable because of between-patient heterogeneity in attack fre-
quency; however, if assessed within patients, this concern may be 
alleviated. The reliability of the measures seems higher intraindivid-
ually, as CH patients seem to be able to perceive clearly and report 
when an acute medication is more or less effective on their attacks 
in routine practice. However, it must be noted that patients with CH 
often use a variety of acute treatments for pain relief including treat-
ments which may treat a less intense headache (e.g., non-steroidal 
anti-inflammatory drugs). Targeting medications or treatments used 
specifically for acute CH treatment, such as subcutaneous or intra-
nasal triptans or oxygen, may provide a better picture of treatment 
efficacy. If not the designated primary outcome, response rates are 
an important secondary outcome, and as discussed in the primary 
outcome section, more than one response rate may be considered. 
There is no expert consensus on a standard definition for remission, 
but we would suggest a 7-day period free of cluster attacks.

Sleep disruption, quality of life, and psychological/psychosocial 
outcomes are also assessed as secondary outcomes and are appro-
priate given the high disease burden (Table 3). Challenges inherent 
in these outcomes include the scarcity of validated scales for CH 
(unlike migraine); however, there has been at least one quality of 
life scale developed and validated specific to patients with CH.74 
Secondary outcome measures for CCH will likely be the same as 
those for patients with ECH.

Placebo response

The placebo response in CH trials can be considerable; one review 
article reports rates of 14% and 43% from two preventive studies.62 A 
substantial response in the placebo group was observed in the clinical 
trials reported herein53,55 (Table 3); however, as previously noted, the 
improvement in the placebo group in CH trials was likely due to spon-
taneous remission and placebo effect. Challenges raised in this paper, 
including lengthy prospective baseline and treatment periods, increase 
the risk of spontaneous remission. Thus, minimal duration baseline pe-
riods or novel trial designs that allow elimination of baseline periods 
and enrich the patient population most likely to respond to treatment 
(e.g., patients with good disease control with acute treatments or pa-
tients with consistent duration of CH cycles of at least 6 weeks, etc.) 
are needed to help reduce placebo response.

Statistical considerations

When making suggestions for designing and conducting RCTs in CH, 
statistical considerations are also important. In the measurement 
of some outcomes, low diary compliance or non-completers may 
contribute to a smaller sample size than intended. Thus, statistical 
methods to assess efficacy should be selected based on the abil-
ity to accommodate missing data while still achieving an accurate 
estimate. For example, a mixed model with repeated measures could 
be used to assess longitudinal data, such as reduction in weekly at-
tack frequency (generally treated as continuous in the literature 
although attack counts themselves are natural numbers), from base-
line to each weekly interval post baseline. Alternatively, a missing 
data imputation method could be used, such as the mean change 
from baseline to last observation carried forward, in which case the 
treatment effect can be estimated using an analysis of covariance 
model. Reporting reduction in attack counts as a percentage of pa-
tients meeting a defined response threshold (≥x%) can be estimated 
for each treatment using a categorical, pseudo-likelihood-based re-
peated measures analysis of longitudinal binary outcomes. As men-
tioned above, the ≥x% response threshold should be defined based 
on a clinically meaningful reduction in attack frequency. Accounting 
for various confounding factors is also critically important. Examples 
of variables to be considered as potential confounders include sex, 
baseline attack frequency, length of current bout, history of treat-
ment responsiveness, and concomitant medication use.

CONCLUSIONS

This report highlights challenges and potential considerations for 
RCTs in the preventive treatment of CH. One simple, yet vitally im-
portant suggestion, is to ensure all results are published, regardless 
of study outcomes. This will help ensure forward movement in iden-
tifying and improving preventive treatments for CH. Many RCTs in 
CH are terminated for futility, suggesting there is ample room to 
improve the design and conduct of RCTs involving patients with CH. 
Many questions remain, particularly regarding the selection and 
timing of outcomes. Optimal RCT design should be driven by both 
patient needs and by the natural history of the disease. Analysis of 
the literature and expert consensus suggest that outcome measures 
and the endpoint timings might need to be different for ECH and 
CCH. For ECH, prevention of the active period is the strongest out-
come measure for trials evaluating the efficacy of preventive treat-
ment; however, this is almost impossible to verify due to the lack 
of reliable prodromal biomarkers or prediction tools. This leaves us 
with the second-best option, termination of the active period within 
a given period of time in the range of days. An alternative option 
is represented by the reduction in weekly attacks, which must be 
ascertained early (within the first- or second-week posttreatment 
onset) to avoid the possibility of patients entering spontaneous re-
mission periods. Multiple secondary outcome measures should be 
captured including the use of acute medications specific for CH 
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and their efficacy, quality of life, patient satisfaction, and disabil-
ity. In the case of CCH, the most appropriate outcome measure is 
represented by the reduction of attacks over a period of weeks in 
association with the persistence of the effect over longer periods. 
Secondary outcome measures will likely be the same as those for 
patients with ECH.

Equally important are considerations regarding patient selection 
and trial design. For both CCH and ECH, study sponsors, investiga-
tors, and coordinators should strive to enroll diverse patient popu-
lations. This will help ensure the study results are applicable to the 
broader CH population. For ECH, trial design is difficult due to the 
episodic nature of active clusters, punctuated by spontaneous re-
mission periods and accompanied by the extreme pain severity ex-
perienced repeatedly during an active cluster period. This requires 
the allowance of adequate acute treatments specific for CH (kept 
stable from pre-enrollment to treatment period, within-patient) for 
relief during clinical trials and either limiting or forgoing completely 
medication-free prospective baseline periods. For CCH, consid-
eration of treatment history refractoriness (as has been applied to 
some migraine treatment studies) may be beneficial, but the defini-
tion of refractory would need to be clearly made to avoid exclusion 
of otherwise eligible participants. The observations outlined in this 
review based on recent successes and difficulties of clinical trials of 
preventive treatments for ECH and CCH may be useful consider-
ations for the design of future clinical trials.
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