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Abstract

Background New guidelines for cluster headache clinical trials were recently published. We welcome these new
guidelines and raise additional considerations in trial methodologies.

Main body We present non-inferiority trials to overcome ethical issues with placebo use, and additionally discuss

issues with trial recruitment.

Conclusions We highlight some possible issues and solutions to be considered with the recently published cluster

headache trial guidelines.
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Background

Cluster headache is the most common trigeminal auto-
nomic cephalalgia (TAC) with a prevalence of 1 in 1000
individuals [1, 2]. Cluster headache involves a unilateral,
usually retro-orbital, severe headache with ipsilateral
autonomic features and/or agitation. Differentiating clus-
ter headache from other TACs is the duration of each
attack, which can last 15minutes to 3hours with up to 8
attacks per day, and the treatment response (in particular
cluster is usually not responsive to indomethacin unlike
other TACs it may overlap). It is considered to be one of
the most painful conditions known to affect humans [3].
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The International Headache Society (IHS) released guide-
lines for treatment trials in cluster headache in Decem-
ber 2022 [4]. This is a comprehensive and much needed
resource to ensure rigor in cluster headache trials.

We applaud this new resource, as an update for cluster
treatment trial guidelines is overdue considering the new
treatment modalities such as anti-calcitonin gene related
peptide (CGRP) monoclonal antibodies (mAbs) and neu-
romodulation and the evolution in clinical trial design
since the last guidelines iteration [5]. Moreover, there is
need for further clarification of best practices in cluster
headache clinical trials given the recent successes and
failures of several trials. Guidelines by nature are aspira-
tional, but to exemplify best practice in trial design, some
issues are worth highlighting particular to cluster head-
ache that have led to limited recruitment in trials, lack
of adequate sample size, and issues with trial completion
[6-8]. While we agree with most of the new trial recom-
mendations, there are 3 recommendations that we would
like to discuss further especially as these pertain to epi-
sodic cluster headache trial design.
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The use of placebo versus active comparators
Placebo-controlled trials have been the recommended
standard for cluster headache acute and preventive tri-
als. However, this may lead to poor enrollment, especially
in preventive trials, given the excruciating pain of clus-
ter headache and the associated reduced likelihood of
patients willing to risk being assigned to the placebo arm
of a study [6, 9]. Placebo-controlled designs are recom-
mended by the new guidelines. However, it is mentioned
that active comparators can be used when both therapies
have proven effective over placebo [4]. We would like
to emphasize, and strongly encourage, the use of active
comparators as a potential way to increase enrollment.
There are well established methods for non-inferiority,
equivalence, and superiority testing that are accepted in
other fields of medicine [10]. When an effective treat-
ment already exists, it may be appropriate and adequate
to know that a new treatment is as good as the old treat-
ment [11]. The new treatment may be more accessible,
safer, or may be used in patients with failure of the first
treatment. When there is a standard of care in prevention
for such a painful condition, placebo arms have inadvert-
ently, but historically, reduced enrollment.

For active comparator trials, consideration should be
given to utilizing:

— Superiority trials to demonstrate one treatment has
greater efficacy than another.

— Equivalence trials to demonstrate one treatment is as
effective as another.

— Non-inferiority trials to demonstrate that one treat-
ment is not less effective than another [12].

