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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.

Abbreviations: CCH, chronic cluster headache; CGRP, calcitonin gene-related peptide; CH, cluster headache; ECH, episodic cluster headache; IHS, International Headache Society;
PACAP38, pituitary adenylate cyclase-activating peptide; RCT, randomized controlled trial; VIP, vasoactive intestinal peptide.
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INTRODUCTION

The 1-year cluster headache (CH) prevalence (53 per 100,000)! is
similar to other major disabling neurological disorders, such as mul-
tiple sclerosis (21 per 100,000)? 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.®*° A circannual periodicity is delineated by
periods of remission® ranging from 3 months up to a period of years
(Figure 1).1212 Chronic cluster headache (CCH) is characterized by
active cluster cycles lasting anywhere between 1 and 10 yearss'11
with brief (<3 months) or no remission periods (Figure 1).}* While pa-
tients with CCH may not experience remissions, they may report a
circannual pattern of lessening and worsening of attack frequency.®
Cluster headache has a substantial impact on quality of life with high
levels of associated disability and frequent suicidal ideation.t3-2!
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 PACAP38%° 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.?? 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.?? 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 lithium?%?7 (efficacious in CCH but not ECH) and galcane-
zumab?®2? (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).SO'31 However, some
CH treatments, particularly acute treatments such as subcutane-
ous and intranasal triptans and oxygen are efficacious in both ECH
and CCH,3%7%¢ although some studies have reported differences in

the magnitude of response.323335

Treatments to interrupt cluster periods or reduce the frequency
of attacks (i.e., preventive treatment) are generally based on recom-
mendations from treatment guidelines.3”%® However, these guide-
lines are based on a small number of randomized controlled trials
(RCTs) supplemented with data from uncontrolled trials.3”%8 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.®” 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.%°
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.*

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 European®? and/or US clinical trial registries*3;
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,

A Cluster Cluster
( ) Period Remission Period Remission
ECH
7 days to >3 months 7 days to >3 months
1year 1year
(B) Cluster
Cluster Period Remission  period
-
<3 months
>1 year

FIGURE 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



HEADACHE

455

TABLE 1 Summary of trial design recommendations in the International Headache Society guidelines for controlled trials of preventive®

drugs in cluster headache*®

Category Recommendations
Patient selection e Diagnosis for enrollment should be made with strict adherence to the current IHS criteria
e Patients with other headache types can be included if they can differentiate cluster headaches from other headaches
e 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 e Trials should use a double-blind design
Placebo control e Placebo is recommended for comparative efficacy trials of a new drug
o This helps control for spontaneous remission, assumed to occur at similar rates for both placebo and active drug
Crossover versus e Parallel design recommended
parallel e Crossover designs have several drawbacks
o Loss of blinding
o High discontinuation rates due to headache recurrence during washout period
o Prolonged study due to washout periods
o Increased risk of spontaneous remission
Stratification e Consideration should be given to stratifying patients by sex and CH type
e For ECH, patients should be stratified by how long they have been in the current cluster period prior to randomization
o Intended to avoid differences in cluster period duration between patients
o Intended to create groups with similar rates of spontaneous remission
Randomization e Rolling randomization, occurring in small blocks
o To control for extended recruitment periods
o To control for limited frequency of active cluster periods in ECH
e Treatment order should be counterbalanced
Duration of e Treatment duration in prophylaxis trials should be at least 2 weeks and should account for time to optimize the dose and
treatment the expected time for observable treatment effects to occur
periods e 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 e Dosage in phase 3 studies should be based on efficacy and safety; ideally, derived from dose-finding studies
e In absence of pharmacological background for efficacy, dosage should be determined by balancing efficacy and safety
Symptomatic e |n absence of a contraindication or interaction, patients should use usual treatment for acute attacks
treatment e Types of acute therapy should be constant for each patient
during
prophylaxis
trials
Control visits e At minimum, patients should be seen monthly
Evaluation of e Simple attack report forms to record data relevant to the main objectives of the trial should be used
results e Number of attacks should be recorded daily

e Autonomic symptoms should be recorded at times of primary interest
e Number of attacks that required acute treatment per week should be recorded
o A global evaluation of therapy should be used to indicate patient satisfaction with the treatment (e.g., poor, moderate,

good, excellent)

e Primary efficacy criterion should be frequency of attacks per week

Abbreviations: CH, cluster headache; ECH, episodic cluster headache; IHS, International Headache Society.

*These highlights are specific to recommendations relevant to preventive treatment trials and do not include acute treatment trials.

controlled prevention trials for ECH and/or CCH were identified
with manual review (Table 2). In the US clinical trial registry,*® 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

43 of

to the European®? and/or United States clinical trial registries
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



HEADACHE

456

ON

ON

SaA

SOA

dN

ON

AN

SOA

ON

dN

AN

W
jutodpua
Atewnd

HO3

HO3

HO3

HO3

HD2D

HD2D

H2D/HD23

H2D/HO3

HD2D
Aloyoeuoy

HO3

HO3

adAiqns

691

(017

60T

81T

(01

»LEC

09

ey

ct

09

juaWijoIud
1en3oy

0o¢

9

425

14a4%

dN

142"

00T

144

AN

(01

09

juaW(joIud
pauueld

(£)
9AI1329dsoud

SUON

(sT-01T)
9AI}03dsold

(€)
9AI1309ds0.19Y

(82)
dAI329dsoud

(£T-¥T) @A130adsoud
PaqLI2SaP 10U ING ‘SIA

(€)
EVVBETe NINEN|

(£)

