SCOPING REVIEW OF ACUTE AND PREVENTIVE THERAPIES IN
CLUSTER HEADACHE AND NETWORK META-ANALYSIS OF ACUTE
THERAPIES, SUBGROUP ANALYSIS BY HEADACHE SUBTYPE
(EPISODIC AND CHRONIC)

IOANA MEDREA

Thesis submitted to the University of Ottawa in partial Fulfillment of the

requirements for the MSc degree in Epidemiology.
School of Epidemiology and Public Health

Faculty of Medicine

University of Ottawa

© loana Medrea, Ottawa, Canada, 2021



ABSTRACT

Cluster headache is a primary headache disorder that can be highly disabling. In this
thesis we look at the treatment landscape of cluster headache with a scoping review of
preventive and acute therapies for cluster headache as identified in randomized
controlled trials and two-arm observational studies. We subsequently compare these
therapies where data are available using network meta-analysis of randomized trials, and
we attempt subgroup analyses again where data are available for acute treatments of
episodic and chronic cluster. We identify the ranking of treatments for acute cluster
headache, and certain acute therapies that may be beneficial in episodic and chronic
cluster headache. Based on our findings, we also identify future directions for cluster

headache trials.
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CHAPTER 1

Introduction

INTRODUCTION

Cluster headache is a rare primary headache disorder that is associated with significant
impact in terms of pain and disability and reduced quality of life in individuals with this
disorder. While the benefits of various treatments for this condition have been studied in
randomized trials and observational studies, there is a pressing need for knowledge
synthesis research in this area to compare the benefits and harms of available therapies
to guide clinical practice. This chapter introduces key background information regarding
cluster headache disorder, and introduces evidence known for treatments to delineate
how the research from this thesis project will add to the literature. The first objective of
this thesis was to identify and catalogue the available randomized and observational
studies to create a repository of studies evaluating interventions for cluster headache.
Based on the available data, our second objective was to compare efficacy and tolerability
of the available treatments for cluster headache using network meta-analysis.

OVERVIEW OF CLUSTER HEADACHE AS A PRIMARY HEADACHE DISORDER
Headache is one of the most common afflictions we experience in daily life. For some, it
is a normal physiological reaction to insults such as trauma or inflammation to the pain
sensitive structures in the head (1), such as skin, connective tissue, muscles, bone,
vasculature, dura, globe structures, sinus mucosa and teeth and nerves located in the
head (1). However, with primary headache disorders, there is no ongoing insult or injury
to these structures. Instead, they are thought to be due to an increased propensity of pain
generation by neurovascular inflammation in the meningeal structures, cranial and
parasympathetic nerves and the brain, such as has been shown for migraine and cluster
headaches (1-3).

In the past, cluster headache, like migraine, was thought to be due to vascular
phenomena, but more recently this explanation has been discounted by published data

(1, 3, 4). Cluster headache, as a primary headache disorder, is thought to result from



increased propensity of pain generation in certain brain circuitry including the posterior
hypothalamus, brainstem pain-processing structures, trigeminal vascular complex and
parasympathetic nerves (3-5). Changes in the central nervous system, in the
hypothalamus are thought to be driving the process, and the peripheral changes are
thought to have a secondary role. However, the mechanisms are still incompletely

understood, and research is ongoing (3, 4).

A genetic change may predispose individuals to cluster headaches, as we know that first
degree relatives of individuals with cluster headache have a rate 18 times higher than the
rate of cluster headache in the general population (4). Genetic studies have yet to pinpoint
high yield loci (3, 4), although involvement of circadian cycle genes and some
neurovascular inflammatory (PACAP) genes has been identified (3, 4).

Cluster is the most common primary headache amongst the trigeminal autonomic
cephalalgias (TACs), with a yearly prevalence of 1 per 1,000 (3, 6). The TACs are
identified by their unilateral pain location, and ipsilateral autonomic features such as
lacrimation, conjunctival injection, rhinorrhea, miosis, ptosis, hyperhidrosis, eyelid edema
and flushing. Alternatively, if no autonomic features are present, then agitation can fulfill
the criteria (7). The autonomic features are likely mediated by secondary changes in the
parasympathetic nerves in the head, which are thought to be involved in cluster and the
other TACs (3, 4).

Among the TACSs, cluster is characterized by its relatively short duration, severe intensity
and gender predisposition with a 3:1 male to female ratio (3). Each individual headache
lasts between 15 minutes to three hours, and there are typically eight or fewer episodes
of severe headache in a day (7). The headaches often occur with clock-like regularity
during the day, and can often be nocturnal, thereby disturbing sleep (3, 6). The regularity
of the headache is thought to be linked to hypothalamic involvement (3). This area of the
brain is also responsible for circadian rhythm establishment, and thus may drive the
circadian rhythmicity seen in this disorder. There are two types of cluster, episodic and

chronic. In episodic cluster headache, there are periods where patients are headache



free for longer than 1 month (7). For chronic cluster headache, there are no remissions
of duration of 1 month of greater, and headaches occur continuously for at least 1 year
(7). About 10-20% of cluster headache patients experience the chronic variant (4, 6).
There is evidence that chronic cluster headache may, in some patients, arise with
treatment resistance from the episodic variant (8—10). In other patients, it may represent
a different pathology, as these headaches occur continuously rather than seasonally and
are chronic (i.e. without any remission periods, from onset) (9, 10). Features that may
influence treatment response include: frequency and duration of attacks, duration since
onset of the cluster period, the duration expected for a cluster, and the average duration
after the start of the cluster period when the patient was enrolled (11). Cluster headache
is considered by many to be the most severe pain disorder possible to experience (3, 6).
During an active cluster bout, due to the intensity of pain and the frequency of the attacks,
the patient’s quality of life is seriously impaired; 25% of patients report suicidal intentions
during the course of their illness (12), although suicide itself is rare (4). There is increased
psychiatric comorbidity in these patients, with higher rates of depression, anxiety and
aggressive behavior (4, 6, 12). However, it remains unclear whether this is a reactive
phenomenon to the burden of the headaches or linked to common pathophysiology such
as a low serotonergic state (4). Beyond the psychological burden, there is a large overall
cost associated with this disease. There is a paucity of Canadian data on this disease,
but in other countries with similar health care systems, when direct and indirect costs
were considered, the total cost was estimated to be €6,000 per six months. Per patient,
this is 20% more than diabetes, which is estimated to have direct and indirect costs
totaling €5000 per six months (13).

CURRENT MANAGEMENT OPTIONS FOR CLUSTER HEADACHE

Management of cluster headache is based on clinical expertise and evidence from clinical
trials; acute treatment and prevention are typically discussed as different components of
patient care. A 2010 systematic review of randomized controlled trials studied the benefits
and harms of interventions for cluster headache (14), as did a subsequent update (15),

though both are now several years old.



Table 1.1 Acute and preventive therapy of cluster headache: evidence summary

Assessed for
episodic (E), | Described as Level of Evidence
chronic (C), effective AHS Guideline
or both therapy Robbins et al,
Treatment and dosage (E&C)? (Y/N/U)? 2016(15) References
ACUTE THERAPY
Sumatriptan (subcutaneous) Level A,
6mg E&C Y established effective (16, 17)
Sumatriptan (nasal) Level B,
20mg E&C Y probably effective (18)
Zolmitriptan (nasal) Level A,
5mg E&C Y established effective (19, 20)
Zolmitriptan (oral) Level B,
5mg E&C Y probably effective (21)
Level A,
Oxygen 6-12L/min E&C Y established effective (22-25)
Lidocaine/cocaine 100mg
and 50mg (sphenopalatine Level C,
ganglion application) E&C Y possibly effective (26)
Level B,
SPG stimulation C Y probably effective (27, 28)
Level U,
DHE 1mg (nasal) E&C U insufficient evidence (29)
Somatostatin 25ug Level U,
(intravenous) E&C U insufficient evidence (30)
Prednisone 60mg taper Level U,
(oral) NA U insufficient evidence (31)
nVNS E&C Y (only E) NA (32, 33)
PREVENTIVE THERAPY
Level A,
Suboccipital steroid established as
(injection) E&C Y effective (34, 35)
Civamide 100puLof 0.025% Level B,
(nasal) E Y probably effective (36)
Level C,
Lithium 900mg (oral) E&C U possibly effective (37, 38)
Level C,
Verapamil 360mg (oral) E&C Y possibly effective (38, 39)
Warfarin to INR 1.5-1.9 Level C,
(oral) C Y possibly effective (40)
Level C,
Melatonin 10mg E&C Y possibly effective (42)
Level U,
Frovatriptan 5mg (oral) ECH N insufficient evidence (42)
Capsiacin 0.025% cream Level U,
(intranasal) E&C N insufficient evidence (43)
Nitrate tolerance 30mg TID Level U,
(oral) C N insufficient evidence (44)




Assessed for
episodic (E), | Described as Level of Evidence
chronic (C), effective AHS Guideline
or both therapy Robbins et al,
Treatment and dosage (E&C)? (Y/N/U)? 2016(15) References
Prednisone 60mg taper Level U,
(Oral) NA Y insufficient evidence (31)
Sodium valproate 1000- Level B,
2000mg daily (oral) E&C N probably ineffective (45)
Level B,
Sumatriptan (oral) E&C N probably ineffective (46)
DBS unilateral Level B,
hypothalamus C N probably ineffective (47)
Level C,
Cimetidine/chlorpheniramine E&C N possibly ineffective (48)
Misoprostol 300 pg daily Level C,
(oral) E&C N possibly ineffective (49)
Level C,
Hyperbaric oxygen (100%) E&C N possibly ineffective (50)
Level C,
Candesartan 32mg (oral) E N possibly ineffective (51)
Galcanezumab 300mg
(injection) E Y NA (52)
Galcanezumab 300mg
(injection) C N NA (53)

Abbreviations: AHS, American Headache Society; DHE, dihydroergotamine; NA, not available; nVNS, non-invasive
vagal nerve stimulation, SPG=sphenopalatine ganglion block.

The level of evidence used in the American Headache Society Guidelines are from the American Academy of Neurology
guideline practice manual (54):

A - Established as effective, ineffective, or harmful for this disorder. To qualify for Level A rating requires at least two
consistent Class | studies.

B - Probably effective, ineffective, or harmful for this disorder. To qualify for Level B rating requires at least one Class |
study or at least two consistent Class Il studies.

C - Possibly effective, ineffective, or harmful for this disorder. To qualify for Level C rating requires at least one Class
Il study or two consistent Class Il studies.

U - Data available is conflicting or of poor quality; treatment is unproven for this disorder. Studies not meeting criteria
for Class I-Class Il are considered poor quality.

Study classes (Class I-1V) are established based on methodological issues and risk of bias in the same document (54):
“Studies rated Class | are judged to have a low risk of bias; Class Il, a moderate risk of bias; Class Ill, a moderately

high risk of bias; and Class 1V, a very high risk of bias.”

For acute treatment of episodic and chronic cluster, we summarize the evidence for
available interventions from these past reviews (14, 15) in Table 1.1. EXxisting reviews
reported the treatment as being effective when compared to placebo for sumatriptan (both
injectable and nasal spray), zolmitriptan nasal spray, and oral zolmitriptan, oxygen,

cocaine or lidocaine, and subcutaneous octreotide (Table 1.1). For acute therapy in
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chronic cluster, they found having evidence of benefit for sphenopalatine ganglion
stimulation (SPG). The authors found insufficient evidence to support the use of

dihydroergotamine nasal spray, somatostatin, and prednisone oral.

For preventive therapy of episodic and chronic cluster headache, we summarize the
evidence for available interventions from past systematic reviews (14, 15) in Table 1.1.
The authors noted the treatment as being effective when compared to placebo for
suboccipital steroid injections with local anesthetics, civamide nasal spray, lithium,
verapamil, and melatonin. For the prevention of chronic cluster headache, warfarin was
noted to be effective. There was insufficient evidence to support the use of frovatriptan,
capsaicin intranasal, nitrate tolerance, or prednisone. Additionally, each of valproate,
sumatriptan oral, deep brain stimulation, cimetidine/chlorpheniramine, misoprostol,

hyperbaric oxygen, and candesartan were found to be ineffective.

Since the publication of these systematic reviews (14, 15), there have been new studies
of acute (24, 25, 28, 32, 55) and preventive therapies (52, 53). There is therefore a need

to update evidence syntheses and incorporate these new studies.

While past literature reviews have included pairwise meta-analyses comparing the effects
of various interventions for both indications with placebo, such analyses do not constitute
a unified analysis of available data that can better inform clinical decision-making.
Additionally, there are multiple therapies including acute (nVNS) and preventive
(galcanezumab) that have not been considered in previous analyses, and there are new
trials that can be incorporated, for example for SPG stimulation. New trials of oxygen
presently raise questions whether low flow (7-12L/min) or high flow (12-15L/min) oxygen
is more likely to be effective (24). There is also a trial evaluating new masks (25). This
direct evidence may be incorporated into NMA. Lastly, we want to assess if there are
additional non-randomized studies that can be incorporated into our analysis given the
paucity of randomized data in this field, and the recommendations which are often based

on non-randomized studies and expert opinion (3, 4).



The use of methods to generate updated comparative data for interventions related to
acute treatment and prevention of cluster headache will provide clinicians with a greater
ability to compare first line approaches to treatment in terms of efficacy and safety.
Looking at all available data systematically, including observational studies, may provide

further therapies to consider for management in refractory cases and for further study.

STUDY METHODS TO ADDRESS KNOWLEDGE GAPS REGARDING
INTERVENTIONS FOR CLUSTER HEADACHE

This thesis was designed to characterize the evidence base for therapies in cluster
headache in consideration of the limitations outlined in Section 1.3. In establishing a basis
for intervention comparisons based upon currently available evidence, two forms of
knowledge synthesis were pursued: (a) a scoping review of intervention studies for
cluster headache; and (b) network meta-analyses to compare interventions for cluster
headache. Brief descriptions of the intent and value of both approaches are provided in

the following sections.

Scoping Reviews: Overview and Relevance to this Work

Scoping reviews are an approach to exploratory research used to establish the working
boundaries and evidence gaps of interventions in a particular field (56-58). Scoping
reviews are typically undertaken to address broad research objectives rather than to
address a specific question about effectiveness or safety. In addition to informing the
identification of research gaps, this type of review aids researchers in surveying the
characteristics and key findings from literature in research areas where evidence is
plentiful. Scoping reviews can also serve as a valuable approach for mapping the
reporting of outcomes and study characteristics to highlight commonalities and variations
amongst a body of research, and therefore can also be informative in the planning of

systematic reviews.

In achieving the objectives for this thesis, a scoping review of intervention studies was
performed to assess the feasibility of a network meta-analysis of interventions to inform

treatment comparisons for acute treatment and prevention of cluster headache. Through



scoping and mapping the features of eligible studies identified from a systematic search,
this helped to identify a set of commonly reported outcomes for acute treatment and
prevention that could form a basis for comparisons. We also were able to collect data on
patient enrollment criteria and important effect modifiers to establish the similarity (or lack
thereof) for the studied populations. As we identified reported outcomes, we were able to
establish the connectivity of evidence networks. Additionally, we reviewed the extent of
observational literature available and considered the suitability of inclusion of these data
in evidence networks and possible benefits.

Network Meta-Analysis: Overview and Relevance to this Work

While traditional pairwise meta-analysis (i.e., focused on the comparison of two
interventions) is recognized as a useful technique to combine data from multiple trials in
many situations, there are many medical conditions wherein an array of available
treatment options exists. For disorders like cluster headache where there exist multiple
acute and preventive therapies, comparison of only two therapies is less informative than
a comparison of all available therapies in terms of efficacy and safety.