There are, of course, some issues that need to be
addressed prior to the use of these trial designs in cluster
headache.
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There is a question of appropriateness of use of these
designs given the possibility of a placebo effect. In
acute trials it is well established that the placebo effect
exists and is quite variable [13]. In the proposed active
comparator trial designs, the variable placebo effect
seems to be related to the route of administration, and
this will be discussed below (see Table 1). In preventive
trials, a large part of the presumed placebo effect is likely
not a placebo effect but rather the natural remission of a
given cluster headache period or cycle. In those trials that
enrolled patients only at the onset of a cluster period,
the placebo effect was non-existent or very low [14—
16], while in other trials it is noted that “placebo effect”
resolution of cluster headaches is observed more often as
the study carries on [7, 17]. We agree that when there is a
variable and possibly large placebo analgesic effect, there
should a placebo comparator [10], but we believe that the
purported placebo effect in episodic cluster headache
is neither variable nor large when preventive studies
of cluster headache start at the onset of a headache
period. The historical placebo preventive effects in
terms of headache reduction are relatively predictable
(see Table 2). When looking at trials enrolling early at
the onset of a cycle this effect is questionable, as seen
in studies by Leone and colleagues published in 1996
and 2000. When enrolling later in the cluster period, the
effect on cluster attack reduction is in the range of 4-6
less headaches per week.

In situations where active comparators are appropriate,
margins need to be a priori defined [10]. The issues
with active comparator trials can be overcome if non-
inferiority margins are based on previous historical data,
additionally effect sizes can be estimated for the control
drug, and lastly sample size is calculated prior to the
commencement of the trial [18]. To ensure consistent
active comparator responses, we propose the following

Table 1 Relevant studies of acute treatment headache response at 15 or 30 min

Trial and Year Placebo Suma SC Zolmi NS 0, low 0, high Suma NS Headache
Response Timeline
Analyzed
Ekbom 1991 [21] 25%, n=39 74%, n=39 15min
Ekbom 1993 [20] 35%, n=88 75%, n=93 15min
Cittadini 2006 [24] 23%,n=61 42%, n=65 30min
Rapoport 2007 [22] 30%, n=59 50%, n=52 30min
Fogan 1985 [27] 33%,n=63 68%, n=74 15min
Cohen 2009 [26] 20%, n=148 78%, n=150 15min
Dirkx 2018 [9] 14%, n=14 33%,n=15 15min
Van Viet 2003 [23] 26%, n=77 57%,n=77 30min

Used with permission from Medrea et al., Headache 2022 [19]

0, oxygen, SC subcutaneous, nVNS non-invasive vagal nerve stimulation, NS nasal spray, Suma sumatriptan; Zolmi, zolmitriptan
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Table 2 Preventive trials that feature changes in headache frequency from baseline to 2-weeks, >50% responder rates, and adverse

events

Trialand year  Treatment ECH Baseline Rx reduction to Baseline Placebo Active Placebo 50%
frequency week 2+SD frequency reduction to Treatment resp
active Rx per placebo per week 2+SD 50% response
week +SD week +SD

Goadsby 2019  Galcanezumab Al 173£-10 -88+121, 17.8+/-10.1 —-45+10.5, 39%, n=57 25%, n=49

[30] n=57 n=49

Leone 1996 Melatonin 90% 23.1 -127+16.0, 16.73 08+114,n=10 NA NA

[el n=10

Leone 2000 Verapamil All 134 -9.2,n=15 9.59 1.7,n=15 80%, n=15 0%, n=15

[14]

Saper 2002 [31] Intranasal ECH 125 —-84+9.1,n=18 108 —36+87n=10 NA NA

civamide
Tronvik 2013 Candesartan ECH 143+9.2 -8.7,n=19 16.8 —-6.2,n=13 63%,n=19 46%,n=13

(7]

Used with permission from Medrea et al., Headache 2022 [19]

AE adverse events, ECH episodic cluster headache, NA not available, PLAC placebo, Rx prescription drug

recommendations for non-inferiority active comparator
trials:

+ Include similar populations to the original trials in
question.

+ Begin treatment in the first 1-2weeks of a cluster
headache period for preventive trials and collect out-
comes early in the cluster headache episode to limit
chances of natural remission. Enrollment can occur
in between cycles.

» Compare active comparator outcomes to previous
expected values to validate.