9AI329dsoud

AN

N

(sAep) suijaseg

oqgade|d
gewnzauewaJq

ogade|d
queHesapued

oqgade|d
gewnzauedjeo

ogade|d
auos|uUpald :uo-ppe |iwedesap

dVvdD weys
dvdD

ogaoeld
gewnzauedjes

oqgaoe|d
wnpady

ogaoe|d
|0ZeAI}310D) :uo-ppe [jwedetdp

J3A0SS04D
(440/u0) uoneNWIys uleiq daaQg

ogade|d
aplweAl)

ogaoeld
aplWeAD

suwie juswjeald|

Anny
pajelisuowap
SsisAjeue WAl e

pajeuiwsad] e

siedh g
19}je pajjey
JUBWIINIIRY e
pals|dwo) e
sieah ¢
133je pajjey
JUSWINIODY e
pajo|dwo) e

SIedA G

13}je pajey
JUBWIINIODY e
pais|dwo) e

pals|dwo) e

pals|dwo) e

paio|dwo) e

paio|dwo) e

pajo|dwo) e

pals|dwo) e

pals|dwo) e

snyess

9¥0S¥6C0LON
C¢v-8/£¢€00-910¢ 1O®4pn3

S|b1} papUIWIA L

610 AeN-£TOT Adenuer e

yETOT “[B 39 3j1AU0. L
/85¥8TO0LON

600¢ 12qWa333d-500¢ Y21elN o 6E-LELC00-700C LOBIPNT

(2610T "Ie 33 Aqspeoo
€L¥/6£T01DN

810C duUn(-STOZ ABIN e ZZ-6¥T000-STOC LOBIpn3

<, 7 C0T “[B 39 uuewWIaqO
8T0C Adenuer-gTog |MdY e €1-02900-TTOZ LDeIpn3

JUaWINID21 Pa3IDY YIM S|DLI} pa3ajdwioD)

6102 1sN3ny-8T0Z Adenuer e €99L6EE0LON

42020Z B 32 3p1poq
9288E¥Z0LON

610Z IsN3Ny-GTOZ duUnr e 1T-6ZHS00-710C LDeIpNn3

0Z0Z 1990120-£T0Z 12qwa2aQ e 8Z80TEZOLON
. TTOZ e 319 Xxnoua

6002 42403120-8007 Joquiada e §68708001ON
0c0TOT “[e 12 utejuoy

8007 Y21eIN-500Z ABIN o S£629900LON

00z Alenuer-go0z 1snsny e 2806900010N
£002 AINf-Z00Z Asenuer o 6£8E€000LON

s|pLi3 pajajdwo)

aulpwi) Jaquinu A13siSay

ayoepeay Ja1sn|d JO Jusw}eal) aAI3UIARId By} J0J S[eL} [BDIUl]D Pa]|0Jju0d-0qade|d ‘paziwiopuel ‘palalsiSal Joisi7T z 379dV.L



457

HEADACHE

(senuiuo)d)

V/N

V/N

V/N

V/N

V/N

V/N

V/N

ON

ON

AN

ON

W
julodpua
Atewnd

HD2D

HO3

HD2D

AJojoeljoy

HO3

H22/H23

H22/H23

H22/H23

HO3

HO3

H22/H23

HD2D
adAigqns

V/N

V/N

V/N

V/N

V/N

V/N

V/N

17

AN

6S¢

juaWjjoIud
|enoy

06

70€

(47"

08

(01

4

8Y

(01

08

09

0o¢

juaWjjoIud
pauueld

(2)
9AI1329dsoud

(g) @A1n0adsoud

paqII2Sap 30U INq ‘SSA

(€)

9AI1309ds0.19Y

paqII2Sap 30U INg ‘SSA

paqII2Sap 30U INq ‘SSA

AN

(£)
9AI1329dsoud

(L)
9AI309dsoud

paqI2Sap J0U ‘SIA

(S399M H=)
9AI329dsoud

(sAep) suijaseg

ogade|d
3)e4|ns winisause|n + auljwe}a)|

oqa2e|d ‘qewnzauid]
ogade|d
uol|3ued suijejedouayds
0] Y 9dA] uIxo) wnuinjog
ogaoe|d
auojosiupaJdjAyian
NOS
J9A0SS01D)
ogade|d
asi
J9A0SS01D)
ogade|d
uigAdojisd
oqgade|d
uejJesiw|a] :uo-ppe [jwedesdap

ogade|d
|lwedesan-y

ogadeld
uejdiijenot

ogadeld
91ewedido]

oqgade|d
gewnzauewaJ

suie juswjeal|

SuiINIOayY e

3UIlNJIO9Y e

3U1HNIO9Y e

3U1}NIO9Y e

3U1}NJIO9Y e

3U1}NIO9Y e

3U1}NIO9Y e

JusWNIDA
1004 ©
pajeuiwsa] e

SUOI3e|OIA
|020301d ©
JusWINJIOA
MO|S ©
Ajaea
pajeulwial e

umoujun
uoseay o
pajeulwsa] e
Anpny
pajelisuowap
sisAjeue WdlU| e
pajeulwsa] e

snyess

-120Z |Udy o

-0Z0zZ Joqwiadag e

-6T0C JoqWanoN e

-610Z 3sN3NY

-6T0¢ Adenuer o

-9T0Z JoqWBIAON e

-110C 19903120

8T0T Y2IeN-ET0Z J9qWSNON o

£00Z $9qw329Q-900Z I8Ny

900Z 2unf-£00z 19qwa1das e

8T0Z AINf-£T0Z Adenuer o

aujpwi

T8E¥TI8Y0LON
S§//889¥01ON
£LE-696100-0¢0¢ LOelpng

9/8¥¥6E€0LON
T¢-8¥1€00-810¢ 1O®4pNn3

7E€9¥T00LON
£L1-¥¢¢¢00-810¢ 1O®Ipn3

8CTT8/E0LON

€/TT186C01ON

T¥-€15€00-TT0C LO®BIpN3
s|pL13 BujoSuQ

GST60CCOLON
¢9-6¢,£00-CT0C LDOelpng

o, 1T0T “|e 19 J3|98ed
9€-666700-700¢ 1DeIpn3

06T€0C00LON

8EEV96C0LON
1¢-T£1€00-9T0¢ 1oe4pn3

Jaquinu A13siSay

(penunuod) z 374VL



HEADACHE

458

*9zIs o|dwes U] 9seaJdUl Ue Ul Pa}|NSa. UOIjew(3Sa-aJ azis a|dwes widjul pauue|d,