NMA is an extension of pairwise meta-analysis allowing for the comparison of many
treatments simultaneously that were not directly compared to each other (59-63). If
studies have at least one intervention in common with each other, a network can be
formed of these comparisons, and further elaborated upon using statistical methods to
compare treatments with no previous head to head data (64, 65). In brief, NMA is used
to create evidence networks, where both ‘direct’ evidence (e.g. data from comparisons
between two active treatments) and ‘indirect’ evidence (e.g. data from comparisons with
interventions such as placebo and no treatment) are combined (64). The solid lines in
Figure 1.1 denote where there are comparisons with available trial evidence in the
network (A, B and C each compared to placebo, and A compared to C), whereas the
dashed lines represent where we can estimate based on statistical methods the relative
effects of interventions compared to each other even though there were no head-to-head
trials of these comparisons (Drugs A and B, B and C). In addition, because there can be

treatment loops (such as the example of comparisons between drugs A, C and placebo)



in situations where there are head-to-head comparisons (Drugs A and C), we can
combine the direct estimates (from head-to-head comparisons) with results of indirect
comparisons, thereby considering a broader evidence base, to get more robust estimates

of treatment effects. Both Bayesian and Frequentist approaches to NMA are available.

Figure 1.1 Graphical representation of a pairwise meta-analysis versus NMA

Drug A Placebo Drug A Drug C
O—
Drug B Placebo '
Drug C Placebo "'.
— N
Drug B Placebo
Drug A Drug C
o——

For traditional systematic reviews involving traditional pairwise meta-analysis (see left panel), treatment effects
comparing the different drugs in this example are based upon four separate sets of analyses based upon the available
direct evidence from RCTs. For systematic reviews involving NMA (see right panel), treatment effects comparing the
four drugs can be estimated from a unified analysis of all available trial data. This also allows for the estimation of
treatment effects with no underlying trial data available using indirect evidence (as denoted by dashed lines).

Regarding the objectives for this thesis, NMA was used to synthesize evidence on
multiple treatments to compare them in terms of their relative benefits and harms. This
was done to develop evidence regarding the relative benefits and harms of therapies to
inform clinical practice, including those that were not directly compared to each other in
clinical trials. Additionally, the NMA allowed us to assess a dose response relationship
within the same type of therapy, such as oxygen therapy (22—-24).

THESIS OBJECTIVE AND STRUCTURE

The objective of this thesis was to characterize the treatment responses and safety of
interventions used for the acute treatment and prevention of cluster headache. This thesis
has been reported in manuscript format, consisting of an introductory chapter (Chapter

1), two prepared manuscripts (Chapter 2 focusing on the scoping review and Chapter 3
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focusing on the NMAs), and a discussion chapter (Chapter 4) to contextualize the
implications of study findings. This work will be a valuable addition to the literature by
providing timely, methodologically rigorous evidence that can inform clinical decision-

making and future guideline development for the management of cluster headache.
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ABSTRACT

Background: Cluster headache is the most common primary headache disorder of the
trigeminal autonomic cephalalgias. It is a highly disabling primary headache disorder
associated with unilateral headache of brief duration and autonomic features. The
treatments for this disorder are few and are poorly defined, with limited underlying
evidence.

Objective: To undertake a scoping review to characterize evidence of benefits and harms
for therapies to prevent and acutely treat cluster headache, characterize trial methodology
utilized in acute and preventive studies in this disorder and recommend future trial “good
practices”, and assess homogeneity of studies and the feasibility for future network meta-
analyses to compare acute and preventive treatments for cluster headache.

Eligibility Criteria: We sought studies of adult patients with cluster headache as
identified by accepted diagnostic criteria. Both randomized controlled trials (RCT) and
observational studies (with a control group) were included. The interventions of interest
were medications, procedures, devices, surgeries, or behavioral/psychological
interventions. The comparators of interest were placebo, sham, or other active
treatments. The outcomes of interest were predefined; however, we did not exclude
studies without these outcomes.

Sources of Evidence: A systemic search was conducted by an experienced librarian in
Ovid, Embase and Cochrane. We also undertook a limited search for conference
abstracts from publications of journals prominent in the field. We searched for English,
French, Italian, and Spanish language publications.

Results: We identified 55 studies: 44 RCTSs, 4 studies only available in clinical trial
registries, and 7 observational studies. Of the 44 RCTs, 20 focused on acute therapies
and 24 on preventive therapies. Overall, we determined that it is feasible to pursue an
NMA for acute therapy focusing on 15 or 30min headache reduction for acute trials, as
we identified 11 trials in the combined population of episodic and chronic cluster
headache patients (2 trials in chronic cluster headache only were also found). For
preventive therapy of cluster headache, we identified trials with common outcomes that
may be considered for NMA, however these trials had different timelines of study

enroliment, with some including patients who were much earlier in a bout than others. We
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identified this as a possible treatment effect modifier, the patients included later in a bout
may have spontaneous resolution due to natural remission and as such the treatment
responses would not be comparable, and in keeping with this assertion placebo response
rates are also much higher in trials where patients are allowed later enrollment.
Unfortunately, as most trials do not report a timeline of study enrollment as a variable, a
meta-regression on this is also not possible. We have identified new studies looking at
nVNS, SPG and oxygen since the prior systematic review, but these acute treatments
were previously identified as effective. However, for CGRP monoclonal antibodies, two
published preventive trials both looking at galcanezumab demonstrating effectiveness in
episodic cluster headache and a lack of effectiveness in chronic cluster headache, and
unpublished registry identified studies that show fremanezumab is not effective for
episodic and chronic cluster. This finding highlights that CGRP monoclonal antibodies
may not show a class effect in cluster headache prevention and need to be considered
individually.

Conclusions: We describe the treatment landscape of cluster headache for both acute
and preventive treatments and highlight new studies since prior systematic reviews. We
also identify and highlight possible treatment effect modifiers and recommend their
reporting in future trials. Lastly, we present the network meta-analyses we will undertake

in acute therapies of cluster headache.

INTRODUCTION

Background

Trigeminal autonomic cephalalgias are associated with unilateral headache and
ipsilateral autonomic features such as lacrimation, conjunctival injection, rhinorrhea,
miosis, ptosis, hyperhidrosis, eyelid edema and flushing. They are thought to be due to
aberrant pain signal generation arising mostly out of the hypothalamus, given the
associated autonomic features. Cluster headache is the most common primary headache
among the trigeminal autonomic cephalalgias (TACs), although it is overall rare with a
yearly prevalence of 1 per 1,000 (3, 6). Cluster headache can be identified by its
characteristic duration of 15 minutes to three hours and its particularly severe intensity
(3, 6).

13



Rationale for this Work

There are few evidence-based treatments available in cluster headache (15, 66), as it is
a rare condition that has been under-studied (3). In terms of acute therapy, there are 5
modalities of treatment: triptans (injection or nasal spray given time of onset of effect),
oxygen, sphenopalatine ganglion (SPG) stimulation in chronic cluster headache,
cocaine/lidocaine 10% nasal spray, and octreotide injection (15, 66). Preventive therapy
currently has 6 treatments available: suboccipital steroid injections with local anesthetics,
civamide nasal spray, lithium, verapamil, warfarin in refractory chronic cluster headache,
and melatonin (15, 66).

While two past systematic reviews (15, 66) used traditional pairwise meta-analyses (i.e.,
comparing two treatments at a time) to assess evidence from randomized trials regarding
benefits and harms of therapies, they did not report comparisons of the efficacy and safety
of the various treatments relative to each other, a step which can be accomplished using
a network meta-analysis (NMA). Additionally, they did not consider evidence regarding
treatment comparisons made in the context of study designs other than randomized

controlled trials.

The current scoping review was designed to expand upon past reviews in several ways.
First, we sought to identify new studies published since the prior reviews were completed.
Second, with the data gathered in this scoping review, we aimed to assess the feasibility
of pursuing NMAs (67, 68) to inform comparisons of multiple treatments based on
available direct and indirect evidence in the field; we planned to systematically evaluate
study and population features to establish the potential for rigorous NMAs, by confirming
appropriateness of the assumptions of homogeneity and similarity (69). Third, in addition
to identifying and reviewing RCTs of interventions for cluster headache, we also set out
to assess the value of observational studies in this clinical area and the potential for their
inclusion in future meta-analyses. There are many who lament that RCTs are limited in

the field, and there is considerable “real world” data to be used (70). Several past narrative
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reviews from clinical experts in the field have included non-randomized trials in their

recommendations (4) given the paucity of randomized trial data available.

Research Objectives

In this scoping review, we: (1) establish a collection and mapping of the available
evidence underlying the evaluation of relative benefits and harms of interventions for
cluster headache; (2) gather data that will inform an assessment of the homogeneity of
study populations in randomized trials, as well as the relevant outcomes as a precursor
toward performance of NMAs. We characterize clinical outcomes that are more uniformly
used across trials, assess the extent to which the interventions of interest are represented
within evidence networks for each outcome, and assess how homogenous the
populations are with regard to the transitivity assumption necessary for network meta-
analysis (56). We also provide a qualitative assessment of the benefits and safety
associated with different interventions for the treatment and prevention of cluster
headache. The reporting of this review and its protocol adhere to the Preferred Reporting
Items for Systematic Review and Meta-Analysis Protocols statement and the related

extension for scoping reviews (71-73).

METHODS
The objectives of interest for this work were addressed by answering the three following
research questions:
1) What treatment comparisons have been studied in controlled studies of acute and
preventive treatment of cluster headache?
2) Is the homogeneity of the studies sufficient to establish a ranking of treatments
using NMAs?
3) In studies of cluster headache, what are the benefits and harms of various
treatments?
A protocol for this scoping review was prepared a priori and was registered on OSF

registration: osf.io/54wjz
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Study Eligibility Criteria

Eligibility criteria to identify relevant studies were developed according to the PICOS
(Population — Interventions — Comparators — Outcomes — Study design) framework and
are described below.

Population
We sought studies involving outpatient community, emergency room visitors as well as

inpatient populations of adults (over 18 years old) with cluster headache, as identified by
Ad Hoc (74), IHS (75) definition or other modern diagnostic criteria (ICHD2, ICHD3beta
and ICHD3) (7, 76, 77). Chronic cluster patients were defined according to the criteria
used in the trial where the sub-population was identified, as this definition has changed
between iterations of the ICHD (7, 76). No restrictions regarding treatment history,
disease duration, or durations since time of onset of cluster period were used. However,
given the importance of these factors in terms of the ability to appraise the similarity of
study populations (78), these data were gathered to inform evaluation of the comparability
of populations across studies.

Interventions and Comparators

We sought studies related to medications, as well as procedural and surgical techniques,
devices, and behavioral and psychological interventions. Specifically, the following
interventions were sought:
e Medications - Pharmacological management with a potentially active treatment
administered by a variety of routes (IM, SC, PO, PR, nasal spray, etc.).
e Procedures - Procedures such as nerve block (greater occipital nerve block) used
for management.

e Surgical technigues - Surgical approaches such as DBS, insertion of stimulator

(spheno-palatine ganglion stimulator, occipital nerve stimulator) used for
management.
e Devices - Non-procedural devices (i.e., external vagal nerve stimulator) used for

management;
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e Behavioral or psychological interventions - Cognitive behavioral therapy,

mindfulness-based relaxation, and similar techniques for management.

There were no restrictions on medication doses, frequency, or duration of treatment. We
sought studies that had a comparator arm, which was either a placebo pill, a sham
treatment placebo tailored to be similar to the treatment (saline injections for injectable
therapies, sham current for stimulation therapies) or standard of care. Studies of
interventions were stratified for inspection based upon the intent of the therapies being
compared, namely according to those for acute headache resolution and those for
prevention. In observational studies there was no placebo comparator, but rather most

often it was standard of care or another active comparator.

Study Outcomes

The review was undertaken with a set of known outcomes that were a priori defined. We
also collected information regarding the availability of additional outcomes reported within

individual studies.

The a priori outcomes of interest for acute treatment trials were:
1. Headache response at 15 or 30 minutes after treatment administration - decrease
in headache from very severe, severe, or moderate to mild or no pain.
2. Being pain-free at 15 or 30 minutes;

3. The overall number of patients reporting AEs.
The a priori outcomes of interest for preventive trials were:
Days from treatment start to cessation of CH attacks;

. Count of number of days with at least one CH attack;

1
2
3. Mean headache day reduction;
4. Mean cluster attack reduction;
5

. The overall number of patients reporting AEs.
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Data collection summarized endpoints of established clinical importance so that the
research team could explore the findings and potentially compare multiple treatments in
future NMAs if deemed appropriate. Although some outcomes of interest in studies of
cluster headache have been established (78), we were also interested in the identification
of additional outcomes, to consider their clinical significance (if any), in order to better

inform future reviews and clinical trials.

Study Design
Randomized controlled trials, open label trials, and observational studies (both

prospective and retrospective cohort studies) assessing the effects of either acute
treatments or prophylactic interventions (as outlined below) were sought. As noted earlier,
only studies that included a comparator arm were sought.

Language of Publication

Studies published in English, French, Italian, Spanish or Farsi were eligible for inclusion.
Studies in other languages were excluded due to limitations related to the ability to
adequately translate their content. The research team had support from individuals
speaking these languages who also possessed an understanding of epidemiology and

study design to assist in addressing any identified foreign language publications.

Information Sources

A systematic search strategy was conducted in OVID MEDLINE (inception to present),
EMBASE (1950 to present) and Cochrane (1950 to present) for published papers and
conference proceedings on August 2019. Publications were also sought through a hand-
search of journals and of the America Headache Society (AHS) and International
Headache Society (IHS) conference proceedings for the past 10 years (1999-2019). The
reference lists of included studies and prior systematic reviews in the field were reviewed
to identify additional articles that may have been missed by the search. Grey literature
searches were limited to what a team member could identify within 40 hours (i.e. 5

working days) of searching, as this makes the search easily reproducible if needed in the
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future. specifically, we searched trial registries and abstracts from the American

Headache Society and International Headache Society meetings for the last 10 years.

Search Strategy

The search strategy for all databases is provided in Appendix 1.1. All searches were
constructed by an information specialist with systematic review experience, in
collaboration with the research team, and were reviewed using the PRESS framework by
a second librarian (79) prior to implementation. MeSH terms were used to capture each
of the principal elements of the research question. The search strategy was expanded
from a prior systematic review and meta-analysis looking at cluster headache treatment
(66) to also include observational studies, and the search covered the time period from
inception to August 2019.

Management of Study Records

Study Selection Process

Abstracts were exported from the electronic databases following implementation of the
electronic search, duplicates were removed, and the remaining citations were imported
into Covidence (Veritas Health Innovation, Melbourne, Australia, v1846), an established

software tool for systematic review management.

The titles and abstracts of all citations were reviewed by two reviewers independently (IM,
SC), and studies were excluded if they failed to meet our selection criteria described
earlier. When there was disagreement between reviewers over trial exclusion at the
abstract stage, this was resolved by discussion. At the full text stage, study inclusion was
decided by two reviewers. During full text screening, we recorded all reasons for exclusion
of the studies assessed. When there was disagreement between reviewers over trial
exclusion at the abstract or full text stage, this was resolved by discussion. The process
of study selection was documented with a flow diagram, as recommended by PRISMA
guidance (71, 72).

Data Collection Process
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Data collection from the set of included studies was performed by one reviewer. A data
extraction form was prepared a priori and was piloted prior to extraction, with slight
modifications incorporated to maximize its flexibility. Information was collected regarding
publication traits (e.g. authors, year, journal), study methods (e.g., design, duration of
follow-up), population (e.g. eligibility criteria, demographic measures), interventions
(including methods of administration, dosages and other details as appropriate), and
outcomes reported (including definitions, directionality of findings, and availability of data
necessary for meta-analysis). For some studies, we contacted the authors to obtain
additional information regarding trial results including raw numbers of participants
experiencing outcomes of interest (24). No risk of bias assessments were performed, as

IS common practice in scoping reviews (72).

Mapping and Synthesizing the Evidence
Synthesis of the evidence was conducted using various approaches to address the three

objectives for this scoping review.