Acute Treatments - Proposal for Non-inferiority
Margins We propose these margins vary by administra-
tion type:

+ Subcutaneous injections: 20% non-inferiority margin
+ Nasal sprays: 10% non-inferiority margin
+ Inhalations (i.e. oxygen): 20% non-inferiority margin

We base our conclusions on historical data highlighted
in Table 1. The largest placebo response seen in terms
of headache relief for cluster headache was 35% for
the injectable sumatriptan formulation, and treatment
response in this category was in the range of 75% [19—
21]. A 20% non-inferiority margin may be reasonable
for injectable formulations, if expected to perform
as well as sumatriptan injectable based on the cited
trials [25, 31] and the planned pilot trials. For nasal
spray formulations, the largest placebo headache relief
response was 30%, and the response rate varied between
42% and 57% for the various treatments [24, 26, 28,
32]. A 10% non-inferiority margin may be set for nasal

spray formulations, if expected to perform as well as
sumatriptan or zolmitriptan nasal spray based on pilot
trials. For different oxygen delivery devices such as high
flow non-rebreather mask versus demand valve oxygen
[25], placebo rates peak at 33%, and treatment rates
of relief reach 68% and 78% [19, 26, 27]. A 20% non-
inferiority margin may be considered for oxygen delivery
formulations, if expected to perform as well as non-
rebreather oxygen based on pilot trials. We urge caution
in the design of acute trials when using non-inferiority
margins, as in acute trials the placebo response is robust
and may be variable. These types of designs may be more
reasonable when comparing classes of therapies that
are already known to be effective rather than in new
therapies.

Preventive treatments - proposal for a non-inferiority trial
design

As an example of a preventive cluster headache trial
design using active comparators, we present our pro-
posed conditions for a non-inferiority preventive trial.
The active comparator, importantly, has proven efficacy
from prior placebo-controlled cluster headache trials. We
propose:

o Active comparator: either galcanezumab (episodic
only), verapamil, and melatonin [28, 29] choosing the
appropriate treatment to optimize blinding.

+ Non-inferiority margin: a reduction in headache fre-
quency of —4 attacks per week of the new treatment
over the active comparator.

o Sample size: adequate according to sample size
calculations estimations using an effect of —9.2
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attacks/week or more, a non-inferiority margin of 2
or 4 as seen fit (see more below on guidance) [30].

+ Comparison with previous placebo-controlled trials
to ensure response is in line with historical data. Both
the new treatment and the active comparator should
show a reduction of at least — 9 attacks/week.

We examined prior cluster headache clinical trials
to arrive at this current proposal. Table 2 highlights
some considerations for weekly attack frequency
reduction. With active treatment, weekly attack
reduction has varied between —8.4 to —12.7 attacks
[7, 14, 16, 31-33], but has been in the range of —8.4
to —9.2 attacks per week in most of these trials [7,
14, 16, 31-33]. For these same trials, placebo rates
have varied between an increase in frequency of
+0.8 and+1.7 attacks per week when the patients
were enrolled in the first week of a cycle [14, 16], to
a reduction of- 3.6, —4.5 and up to —6.2 attacks per
week when they were not enrolled exclusively early in
a cluster cycle.

After going through this data, we propose that a
reasonable non-inferiority margin, a reduction
in headache frequency in the range of —4 attacks
per week of the new treatment over the active
comparator. This would guarantee separation from
placebo in all historical trials except for the outlier
discussed below [7], and less than 50% reduction in
treatment effect where patients are enrolled early in a
cluster period (under 2weeks). Admittedly a smaller
non-inferiority margin of — 2 attacks per week would
guarantee separation in all historical trials. The more
stringent non-inferiority margin is needed because of
an outlier, the larger — 6.2 attack reduction seen in the
placebo arm by Tronvik et al. in the trial published
in 2013 [7]. Again, this high placebo rate could likely
be avoided if only allowing enrollment in the first
2 weeks of a cluster period, as likely a large part of
this attack reduction was due to natural remission
[7]. We propose the more conservative margin of —2
attacks/week differential could be useful in regulatory
trials or where a benefit over an active comparator
is being sought. Assuming a standard deviation of 9,
significance level of 5%, and power 80% the sample
size per group would be 251 patients [34]. The more
permissive margin of —4 attacks/week allows for a
smaller sample size in the trials. Assuming a standard
deviation of 9, the sample size per group would be 63
patients [34]. This more permissive margin should
be used in trials where recruitment may be difficult,
the treatment being investigated is already in use as
a third line management of cluster headache, or case
series or other data of effectiveness exists, needing