‘|133X3]10 UBIBSIPUEBD),

‘0002 ‘6 Alenuga4 uo a|qejieAe Apiignd apew Sem UOISIDA 1Sl 9y} pue ‘AoZ s|eLijediuld

padojaAap auIIPaIA JO Adelqi [BUOIFEN Y3[ESH JO SDIN}ISU| [eUOljeN SY3 ‘SI9Y30 pue uoljelisiuiupy SniQg pue poo4 ay3 wouj Indul YHAA A0S S|eL] [BDIUID 00T ABIA T 19148 Pa3IE}S UDIYM BAIY DIWIOUO0DT
ueadoun3g ayj} 4o ‘N3 dY3 Ul PA3INPUOD SBUIDIPAW UO S[eL] [eI1UI[D [EUOIIUSAIDIUI UO UOIIRWIOJUI SUBIUOD J33SISaY S[el] [ed1ul]D NF 3YL ‘1 DeIpNT :S[el] [ed1ul]d Pajjo4juod ‘paziWopuel Joj syul| 334N0S,

V/N

HO3

V/N  HJD/HO3

V/N  HDD/HD3

V/N

V/N

W
julodpua
Atewnd

HD2D

HD2D
adAigqns

V/N

V/N

V/N

V/N

V/N

juaWjjoIud
|enoy

08T

oce

09

(017

8TT

juaWjjoIud
pauueld

(€)

aAI309adsoud

(2)

9AI329dsoud

(YN) ‘©Aadsoud

(yauow 1)
9AI302dso.d

(0T-£)
9AI}D39dsold

(sAep) suijaseg

ogade|d
SpIWeAl)
ogade|d

Q UlwejiA
ogade|d
91eqAX0 wnipos

ogade|d
(SNO)

uolje|nwiis aAsau [endindQ
(SN31) uonenwiys

9AJ9U |BJ1J}O39|9 snoauejndsued |

oqgade|d

qewnuaJs3y

suie juswjeal|

aund Ajjeanndo Y ‘pajiodau jou ‘YN :9|gediidde jou ‘y/N oplwejAylaip
pIoe 21349sA| ‘Qs ‘opex20]|q aAJau e3didd0 1eald ‘NQOD ‘uolun ueadoand ‘N3 dydepesy Ja1sn|d 21posida ‘HDF 2anssald Aemule SA131SOd SNONUITUOD ‘dVdD dydepesay J91sn|d d1uoiyd ‘HID :Suolleinaiqqy

3uinJoal
19A10N e

3uiinioau
19A10N e

umoudun e

Sui3inioau
19AION e

SuiINIOay e

snyess

£20¢ 19qWaA0ON
Suipnioa1 ui3aq 03 pajewysy e 87STYETOLON
1202 Aey
Suiinioal uigaq 03 pajewysy e S/¥0LS¥0LDN
-GT0T Jaqwadag e 8%79/£9Z0LDN
umouun 4o uiinisal JoN
-Tz0z isnsny e 09%€Z0S0LON

GG€0L6V0LON
-120Z Udy o 9T-66£%700-020C LDOeIpn3

ENTETTNE Jaquinu A13siSay

(penunuod) z 374VL


http://ClinicalTrials.gov
http://clinicaltrials.gov

459

HEADACHE

(senunnuo))
(82 AeQ 1€ 9-1|H 1d20x3) sainseawl
3J1| Jo Ajjenb Jo swoldwAs s1wouolne ug
S92USIDHJIP JUSWIIEDII-USIM]S] JUBDYIUSIS ON e
uoljenualie 0} pajngliuod
aAey Aew uolssiwal snoaueuods o

Adediy)o |lwedesan Ajisuajui uted uesiy e
03 panglije Ajltewrid uoijenusyyy o (SAV ‘9-1IH
Wi} J9AO pajenualie Z1-4S) 94| Jo Ajijenb uo 1oedw| e dn-mo||o) Aep-TT + sAep /T :uoijeanq e
92U3J9JJIp INQ ‘panuiuod Juswaroldw| o swojdwAs siwouolne [eulwadil] e Aep
/ Aep 1e dnou3 ogade|d snsian (s32e11€ Ajlep Jo uaquinu ul /3w 09¢ 01 dn pajes}y usayj ‘shep ¢
suosiupaud ul 19339 Ajpuedijiudis Ajisuajul uol3dNpal %0G<) 914 Jspuodsay e X dlL/8w Ot 1e pajenjiul [jwedessp e
uled ‘asn uoljedipaw aynode ‘Asusnbauy 9Xejul uolledipaw a1nNdy e (3IB) © paJade) uayy ‘sAep g £1-%02900-1102
oejle 01 paje|al syulodpus Alepuodas e uolessad aposidy e Juswieal] JO 3aam X Aep/3w QQT 1e pajeljiul auosiupald e 1Deipn3
S$313|N21441P JUSWINIDBI 0} SNP paydeal azIs S)oB31e YHM SABD JO JquINN e 1541J UIY}IM Syoejje (9G) 0gade|d + |lwedesap e «120C
S|dwes pauue|d 510J3q pajjey JUswinIISY e S)oejle Jo JISquINN e JO Jaquinu ues|y e (€) @aAnDadsoslay e (£G) auosiupald + [lwedessp e “le 39 uuewsaqQ