Research question 1 (regarding identification of treatment comparisons) and research
guestion 2 (regarding investigation of outcomes and study characteristics) were
addressed based on recommended approaches (69) to evaluate an evidence base with
regard to feasibility of NMA. This included:

e Generation of evidence network diagrams for key outcomes (including inspection
of definitions and time points), to establish the presence of connected networks.

e Inspection of the details of treatment administration for each intervention, in
evidence tables, to monitor for important differences that could influence treatment
effect.

e Inspection of patient characteristics (including diagnostic criteria, percentage with
episodic versus chronic cluster, male to female ratio, age), inspection of
recommended covariates to consider based on past guidance (78), and review of
patient enroliment criteria and baseline risk. We used a combination of tables and
bar plots to assess for the presence of important differences that could influence

treatment effect.
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e Inspection for differences in treatment effects where multiple studies for an

outcome evaluated the same treatment comparison.

We planned to stratify these inspections by intent of intervention (acute treatment versus
prevention), type of cluster headache (episodic versus chronic cluster), study design
(randomized trial versus observational studies), and possible effect modifiers (78).

To answer question 2, effect modifiers that were compiled and inspected based on past
expert recommendations (78) consisted of:

- Placebo response for a given outcome. We decided to look at placebo response
rates as these are an informative marker of potential differences in study
populations in NMA that may need adjustment when there is variability. This is
important as unadjusted variability across placebo response in studies in NMAs
can produce misleading treatment effects (80).

- Frequency and duration of attacks. Baseline measures for the population overall
were noted. Additionally, some trials only included patients with duration >30min,
and these trials were distinguished from those including patients with duration 15-
30 min. This is of importance given variability between treatments as to the timeline
of onset of medication, as it may be 15min or more (78). Most trials require a
minimum baseline frequency of cluster headaches, and this measure was also
recorded.

- Duration since onset of the cluster period. For preventive treatment trials, the
duration of the episodic cluster period expected after randomization should be at
least one month as recommended (78). The average duration after the start of the

cluster period was recorded where available.

For research question 3, we used a descriptive approach supported by tables and figures
to summarize directionality of findings regarding the relative benefits and harms
associated with different interventions for acute treatment and prevention. Table-based

approaches (81) were used to provide a visual summary of these data for readers.

21



RESULTS

Methods Used to Identify Relevant Literature

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram that summarized the process of study selection is presented in Figure 2.1. After
an initial review of 3,254 citations (following removal of duplicates), a total of 55 studies
(16-21, 23-26, 28-31, 34-53, 82-102) were selected for inclusion. These studies
included 44 published RCTs, four RCTs that were available only in clinical trial registries
(91, 93-95), and seven observational studies (96—102), with publication dates from 1978
to 2019.
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Figure 2.1 PRISMA flow diagram
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focused on acute therapies used for headache relief and 24 focused on headache
prevention. As a group, these studies enrolled adult patients only, and most of them
included more males than females (median 82%, range 75% to 88% male) with a mean
age of 42.65 years (IQR 40.33 to 45.00; range 36.20 to 49.00 years). Most of the trials
included in our study were conducted in Europe (61%) or North America (17%) or both
(9%); 9% of trials reported no specific location. While the largest trial included 327 patients
(117 and 120 patients per study arm), most trials were small (median total sample size
26, IQR 14-54 patients). Reporting was limited regarding several of the characteristics
that might be used to assess the homogeneity of study populations (see Tables 2.1a and
2.1b). Likewise, baseline information regarding the number of weeks from the onset of
CH was provided in only 25% of prophylaxis trials and none of the trials focused on acute
treatment strategies. Data regarding disease severity, measured by the number of attacks
per week at baseline, were reported in only one-third of the acute treatment trials and
64% of the trials focused on headache prevention. However, only one-third of acute
treatment trials reported they targeted the inclusion of only patients whose attacks were
longer than 45 min.

Only 7% of studies (all published before 1990) included no information on the specific
diagnostic criteria used for enrollment. Most trials (87%) reported the proportions of
enrolled patients diagnosed with episodic and chronic CHs. There were only five studies
that focused specifically on either episodic or chronic CHs only (40, 52, 84, 94, 95). No
exclusion criteria were reported in 36% of the studies included in our analysis (26, 29, 31,
34, 36, 41, 43, 45, 48, 50, 83, 88, 89, 103). Detailed study exclusion criteria are provided
in Appendix 1.2. These criteria were reviewed systematically to identify differences
between studies and any clear differences between the study populations. No specific

differences were identified.

Although most of these studies were conducted with a mixed population of patients
including those diagnosed with both episodic and chronic CH subtypes, the episodic
subtype predominated; on average, 68% of the patients in a mixed population carried a

diagnosis of episodic CH. The patients in most of these studies tended to be in their 40s.
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Study patients were more likely to be male, a finding that was aligned with our current
epidemiological understanding of this disease (3). The studies included in our analysis
were conducted in Europe and North America. Unfortunately, the risk factors representing
the most critical elements needed to evaluate clinical homogeneity were poorly reported.
Our consideration of the available data and our assessment of the feasibility of performing
an NMA revealed that these populations were relatively similar to one another. However,
we needed to assume that there was balance across studies specifically for

characteristics that had not been reported routinely.
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Table 2.1a Characteristics of RCTs that examined

acute treatments for CHs

Study Characteristics

Population Characteristics

Co-Interventions

Permitted
Trial and Treatment Comparator CH ECH | Male Mean lliness Onset | Attacks/wk Attack Bout >45min Acute Prophylaxis
location (n) (n) Diagnostic % % Age duration | <wks duration | duration Rescue
criteria
Andersson DHE NS Placebo ad hoc 100 80 40 9y na na na na na na na
1986; (n=133) (n=137)
Europe
Bahra 2000; Zolmitriptan PO Placebo IHS 73 86 43.8 na na na na na yes no no
Canada, UK, (n=114) (n=115)
Sweden
Cittadini Zolmitriptan NS Placebo IHS 64 87 40 12y na na na 8 wk yes yes, na
2006: Europe (n=65) (n=61) simple
analg +
02
Cohen 2009; Oxygen 12L/min Placebo IHS 75 82 39 11.3y na 12 83 min na na yes no
London UK (n=76) (n=76)
Costa 2000; Lidocaine/cocaine Placebo IHS 40 87 37.2 8.2y na na na na na yes na
Pavia, Italy (n=9) (n=9)
Di Sabato Hyperbaric O, Room ad hoc 100 93 na na na na na na na na no
1993; (n=6) (n=7)
NA
Dirkx 2018; Oxygen 7L/min Oxygen 12 ICHD2 68 61 43 new na 14 60 min na na yes yes
Denmark (n=70) L/min onset
(n=70)
Ekbom 1991; Sumatriptan SC Placebo IHS 56 80 42 na na na na na yes yes no
Europe (n=39) (n=39)
Ekbom 1993; Sumatriptan SC Placebo IHS 72 87 41 na na na na na na yes na
Europe (n=92) (n=88)
Fogan 1985; Oxygen 6L/min Air ad hoc na na na na na na na na na yes no
USA (n=15) (n=17)
Goadsby nVNS Sham ICHD3B 71 72 45.4 na na 10.5 73.7 min na na yes yes
2018; (n=50) (n=52)
Europe
Goadsby SPG stim Sham ICHD3B 0 Na 48 11-14y na 14 45 min na na yes yes
2019 2; (n=45) (n=48)
USA
Hardebo Sumatriptan NS Sumatriptan IHS 88 88 na na na 1-3 /day na na yes yes yes
1998; (n=25) SC
Sweden (n=25)
Matharu Octreotide SC Placebo IHS 73 79 40 14y na na na na yes yes no
2004; (n=46) (n=45)
UK
Petersen Oxygen 15L/min, Placebo ICHD2 53 74 45 132y na 7.7 na >2 wk na yes yes
2017; DVO (n=11)
Denmark (n=32)
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Study Characteristics

Population Characteristics

Co-Interventions

Permitted
Trial and Treatment Comparator CH ECH Male Mean lliness Onset Attacks/wk Attack Bout >45min Acute Prophylaxis
location (n) (n) Diagnostic % % Age duration | <wks duration | duration Rescue
criteria
Rappaport Zolmitriptan NS Placebo ICHD2 71 69 45.2 na na na na na yes no yes
2007, (n=52) (n=50) triptans or
USA ergot
Rozen 2013; DVO Oxygen 15 ICHD2 0 75 na na na na na na na yes yes
NA (n=na) L/min
na
Schoenen SPG stim Sham ICHD2 84 45 na na 19.2 na na no yes yes
2013; (n=32) (n=32) 0
Europe
Sicuteri 1983; SST/DHE Placebo na 100 36.2 na na na na na na no no
NA (n=na) na 75
Silberstein nVNS Sham ICHD2 84 47.87 na na na na na na yes yes
2016; (n=60) (n=73) 67
ISA
Van Viet Sumatriptan 20 Placebo IHS 82 43 13y na na na >8 wk yes 0, or no
2003; mg NS (n=118) 75 simple
USA (n=118) analgesia

Abbreviations: CH, cluster headache; ECH, episodic CH; NS, nasal spray; SC, subcutaneous; PO, by mouth; HIS, International Headache Society; ICHD,

International Classification of Headache Disorders; O2, oxygen; analg, analgesic; DVO, demand valve oxygen; na, not available; DHE, dihydroergotamine; SST,

somatostatin; NVNS, non-invasive vagal nerve stimulation; SPG, sphenopalatine ganglion.
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Table 2.1b Characteristics of RCTs that examined interventions for prevention of CHs

Study Characteristics

Population Characteristics

Co-Interventions

Permitted
Trial and Treatment (n) Comparator CH ECH Male % | Mean lliness Onset | Attacks Attack Bout >45min Acute Prophylaxis
location (n) Diagnostic % Age duration <wks per duration | duration Rescue
criteria week
Ambrosini 2005; Betamethasone Placebo IHS 70 87 40.1 na <1 wk 11.3 na >4wk na yes yes
Europe injection (n=10)
(n=13)
Anthony 1978; Cimetidine alone Placebo na na na 47.4 na na na na na na na na
Australia and with (n=20)
chlorpheniramine
(n=20)
Bussone 1990; Verapamil Lithium IHS 0 90 43 na na na na na na yes no
Italiy (n=15) (n=15)
Christiansen Nitrate tolerance Placebo IHS 0 88 53.1 >2y na na na na na yes no
2000; (n=5) (n=5)
Denmark
Di Sabato 1993; Hyperbaric O, Room air ad hoc 100 92 na na na na na na na na no
NA (n=6) (n=7)
El Amrani 2002; Valproate Placebo IHS 77 88 45.4 na na 12.1 na na na Sumatriptan no
Europe (n=50) (n=46) SCor O,
Evers 1998; Misoprostol Placebo IHS 0 Na 44.5 14y na 14.4 64.4 min na Sumatriptan yes
Europe (n=8) (n=8) SCor O,
Fontaine 2010; DBS Sham ICHD2 0 73 441 121y na 17.8 na na na yes yes
Europe (n=11) (n=11)
Gaul 2016; nVNS + SOC SOoC ICHD3B 0 69 43.8 49y na 17.7 99.3 min na na yes yes
Europe (n=48) (n=49)
Goadsby 2019; Galcanezumab Placebo ICHD3B 100 83 45.9 16.8y na 17.5 na >6 wk na yes mo
Europe and (n=49) (n=57)
North America
Hakim 2011; Warfarin Placebo ICHD2 0 76 44.6 7y na 21 48.8 min na na yes no
Italy (n=11) (n=11)
Jammes 1975; Prednisone Placebo na na na na na na na na na Na na na
USA (n-18) (n=19)
Leone 1996; Melatonin Placebo IHS 90 75 36.4 na <10 19.95 na na yes yes no
Italy (n=10) (n=10) days
Leone 2000 Verapamil Placebo IHS 100 90 43.5 155y <1 wk 11.5 na na yes yes no
Italy (n=15) (n=15)
Leroux 2011; Cortivazol Placebo ICHD2 65 88 41.4 na na 28.2 na na na yes nes
Paris, France injection (n=18)
(n=19)
Marks 1993; Capsaicin Placebo IHS Na 77 na na na na na na na na na
USA (n=9) (n=8)
Monstad 1995; Sumatriptan PO Placebo IHS 54 89 40 na na 27 na na na yes no
Europe (n=89) (n=79)
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Study Characteristics

Population Characteristics

Co-Interventions

Permitted
Trial and Treatment (n) Comparator CH ECH Male % | Mean lliness Onset | Attacks Attack Bout >45min Acute Prophylaxis
location (n) Diagnostic % Age duration <wks per duration | duration Rescue
criteria week
Nilsson 2002; Hyperbaric O, Sham - IHS 75 75 42.7 149y na range na >4 wk yes yes no
Stockholm, (n=14) hyperbaric only
Sweden air
(n=16)
Oakes 2019; Galcanezumab Placebo ICHD3B 0 73 45 na na 18.82 na na na yes yes
Europe and NA (n=117) (n=1120)
Pageler 2010; Frovatriptan PO Placebo ICHD2 100 na na na >1 wk 15.6 na >6 wk na no yes
Europe (n=5) (n=6)
Russel 1979; Cimet + Placebo ad hoc na na 49 na na na na na no Simple na
USA chlorpheniramine (n=12) analgesia
(n=12)
Saper 2002; Civamide nasal Placebo IHS 100 90 44.7 na na na na na no yes no
USA drops (n=10)
(n=18)
Steiner 1997, Lithium Their own - 100 100 36.4 134y <3 wk 15.75 na na >30 yes no
USA (n=14) Placebo similar to
(n=13) IHS
Trovnik 2013; Candesartan Placebo ICHD2 100 85 42.7 16.3y <2 wk 17.85 na na na Suma only no
Europe (n=19) (n=13)

Abbreviations: CH, cluster headache; ECH, episodic CH; NS, nasal spray; SC, subcutaneous; PO, by mouth; IHS, International Headache Society; ICHD,

International Classification of Headache Disorders; O2, oxygen; analg, analgesic; na, not available; Suma, sumatriptan; nVNS, non-invasive vagal nerve stimulation;

SPG, sphenopalatine ganglion; SOC, standard of care.
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RCTs of Acute Treatments for Chronic and Episodic CHs

Interventions Compared

As none of the studies included in this analysis reported individual endpoints for the
subgroups of patients diagnosed with chronic or episodic CHSs, the results presented were
based on a comparison of the combined subtype groups versus control. Outcomes from
the following acute treatment interventions were evaluated:
1) Dihydroergotamine (DHE) NS (n=2) (29, 30);
2) Triptans (n=7) (16-21, 85) including zolmitriptan NS, sumatriptan injectable, and
sumatriptan NS;
3) Low flow (83) or high flow (23) oxygen (n=5), comparisons of low versus high level
flow (24), and new modes of delivery including demand valve oxygen (DVO) (25,
92);
4) nVNS (n=2) (82, 90);
5) Invasive SPG stimulation (n=2) (28, 89);
6) Somatostatin (n=1) (30), related formulations (n=1) (86), and pasireotide (n=1)
(91);
7) Lidocaine/cocaine (n=1) (26);
8) Hyperbaric oxygen (n=1) (50).
A network diagram of all the available RCT evidence for acute treatment of CHs (before
consideration of specific outcomes) is shown in Figure 2.2. The control group for most of
the studies was a placebo (57%, n=12/21). Other control interventions included high flow
compared to low flow oxygen (24), high flow compared to DVO (25), sham procedures or
devices as placebo in cases in which an insertion procedure or external stimulating device
was used (19%, n=4/21) (28, 82, 89, 90), air inhalation through a mask as a placebo (83),
a hyperbaric room alone compared to inhalation of hyperbaric oxygen (50), and NS
versus SC sumatriptan (85). The same treatment doses were used in all cases in which

results from multiple trials were combined at a single node.
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Figure 2.2 Network diagram of acute treatments for CHs
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The network diagram for trials of acute treatments for CHs was as shown. Nodes were sized proportionately to reflect
the number of patients provided with each intervention. The lines connecting the interventions have widths that reflected
the number of studies evaluated for each comparison. Overall, 14 interventions were compared from a total of 21
studies (n=2,059 patients).