Page 4 of 7

confirmatory evidence for establishment of an
evidence base.

Trial populations should be consistent with prior clus-
ter headache clinical trials to ensure similar active com-
parator results.. We propose that both the new treatment
and the active comparator should show a reduction in
the range of —9.2 attacks/week [35, 36] or more as estab-
lished in the literature or in a pilot trial, if the response is
less than this the efficacy of the treatment should be in
question.

We do not propose non-inferiority margins for 50%
responder rate reduction as there were a limited number
of studies reporting this, and the historical data was not
as dependable. There have been some trials where the
comparator arm was verapamil and not placebo, or oxy-
gen delivery etc. These studies were more pragmatic trial
designs evaluating for superiority [17, 37] or non-inferi-
ority to current treatments [38].

Considerations for a baseline period

A 1-2week prospective baseline period versus a 3day
retrospective baseline period

The new trial guidelines recommend a baseline period of
at least 1 week in all acute treatment trials, at least 1 week
in preventive trials for episodic cluster headache, and at
least 2weeks in preventive trials for chronic cluster head-
ache. In addition, the baseline data should be collected
prospectively in all cases. However, one well-designed
trial eschewed this recommendation, opting instead for
a 3day retrospective baseline [17]. A 3day retrospective
baseline would minimize chances of cycle remission and
also limit period without exposure to preventive medi-
cations. Additionally, if analysis is undertaken with the
exact Mantel-Haenszel test of common Poisson rela-
tive risk over the whole treatment window, or survival
analysis, the baseline period becomes less important, as
these tests do not depend on changes from a baseline but
rather the rate of change over time.

Primary endpoints

Acute trials: headache freedom at 15 minutes

versus headache freedom at 30 minutes

The recommended primary endpoint from the new
trial guidelines is headache freedom at 15 minutes. This
can be justified for two reasons: 1) not wanting cluster
patients to be without acute therapy for longer than this
duration if on placebo, and 2) to avoid the natural ces-
sation of an attack, since the ICHD3 defined duration of
a cluster headache attack is 15-180 minutes. However,
using this very stringent primary outcome, sumatriptan
injection, [25] zolmitriptan nasal spray 10 mg [22], and
high flow oxygen would pass the bar [26], but not nasal
spray zolmitriptan 5mg [22] or the 20 mg sumatriptan
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nasal spray [23]. Thus the recommended outcome
measure would have kept both zolmitriptan and
sumatriptan nasal sprays from being recommended for
clinical use, even though both American and European
guidelines consider them efficacious [28, 39]. It seems
reasonable to also allow efficacy evaluations at 30 min-
utes, whether headache relief, as utilized in many acute
trials of approved medications, or freedom, especially
as the timeline of onset of some nasal spray formula-
tions is more likely to be 30 min. If the 30-minute pri-
mary endpoint is used, then studies should enroll
patients whose attacks typically last at least 45 minutes.
This is even more important for placebo studies than
for active comparator studies. A 15-minute endpoint
could still be used if it is preferred, especially if there
is a desire to enroll all cluster headache patients and
not just those with attacks that last at least 45 minutes.
Thus, the 15-minute pain free outcome is aspirational
and is sometimes met, but the severity of cluster head-
ache and the dearth of treatments merits some flexibil-
ity on acceptable outcomes. An advantage of multiple
acceptable outcome times is that for 15-minute pain
relief, access to acute treatment becomes available, the
standard is lowered for regulatory approval, and more
therapies may be made accessible [32].