91kl Jopuodsay e

ejep ayj JoJ 193 9jendosdde ayy oq jou swoldwAs djwouoiny e
03 pa3sa33ns poyjaw |ediysiiels oud eay] e X9pul A}I9ASS dydepeaH e
A3 Nd141p JUBWIHNIDDI [9A3] Ayljigesiq e
03} 9Np SJedA G Ja1je paddols JUsWNIDDY e asn soIsagdjeuy e dn-moj|o}
ua8Axo pue uejyduzewns UOI30B4SIIeS JUDWIEdI| e (3dW oN) © N29M-T + SH2aMm ¢ :uoljeing e /8S¥8TO0LDN
SN0OaUE}INIgNS 0} Pa}iwli] SUOIJRIIPAW INJY e asn ueldlijewns 4o UaSAXQ e T 329m 03 pasedwod Quljaseq-opnasd, (€T) 0ga2Eld * 4E-/E£/200-700T
uoISSIWa4 snoauejuods JO XSi4 dZiwiujw 0} uoljeinp oely e € 329M ul Aduanbauy paJapisuod (6T) SX99Mm pug pue pug 1DeJpn3
1dwajje ul pa1d9as SeM aUI|9Seq-0pNasd e HD Y}m sunoy pue shkeq e oepe ulasueyd e JUSWIEDI} T HIIM o SW ZE HPIMIST SW 9T UelIesapueD) e o 6TOZ “|B 19 YlAuod]
JuUaWIINIIAI paljey Yum sjery paiajdwo)
(3uawieauy-3sod
SAep / 3SJ1} Ul @2UaJa}}Ip
(sa1pnis sasn Adesayl aAllIoqQy e JuedIJIUSIS B 10933p pIp
94n31nJ J0J aujjdseq aAldadsouad asn 03 ue|d swoldwAs ‘porsad juswieasy-ysod poliad juswieasy
Aay3 a3e1s sioyine) auljased aA1109ds0119y e  PaIBIDOSSE JO 9DUSCE/30UsSald e 9.117U3 JSAO0 13W JON]) e -3sod Aep-Qg + sAep / :uoijeinq e
pajliwiad Jou SjuUBWIeaL] dAIJUSARID JBYIOD e Ajisuajul uied ueajy e polsad jusawieasy-}sod (0T) 0godE|d *©
9zIs a|dwes |jews e Aduanbauy 3J13uUa ssoude Aduanbauy (8T)
Apnisio|id e ayoepeay ul asueyd ApjoapN e HD Apjeamui g4D e (€) @ADadsou1ay e (ja3sou Jad 81 gz) 8r oG aplweAl) e 1»C00C “[e 10 Jades
(3BN) ©
aujjaseq
97153297 e yym pasedwod g pue
91ed asuodsal %06 e T $>9am ul Aduanbauy sAep {7 :uoljeanq(g1) 0gase|d e
sAep/sjuade aAI3J0(e JO JaqUINN e 3B} Ul UOIIONPIY e (G) @A130adsold e (ST) Aep/38w 09¢ |lwedelap e +,000T “|e 32 2u0a7]
s|el} paja|dwo)
S|y HO3
(s1geaijdde auaym) juiodpus Asewrd S$9W0231n0 Adedly)d Alepuodas (32w JI0N/I3N)  (pa3edIpUl 3SIMIBYI0 uoljeJnp juswieau) pue (N) Juswieal) Apms
3uIssiw 10y 10 UoIjeulW.Id) 10} SUOSEDY julodpua Adediyys Adewlld  ssajun sAep) suljaseg

s3InsaJ ,paysiignd sjel3 [ed1ul]d pajjo4auod-ogade|d ‘paziwopuey € 371gV.L



HEADACHE

460

pajaudialul S3INsa4 ON e
pajjoJus jualjed T AluQ e

suolje|oIA |02030.d Jofeln e

JUSWIINIOSI MO|S e

(paljoJua 08 Jo TT) AMjiqiseaju] e
uswiealy

91Nndek Jo sasse|d a|di}nw JO 9sn papn|axy e

(syuow ¢T J91Je) AlIes pajeulwis] e

9[qIssod Jou uolel}i] 9sop Wniyylg e

asuodsal ogade|d pajdadxa ueyy Jajeals) e
papn|axa

9sn uejdiewns Yim juswiesi) 91ndy e
(er123140

AJJua 9AIIDLIISAU) JUBWIINIODL JNDIHIQ e

AJ1|1Iny 031 aNp Ajies pajeulws] e

8ujuaauds
Sulnp pouad 4a3sn|d aA13oe Suliajud
sjualjed Jo Jaquinu pajdadxa ueyy JOMoT e
payoeal azis
a|dwes pauue|d 21042q pajjey JUBWINIIDY e

(s1geaijdde auaym) juiodpus Asewrd
Suissiw 104 10 UOIJRUIWID) J0) SUOSEDY

siopuodsal Jo JsquinN e
9102s Ajljiqesip 9-1|H ul 98ueyD e
Xapul
AJ1I9ASS aydepesy ul s3uey) e
Ajliqeydadde Juswijealy Jusijed e
sjuade aAlI0qe
Jo uondwnsuod ul a3uey) e
uoljeanp yoejje uragduey) e
Ajisuajui yoejje ur agueyd) e
PEET
15414 3uninp s)oejje Jo Aduanbauy
Ajlep a8euane uj auey) e

uol1oe)siles Juswiieal] e
(9€-4S) aJi| Jo AjienD o
juswiieal) 3nJp [euollppy e
Aduanbauy asn uaBAXQ e
2ouasqe
/2ouasald swoldwAs dlwouolny e
uoljeanp yoejje |ejo] e
Ajsuajui uied ueajy e
pouiad dn-moj|o) Y2am-T
pUB ‘Z 499M ‘T 399M Ul 399M
J19d Aduanbauy yoejje uesin e