Outcomes

Table 2.2 provides a summary of the outcomes reported in the set of trials included in
this study. Most trials assessed pain intensity as measured on an ordinal scale and all but
two trials (29, 83) reported headache relief as a decrease from moderate to very severe
pain to mild or no pain at 15 or 30 min; others reported freedom from headache at 15 or
30 min. The two trials that did not report these data were older and conducted before
these measures became standard criteria in acute therapy trials. All but one of the studies
reported adverse events (29). Figure 2.3 presents network diagrams for each of these

endpoints.
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Figure 2.3 Common outcomes enc
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Network diagrams documenting three possible outcomes from acute treatment trials, including headache relief,

freedom from headaches, and adverse events were as shown. Nodes were sized proportionately to reflect the number

of patients provided with each intervention. The lines connecting the interventions have widths that reflected the number

of studies evaluated for each comparison. The number of studies, treatments, and patients varied between the outcome

measures presented.
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Table 2.2 Outcomes reported for acute treatment trials

Trial ID Treatment Comparator HA HA relief | Pain-free | Pain-free Other efficacy Adverse
relief at | at 30min | at 15 min | at 30 min measures Events
15min
Andersson DHE NS Placebo Attack controlled, strongly NA
1986 reduced, or slightly
reduced as per timeline
provided
Bahra 2000 zolmitriptan PO Placebo Yes Yes
Cittadini 2006 zolmitriptan NS Placebo Yes Yes Yes Yes
Cohen 2009 Oxygen 12L/min Placebo Yes Yes Yes Yes Yes
Costa 2000 Lidocaine/cocaine Placebo Yes Yes Yes Yes Pain extinction times in Yes
minutes were 31.3 for
cocaine, 37 for lidocaine,
and 59.3 for saline
Di Sabato Hyperbaric O, Room Yes Yes
1993
Dirkx 2018 Oxygen 7L/min Oxygen Yes® Yes§ Yes
12L/min
Ekbom 1991 sumatriptan SC Placebo Yes Yes Yes Yes
Ekbom 1993 sumatriptan SC Placebo Yes Yes HA response at 10 min Yes
Fogan 1985 Oxygen 6L/min Placebo Yes® Subjective relief score Yes
expressed by the patient
Goadshy 2018 nVNS Sham Yes® Yes Proportion per subject of Yes
attacks with a response
and who were pain-free
at 30 min, pain score as
per subject.
Goadsby 2019 SPG stim Sham Yes Yes Sustained pain relief from Yes
15 min to 1 h, 50%, 75%,
and 100% responder rate
in patients treated for >6
attacks.
Hardebo 1998 sumatriptan SC Sumatriptan Yes Yes Yes
NS
Matharu 2004 Octreotide SC Placebo Yes Yes Yes
Petersen 2017 Oxygen 15L/min, Placebo Yes Yes Yes
DVO
Rappaport Zolmitriptan_NS Placebo Yes Yes
2007
Rozen 2013 DVO Oxygen Yes Yes
15L/min
Schoenen SPG stim Sham Yes Yes Yes Yes
2013
Sicuteri 1983 Somatostatin/DHE Placebo The maximal pain Yes
intensity was moderately
reduced, no timepoints
were provided.
Silberstein nVNS Sham Yes 50% responders at 15 Yes
2016 min
VanViet 2003 Sumatriptan NS Placebo Yes Yes Yes

Abbreviations: 02, oxygen; DVO, demand valve oxygen; PO, by mouth; SC, subcutaneous; nVNS, non-invasive vagal nerve stimulation;

NS, nasal spray; suma, sumatriptan; zolmi, zolmitriptan; DHE, dihydroergotamine; SPG = sphenopalatine ganglion, ECH, episodic CH,;

CCH, chronic CH. §Study characteristics obtained by communication with authors or by calculations based on available data.
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Considerations for NMA and Outcomes Selected

We identified 18 suitable acute treatment trials that reported headache relief at 15-30 min
as an outcome. We visually inspected the homogeneity of these trials as shown in
Appendix 1.3. Of this set, five trials were identified as outliers that were excluded from
the NMA for the following reasons:

e One trial was an open-label study (85) that compared two active treatments
(sumatriptan SC and NS). We excluded this trial due to the risk of potential biases
associated with the open-label design.

e One trial featured a sumatriptan oral formulation and recorded headache
responses at 30 min (18). Oral formulations were not recommended for acute
treatment of CHs (104) given that the time of onset was slow and, on average,
these headaches were brief. It may not be appropriate from a methodological
perspective to expect a response to oral sumatriptan at these early time points as
it typically takes 2 hours to reach maximal systemic concentrations of this drug
when administered via this route. This could be compared to the responses to
sumatriptan injections, in which responses are typically seen within 15 min (105).
Furthermore, this trial had a significantly lower placebo response rate (9%) for
headache response at 30 minutes than was observed in the other trials. The
average placebo response in all other trials was 27% (Cl 23% to 31%).

e One trial that featured the use of DVO compared to simple mask and high flow
oxygen was not appropriately blinded, as placebo treatment was always provided
after DVO, which was hypothesized as likely to be the more effective of the
treatments evaluated. The results included a placebo response rate of 45% for
headache response at 30 minutes, which was much higher than the average at
27% (CI 23% to 31%). This high placebo response rate may be due to the direct
temporal association of the potentially more effective treatment vis a vis the
placebo (25).

e Another (92) was a pilot trial of DVO versus high flow oxygen involving only four
CH patients. Because this would have been the only DVO trial in our analysis and
the very small sample size might misrepresent the true treatment effect, this study

was omitted from the formal analyses.
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¢ One trial involving treatment with lidocaine and cocaine (26) warranted further
consideration for exclusion from NMAs because (@) it included a substantially
larger population of chronic CH patients (60%) compared to all other trials (range
25%-43.6%), and (b) there was no observed placebo response in 9 episodes of
treated CHs. As noted above, in all other placebo-controlled trials the average
placebo response was 27% (Cl 23% to 31%).

Based on these considerations, 13 trials were identified as suitable for inclusion in an
NMA of treatments used for CH relief with a 15-30 min outcome point. Of these, 11
studies compared acute therapies for all subtypes of CH. These trials compared injectable
and NS formulations of triptans (n=5) (16—20), oxygen administered in high and low flow
(n=3) (23, 24, 83), octreotide (n=1) (86) and nVNS (n=2) (82, 90). For an NMA, we
planned to evaluate either the 15 min or the 30 min time point depending on the
anticipated clinical onset of the effect of each therapeutic regimen. For example, the onset
of the effect of sumatriptan SC is typically within 15 min, while the onset of the effect of
sumatriptan NS was within 30 min. Recent data revealed that maximal blood
concentrations of injectable triptans were achieved at <15 min (105) and that the clinical
response occurs within this timeline (85). By contrast, some patients experience relief in
response to NS triptans after 15 min or more (85). We created two treatment nodes for
oxygen as there was clinical consensus (23, 106) suggesting a differential treatment
effect as well as published findings that were consistent with this trend (24). We evaluated
all reported side effects pooled per individual treatment as a secondary outcome. Another
two trials were included in the subgroup analysis of outcomes associated with SPG
stimulation in cases of chronic CH only (28, 89). The findings presented in Table 2.3 are
a summary of the group-level data for studies with common outcomes of responses of
CHs at clinically appropriate time points together with safety outcomes that were
considered in the NMA.
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Table 2.3 Studies with clinically relevant shared outcomes that were considered in the NMA.

Two outcomes commonly included in these studies were headache responses at clinically appropriate time points and

safety.
Study Placebo Suma | Zolmi 0, (023 Suma | Octreotide | nVNS | Headache Safety
SC NS low high NS SC Response
Timeline
Analyzed
Adverse Adverse
Events Events
Therapy Placebo
Ekbom 1991 25%, 74%, 15 min 35%, n=49 26%, n=47
n=39 n=39
Ekbom 1993 35%, 75%, 15 min 37%, n=92 16%, n=88
n=88 n=93
Cittadini 2006 23%, 42%, 30 min 2%, n=65 0%, n=61
n=61 n=65
Rappoport 2007 30%, 50%, 30 min 25%, n=52 16%, n=50
n=59 n=52
Fogan 1975 33%, 68%, 15 min 0%, n=67 0%, n=46
n=63 n=74
Cohen 2010 20%, 78%, 15 min 0%, n=148 0%, n=150
n=148 n=150
Dirks 2018 14%, 33%, 15 min 0%, n=14 0%, n=14
n=14 n=15
Van Viet 2003 26%, 57%, 30 min 23%, n=77 1%, n=77
n=77 n=77
Matharu 2004 36%, 52%, n=46 30 min 57%, n=46 24%, n=45
n=45
Silberstein 2016 15%, 27%, 15 min 14%, n=73 30%, n=77
n=73 n=60
Goadsby 2018 30%, 38%, 15 min 40%, n=50 27%, n=52
n=44 n=48

Abbreviations: 02, oxygen; SC, subcutaneous; nVNS, non-invasive vagal nerve stimulation; NS, nasal spray; Suma, sumatriptan; Zolmi, zolmitriptan.
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Subgroup Analysis: Episodic and Chronic CHs

Our review of the data indicated that it was feasible to evaluate episodic CH patients and
their acute responses in four trials that focused on zolmitriptan (n=2) (19, 20, 107) and
nVNS (n=2) (82, 90, 108). It was also possible to perform a subgroup analysis with data
on chronic CH patients treated with zolmitriptan (n = 2) (19, 20, 107), nVNS (n = 2) (82,
90, 108) and SPG stimulation (n = 2) (28, 89).

RCTs for Prevention for Chronic and Episodic CH

Interventions Compared

The RCTs focused on preventive therapies for CH included comparisons of the following
interventions:

1) Nerve block injections with steroids/local anesthetic (n=2) (34, 35);

2) Verapamil (n=2) (38, 39);

3) Valproate (n=1) (45);

4) Galcanezumab (n=2) (52, 53);

5) Fremanezumab (n=3) (93-95);

6) Deep brain stimulation (DBS; n=1) (47);

7) nVNS (n=2) (82, 90);

8) Warfarin (n=1) (40);

9) Melatonin (n=1) (41);

10) Capsaicin (n=1) (43);

11) Misoprostol (n=1) (49);

12) Hyperbaric O2 (n=1) (87);

13) Triptans (frovatriptan and sumatriptan (n=1 each) (42, 46);

14) Civamide (n=1) (36);

15) Lithium (n=2) (37, 38);

16) Candesartan (n=2);

17) Cimetidine (n=2) (48, 88); and

18) Nitrate tolerance (n=1) (44).
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The network diagrams shown in Figures 2.4 and 2.5 illustrate the current evidence
regarding preventive treatments used for episodic or non-selective and chronic CHSs,
respectively, before focusing on the common outcomes reported. Placebo was used as
the comparator in most of the trials (76%, n=19/25). Other notable comparators included
a DBS procedure in which the device was not turned on (47), lithium versus verapamil
(39), standard of care versus nVNS (84), and hyperbaric air in a room or via a mask

versus hyperbaric oxygen treatment (50, 87).

Figure 2.4 Preventive treatments used in studies of patients with CHs including

episodic disease

Frovatriptan Civamide  cimetidine

Oral
Galcanezumab Candesartan
Occipital
Nerve Block
Hyperbaric
Oxygen
Verapamil
Lithium
Valproate
Melatonin Sumatriptan
Placebo Oral

Prednisone

A network diagram documenting preventive trials is shown. Nodes were sized proportionately to reflect the number of
patients subject to each intervention. The lines connecting the interventions have widths that reflected the number of

studies per comparison. Overall, 14 interventions were compared in a total of 17 studies (n=758 patients).
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Figure 2.5 Preventive strategies used in studies of patients with chronic CH

Misoprostol Lithium
Nitrate Tolerance Galcanezumab
Deep Brain
nVNS Stimulation
Placebo Warfarin

Standard Verapamil
Of Care

A network diagram documenting comparison performed in preventive trials for patients with chronic CH is shown. Nodes
were sized proportionately to reflect the number of patients subject to each intervention. The lines connecting the
interventions have widths that reflected the number of studies per comparison. Overall, 10 interventions were compared

in a total of 7 studies (n=460 patients).

Outcomes

Table 2.4 presents a summary of the outcome measures assessed in all the included
trials of preventive therapy. Overall, there was wide variability between studies with
respect to the choice of primary outcome and timing of measurements. The guidelines for
the design of clinical trials focused on CHs recommended that the primary efficacy should
be measured as the frequency of attacks per week (78). However, there were no
recommended or commonly accepted criteria for evaluating the duration of baseline
headaches and the number of weeks used to define a response period. In this table, we
listed the more commonly reported outcomes used in these studies to assess the
feasibility of performing an NMA.
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Table 2.4 Outcomes reported in preventive trials.

Trial and Year

Treatment

Comparator

Cluster
Type

Baseline

Mean change in
the number of
headache days at
2 weeks

50% Reduction
in Headache
Days

Primary Outcome
Measures

Ambrosini
2005

betamethasone
injection

Placebo

69.5% ECH

1 week

no

no

From 72h to 1-week attack
free, from 72h to 4 weeks
attack free

Anthony 1978

cimetidine, cimet +
chlorpheniramine

Placebo

NA

none

no

no

Headache free during
3weeks

Bussone 1990

verapamil

Lithium

CCH

3 weeks placebo

no

no

The number of headache
attacks and changes in
intensity during 12 weeks of]

treatment.

Christiansen
2000

nitrate tolerance

Placebo

CCH

1 week

no

no

Mean cluster attacks/week
comparing placebo to
active treatment for 1 week.

Di Sabato
1998

hyperbaric 02

Room

ECH

None

no

no

Freedom from CHs for 3
mo duration.

El Amrani
2002

valproate

Placebo

77% ECH

1 week

no

no

50% reduction in the
number of headaches from
run in to the second week
of treatment

Evers 1998

misoprostol

Placebo

CCH

2 weeks

no

no

Number of attacks over 2
weeks of treatment vs.
placebo

Fontaine 2010

DBS

Sham

CCH

4 weeks before
implant and 4
weeks after implant
but before
randomization

no

no

Attacks in the last week on
active vs. placebo in the 1
month of treatment

Gaul 2016

nVNS +SOC

SOC

CCH

2 weeks

yes

yes

Reduction in mean CH
attacks in the last two
weeks of a 4-week
randomized phase

Goadsby 2019

galcanezumab 300
mg Qmo

Placebo

ECH only

1 week

yes

yes

Reduction in mean attacks

in the 3 weeks compared to

baseline, including week by
week values

Hakim 2011

Warfarin

Placebo

CCH

4 weeks

no

no

Remission for 4 of 12 wk on
treatment or placebo

Jammes 1975

Prednisone

Placebo

NA

NA

no

no

Complete relief of pain with
prednisone and number of
patients with duration of
effect >2 mo.

Leone 1996

Melatonin

placebo

90% ECH

1 week

yes

no

Reduction in mean attacks
in week 1 and 2 on
treatment compared to
baseline

Leone 2000

Verapamil

placebo

ECH only

5 days

yes

yes

Reduction in mean attacks
in week 1 and 2 on
treatment compared to
baseline

Leroux 2011

Cortivazol

placebo

65.1% ECH

3 days

yes

yes

Attacks <2/day during the
second, third, and fourth
day after the third injection
(days 9-12)

Marks 1993

capsaicin

placebo

62.5% ECH
in rx, plac
no ECH

3 days

no

no

The difference in the
number of headaches and
headache intensity at
baseline vs. week 1 and 2
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Trial and Year Treatment Comparator Cluster Baseline Mean change in | 50% Reduction Primary Outcome
Type the number of in Headache Measures
headache days at Days
2 weeks
Monstadt | sumatriptan 100 mg placebo 53% ECH 1 week no no 50% responder rate
1995 PO TID between baseline week and
week 1 of treatment
Nilsson 2002 hyperbaric O, Sham - 75% ECH 1 week no no Headache index reduction
hyperbaric air 50% at 1 wk
Oakes 2019 galcanezumab placebo CCH 2 weeks yes yes Mean change in the
300mg Qmo number of cluster attacks
from baseline to weeks 1—
12
Pageler 2010 | Frovatriptan 5mg placebo ECH 4-7 days no no
daily Mean change in the number
of cluster attacks from
baseline to weeks 1-2
Russel 1979 cimet + placebo NA none no no Mean change in the
chlorpheniramine number of cluster attacks
from baseline to weeks 1-
12
Saper 2002 | civamide nasal drop placebo ECH 3 days yes no
Mean change in the
number of cluster attacks
from baseline to weeks 1-3
Steiner 1997 Lithium placebo ECH none no no Percentage of patients
whose attacks ceased at 1
week
Trovnik 2013 candesartan placebo ECH none yes yes Mean number of CH

attacks from wk 1 to wk 3 of

treatment

Abbreviations: cimet, cimetidine; PO, by mouth; SC, subcutaneous; O2, oxygen; SOC, standard of care; TID, three

times daily; DBS, deep brain stimulation; Qmo, administered once each month; nVNS, non-invasive vagal nerve

stimulation; NS, nasal spray; SPG, sphenopalatine ganglion; rx, treatment; plac, placebo; wk, week; CH, cluster
headache; ECH, episodic CH; CCH, chronic CH.
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Many trials assessed freedom from headaches over specific periods of time (34, 37, 40,
48, 50). A few older trials included a headache index, which was a compound measure
of frequency and intensity (39, 87). Some trials did not include a baseline period in which
headache frequency was measured in the absence of treatment; these studies used the
first week of treatment as the effective baseline for comparisons with responses during
the weeks to follow (48, 51, 103). Other trials featured various measures of headache
attacks over a defined period compared to baseline, although the time recorded varied
from 1-2 weeks in most trials, up to 12 weeks in trials for chronic CH (53).