Preventive trials: weekly attack frequency versus different
endpoints for placebo and active comparator studies

The recommended primary endpoint from the new trial
guidelines is a change from baseline in the number of
weekly attacks for the entire double-blind phase [3].
However, this can be limiting if the trial goes on for a
longer period (over 4 weeks), as there is natural disease
remission in both treatment and placebo groups, and
it becomes difficult to show a difference between study
groups at later time points [7]. In light of this consid-
eration, we propose two alternative primary endpoints:

+ Primary endpoint for trials with an active com-
parator. It may be necessary to have a small pilot to
decide on the timeline of cessation of attacks with
treatment, choose a comparison treatment with
a similar timeline to cessation of headaches, and
evaluate the number of headache attacks in that
given week.

« Primary endpoint for placebo-controlled trials. In
placebo-controlled trials, earlier cessation of head-
aches can be very important. A suggested analysis
from a previous trial is the Mantel-Haenszel test of
common Poisson relative risk over the whole treat-
ment window [7], which would show separation from
placebo with earlier cessation of attacks even if by the
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last trial period the groups are similar due to natural
remission. There are some methods to address non-
inferiority trial design using survival analysis and
these can be further explored in future studies but
were not explored for the current manuscript.

Conclusions

In conclusion, we highlight some possible issues and
solutions to be considered with placebo-controlled
designs and primary endpoints as proposed in the recent
clinical trial design guidelines for cluster headache. We
present considerations for why placebo may not be nec-
essary, especially in preventive trials of cluster head-
ache, provided active treatment response is within the
non-inferiority margins of historical control treatment
responses and provided patients are within the first week
of cluster cycle at enrollment to minimize the likelihood
of cycle remission. Additionally, we propose some pos-
sible non-inferiority margins, which can vary depend-
ing on how stringent the trial design needs to be, and
we propose that the more conservative measures may
be considered for regulatory approval to limit exposure
to placebo rather than prevention for many weeks. We
propose some alternative statistical techniques that may
be better suited for analysis of whole trial data, especially
when taking into consideration the timeline of cessation
of cluster attacks. We hope that these suggestions will be
further tested in pilot trials and future clinical trials to
prevent our patient population unnecessary exposure to
placebo, emphasizing again that cluster headache is one
of the most painful clinical conditions [3].

Acknowledgements

Human and animal rights
This article does not contain any studies with human or animal subjects
performed by any of the authors.

Authors’ contributions

Dr. Medrea conceived article contents, drafted the first version of article and
revised article for content and approved final version of article. Dr. Tepper
helped conceive article contents, edited article for clarity and approved final
version of article. Dr. Wang edited article for clarity, assisted with statistical
content, and approved final version of article. Dr. Mathew helped conceive
article contents, edited article for clarity and approved final version of article.
Dr. Burish helped conceive article contents, extensively edited article for clarity
and approved final version of article.

Funding
None.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.



Medrea et al. The Journal of Headache and Pain (2024) 25:32

Competing interests

Dr. Medrea has no competing interests.

Dr. Tepper’s Disclosures:

Advisor, consultant, Advisory Board, and/or Scientific Board: Aeon, Abbvie,
Alphasights, Amgen, Aruene, Atheneum, Axsome Therapeutics, Becker.
Pharmaceutical Consulting, ClearView Healthcare Partners, ClickTherapeutics,
CoolTech, CRG, Decision Resources, Defined Health, DRG, Eli Lilly,
ExpertConnect,

FCB Health, Fenix, GLG, Guidepoint Global, Health Advances, Health Science.
Communications, HMP Communications, Impel, Initiatior Pharma,
InteractiveForums, Keyquest, Ki Health Partners, Krog and Partners, Lundbeck,
M3.