(@aMm T ul 4331324 A||el3uEISgNns
se pajJodal) UoIIedIpOW OB}y e

€ 329M e Aduanbauy
3oe33e Ul uo13dNPal %0G6<
yym sjuaijed jo a8ejuadIad e

S$9W0231n0 Adedly)e Alepuodas

(32w I0N) ©

juswiealy

JO $>99M ¢ 151 Suunp
syoejje Jo Aouanbauy
Ajiep a8euane uj aduey)d

(32w I0N) ©

pouad

Juswieal] Yaam-g
3unnp Aduanbauy yoejje
ueauw ul uol3dnNpay

(31dW I0N) o©

X99M 311§ 3y}

Ul pasead syoejje asoym
sjuaijed Jo Juadiad

(W) ©

€1

$>99M ssodde Aduanbauy
yoeie Apjaam ul

g4D ueaw ||eJanO

(39w 30N/ )

jutodpua Adediye Alewlid

(£)®@A3dadsold e

(£-¥) @A1noadsoud e

(paulyap J0u Y33ua))
9A1309dS0419Y e

(ST-0T) @A130adsold e

(pa3e21pUl 3sIMIaY10
ssajun sAep) auljaseg

GGT60CCO0LON

¢9-62LE£00-CT0C
1DeJpn3i

salJ43s18al

|ely |esiuld uo
payslignd Ajuo s3nsay

S}99M g :uoneing e
ogadeld e
[lwedeson-y e

9€-666700-700C
1Deapn3
5, 1T0T "€ 33 J3|a8ed

dn-moj||o) Aep-/ + sAep T :uoijeanq e

(9) ogadeld e
(G) 8w g ueydipenolq e

sAep / :uoneing e
(T) 0qade|d o
(€7) 3w 008

91eUO0q.IED WNIY}| 3SBD[2U-MOIS & /66T “[€ 32 J2UIRIS

s|el3 pajeujwia]

€LY/6ETOLDN
shep 9g :uoizeang e  zZ-6#T000-STOT
(£G) 0qadeld e 1oelpn3

(6v) 8w 00E qewnzauesen e 4TOT “[e 39 AqspeoD

uoljelnp Jusawleal) pue (N) Juswieas Apmis

(penuRUOD) € 374VL



461

HEADACHE

(sanunuo))

sjuaned Jo %0G< ul Adediyse
w.93-3uo| 3s933ns s3uipuly aseyd uadQ e
siojoweded [ewiydo-uou 3uisn
pa3onpuod Ajgissod aseyd paziwopuey e
1J0ys
00} A|qissod poliad uoije|nwils aAldY e
9z1s s|dwies |lews e
paywaad
SjusWeal) SAIjUSASLd U930 JO 3SN e

HDD Ul PSA|OAUI 30U SEM UOI3DE
JO Wisjueydaw pajasiel papnjdouod sioyny e
U335 }294J3 |03s04dOS|W ON e
JU3W3eaJ} 03 SnOdUBNWIS
pajywJiad a1om jusaw|joaud 03 Jolid Supjey
9J9M sjualjed Sjuswieas) dAIUSASId JIBY}O e
papiwiad
Adesayj oijewojdwAs a3nde Jo sadAy ||y e

S EEIE
1e Aduanbauy yoejje Apj@am uj a8ueyd jo
sisAjeue 2oy-3sod e uo paseq dnoi3 asop
y31y ui Adediyo panaosdwi Jo uoysad3ng e
polad puljg-sjgnop
y3noJy3 asop 3|qe}s uo paulews.
/39SU0 Apnis Je 9sop 9|gejs uo j| o
pajwJiad
S9AIJUSASId JUBHWODUOD Jaylo Z 03 dN e
AJ1|13nJ 0} SNp pajeulwlal Apnis e

(s1geaijdde auaym) juiodpus Atewrd
Sulssiw 10J 10 UOIJRUIWID) JO) SUOSEDY

(9-LIH) 3411 4o Axijenb uo 1oedw
HD Jo snjels

Joineyaq
pue ‘sa|2A2 axem-daals ‘opiql|
‘a313adde ‘1s41y3 ul sadueyd
$3402S ZT-4S

$24025-qns AVH

uo|3oeysiles jualjed

Ajisusqul oeny

399M }se| Sulnp uoljesjsiuiwpe
ueldijewns snosauendgng

juaijed jo uoissaidwi [eqo|D
s32e11e pajeaJjun Jo uoljeing

uted ul Juswanosdwi paAladIad
y3im sjusijed Jo ssquinn

9sn ua8Axo Jo 30849 ‘sueidl] o
uoljesipaw

syoepeay ajnoe d1y10ads
-191SN|2 YHM SAep Jo Jsquinu
o3eJane APjoam ul g4 uesin
syoeye

JO Jaquinu Apaam ul g4 uesiy
syoeye

JO Jaquinu a3eJane Apjaam ul
dU1|9SBQ WO UOIFINPAI %062
yim sjuaijed Jo a3ejusdiad

S$9W0231n0 Adedly)e Alepuodas

(W) ©

SHIIM §=
3uiise| uoissiwal
10 92Ud4IN220

(3w joN) o©
polad Juswjeasy yoea
30 X2aMm )se| 3y} Suunp

S32B33E JO JqUINN

(33w 10N) ©
pouad

}9am-g yoes 3uunp
syoe11e Jo JaquinN

(3w jo0N) ©

SHoaM

15414 Sunnp syoejje
J0 Jaquinu a8eJane

APfoam ur g4D uesjn e

(33w 3O0N/IBN)
jutodpua Adediye Alewlid

(3noysem xaam-g) polsad Juswiealy
Uoea 404 SHI9M-ZT :uolzednq

|e303 sjuaijed ¢ :uSISap 19A0SS0ID)
ogaoe|d

3w g ulejiepn

auljaseq

N99M-1 ‘Jnoysem

NoaM-Z(SHo9M 9)
9AI3D9dsold e

pouad juswieasy

4oes Joj yjuow-T :uoneing
sjualjed |e3o0} T :u3ISap JI9A0SSOLD)
uolze[nwiis weys

uole|nwils

ulelq dasp oiwejeyjodAy |esalejiun

(1eem 1)
9AI}09dsold e

poliad

JUSWIBaI] YIBD U0J SY29M Z :uoljeing
sjuaijed |e303 g :uSISap J9A0SS0ID)
ogaose|d