Considerations for NMA and Outcomes Selected for Evaluation of Prevention of CHs
We initially identified six trials (35, 36, 39, 41, 51, 52) that included the common outcome

of a reduction in the frequency of headaches in comparisons between pre-treatment
baselines and two weeks of treatment for the prevention of CHs. However, there was one
significant methodological difference identified specifically in one of these studies that
evaluated the efficacy of cortivazol injections. In a 2011 study, Leroux et al. (35) treated
all episodic CH patients with verapamil in addition to the target drug or placebo injections.
However, none of the patients diagnosed with chronic CH were treated with verapamil.
As it was unclear which patients did or did not receive verapamil, we were unable to

assign these study subjects to the true placebo or verapamil node.

As shown in Figure 2.6a, we identified five trials for inclusion in NMAs as summarized in
Table 2.5. All five studies reported decreases in headache parameters after two weeks
of therapy, with four of them documenting a 50% response at two weeks; these findings
are illustrated in Figure 2.6b. The findings presented in Appendix 1.3 include possible
effect modifiers and the placebo response rates reported in these trials. We noted that
there was significant heterogeneity associated with these trials that may have an impact
on the validity of NMA. As shown in Appendix 1.3 and Figure 2.4, there was considerable
variability in the placebo responses for both headache change (range 1.7 to -6.2) and the
50% response rate (range 0% to 45%). This likely reflected differences in study design
that would influence treatment response. Those studies where the placebo response was

very low included patients in the first week of a bout only(39, 41), and those studies with
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a larger response included patients later in a bout(36, 51, 52). Earlier in a bout as the
headaches are beginning, there is commonly a ramp-up of the number of headaches
(104, 109), and thus the placebo effect when measured early can be very low(39, 41),
and treatment effects, if seen, may be more significant. Another trial(34), left out of our
analysis as it had a different outcome and was not eligible for NMA, that also had inclusion
early (<1 week) in a bout, also had a zero placebo response rate. It is possible that by
including patients later in a bout, the placebo measured effect is higher as some patients
have natural remission of their cluster bout which occurs between 6-10 weeks (110, 111).
Both placebo and true treatment response may be increased in these trials compared to
trials that included patients later in a bout(51), compromising the similarity of these trials.
Additionally, clinically patients are often seen out of bout, and will be asked to start a
medication at the onset of a bout, making this trial design more applicable clinically as
well. Overall, given this extremely high variability and given that there were too few studies
to conduct meta-regression analyses on the placebo response rate and bout duration in
these trials, we believe that NMAs comparing preventive therapies could be prone to bias
and limited validity. Therefore, NMAs for this class of therapies were not considered

valuable to be pursued.

There were no data available from these preventive trials that facilitated subgroup
analysis in episodic versus chronic CH patients. Four of the trials focused on episodic
CHs only (36, 39, 51, 52); only one of the remaining two trials provide a clear and
appropriate breakdown of the data (35). Seven reports focused on chronic CH patients
only, although these studies did not include a common outcome (38, 40, 44, 47, 49, 52,
84).
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Figure 2.6a (left). Studies reporting changes in the number of weekly headaches from baseline to 2 weeks in episodic

CH patients
Figure 2.6b (right). Studies reporting fifty percent responder rates in episodic CH patients

Galcanezumab Civamide Galcanezumab

Melatonin Candesartan Candesartan

Placebo Verapamil Placebo Verapamil

Nodes are sized proportionately to reflect the number of patients involved in Nodes are sized proportionately to reflect the number of patients involved in
each intervention. The lines connecting the interventions have widths that reflect each intervention. The lines connecting the interventions have widths that
the number of studies per comparison. Overall, 6 interventions were compared reflect the number of studies per comparison. Overall, 4 interventions were

in a total of 5 studies (n=268 patients). compared in a total of 3 studies (n=164 patients).
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Table 2.5 Preventive trials that feature changes in headache frequency from baseline to 2-weeks, 50% responder rates,
and adverse events.

Baseline Baseline Active
frequency Rx reduction frequency Placebo Treatment
active Rx per to week 2 + placebo per reduction to 50% Placebo AE AE
Trial and year Treatment ECH week + SD SD week £ SD week 2 £ SD response | 50% resp RX PLAC
Goadsby -8.8+12.1, -4.5+10.5, 25%,
2019 galcanezumab All 17.3+-10 n=57 17.8+/-10.1 n=49 39%, n=57 n=49 25/57 16/49
-12.7+16.0, 0.8+11.4,
Leone 1996 melatonin 90% 23.1 n=10 16.73 n=10 NA NA 0/10 0/10
-9.249.1,
Leone 2000 verapamil All 13.4 n=15 9.59 1.748.7, n=15 | 80%, n=15 | 0%, n=15 8/15 0/15
civamide nasal -8.449.1, -3.648.7,
Saper 2002 drop ECH 12.5 n=18 10.8 n=10 NA NA 17/18 7/10
-8.7+9.1, -6.2+8.7, 46%,
Trovnik 2013 candesartan ECH 14.3+9.2 n=19 16.8 n=13 63%, n=19 n=13 12/19 3/13

Abbreviations: ECH, episodic clusuter headache; RX, treatment; AE, adverse events; PLAC, placebo; NA, not available.
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Table 2.6 Characteristics of two-arm observational studies of therapies used to treat CHs

Trial, year and Treatment Diagnostic | ECH % | Male % | Mean Onset Attacks Attack Attack lliness Prophylaxis Rescue
location criteria Age <wks per day duration >45 min Duration
De Carolis prednisone 50 mg/day for na 100 92 na <lwk na >3wk na na yes yes
1988 30d
Italy nimodipine 30 mg QID

lithium 300 mg TID
methysergide 2 mg TID

Favoni 2017 GON-B na 68 na na na na na na na na na
Italy Methylprednisolone 80 mg
+ lidocaine 2 mg 2% 1X
GON-B

Methylprednisolone alone
- 3 applications every 48h

Fusco 1994 10% capsaicin applied ad hoc 73 >15 days na na na >3y na Na
Italy only until desensitized 80 46+
ipsilateral to ECH
Contralateral to ECH 80 49
Contralateral 1 mo and 100 51
then ipsilateral 1 mo for
CCH
Gantenbein unilateral GON-B with 3 ICHDII 52 87 42 ECH34 | 2.9+/-1.8 na na na yes na
2012 ml betamethasone + 2 ml days
Switzerland 2% lidocaine
bilateral GON-B CCH 3.2+/-2.8
escalation
ECH
CCH
Gregor 2005 sumatriptan 6 mg SC IHS 63 83 43 na na na na na yes yes
USA

sumatriptan 3 mg SC
sumatriptan 2 mg SC
Oxygen >7 L/min

Kudrow 1981 Ergotamine ad hoc 72 84 44 na na na na na no no
NA
02 7 L/min
Wei 2018 oral steroids prednisone ICHD3B 67 80 44 na na na na na yes yes
USA or dexamethasone for 2—
14 days
GON-B 2 ml 2% lidocaine
and 40

methylprednisolone

Abbreviations: CH, cluster headache; ECH, episodic CH; SC, subcutaneous; PO, by mouth; his, International Headache Society; ICHD, International Classification

of Headache Disorders; O2, oxygen; TID, three times daily; QID, four times daily; NA, not available; GON-B, greater occipital nerve block.
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Characteristics of Study Populations in Non-Randomized Studies

Our literature search identified seven observational studies that included control arms
(96—-102). The characteristics of these studies are summarized in Table 2.6. Five out of
the seven non-randomized studies evaluated preventive interventions (96-100), while
two assessed interventions for acute treatment (101, 102). The interventions compared
in the preventive studies included steroids with nimodipine, lithium, and methysergide
(96); greater occipital nerve (GON) injections with steroids both with and without local
anesthetic (98); administration of capsaicin in the ipsilateral versus contralateral nostril
(97); unilateral versus bilateral GON injections (99); and oral steroids versus GON
injection (100). Diagnostic criteria were provided in most of these studies (71% n=5/7),
as were the percentages of patients diagnosed with episodic CHs. The percentage of
male patients was reported in all trials (median = 84%, IQR 81% to 87%). Exclusion
criteria were reported in only 29% of studies. Prophylaxis was accepted in 71.4% and
disallowed in 14% of these studies; another 14% did not report this information. Rescue
therapy was allowed in 42.9%, not allowed in 14%, and not reported in 28% of these trials.
The average age of patients in these studies was similar to the average ages of patients
enrolled in the RCTs (median 43.4, IQR 43.4 to 46.25 years); this information was not
available in one study. It was unclear whether therapy was discontinued in any of the
studies. Time of onset of the current cluster period was not reported in 42% of trials;
71.4% of the studies did not report the number of headache attacks per week. The
durations of the headache attacks were reported in only 14% of the trials. It was also
unclear whether any of the acute trials limited their evaluation to attacks that persisted for

longer than 45 min. Duration of illness was reported in only 14% of these trials.

The outcomes assessed in the observational studies are presented in Table 2.7. For trials
focused on preventive therapies, all studies reported complete cessation of attacks within
a given timeline; however, as baseline frequencies were not available, the data provided
by these trials were not sufficient for use in NMAs. Among the two-arm observational
studies, de Carolis (96) found that, although prednisone treatment was effective, frequent
relapses in a single cluster period were observed in patients treated with this medication.

Of note, they did report that, regardless of the specific drug used, medications were less
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likely to be effective when administered later during a cluster period. Favoni (98) found
that 3 steroid injections without local anesthetics administered over a 72 h period were as
effective in terminating headache clusters as was a single injection of steroids with an
anesthetic. Fusco (97) found that the application of capsaicin in the ipsilateral nostril was
effective in terminating a cluster in patients with both episodic and chronic cluster CHs.
Gantenbein (99) reported that unilateral steroid injections with local anesthetics were
effective for both episodic and chronic CHs; however, bilateral injections might be more
effective in promoting complete resolution in those diagnosed with chronic CH. Wei et al.
(100) found that steroid injections with local anesthetics were effective less frequently
than were oral steroids. However, as they note in their publication, steroid injections with
local anesthetics were provided as single and lower doses than those evaluated in the
RCTs (34, 35).

While both acute treatment studies measured headache responses at 15 min, there were
significant methodological limitations associated with these trials. In one trial, oxygen was
administered at >7L/min (101), although the exact value was not reported by the authors
and could not be determined. This study could not undergo further consideration for
inclusion in the quantitative analyses. In the other trial, the authors reported treatment
success if 7 of 10 attacks were relieved within 15 min (102). This endpoint was different
from those used elsewhere; these findings could not be combined with those reported in
other studies.. Given that risk of bias for these studies was not appraised nor were they
included in further analyses, we do not give further comment on the strength of evidence
of these trials. Instead the directionality of findings observed is reported, as is common
for a scoping review giving a wide angle view of the field.

48



Table 2.7 Outcomes reported in observational studies.

Trial and Year

Treatment

Primary Outcome

Other Outcomes

De Carolis 1988

prednisone 50 mg/day for 30 d

nimodipine 30 mg QID

lithium 300 mg TID

methysergide 2 mg TID

No attacks after 7
days of therapy

bilateral GON-B with escalation

ECH

CCH

of therapy

Favoni 2017 Methylprednisolone 80 mg + lidocaine 2mg Responders were in
abstract 2% remission >1 mo
Methylprednisolone only three times every
48h
Fusco 1994 10% capsaicin applied only until desensitized | Complete cessation | 50% response over 60
Ipsilateral to ECH of headaches over 60 days
Contralateral to ECH days
Contralateral 1 mo and then ipsilateral 1 mo
for CCH
Gantenbein Ipsilateral GON-B with 3 ml betamethasone + | No attacks within 24h | >25% decrease in the
2012 2 ml 2% lidocaine

frequency of attacks
after 24h

Gregor 2005

sumatriptan 6 mg SC

sumatriptan 3 mg SC

sumatriptan 2 mg SC

HA relief at 15 min

02 >7L/min
Kudrow 1981 Ergotamine HA relief at 15 min Headache freedom at
Ozat 7L/min 15 min

Wei 2018

Oral steroids prednisone or dexamethasone
for 2-14 days

GON-B with 2 ml 2% lidocaine and 40 mg
methylprednisolone

Complete cessation
of headaches with 7
days of treatment

A decrease in
headaches within 7
days of treatment

Abbreviations: CH, cluster headache; ECH, episodic CH; SC, subcutaneous; PO, by mouth; IHS, International
Headache Society; ICHD, International Classification of Headache Disorders; O2, oxygen; TID, three times daily; QID,

four times daily; GON-B, greater occipital nerve block; HA, headache.

Synopsis of Findings

For the present review, we identified 55 studies that fit our search criteria. Of these, 44
were RCTs, 4 were unpublished trials available from clinical registries, and 7 were
observational studies. We noted that there was evidence of the efficacy of numerous
therapies used for treatment of CHSs, including oxygen, triptans (injectable and NS), nVNS
(for episodic CH); SPG stimulation (for chronic CH), DHE NS and infusion, somatostatin
and its analog, octreotide, and nasal application of lidocaine and cocaine (Table 2.8). For
preventive therapy (Table 2.9), there was evidence supporting the efficacy of steroid

injections with local anesthetics to the greater occipital nerve, galcanezumab (in episodic
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CH), verapamil (39) (in episodic CH), oral prednisone (31), nVNS (for chronic CH) (84),
lithium (38) (equivalent to verapamil for chronic CH) and warfarin (for chronic CH) (40).
We were unable to report comparative data derived from some of the observational
studies as they did not provide objective comparisons of the outcomes, but instead
performed statistical analyses of the responses to each of these modalities individually
(96, 98). In cases in which active treatments were compared directly to one another, the
following were the conclusions for studies of acute therapy for CH:
(1) Sumatriptan injections in doses from 2 to 6 mg were effective in most patients.
More patients responded to sumatriptan injection versus oxygen at flow rates
>7L/min, although this was not stated explicitly (101);

(2) Sublingual ergotamine and low flow oxygen were equally effective (102).

Regarding directionality of findings, the following observations were made from
observational studies focused on preventive therapy. It should be noted that these
findings are subject to limitations due to inherent bias of observational studies (and as we
did not assess their risk of bias formally):

(3) Capsaicin applied to the ipsilateral nostril (97) was more effective than its
application to the contralateral nostril in preventing both episodic and chronic CHs;

(4) Bilateral steroid injections with local anesthetics into the greater occipital nerves
were more effective than unilateral injections (if the latter were shown to be
ineffective) especially for chronic CH patients (99);

(5) Oral steroids were found to be more effective than GON injections in one study,
although in this study, an injection dose of only 40 mg of methylprednisolone was
used. This dose is lower than the 80 mg that would be considered as equivalent to
what was used in the randomized trials (34, 35) and other observational studies
(98).