Global Research, Magnolia Innovation, MJH Holdings, Miravo Healthcare,
Neurofront Therapeutics, Neurolief, Novartis, P Value Communications, Pain.
Insights, Inc., Palion Medical, Pfizer, Pulmatrix, Putnam Associates, Rehaler, SAI.
MedPartners, Satsuma, Scilex, Slingshot Insights, Spherix Global Insights,
Strategy.

Inc., Synapse Medical Communication, System Analytic, Taylor and Francis,
Tegus,Teva, Theranica, Trinity Partners, Unity HA, Vial, XOC.

Honoraria lecture fees, Continuing Medical Education (CME): American
Academy of.

Neurology, American Headache Society, Annenberg Center for Health
Sciences,

Catamount Medical Education, Diamond Headache Clinic, Forefront
Collaborative,

Haymarket Medical Education, HMP Global, Medical Education Speakers
Network,

Medical Learning Institute Peerview, Miller Medical Education, National
Association.

for Continuing Education, North American Center for CME, The Ohio State.
University, Physicians'Education Resource, PlatformQ Education, Primed,
Vindico.

Medical Education, WebMD/Medscape.

Honoraria lecture fees/Speaker Bureau: AbbVie, Eli Lilly, Pfizer, Scilex, Teva.
Research funding: Aeon, Abbvie, Eli Lilly, Lundbeck, Neurocrine, Neurolief,
Pfizer,

Suven, UCB.

Travel: AbbVie, American Headache Society, Diamond Headache Clinic, Eli Lilly,
Pfizer, Scilex.

Stock, stock options, patents, royalties, manuscript fees, subsidies,
endowments:

None.

Dr. Wang has no competing interests.

Dr. Mathews has received consulting fees for Lilly and Upsher Smith.

Dr. Burish was consultant for Puretech Health (in lieu of direct funding to Dr.
Burish, a donation was made to a local non-profit headache foundation that
funds Dr. Burish's research). He is an unpaid member of the medical advisory
board of Clusterbusters, and is a site investigator for a cluster headache clinical
trial funded by Lundbeck. He was paid for a video podcast from the American
Academy of Neurology.

Received: 15 December 2023 Accepted: 19 February 2024
Published online: 07 March 2024

References

1. Katsarava Z, Obermann M, Yoon MS, Dommes P, Kuznetsova J, Weimar C
et al (2007) Prevalence of cluster headache in a population-based sample
in Germany. Cephalalgia Int J Headache 27(9):1014-1019

2. Fischera M, Marziniak M, Gralow |, Evers S (2008) The incidence and
prevalence of cluster headache: a meta-analysis of population-based
studies. Cephalalgia. 28(6):614-618

3. Burish MJ, Pearson SM, Shapiro RE, Zhang W, Schor LI (2021) Cluster
headache is one of the most intensely painful human conditions: results
from the international cluster headache questionnaire. Headache J Head
Face Pain 61(1):117-124

4. Schoenen J, Snoer AH, Brandt RB, Fronczek R, Wei DY, Chung CS et al
(2022) Guidelines of the international headache Society for Controlled

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 6 of 7

Clinical Trials in cluster headache. Cephalalgia Int J Headache
42(14):1450-1466

Lipton RB, Micieli G, Russell D, Solomon S, Tfelt-Hansen P, Waldenlind

E (1995) Guidelines for controlled trials of drugs in cluster headache.
Cephalalgia Int J Headache 15(6):452-462

Pageler L, Katsarava Z, Lampl C, Straube A, Evers S, Diener HC et al (2011)
Frovatriptan for prophylactic treatment of cluster headache: lessons for
future trial design. Headache J Head Face Pain 51(1):129-134

Tronvik E, Wienecke T, Monstad |, Dahlef C, Bae MG, Tjensvoll AB

et al (2013) Randomised trial on episodic cluster headache with an
angiotensin Il receptor blocker. Cephalalgia. 33(12):1026-1034