81 009 |03sosdosiy

($99M 2)
9AI309dsold e

S)9aM {7 :uoleing
(65) 0g32eld

(G5) asop mo1 °q
(GG)@sop ysiH e

(£) @A130adsoud e gewnzauewaJq

(pa3e21pUl 3sImIaYylo
ssajun sAep) auljaseg

uoljeinp Jusawieal) pue (N) Juswieas

1<TTOT ‘INS WijeH

§£6299001ON
0c0TOZ “[€ 32 dulejuoy

8661 “|B 13 SIan3
s|ew} pajsjdwo)

s|pli3 HOD

9¥0S¥6C0LON

¢-8/£2€00-910¢
12oelpn3

salJ43s18al

|eldy jeatur)d uo
payslignd Ajuo s3nsay

Apms

(ponupuod) € 319vL



HEADACHE

462

(19w I0N) ©
uondwnsuod
oIso3|eue Ajlep Ued|n e

(#BIN) ©
Adusnbauy sAep {1 :uoijeanq e
3oejje Ajlep uesw ul (OT) 0gade|d
9jeJ dsuodsay e 93ueyd dnou3-ulyipn e (£)@A13dadsoud e (OT) 3w QT UlUOIEIDIN e pc966T €19 3u0a7
poliad
juswieal) 3ulnp AJII9ASS (19w I0N) ©
pouiad jusawiea) J}oeypyauldseq ul sAep 1 |euly Aduanbauy
Aep-/ 1an0 ueldLijewns |eJo Jo |eAajul 0} paJjedwod YoM Juswiealy 3oejie ul suljsseq (62) 0qa2e|d *©
pue 3sop azi[enplAlpul 01 9|qIssod JON e JO SAep { |euly Ul UOIIONPaAL %0G e woJj uononpai %0G e (£) @A11dadsoud e (68) 8w OOT ueldLjeWNS o GAAT “|2 19 PEISUON
sjels3 pajsjdwo)
SID13 (HDD ? HO3) PXIN
aul|aseq wouJy uted pajeldosse
-HD ul JusawaAoidwi palsdIad
y3m sjuedidijied Jo JaquinN e
HDD
1e3J3 03 pasn sem ua8AXo sAep
93eJaAR APj9aM Ul §4D UBS|A e
spunodwod 30319 Jo sueidiy
JO 9sn Yum sAep agesane
A]Yo3M [[B49A0 Ul §4D UBSIN © S}99Mm g :uoneing e 8EEV96C0LON
39w 3q o3 Ajijun juiodpus S32E33e Jo Jaqunu (78) 0gadeld o TZ-TLTE00-9T0C
Asewlid pajeanal Juawssasse AJljIing e 98eJaAe Ajyjuow ul g4 UBS|A e (£8) 1DeJpn3
Apnis 1noy3nouyy syoejje (13w I0N) © 8W G22/S2Z/006 ‘qewnzauewsaly e sallsi3au
pue Jo 1Je1s Je 9sop 3|qe1s uo Ji pajjiwad Alyuow ul uoi3dNpaL %0G< 2T >29Mm 0} dn syoejje SHo9M Pz (88) |ely |eatul)d uo
suoljedIpaw aAIUSASLd Jsyjo z 03 dn e yHMm sjuaijed Jo 93eJUDISd e  JO JSqUINU Ul 4D UBSIN e 9A1109dsoud e 3W G7z/S2T/S.9 ‘qewnzauewald e paysiignd Ajuo synsay

s|el} pajeulwia]
s3|nsaJ a|gediddde oN
juaw3linidal pajjey yym sjeuy paysjdwo)

109} ue 995 03 ysnoua
3uo| usaq aAey jou Aew yj3us| Apnis e

HD3 01 paJedwod HDD Ul 9A1123)49 asuodsal pauleisns
Se 9 J0U ABW UOIJOE JO WISIUBYDDIN e e yum sjuaijed Jo a8ejuadiad e
potad puiiq Aduanbaly (3w IoN) o 9288E7Z0LON
-3|qnop Yy3no.ay3 Juswieal] uo paulewal >oe13e Apjaam ul auljaseq Z1-T SYoam S¥9aM gT :uoneding e  TT-62#S00-+#10C
pue Apnis 01 Jolid syjuow g 9sop a|qels WwoJ} uoldnNpal %0G< Yum ssoJoe Aduanbauy yoene (0ZT) 0ga2€|d *© 1Deapn3
J1 pa13iwiad saninuanaid Jayjo 9 o3 dn e sjuaijed jo aSejuadiad ues|y e Apjoam ul g4D ues|n e (/T-#T) 9A130adsold e (£17) 8w 0O€ qewnzauedjes e .0ZOT “[€ 33 2Ipod
(a1qea1dde auaym) Juiodpus Atewrd S3W023n0 Aded1y)a Alepuodag (19w JION/I9N)  (pa3edIpUl 9SIMISYI0  UOljeINp JudWIeal] pue (N) Juswiead) Apmis
3uIssiw 10y 10 UOIjeUIWL.ID) 10) SUOSEDY julodpua Adediyye Adewlld  ssajun sAep) suljaseg

(penunuoDd) € 3749VL



463

HEADACHE

*9]ge3} 9A0E 33 Ul Pa)sI| OS|e aJe S}INSaJ 9SO ‘A0S"S|elJ}[BDIUl|D JO | DBIPNT UO PUNOY 3Jam S} nsal paysiignd ng ‘|eudnol djwapede ue ul paysijgnd J0uU 919M $3|NSal J| "dW03N0