50



Table 2.8 Summary of findings and acute treatment interventions

Author and Year Treatment Comparator Design Directionality of Findings of Treatment vs.
Comparator
Reports HA | Pain-Free Other
Efficacy | Relief primary
Endpoints$
Andersson 1986 DHE NS Placebo RCT Yes 1
Bahra 2000 zolmitriptan PO Placebo RCT Yes “ —
Cittadini 2006 zolmitriptan NS Placebo RCT Yes 1
Cohen 2009 Oxygen 12L/min Placebo RCT Yes T 1
Costa 2000 Lidocaine/cocaine Placebo RCT Yes 1 1 1
Di Sabato 1993 Hyperbaric O2 Room RCT Yes 1
Dirkx 2018 Oxygen 7 L/min | Oxygen 12L/min RCT Yes i
Ekbom 1991 Sumatriptan 6 mg Placebo RCT Yes 1 1
SC
Ekbom 1993 Sumatriptan 6 mg Placebo RCT Yes ) 1
SC
Fogan 1985 Oxygen 6 L/min Placebo RCT Yes 1
Goadsby 2018 nVNS Sham RCT ECH >
subgroup
only
Goadsby 2019 SPG stim Sham RCT Yes 1 1 1
Gregor 2005 Sumatriptan 6 mg, Oxygen Observational Yes T
3mg, 2 mg >7L/min
Hardebo 1998 sumatriptan SC Sumatriptan NS RCT Yes 1
Kudrow 1981 Ergotamine Oxygen 7L/min |Observational Yes —
sublingual
Matharu 2004 Placebo RCT Yes 1
Petersen 2017 Oxygen 15L/min, Placebo RCT No -
DVO
Rappaport 2007 Zolmitriptan NS Placebo RCT Yes 1
Rozen 2013 DVO Oxygen 15L/min RCT No -
Schoenen 2013 SPG stim Sham RCT Yes i i
Sicuteri 1983 Somatostatin/DHE Placebo RCT Yes i
Silberstein 2016 nVNS Sham RCT ECH -
subgroup
only
VanViet 2003 Sumatriptan NS Placebo RCT Yes 1

Abbreviations: CH, cluster headache; ECH, episodic CH; SC, subcutaneous; PO, by mouth; O2, oxygen; DVO, demand

valve oxygen; HA, headache; Splease see Table 2.2 for full explanations of these outcomes.
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Table 2.9 Summary of findings and interventions used as preventive treatments

Author and Treatment Comparator Design Directionality of Findings Treatment vs.
Year Comparator
Reports | Mean 50% Other
Efficacy | change | Reduction primary
HA Endpoints$
days
Ambrosini betamethasone placebo RCT Yes 1
2005 injection
Anthony cimetidine, cimet + placebo RCT No >
1978 chlorpheniramine
Bussone verapamil lithium RCT Yes 1
1990
Christiansen nitrate tolerance placebo RCT No -
2000
Di Sabato hyperbaric Oz room RCT Yes 1
1998
El Amrani valproate placebo RCT No -
2002
Evers 1998 misoprostol placebo RCT No -
Fontaine DBS Sham RCT No —
2010
Fusco 1999 10% capsaicin 10% capsaicin Observational
ipsilateral nostril contralateral nostril
Gaul 2016 nVNS+SOC SOC RCT Yes, ) 1
CCH
Goadsby galcanezumab 300 placebo RCT Yes 1 1
2019 mg monthly
Hakim 2011 warfarin placebo RCT Yes 1
Jammes prednisone placebo RCT Yes i
1975
Leone 1996 melatonin placebo RCT Yes i
Leone 2000 verapamil placebo RCT Yes T i
Leroux 2011 cortivazol placebo RCT Yes 1 1
Marks 1993 capsaicin placebo RCT Yes 1
Monstadt sumatriptan 100 mg placebo RCT No -
1995 PO TID
Nilsson hyperbaric 02 Sham — hyperbaric RCT No -
2002 air
Oakes 2019 | galcanezumab 300 placebo RCT No T TN
mg monthly
Pageler frovatriptan 5 mg placebo RCT No TN
2010 daily
Russel 1979 cimetidine + placebo RCT No -

chlorpheniramine
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Author and Treatment Comparator Design Directionality of Findings Treatment vs.
Year Comparator
Reports | Mean 50% Other
Efficacy | change | Reduction primary
HA Endpoints$
days
Saper 2002 civamide nasal placebo RCT Yes T
drops
Steiner 1997 lithium placebo RCT No 1
Trovnik candesartan placebo RCT No <—> TN 1
2013
Wei 2019 oral prednisone 2— GON 40mg Observational Yes 1
14 days methylprednisolone

Abbreviations: CH, cluster headache; ECH, episodic CH; CCH, chronic CH; cimet, cimetidine; nVNS, non-invasive

vagal nerve stimulation; SOC, standard of care; SC, subcutaneous; PO, by mouth; TID, three times daily; O2, oxygen;

GON-B, greater occipital nerve block; HA, headache; 8please see full explanations in Table 2.4.

DISCUSSION

In summary, we have looked at patient and study characteristics across trials of
preventive and acute treatment interventions of cluster headache and identified areas of
deficiencies in reporting of these baseline characteristics in randomized controlled trials.
We have made some recommendations for consideration in future trials to comply with
common outcomes recommended by guidelines on cluster headache trials (78), and

additionally for trial duration in preventive trials of episodic and chronic cluster.

After we ensured baseline characteristics were similar and there were no methodological
concerns as to the trials (69), we established a possible network architecture for NMAs
to derive comparisons between acute treatments for cluster headache using headache
relief and side effects as outcome measures, and we identified thirteen trials to be
included in the network. For trials of acute treatments, we can look at episodic cluster
headache patients and their acute response for two therapies, and in chronic cluster we
can look at response to three therapies. For preventive trials, we identified 6 trials utilizing
headache count at baseline at two weeks, and five trials with 50% responder rate that we
can utilize in NMA. However, given the high variability in placebo response seen across
trials, exploring this network may produce difficult to interpret results that may mislead

readers. We saw a very low placebo response in those trials enrolling in the first week of
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a bout (34, 39, 41), likely reflecting an initial ramp-up where number of headaches
increase. In contrast, trials that allowed enrollment up to week 3 or 4 of a bout had larger
placebo responses (51, 52), as there was possibly also natural remission of the disease
reflected in these rates (51). This may be related to possible differences in treatment
effects as well. As clinically patients are often encountered out of bout and are asked to
start treatment on bout commencement, trialists need to consider this paradigm for future

trial design.

Collectively, these steps highlight that we have connected networks for acute therapies,
which were found to have populations and settings which are comparable, making for the
basis of viable network meta-analyses to compare treatments. The network architecture
of the acute trials is such that most studies are connected through placebo, except for
two situations where the comparisons are of two active treatments (24, 85). There were
no large degrees of separation of trials through multiple nodes, however we have a sparse
network (i.e. few studies informing treatment comparisons in the network), and there will
be some uncertainty due to lack of direct treatment comparisons and the small studies of
studies (69).

A limitation of the current study is that, as is typical for scoping reviews, we did not assess
the risk of bias and we do not give recommendations on the available therapies. We
informally assessed methodological limitations of the various trials as described above
while appraising their characteristics to judge appropriateness of their inclusion in NMA
in light of the transitivity assumption. studies included in NMAs were subsequently
appraised for risk of bias. However, for the scoping review we have described the
treatment landscape to provide the clinical community with a bird’s eye perspective of
current studies and interventions, while aiming to inform the planning of network meta-
analysis and establishing past compliance with recommendations for trial design (78,
112). By not assessing the risk of bias of these studies, we caution the reader to not
interpret all treatment comparisons we present to be on the same footing in terms of
evidence of treatment efficacy, and as such we are not making recommendations on

treatment to use for this condition as much as delineating the landscape.
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Reporting of possible effect modifiers is important (78), and we would recommend the
following be reported by the authors of clinical trials in the future: percentage of episodic
versus chronic and reporting results by these subgroups, gender of participants, exclusion
criteria, whether there was allowed prophylaxis and acute therapy, the mean age of
participants, the location of the trial, the discontinuation rates, the onset of current cluster
period, the frequency of attack/week in a baseline period and in subsequent weeks, the
duration of individual cluster headaches and if there was a minimum headache duration
for inclusion (commonly 45min). These effect modifiers may have a significant effect on
study results, and without this information, generally readers are unable to judge if there
are design weaknesses in the trials, if findings are applicable in all trials, and if formal
synthesis is appropriate. For example, having more chronic cluster patients in a study may
decrease treatment response as these patients tend to be more resistant to treatment,
including patients with headaches <45min may decrease treatment response and
increase placebo as patient who have shorter headaches may have natural cessation of
episode by 30min. If these data are not reported, readers are not able to judge the
comparability of populations and designs across studies, and in the future efforts to

account for differences between studies in evidence syntheses cannot be pursued.

Since the last systematic review in 2016 (15), which only included RCTs, we identified 9
new studies(24, 25, 52, 53, 82, 82, 93, 94, 94). Amongst these, there were 4 studies of
acute treatments utilizing noninvasive vagal nerve stimulation VNS (82), sphenopalatine
ganglion stimulation SPG (28) and oxygen (24, 25). There were also two studies of
preventive therapies that have been published of an anti-calcitonin gene related peptide
CGRP molecule monoclonal antibody galcanezumab which is positive on primary
outcome in episodic cluster and negative on primary outcome in chronic cluster headache
(52, 53) and 3 unpublished negative studies with fremanezumab (93-95) in episodic and

chronic cluster.

Notably, for new studies in episodic cluster headache, CGRP monoclonal antibodies do

not seem to have a class effect, with only galcanezumab being positive (52) and
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fremanezumab being negative (95), and trials of these in prevention of chronic cluster are
both negative (53, 94). Dosing may have played a role in episodic cluster, as the
galcanezumab trial used much higher doses than in migraine (52), whereas
fremanezumab trial did not increase doses compared to migraine (93-95). Given the
negative trial results of CGRP monoclonal antibodies in chronic cluster, perhaps chronic
cluster headache is only associated with CGRP pathology in some patients, and there is

some data to support this (113).

CONCLUSION

In this scoping review, we describe the treatment landscape of cluster headache for both
acute and preventive treatments. We highlight new studies reported since prior
systematic reviews and identify and highlight possible treatment effect modifiers and
recommend their reporting in future trials. Lastly, we present the acute therapies for which

we will undertake a network meta-analyses for cluster headache.
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ABSTRACT

Background: There are few evidence-based acute treatments available for cluster
headache. As most treatments were compared only against placebo in clinical trials, few
head-to-head comparisons of treatments are available. We used network meta-analysis
(NMA) to characterize the relative effectiveness and harms of acute treatment options for
cluster headache.

Methods: A systematic scoping exercise was performed to identify randomized controlled
trials evaluating treatments in adult patients (>18 years old) with cluster headache per
accepted diagnostic criteria. Bayesian NMAs were performed to compare treatments in
terms of headache relief at 15 or 30min, and also the occurrence of adverse events. We
report odds ratios of relative treatment effects along with corresponding 95% credible
intervals (Crl), as well as measures of treatment ranking.

Results: A total of 13 RCTs informed NMAs. We found high flow oxygen to be the most
effective therapy for headache response at 15/30 minutes (OR 9.03, 95% Crl 5.27 to
15.93 versus placebo), with injectable sumatriptan demonstrating the next highest effect
(OR 6.39, 95% Crl 3.75 to 11.13 versus placebo). High flow oxygen was also more
effective than low flow oxygen (OR 2.55, 95% Crl 1.13 to 5.76), nasal spray zolmitriptan
(OR 3.75, 95% Crl 1.72 to 8.35), octreotide (OR 4.53, 95% Crl 1.64 to 12.47) and nVNS
(OR 5.21, 95% Crl 2.29 to 11.93). Sumatriptan injectable was also effective for headache
relief and was found to be better than nasal spray zolmitriptan (OR 2.67, 95% Crl 1.21 to
5.88), octreotide (OR 3.20, 95% Crl 1.17 to 8.80) and nVNS (OR 3.69, 95% Crl 1.63 to
8.37). Regarding adverse events, octreotide (OR 4.13, 95% Crl 1.71 to 10.49) and
sumatriptan (OR 2.40, 95% Crl 1.39 to 4.21) were associated with greater risk compared
to placebo, while other treatments did not demonstrate increased risk. For subgroup
analyses, non-invasive vagal nerve stimulation (nVNS) was significantly better than
placebo in episodic cluster headache patients (OR 4.93, 95% Crl 1.89 to 14.11).
Conclusions: Our findings suggest that high flow oxygen is more efficacious when
compared to low flow oxygen for headache relief. Patients who fail low flow oxygen and
can tolerate increased flow rates should be tried on high flow oxygen. Additionally, high

flow oxygen is likely more effective than zolmitriptan nasal spray, nVNS, and octreotide.
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Sumatriptan injectable is more likely to be effective when compared to zolmitriptan nasal

spray, octreotide and nVNS.

INTRODUCTION

Rationale

There are few acute evidence-based treatments available for cluster headache. Few
head-to-head comparisons of the effectiveness of these treatments are available. This
study was undertaken to compare the acute treatment response in cluster headache
between the various therapies utilized in terms of efficacy, adverse events, and in
subgroups where available. Network meta-analysis was used to synthesize available
direct and indirect evidence from the literature. This work was undertaken to provide
clinicians with comparative data for the various acute treatments where none was

previously available.

Objectives

This is the second of two reviews performed to evaluate studies of current interventions
for cluster headache. In the first manuscript, we presented findings from a scoping review
performed to establish a collection of comparative studies of interventions for acute
treatment and prevention of cluster headache as well as their key findings. The studies
identified in the scoping review were used to develop a listing of the treatment
comparisons available, the relevant study population characteristics, the types and
frequency of outcomes reported, and study designs and sample sizes. Using the data
from that review, we sought to provide a high-level synopsis of the effectiveness and
safety of interventions for treatment and prevention of cluster headache while assessing
the feasibility of network meta-analysis (NMA) to estimate between-treatment
comparisons. In that work, we established that while NMAs were feasible to compare
acute treatments for cluster headache, NMAs were not feasible to inform comparisons of
preventive therapies due to substantial heterogeneity in trial characteristics that may have

been treatment effect modifiers.
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In the current review, we build upon findings from our scoping review by using NMA to
characterize treatment response to acute therapies in cluster headache patients. We aim
to identify and rank effective acute treatments, comparing different administration and
dosing strategies. We aim to provide further guidance to clinicians regarding the
comparative effects of various treatments based upon available direct and indirect
evidence. Where possible, we also present subgroup NMAs looking at treatment
response in episodic and cluster headache populations separately. The pathogenesis of
chronic cluster headache may be such that they are a subgroup of cluster patients who
are more treatment refractory. Instead of remitting on medications, they stay in bout (8);
some have suggested this may be because there is a subtype that is distinct in
pathophysiology that may require different treatments (9, 10), and specific analyses in
this population of medications we currently use but have not tested in this subgroup would

be informative.

PICOS questions

This review addresses the following research question:
In adult patients with episodic and/or chronic cluster, what is the comparative
effectiveness of acute therapies, including drugs, procedures, surgeries, and

devices, for decreasing cluster headache severity?

STUDY METHODOLOGY

The protocol for our scoping review and NMA was registered a priori on the Open Science
Framework (114). In this manuscript, findings have been reported in consideration of the
PRISMA extension statement for network meta-analysis (73).

Identification of Studies for Evidence Synthesis

The scoping review was used to identify the RCTs to be included in NMAs. We assessed
the availability of outcomes of a priori interest to establish those that were commonly
reported within the eligible trials. A list of the commonly reported outcomes in acute trials

was established, and feasibility of NMA for each outcome (based upon network
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connectivity of treatments, availability of study data and homogeneity of study populations

and methods) was assessed (69).