Ford I, Norrie J (2016) Pragmatic trials. N Engl J Med 375(5):454-463
Dirkx THT, Haane DYP, Koehler PJ (2018) Oxygen treatment for cluster
headache attacks at different flow rates: a double-blind, randomized,
crossover study. J Headache Pain 19(1):94

. Dworkin RH, Evans SR, Mbowe O, McDermott MP (2020) Essential

statistical principles of clinical trials of pain treatments. Pain Rep
6(1):e863

. Lee JS (2000) Understanding equivalence trials (and why we should

care). Can J Emerg Med 2(3):194-196

. (2001) Points to consider on switching between superiority and non-

inferiority. Br J Clin Pharmacol 52(3):223-228

. Nilsson Remahl A, Laudon Meyer E, Cordonnier C, Goadsby P (2003)

Placebo response in cluster headache trials: a review. Cephalalgia.
23(7):504-510

. Leone M, D'’Amico D, Frediani F, Moschiano F, Grazzi L, Attanasio A et al

(2000) Verapamil in the prophylaxis of episodic cluster headache: a
double-blind study versus placebo. Neurology. 54(6):1382-1385

. Ambrosini A, Vandenheede M, Rossi P, Aloj F, Sauli E, Pierelli F et al

(2005) Suboccipital injection with a mixture of rapid- and long-acting
steroids in cluster headache: A double-blind placebo-controlled study.
Pain 118(1):92-96

. Leone M, D'’Amico D, Moschiano F, Fraschini F, Bussone G (1996)

Melatonin versus placebo in the prophylaxis of cluster headache: a
double-blind pilot study with parallel groups. Cephalalgia. 16(7):494-496

. Obermann M, Nagel S, Ose C, Sonuc N, Scherag A, Storch P et al

(2021) Safety and efficacy of prednisone versus placebo in short-term
prevention of episodic cluster headache: a multicentre, double-blind,
randomised controlled trial. Lancet Neurol 20(1):29-37

. GUIDANCE D (2010) Guidance for industry non-inferiority clinical trials.

Cent Biol Eval Res CBER 220

. Medrea |, Christie S, Tepper SJ, Thavorn K, Hutton B (2022) Effects

of acute and preventive therapies for episodic and chronic cluster
headache: a scoping review of the literature. Headache J Head Face Pain
62(3):329-362

Ekbom K, Monstad I, Prusinski A, Cole JA, Pilgrim AJ, Noronha D (1993)
Subcutaneous sumatriptan in the acute treatment of cluster headache: a
dose comparison study. The Sumatriptan cluster headache study group.
Acta Neurol Scand 88(1):63-69

Treatment of acute cluster headache with sumatriptan (1991) The
Sumatriptan cluster headache study group. N Engl J Med 325(5):322-326
Rapoport AM, Mathew NT, Silberstein SD, Dodick D, Tepper SJ, Sheftell
FD et al (2007) Zolmitriptan nasal spray in the acute treatment of cluster
headache: a double-blind study. Neurology 69(9):821-826

van Vliet JA, Bahra A, Martin V, Ramadan N, Aurora SK, Mathew NT et al
(2003) Intranasal sumatriptan in cluster headache: randomized placebo-
controlled double-blind study. Neurology 60(4):630-633

Cittadini E, May A, Straube A, Evers S, Bussone G, Goadsby PJ (2006)
Effectiveness of intranasal Zolmitriptan in acute cluster headache: a
randomized, placebo-controlled, double-blind crossover study. Arch
Neurol 63(11):1537

Petersen AS, Barloese MC, Lund NL, Jensen RH (2017) Oxygen therapy for
cluster headache. A mask comparison trial. A single-blinded, placebo-
controlled, crossover study. Cephalalgia Int. J Headache 37(3):214-224
Cohen AS, Burns B, Goadsby PJ (2009) High-flow oxygen for treatment of
cluster headache: a randomized trial. Jama. 302(22):2451-2457