Adediyte Alewnid e se Juswieal aAljUSAa4d SS9SSE 10U PIp 18yl ApN1s Aue Jo ‘s|el] paj|0Jluod paziwopuel anJ} JouU 34aMm Jo [9ge| uado atam eyl (HDD 410 HD3J) aydepesay 191sNn|d 10J J0U 2J9M Jey] salpnis Aue
paAowal am ‘uolzedljgnd ay3 wuijuod o3 suoliedljgnd $TT ||B JO MIIAL |eNuBW 1334y ‘suoliedljgnd |elpuajod 4, TT ul pa3nsad siy] “(pullg a|gnop ANV Maiaal | ON ([uolzedlignd - 91ed],000¢, [uonedlgnd -
a1ed] ,T0/T0/086T,) ANV (Yoepeay 421sn|D) eSO Y2Jeas ay3 papn|oul am ‘seqelep pajNqnd sy Suisn "AoSs|eli3ediul|d 1o ‘| Delpn3 ‘[eulnol djwapede ue Jsayis ul paysiignd usasqg aAey p|nod s3nsay,

"Ajlep sawil} 934y} ‘Q|L ‘ASAINS W04 3I0YS WSY-9€ ‘9E-4G ‘ADAING W0 3J0YS Wa}|-ZT ‘ZT-4S ‘24nd Ajjeonndo Y (9 1sa] 30edw| aydepesH ‘9-] |H ‘9]eds uoissaldaQg
pue Ajaixuy |eydsoH ‘QyH ‘aysepeay Jaisn|d diposida ‘HDT ‘ayoepeay Ja3sn|d ‘HD ‘duljaseq wouy agueyd ‘g4 Dyoepeay Ja3sn|d 21uodyd ‘HID ‘ejexssuoissaidaq aulswas||y ‘SQV SUoljeInaiqay

pouad
J931SN|2 Ul 33e| P3J|o4ud HDF YHM Sjualled e
pa32adsns uolssiwal snosuejuods e
sjulodpus AJepuodas Ul 92US144Ip ON e
sajed asuodsal (Y31y) Jejiwis pey ogade|d e
AJeuoisn|oxa
sem asn Adesayy SAIIUSASId JUSIY o
JUBWINIODI MOIS ©
Ajiea paddols juswijoiuly e

3sN uoledIpaw N2y e

uoljeanp >oejje uesjn e

Ajsuajui uied uesjy e

sAep 9a.j->de33e Jo 93ejuadiad e
paAosdwi yonw AJdA/yonw

8ujjuodau sjuaijed jo a8ejuadiad e
Aduanbauy

o1l Ul UoiIdNpal %G/< e

(19w I0N) ©

syoeje Jo

Jaquinu 98elaAe Apjoam
uruononpal %05 Yim
sjualled Jo adejuadiad

Aep/syoeyje
75 Yum sjuaijed Jo a3ejuadiod e
uolssiwal 0} Aejag e (1IBN) ©
0€ Aep 1e 918l UOISSIWDY e uol3a3ful

ST Aepie
uoljonpal Aduanbauy yoeye 406 e

GT-T Aep ‘syoejje jo JaquinN e

pAiyy Jaje shep -z
Aq g5 01 Aep/syoelje
uesw ul uoldNpayY

(BI) ©

dn-moj||o4

Y99M-{ 2413UD 10}

sinoy ¢/ ulypm sxoeje
Jo 9dueleaddesig

(#BIN) ©

(wopaauy yoeye
pauieisns) }2aMm 3s.1) 104
SINoY ¢/ Ulyyim sxoejje
Jo 9dueleaddesiq

SH9OM {7
10J 9314 3IE)1e 2I9M OYM
sjuaijed Suowe Suiwi) asdeoy e

(s1geaijdde auaym) juiodpus Atewrd
Sulssiw 10J 10 UOIJRUIWID) JO) SUOSEDY

S$9W0231n0 Adedly)e Alepuodas

(33w 3O0N/IBN)
jutodpua Adediye Alewlid

(£) @A110adsoud e

(€) an1pdadsoniay e

(£)®A13dadsoud e

(pa3e21pUl 3sImIaYylo
ssajun sAep) auljaseg

s3|nsaJ a|qedijdde oN

S|el} pajeujwaa]

S)}99M g :uonjeinqg e
(9%) ogadeld e

(05) Aep
/8W 000Z-000T 21e0.d|eA WNIPOS o

JUSWINIDAI pa}jey Y}m sjers3 pajajdwo)

£sC00T
“le 19 ueawy |3

(34ede sunoy g /-8 UaAI3
suol323ful €) sAep 9 0} 7 :uoijeanqg e
(HDD) aA1UaAaud
1U344Nd 40 (HD3) |lwedelaA 01 UO ppy e
(cz) 0gedeld e
(TZ) |10ZeAII0D [epidIdoogng e

$6870800.LON
. TT0Z e 39 Xxnoua

S}9aMm { :uoizeINg e
(OT) 0g32e|d e

(€T) 2s500¢C
auoseyjawelaq |eydidoogns o|3ulS e “|e 39 uIsolquy

uoljeinp Jusawieal) pue (N) Juswieas Apmis

(ponupuod) € 319vL


http://clinicaltrials.gov
http://clinicaltrials.gov

464

HEADACHE

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, 272744748 4 CCH, %841 and 5 mixed ECH/CCH>?7%%)
(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).4° 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.>? 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.??4%32 The phenomenon of spontaneous remission in ECH
also poses a unique challenge in RCTs of preventive treatments.*©
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-

tion®>781140 ake CH (particularly the ECH subtype) challenging

to study. These features also present key challenges for enrolling

and retaining patient527’29'45‘48’52'53'60

and for assessing between-
treatment group differences.*>*85355 patients experience unpre-
dictable, relatively brief, active periods separated by periods of

remission®™'2; 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.®1#%1-¢5 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),*° 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,*! 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).27404648:6¢ 5ome 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.?”*® 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).”%® 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.®” 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
27-29,44-48,58,54 £ hoth 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