The population of interest for NMAs aligned with the target population of interest from our
scoping review, namely adults with episodic or chronic cluster headache as defined by
accepted diagnostic criteria. For each trial, during the scoping review data were gathered
regarding patients’ demographics and clinical characteristics that could influence
treatment response. To assess clinical homogeneity of the available studies, we
compared these characteristics across trials where available to inform assessment of the
assumptions of homogeneity and similarity necessary for NMA (115). The outcomes we
selected were headache response at 15 or 30 minutes as primary endpoints, and adverse
events as secondary endpoints.

Data Collection and Risk of Bias Appraisal

Study characteristics and outcome information were collected by one reviewer using a
pre-defined data extraction form developed in Microsoft Excel. For all trials that were
included in NMAs, two authors independently assessed the risk of bias using the related
scale from the American Academy of Neurology (AAN) (54). The AAN risk of bias (ROB)
tool has been used in prior headache systematic reviews and clinical guidelines, and is
well known and accepted by clinicians in the field (15, 66, 116) and this was the reason
for its use in our review. However, it has not been validated. This is a four-tiered
classification, wherein studies rated Class | are judged to have a low risk of bias; Class |l
denotes a moderate risk of bias; Class Ill denotes a moderately high risk of bias; and
Class IV denotes a very high risk of bias and includes observational studies. The
classification rating is also known as the level of evidence. These criteria evaluated
randomization, masking or objective outcome assessment, baseline characteristics being
presented or adjusted for, primary outcome definition, exclusion and inclusion criteria,
accounting for dropouts and per-protocol analysis. To be class I, trials were required to
have all criteria, and with missing criteria they dropped in the classification. Please see
Appendix 2.1 for a sample of the assessment form used. If disagreements were

encountered, these were resolved by discussion between reviewers, consulting a third
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party if needed. All risk of bias assessments are provided in the appendices of this review
and have been described narratively. We also used these in further defining sensitivity

analyses related to study risk of bias.

Approach to Data Analysis

We performed NMAs and represented each intervention, dose and mode of delivery (i.e.,
pharmacological - sumatriptan IM) by its own node in the evidence network. In cases
where different doses were tested in different trials, these groups were not collapsed into
a single node; for example, oxygen the 6L/min and 12L/min are represented by separate
nodes, as there is no consensus that these treatments are equivalent (3, 24). The decision
to avoid combining of interventions in this fashion was discussed by clinical experts on
the team (IM, SC), and this decision was undertaken to maximize clinical relevance of all

analyses.

The network geometry for outcomes of interest was reviewed and discussed by the
research team regarding the factors identified above. The team assessed studies in terms
of their populations and design to empirically judge the homogeneity across studies and
appropriateness of the transitivity assumption (117-119).There was a paucity of data in
a few of the recommended criteria to identify in the trials, however there were no

significant differences noted in the scoping review to preclude inclusion for most trials.

In the first stage of analysis, methodological and clinical suitability for NMAs was
assessed amongst the sets of studies forming different edges within treatment networks.
This was determined by initially assessing the clinical homogeneity of the trials and the
guality of studies by looking at the RoB; where this was felt to be adequate and the degree
of statistical heterogeneity between studies (as assessed with standard statistical
measures, namely Cochrane Q and 12) was minimal (<40%(120)), we proceeded to the
next stage. We used R (121) and RStudio (122) to conduct pair-wise meta-analyses
(PMAs). The pma() function in R was used to perform traditional pairwise meta-analyses.
We report odds ratios (OR; along with 95% confidence intervals) of response comparing

treatment with placebo/other for categorical outcomes. Random effect models were used

62



for all meta-analyses. Subgroup analyses for episodic and chronic cluster were also

performed where data were available.

For the second stage of analyses, Bayesian NMAs were performed in R (121) and
RStudio (122) using the BugsNet package for NMA (123-125). For dichotomous
outcomes such as headache response at 15min, we used a binomial NMA model with a
logit link function. Summary effect measures were expressed as odds ratios for
dichotomous outcomes and reported along with 95% credible intervals (Crl). To ensure
that consistency between direct and indirect evidence was present, the ORs from pairwise
meta-analyses were compared with those estimated using NMA; unrelated means
models and their corresponding fit measures were also assessed, along with scatterplots
of residuals from the consistency and unrelated means models. We displayed forest plots
of treatment effects versus placebo with 95% Crl, and league tables were created for all
comparisons displaying odds ratios and credible intervals looking at all treatments
incorporating direct and indirect comparisons. Potential ordering/hierarches of therapies
were also evaluated with the Surface Under the Cumulative Ranking curve (SUCRA)(126)
measure, and the ranking of treatments was also evaluated with probability bar plots of
likelihood of ranking. The adequacy of fit of individual models was evaluated in
consideration of deviance information criteria (DIC), and the best model was selected
when there was a difference in DIC of 3 points or more, with lower values being preferred;
otherwise we used fixed effects models (59, 61, 115, 125). As there was no reason to
prefer random effects, and in sparse networks like those encountered in the current
review random effects models can artefactually have large credible intervals (due to
limited study data to estimate the between-study variance parameter), in cases where
there was no large difference (DIC of 3 or more) we used the fixed effects model (59, 115,
119). Burn-in and sampling iterations of 20,000 and 50,000 were used in all cases. To
assess model convergence, we used trace plots and Gelman Rubin plots (59, 119). As
recommended by guidance for the conduct of NMAs, studies with 0 events in all groups
were removed from NMAs, as they are unable to contribute to the analysis and can

impede model convergence (119).
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Evaluation of Meta-Biases

To assess for publication bias, we reviewed trial registries in search of negative trials that
were not published. While inspection of funnel plots was also planned, this approach was
not undertaken due to the limited number of included studies (10 or more studies are

typically recommended) (127).

RESULTS

Study Selection

As described in the accompanying manuscript, we initially reviewed 3,257 abstracts. This
was followed by full-text assessments of 482 of these reports. Overall, 44 randomized
controlled trials (RCTs) were evaluated as part of the scoping review. We identified 13
acute treatment trials that we used to perform the network meta-analyses (NMAS)
featured in this review. Eleven of these trials enrolled mixed populations including patients
diagnosed with both episodic and chronic cluster headaches (CHs) (16-20, 23, 24, 26,
82, 83, 86, 90). The two trials that included chronic CH patients only (28, 89) were used
in subgroup analyses. Ten of the 13 acute treatment trials featured a crossover design.

Risk of Bias (ROB) Assessments

The detailed judgments generated by ROB appraisals are presented in Appendix 2.1.
Findings from these assessments revealed Class Il ROBs (i.e., moderate risk of bias) in
nine of the 12 studies. Three of the 12 studies, one in which patients were treated with
injectable sumatriptan (16) and two that featured vagal nerve stimulation (VNS) (82, 90)
were identified as Class | (i.e., low risk of bias). Class Il studies were downgraded either
because they did not present baseline characteristics of treatment order groups or they
did not mention how allocation concealment was performed; others were downgraded
due to their crossover design. In the subgroup analysis of the patients diagnosed with
chronic CHs, two studies that featured sphenopalatine ganglion (SPG) stimulation were

also scored as Class | (28, 89).

Findings and Comparisons of Acute Therapies
Headache response data at clinically meaningful time points (i.e., at 15 or 30 min,

depending on the timing of the treatment effect) were available for 12 trials. Therapeutic
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approaches studied in these trials included triptans as injectable and nasal spray (NS)
formulations (n=6) (16—20, 85), oxygen at high (=12 L/min) or low flow (>5 L/min and <12
L/min; n=3) (23, 24, 83), lidocaine (n=1) (26), octreotide (n=1) (86) and non-invasive VNS
(nVNS; n=2) (82, 90). One trial was open-label (85) and included two active treatment
arms and a placebo group. This latter study was excluded from primary analyses as the
lack of blinding may have influenced the treatment response. Overall, results from 11
trials involving acute treatment strategies for episodic and chronic CH were found to be
suitable for NMA; a network diagram of the evidence was shown in Figure 3.1. The
network included eight interventions studied in 11 trials involving 1,395 episodes of CHs

with a total of 28 possible pairwise comparisons.

Outcome 1: Acute Headache Responses

Characteristics of the studies used to formulate the evidence network were described in
the accompanying scoping review. The findings presented in the forest plot in Figure 3.2
summarized the treatment effects resulting from active interventions versus placebo,
while the findings presented in the league table in Figure 3.3 compared the treatment
effects attributed to each of these therapies to one another. Figure 3.4 presents a bar plot
of the surface under the cumulative ranking curves (SUCRA) values associated with each
intervention. A fixed-effects (FE) model was used for these analyses as we observed no
significant improvement in fit when a random-effects (RE) model was used (deviance
information criterion [DIC]=37.14 vs. 39.03 for FE vs. RE models, respectively). A
comparison of the fits associated with these two models and the results obtained with a

random-effects model is provided in Appendix 2.1.
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Figure 3.1 Network diagram of responses to treatments for acute CHs at 15 — 30
min

Low flow oxygen

Octreotide 1RCT
subcutaneous
High flow oxygen
1RCT

1RCT 1RCT

2RCTs - )
Placebo 5 Non-invasive vagal
nerve stimulation
1RCT 2 RCTs 2 RCTs
Sumatriptan 20mg Zolmitriptan 5mg
Nasal spray Nasal spray

Sumatriptan 6mg
Subcutaneous injection

A network diagram for headache responses at 15-30 min is shown. Nodes were sized proportionately to reflect the
number of attacks associated with each intervention. The lines connecting the interventions had widths that reflected
the number of RCTs per comparison. The colors of the individual lines reflected the ROB assessments of each study
as per the American Academy of Neurology (AAN), with Class | in green and Class Il in yellow. Overall, eight
interventions were compared from a total of 11 studies (n=1,395 CH events).

Figure 3.2 Odds ratios of treatment effects leading to headache responses at 15
and 30 min versus placebo

Non-invasive vagal

nerve stimulation —e— 1.74 (0.94 to 3.23)

High flow oxygen »> 9.03 (5.27 t0 15.23)

Low flow oxygen — 3.54 (1.84 10 6.92)

Octreotide subcutaneous —— 1.99 (0.86 t0 4.72)

Sumatriptan 20mg nasal spray —. 3.86 (1.97 to 7.85)
Sumatriptan 6mg subcutaneous injection —— 6.39 (3.75t0 11.13)
Zolmitriptan 5mg nasal spray D — 2.39 (1.37t0 4.26)

2 4 6 8 10 12 14 16

Odds Ratio relative to Placebo
posterior median with 95% Crl)

Treatment effects based on the NMA are shown. Values >1 favor active treatment compared to placebo.
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Figure 3.3 Treatment effects and headache responses at 15 - 30 min

Comparator

Treatment
NON-INVASIVE
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ngT(YELS\JW 0.71 0.43 0. 39%* *x(.26%* *x(). 22 **0. 1% x4
(0.32, 1.54) (0.18, 1.04) (0.17, 0.88) (0.12, 0.58) (0.08, 0.61) (0.08, 0.44) (0.06, 0.19)

SUMATRIPTAN 6mg 1.41 0.60 0.55 =0 37" (.31 =0 27" **0.16™"
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LOWFLOW **9 55** 1.80 1.09 0.68 056 0.49 >0 28**
OXYGEN (1.13, 5.76) (0.77, 4.24) (0.42, 2.84) (0.28, 1.81) (0.19, 1.66) (0.20, 1.20) (0.14, 0.54)

ZOLMITRIPTAN Smg e - E ek
NASAL SPRAY 3.78 2.67 1.62 1.48

(1.72, 8.35) (1.21, 5.88) (0.66, 3.97) (0.62, 3.54)

0.83 0.72 0. 42**
(0.30, 2.32) (0.31, 1.68) (0.24, 0.73)

OCTREQTIDE

**4 53** **3.20™* 1.93 1.78 1.20 0.87 0.50
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Odds ratios (ORs) and credible intervals (Crls) for acute headache responses are presented; ** denotes statistically significant results. Below the diagonal, OR

values > 1 favor the treatment in the column header.
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Figure 3.4 Probability rankings of acute therapies and headache responses at 15
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Treatment

(Rankings nearest 1 and SUCRA nearest 100 associated with better outcomes)

The probability rankings for each treatment are shown along with their respective SUCRA values. The individual
probabilities per treatment associated with each ranking are shown as a function of 100% within the corresponding
bars.

We considered headache responses at 15 min for all comparisons involving oxygen
therapy. High flow oxygen was associated with the highest probability ranking and
SUCRA value and had the largest treatment effect versus placebo (OR 9.03, 95% Cirl
5.27 to 15.93). Statistically significant effects were also observed when responses to high
flow oxygen were compared to those resulting from low flow oxygen (OR 2.55, 95% Crl
1.13t0 5.76), zolmitriptan 5 mg NS (OR 3.78, 95% Crl 1.72 to 8.35), octreotide (OR 4.53,
95% Crl 1.64 to 12.47), and nVNS (OR 5.21, 95% Crl 2.29 to 11.93). Low flow oxygen,
which exhibited the fourth-highest probability ranking and SUCRA value, was significantly
better than placebo (OR 3.54, 95% Crl 1.84 to 6.96), but was not better than nVNS,

octreotide, sumatriptan injectable, sumatriptan NS, or zolmitriptan NS.
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Injectable sumatriptan at doses of 6 mg subcutaneous (SC) was associated with the
second-highest probability ranking and SUCRA value after high flow oxygen based on
results from two trials in which it was compared to placebo (16, 17). Responses to
sumatriptan (6 mg SC) were significantly better than those for nVNS (OR 3.69, 95% Crl
1.63 to 8.37), octreotide (OR 3.20, 95% Crl 1.17 to 8.80), zolmitriptan NS (OR 2.67, 95%
Crl 1.21 to 5.88), and placebo (OR 6.39, 95% Crl 3.75t0 11.13).

Sumatriptan (20 mg NS; OR 3.68, 95% Crl 1.97 to 7.86) and zolmitriptan (5 mg NS; OR
2.39, 95% Crl 1.37 to 4.25) were both identified as significantly better than placebo,
although no other statistically significant differences were observed involving these
therapeutic regimens. The lowest-ranked intervention was placebo, followed by nVNS
and octreotide SC. In Appendix 2.6 we provide the ORs of headache responses to all
treatments in the trials evaluated in direct treatment comparisons and pair-wise meta-
analyses compared to the ORs based on our NMA. These were of similar magnitude to
ORs from NMAs, aligning with the fact that there was no evidence of violations of the
consistency assumption based upon model fit statistics and scatterplots of residuals (see
Appendix 2.6).

Outcome 2. Acute Therapies and Adverse Events

After the elimination of five studies that reported no adverse events in any groups (17, 20,
23, 24, 83), we included the five remaining studies in an NMA that compared the
frequencies of treatment-associated adverse events. The network diagram presented in
Figure 3.5 includes adverse events associated with the use of octreotide, zolmitriptan (5
mg NS), VNS, sumatriptan (6 mg injectable), and placebo. We used an FE model to
analyze this outcome, as the difference in fit between the two models was negligible
(DIC=19.68 for FE vs. 19.94 for RE). There was again no evidence of violations of the

consistency based on inspection of measures of model fit (Appendix 2.6).
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Figure 3.5 Adverse events associated with therapies for acute CHs
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Shown is a network diagram for adverse events associated with acute treatments for CHs. Nodes were sized
proportionately to reflect the number of events associated with each intervention. The lines connecting the interventions
had widths that reflected the number of RCTs per comparison. The line colors reflected the ROB assessment as per
AAN criteria, with RCTs categorized as Class | in green and Class Il in yellow. Overall, five interventions were compared

in a total of five studies (n = 251 events).

The accompanying league table is shown in Figure 3.6 and the associated probability
bar plot is shown in Figure 3.7. Placebo was least likely to be associated with adverse
events, while octreotide and sumatriptan were the only treatments associated with
significantly higher probabilities of adverse events. Octreotide had an OR of 4.14 (95%
Crl 1.70 to 10.60) for adverse events compared to placebo, while sumatriptan injectable
had an OR of 2.40 (95% Cirl, 1.39 to 4.23) compared to placebo. Our analysis revealed
no statistically significant differences in adverse events associated with nVNS or
zolmitriptan NS compared to placebo. Overall, there were no reported deaths. Adverse

events were mostly minimal and varied by intervention.