Fogan L (1985) Treatment of cluster headache: a double-blind
comparison of oxygen v air inhalation. Arch Neurol 42(4):362-363
Robbins MS, Starling AJ, Pringsheim TM, Becker WJ, Schwedt TJ (2016)
Treatment of cluster headache: the American headache society
evidence-based guidelines. Headache. 56(7):1093-1106



Medrea et al. The Journal of Headache and Pain (2024) 25:32

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

May A, Evers S, Goadsby PJ, Leone M, Manzoni GC, Pascual J et al (2023)
European academy of neurology guidelines on the treatment of cluster
headache. Eur J Neurol 30(10):2955-2979

Goadsby PJ, Dodick DW, Leone M, Bardos JN, Oakes TM, Millen BA et al
(2019) Trial of galcanezumab in prevention of episodic cluster headache.
N Engl J Med 381(2):132-141

Saper JR, Klapper J, Mathew NT, Rapoport A, Phillips SB, Bernstein

JE (2002) Intranasal Civamide for the treatment of episodic cluster
headaches. Arch Neurol 59:5

Medrea I, Christie S, Tepper SJ, Thavorn K, Hutton B (2022) Network meta-
analysis of therapies for cluster headache: effects of acute therapies for
episodic and chronic cluster. Headache J Head Face Pain 62(4):482-511
Dodick DW, Goadsby PJ, Lucas C, Jensen R, Bardos JN, Martinez JM et al
(2020) Phase 3 randomized, placebo-controlled study of galcanezumab
in patients with chronic cluster headache: results from 3-month double-
blind treatment. Cephalalgia. 40(9):935-948

Sealed Envelope Ltd. 2012. Power calculator for continuous outcome
non-inferiority trial. [Online] Available from: https://www.sealedenvelope.
com/power/continuous-noninferior/ [Accessed Wed 07 June 2023]

Fda, Cder, buckmans (2016) Non-Inferiority Clinical Trials to Establish
Effectiveness Guidance for Industry. http://www.fda.gov/Drugs/Guida
nceComplianceRegulatorylinformation/Guidances/default.htm and/ or
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRe
gulatorylnformation/Guidances/default.

Flight L, Julious SA (2016) Practical guide to sample size calculations: non-
inferiority and equivalence trials. Pharm Stat 15(1):80-89

Leroux E, Valade D, Taifas |, Vicaut E, Chagnon M, Roos C et al (2011)
Suboccipital steroid injections for transitional treatment of patients with
more than two cluster headache attacks per day: a randomised, double-
blind, placebo-controlled trial. Lancet Neurol 10(10):891-897

Bussone G, Leone M, Peccarisi C, Micieli G, Granella F, Magri M et al (1990)
Double blind comparison of lithium and verapamil in cluster headache
prophylaxis. Headache 30(7):411-417

Evers S, Afra J, Frese A, Goadsby PJ, Linde M, May A et al (2010) Cluster
headache and other trigemino-autonomic cephalgias. Eur Handb Neurol
Manag 1:179-190

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7


https://www.sealedenvelope.com/power/continuous-noninferior/
https://www.sealedenvelope.com/power/continuous-noninferior/
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default

	Commentary on 2022 guidelines on clinical trial design in cluster headache and further suggestions
	Abstract 
	Background 
	Main body 
	Conclusions 

	Background
	The use of placebo versus active comparators
	Preventive treatments - proposal for a non-inferiority trial design
	Considerations for a baseline period
	A 1–2 week prospective baseline period versus a 3 day retrospective baseline period

	Primary endpoints
	Acute trials: headache freedom at 15 minutes versus headache freedom at 30 minutes
	Preventive trials: weekly attack frequency versus different endpoints for placebo and active comparator studies


	Conclusions
	Acknowledgements
	References