HEADACHE

465

TABLE 4 Trial design considerations and suggestions for future studies on CH preventive-treatments

Category

Patient selection

Study site selection

Incorporation of a
baseline period

Placebo or other
comparator

Primary efficacy
outcome measure

Considerations for RCT design

CCH

o Consideration of treatment history refractoriness should be made,
similar to migraine treatment studies

o Consideration should be given to limiting the percentage of patients
who are treatment refractory

o Definition of refractoriness should be provided by experts to avoid
exclusion of otherwise eligible patients

CCH and ECH

o Enroll more diverse populations

CCH and ECH

o 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

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

o 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

o Limiting the length of the prospective baseline period to 5-7 days

o A pleashould 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
m Such a plea may obviate the need for a lengthy prospective

baseline by providing a reliable retrospective baseline

o Inthe presence of a diary, a historical baseline plus a shorter

prospective baseline period may be acceptable

CCH and ECH

o Allowance for effective acute treatments is a must in placebo-
controlled trials

o Limit exposure to potentially ineffective comparator (either placebo
or standard-of-care) to the minimal time needed to assess efficacy

o Permit patients who have had prior preventive treatment failures

o Stratify treatment randomization by number of prior treatment
failures

CCH

o 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

o A standardized preferred efficacy outcome measure should be
recommended, such as early termination of an active cycle, or
reduction in attack frequency

o 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

o Outcomes MUST be biologically AND pragmatically appropriate

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

o 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

Justification

e CCH
o To maximize probability of detecting a
true treatment effect, if one exists
o To enroll the desired patient population
e CCHand ECH
o To help ensure study results are
applicable to the broader CH patient
population

e CCH and ECH
o To maximize eligible sample of patients
o To increase patient awareness of trials

e CCH and ECH

o To avoid the onset of spontaneous
remission, particularly in ECH, by
minimizing the overall length of
prospective baseline and the treatment
period

o To maximize enrollment

o To improve the effectiveness of patient
diaries and reliability of diary data

e CCH and ECH
o To minimize pain severity for patients
and improve patient retention
o To ensure the treatment groups are
balanced; maximize probability of
detecting a true treatment effect, if
one exists

e CCH
o To standardize clinical trials
e ECH
o To standardize clinical trials
o To maximize the probability of
assessing the primary outcome prior to
the onset of spontaneous remission
e CCH and ECH
o To ensure the outcome is relevant to
clinicians and the CH population

(Continues)
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TABLE 4 (Continued)

Category

Secondary outcomes

Concomitant
preventive
therapies

Spontaneous
remission

Considerations for RCT design

CCH

o

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

o

We suggest optimal timing for outcome assessment for ECH is
within 2-3 weeks of treatment onset

CCH and ECH

o

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:

m Acute medication use

m Limited assessments to acute treatments specific to CH
(subcutaneous or intranasal triptans and oxygen) and measure
within patient to reduce variability

m 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

o

o

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

o

Concomitant preventive therapies should not be permitted during
the assessment of efficacy (primary and key secondary outcomes)

CCH

o

Understanding of patient history of spontaneous remission is
important

ECH

o

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

Justification

e CCH

o Endpoints should be assessed at
multiple timepoints, particularly for
CCH, given the long duration of bouts,
with minimal periods of remission

ECH

o To maximize the probability of
assessing the secondary outcomes
prior to the onset of spontaneous
remission

CCH and ECH

o To standardize clinical trial
measurements

o To emphasize the patient voice and
provide data relevant to the CH
condition

CCH

o 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

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

ECH

o To maximize the probability of
detecting a true treatment effect of the
investigational preventive treatment

CCH

o To minimize potential of spontaneous
remission (although it is much less
common for patients with CCH)

ECH

o To minimize potential of spontaneous
remission during assessment of the
primary and key secondary outcomes

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

o To maximize the number of enrolled
patients who will experience an active
bout during the clinical trial period
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TABLE 4 (Continued)

Category Considerations for RCT design

Statistical e CCHandECH

considerations

o 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)

o Reporting reduction in attack counts as a percentage of patients
meeting a defined response threshold (2x%) can be estimated
for each treatment using a categorical, pseudo-likelihood-based

Justification

e CCHand ECH
o Low diary compliance or non-
completers may contribute to a smaller
sample size than intended
o These methods can account for a
smaller than intended sample size by
including partial data

repeated measures analysis of longitudinal binary outcomes o Confounding factors may have an

o Confounding factors must be accounted for in all analyses (e.g.,
sex, baseline attack frequency, length of current bout, history of

impact on treatment efficacy and thus
should be accounted for in all analyses

treatment responsiveness, concomitant medication use)

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

randomized controlled trials.

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.*>°2> Other trials
permitting the use of non-steroid concomitant preventive treat-
ments have failed to meet their primary endpoint.28’49’5°'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.?84%: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 enroliment 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
jon.27-29:45-47.5052.5455 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.
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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,®® 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,”® one placebo-controlled
study utilized a pseudo-baseline design where baseline was defined as
the first week of active treatment (see Tronvik et al.*® 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 attacks*® 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 RCTs?8:2%44-50.54.55.60 £qr hoth 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 determined’"’? (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.*® 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,27-2944-5052.53,55.60 E 1y o ment 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., 250% 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-
tionis 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,”® 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.”*
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.®? A
substantial response in the placebo group was observed in the clinical
trials reported herein®%%° (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 (2x%) 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 2x% 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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