70



Figure 3.6 Treatments, comparators, and adverse events associated with acute
CHs

Treatment
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ORs and Crls for adverse events associated with treatment for acute CHs; **denotes statistically significant results.
Below the diagonal, values <1 favor the treatment in the column header.
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Figure 3.7 Probability rankings of adverse events associated with therapies for

acute CHs
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The highest probability ranking for each treatment is shown along with its respective SUCRA value. The individual
probabilities associated with each treatment and of each ranking are shown as a function of 100% within its

corresponding bar.

Subgroup Analysis: Responses of Patients Diagnosed with Episodic or Chronic
CHs to Various Acute Treatments

Episodic CH

We identified three trials that specifically addressed the outcomes of acute treatments,
including zolmitriptan 5 mg NS (20), nVNS (82, 90), and placebo for episodic CHs with
data that could be used to perform an NMA of headache response (see Appendix 2.4)
We used an FE model, as there was no important difference in fit between the two models
(DIC =10.22 vs. 10.87 for FE vs. RE models, respectively). Additional outcome data were
obtained from a published meta-analysis (108) of the two trials featuring nVNS (82, 90).
Our findings suggested that nVNS was significantly better than placebo when evaluating
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acute responses of episodic CH patients (OR 4.93, 95% Crl 1.89 to 14.11). Subgroup
data for episodic CHs were available from one trial featuring treatment with zolmitriptan
5 mg NS (20). Our NMA revealed an OR of 2.10 (95% Crl 0.78 to 5.85) for this subgroup.
Overall, nVNS ranked first, with no significant differences between nVNS and zolmitriptan
5 mg NS; the OR of the treatment effect for episodic CH was 2.36 (95% Crl 0.58 to 10.05).

Chronic CH

We identified five trials with sufficient data that permitted us to assess treatment effects
in patients with chronic CH (20, 28, 82, 89, 90) (see Appendix 2.5). In this case, we
reported findings from an RE model, as this resulted in a better fit (DIC=114.34 for FE
model vs. 20.07 for RE model).

Overall, we found that SPG stimulation was associated with the highest probability
ranking and highest SUCRA values among the treatments evaluated; however, none of
the comparisons were associated with significant differences. Two of the trials examined
(28, 89) featured SPG stimulation that was only used in patients diagnosed with chronic
CH. Compared to placebo, SPG stimulation was associated with an OR of 5.82 (95% Cirl,
0.30 to 119.50). Zolmitriptan 5 mg NS had the second-highest probability rank and
SUCRA value (OR of 2.44 vs. placebo, 95% Crl 0.03 to 202.76), although no significant
differences were identified. Treatment with nVNS ranked lower than placebo, although
this difference was also not statistically significant (OR 0.66, 95% Crl 0.03 to 14.41).

Meta-Biases

To address the issue of potential publication bias, we searched clinical trial registries and
identified negative trials for two therapies that have not yet been published. Among these
reports, we reviewed the results of negative trials involving treatment of episodic and
chronic CHs with fremanezumab, a monoclonal anti-calcitonin gene-related peptide
(CGRP) antibody, a drug that was in the same class as galcanezumab (93-95). We also
identified a negative and as yet unpublished trial featuring the synthetic somatostatin

analog, pasireotide (91). More formal methods, including data assessment using funnel
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plots, were not undertaken due to the limited number of suitable studies that were

available.

DISCUSSION

We conducted network meta-analyses to compare interventions for acute treatment of
cluster headache. Findings were suggestive that high flow oxygen was as effective as
injectable sumatriptan for headache relief at 15 minutes. Furthermore, while comparisons
of AEs involving high flow oxygen could not be performed as it could not be incorporated
into the network (there were no adverse events in the treatment nor placebo groups, and
thus these studies were excluded from quantitative analyses), it is generally regarded to
have a better adverse event profile as systemically it creates no issues, and its use via
mask is generally straightforward and safe. We also showed for the first time that high
flow oxygen at 15 liters per minute is better than low flow oxygen at 7 liters per minute,
with both demonstrating more effectiveness for headache relief than placebo. For acute
therapy of episodic cluster, we found that VNS may be as effective as zolmitriptan nasal
spray, and this generally has fewer side effects. For chronic cluster headache, we found
that SPG stimulation may be a viable treatment option, comparable or possibly better
than zolmitriptan nasal spray. As has been shown by others (108, 128), VNS does not
appear to be an effective treatment option for chronic cluster headache sufferers. Our
approach to synthesizing the evidence as well as the inclusion of new trials and

interventions represent important additions to the literature for clinicians.

Additionally, we considered the introduction of an open label randomized trial (85)
comparing the effect of sumatriptan injectable to nasal spray, but the response was
statistically significantly different compared to other trials utilizing the same interventions.
There is evidence that the placebo effect is increased if there is the expectation introduced
to the participant that the study drug will work (129), and with open label trials this may
be more difficult to circumvent. It has been shown in migraine research that placebo
effects on acute treatment are more likely with injection than other means of
administration (130), and this may also hold true in cluster headache. We did not include

this trial in NMASs, as the open label nature of it likely impacted the trial results as the
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benefit from injection was higher than compared to nasal spray in the blinded trials when
we compared them indirectly. Future studies and network meta-analyses should continue
to consider expectation of treatment effects if deciding on inclusion of open label and

observational data and exploring this in sensitivity analyses.

As it is difficult to enroll patients for acute treatment trials in cluster headache, most of the
acute trials were crossover trials; patients were given an active treatment and placebo
sequentially, and this merits different considerations (131). We felt it was appropriate to
use a binomial model for this data as there were few trials (23, 82) where individuals
received multiple treatments with the same intervention, and in those trials, it was not

most individuals in the trial.

To contextualize our findings with the most recent systematic review and guideline for
cluster headache (15, 66), in the current review we also found oxygen to be effective for
acute therapy. Additionally, high flow oxygen was found more likely to be efficacious when
compared to low flow oxygen. To our knowledge, this is the first review to identify this
important clinical finding. This has clinical implications, as patients who fail low flow
oxygen and can tolerate increased flow rates should be tried on high flow oxygen.
Additionally, our findings suggest that high flow oxygen may be more effective than
zolmitriptan nasal spray, nVNS, and octreotide. Sumatriptan injectable is more likely to
be effective when compared to zolmitriptan nasal spray, octreotide and nVNS. The ability
to provide guidance on the relative efficacy of the available therapies compared to each
other is also valuable in this field, as there remains a lack of head-to-head clinical trials.
Our findings that nVNS may be effective in acute management of episodic cluster and
that SPG may be effective for chronic cluster also represent novel and important findings

worthy of additional study.

NMAs can play a vital role in establishing the relative benefits and risks of treatment
modalities for a disease, though the importance of head-to-head RCTs remains high. In
NMAs there can exist confounders such as differing trial characteristics that modify

treatment response, and they can’t be corrected for if unknown. Conversely, RCTs can
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minimize the effects of such confounders through randomization. Randomized controlled
trials are expensive, however where there are suggestions of a large treatment effect
difference from NMAs, it can be worthwhile to consider confirmation by head-to-head
trials where possible. The non-inferiority margins and sample sizes necessary can be
suggested by data provided from NMAs.

CONCLUSION

We showed that high flow oxygen is more efficacious when compared to low flow oxygen
for headache relief. From a clinical standpoint, patients who fail low flow oxygen and can
tolerate increased flow rates should be tried on high flow oxygen. Additionally, high flow
oxygen is likely more effective than zolmitriptan nasal spray, nVNS, and octreotide.
Sumatriptan injectable is more likely to be effective when compared to zolmitriptan nasal
spray, octreotide and nVNS. Patients who fail nasal spray triptans should be tried on
injectable triptans, as our data suggest that with injection patients have more chances of
having a decrease in headache than with nasal spray. For episodic cluster headache
nVNS is likely effective, whereas it is not effective in chronic cluster headache patients.
In the chronic cluster headache subgroup, it is suggested by our results that SPG

stimulation is effective.
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Chapter 4

Discussion and Conclusion

Summary of Findings

We performed a scoping review of interventions for acute and preventive treatment
for cluster headache as well as NMAs to compare interventions for acute treatment to
achieve the overarching objective of this thesis, namely, to characterize evidence of
treatment effects associated with different interventions for management of cluster
headache, and to synthesize evidence that compares their relative benefits and harms.
Since the last systematic review of acute and preventive therapy in 2016(4), which only
included RCTs, we identified 9 new studies(24, 25, 52, 53, 55, 93-95, 132). Of these, 4
studies focused on acute headache treatment utilizing vagal nerve stimulation (55),
sphenopalatine ganglion stimulation (132) and oxygen (24, 25). There were two studies
of preventive interventions that focused on a humanized monoclonal antibody that
potently and selectively binds to CGRP (galcanezumab), which has been found to be
effective in episodic cluster but ineffective in chronic cluster headache (52, 53). We also
identified 3 unpublished trials that reported negative results of fremanezumab (93-95) in

episodic and chronic cluster.

Clinical Implications of this Work

In our scoping review, we categorized the currently available evidence for management
of cluster headache, establishing a repository and mapping of published studies. NMAs
were also performed to compare interventions for acute treatment of cluster headache,
while such analyses were not undertaken for preventive treatments due to concerns over

the validity of findings. Our review adds the following new findings to the clinical literature.

For acute treatment of cluster headache:
1) Higher flow oxygen 12L/min and above was found to be more likely to be effective
than low flow oxygen 7L/min to 12L/min. We urge clinicians to consider a two-step

process of trying oxygen at low flow, and if no response is observed, having the
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2)

3)

4)

5)

6)

patient increase the flow may be worthwhile, as there may be a dose response
relationship.

In the triptan class, injectable sumatriptan is the most likely to be effective, with
nasal spray formulations being less likely effective. We recommend that when
nasal spray triptans fail, then injectable sumatriptan should be tried.

NVNS in episodic cluster headache was shown to be effective and should be
considered, as there tends to be a minimal side effect profile.

SPG stimulation is effective in chronic cluster headache, but it is not available as
the company who manufactures the device has presently gone out of business.
Somatostatin and analogue octreotide have some evidence of efficacy as an
infusion but do have notable side effects.

Lidocaine and cocaine nasal application also have some evidence of efficacy, but
the lidocaine is difficult to administer, and cocaine is a controlled substance with a

high risk for addiction.

For preventive treatment of cluster headache:

1)

2)

3)

4)

Greater occipital nerve blocks using steroid/local anesthetic have two RCTs(34,
35) establishing their effectiveness. These should be recommended as first line
preventive therapy.

Galcanezumab is effective in episodic cluster headache(52), but not in chronic
cluster headache(53). This may not be a class effect, as fremanezumab failed to
show benefit. However, in the fremanezumab trials, the dose used was lower
equivalent dosing than the galcanezumab dose.

Verapamil has evidence for efficacy in episodic cluster (12) and has been
recommended as first line preventive treatment (3)

Verapamil is also equivalent when compared to lithium in chronic cluster
headache(38), Change in headache index from baseline was statistically
significant in both therapies.

Oral prednisone (31) can be considered as there is some evidence on its efficacy
from one RCT (31), although this trial has a higher risk of bias overall and reporting
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5) We recommend that nVNS can be used in chronic cluster headache for prevention
as there is evidence from an RCT (6).

6) We note that in certain select patients, especially if indicated clinically for other
reasons, warfarin can be used in chronic cluster headache (40) for prevention as

there is evidence from an RCT.

For preventive treatments, an older medication like verapamil is generally effective,
but likely has more side effects than a newer medication like galcanezumab. A future
direction of research would be a head-to-head trial of these interventions, for
considerations of effectiveness and safety. Additionally, given the differential cost, we
could consider cost-effectiveness analysis to better determine the place of these
medications in the armamentarium of cluster headache treatment (which should be first

line).

Our analysis primarily considered interventions in terms of effectiveness and safety. It is
important for future work to consider the cost-effectiveness of interventions. For example,
oxygen is generally more accessible than sumatriptan in terms of cost, but in the USA is
not covered by Medicare. It may be important to highlight in an analysis why it may be
advantageous to cover especially if performing on par with sumatriptan.

Future Directions in Cluster Headache

There are several challenges that exist when conducting RCTs and observational
studies in patients with cluster headache. Patients are unlikely to accept the risk of being
randomized to a placebo intervention, as the pain of cluster attacks is amongst the most
severe acute pain conditions known. It is also difficult to recruit patients given the rarity of
the condition and the small population size in the community, and thus trials often do not
reach their targeted sample size (42). Both randomized trials and observational studies
must carefully identify important attributes that may modify and confound treatment
effects and should also utilize standard outcomes that are easily compared between trials.
The latter is, in fact, a recommendation for good research practice as part of the COMET
initiative (112), and the core outcome set (COS) of cluster headache (78) may be

considered for further revision. In our study, we identified multiple issues to explore further
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concerning trial design in cluster headache that are discussed next. Collectively, these
considerations can serve to improve future trials as well as to improve the ability for robust

evidence syntheses by researchers seeking to undertake systematic reviews.

Prior to the trial, the study investigators may want to consider a pilot study to delimit
the timeline of treatment effect for both preventive and acute trials of cluster headache.
For example, for preventive trials some treatments such as greater occipital nerve
steroid/local anesthetic blocks have a treatment effect in 72 hours(34, 35), whereas the
effect of galcanezumab in episodic cluster headache is only apparent in week 2(52).
Similarly, for acute therapy trials, the treatment effect can be variable with the onset of
effect of injectable triptans being quicker than nasal spray(85). A pilot study will give a
clearer indication about when to expect a treatment response, how large this response
may be so that sample size calculations are informed, and also how long it may take to

recruit that large a study population.

Trials enrolling episodic cluster patients who have already been experiencing the
current cluster attack for longer than 1-2 weeks may incur spontaneous remission in both
treatment and placebo groups that will increase response rates, as attacks remit on
average at 6 — 10 weeks(110, 111, 133) or earlier. There is evidence of this amongst the
studies we have looked at in this thesis. The placebo response was near zero in those
studies that restricted trial entry to patients who were within 1 week of the onset of an
active cluster bout(34, 39, 41), and was larger in studies that allowed trial entry later into
a bout(36, 51, 52). In one preventive trial, the issue of spontaneous remission in the
placebo group is well identified and characterized, and they propose a Poisson model for
analysis of data to no longer account for placebo patients that have likely had
spontaneous remission(51). This may not be necessary if the trial includes patients at the
beginning of an active bout, as the rate of active remission is close to nil, and a study may
need a smaller sample size as had the trials that only allowed patients <1 week of an
active bout and used very small sample sizes and still demonstrated a treatment effect
(34, 39, 41).
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To facilitate treatment comparisons, the frequency of attacks per week should be the
main efficacy parameter in preventive trials as outlined by clinical guidelines(78).
However, in addition, it is paramount that studies should consider the possibilities of
natural remission and carefully monitor duration of present bout at trial enroliment and
report information regarding this patient characteristic. Trials should report the frequency
of attacks/week for treatment and placebo, the mean difference in this variable from
baseline period to end of study, and the standard deviations of these measures, along
with the 50% responder rate. These measures should be reported for each week in the

trial.

In reviewing recent prophylactic trials that have been well conducted and were positive
on their primary outcome, we believe that there should be different trial design
requirements for episodic and chronic cluster. As noted earlier, episodic cluster patients
are likely to reach the end of a bout in 6-10 weeks(110, 111, 133), and thus the
measurements should be made at a time when active treatment response would easily
differentiate from natural remission of disease. Looking at trials that included this measure
in all weeks of the trials, (39, 41, 52), having the measurement of headache frequency
between the baseline week and the second week of treatment seems to be the most
sensitive measure. However, the onset of efficacy may be earlier in some treatments like
occipital nerve blocks (34, 35). If the onset of study medication effect is thought to be
more rapid, within 1 week, this would arguably still be reflected by the second week data
and be distinguishable from placebo; we see this for one of the occipital nerve block
studies which also reports the second week headache frequency(35). After the third week
of trial entry, including a week of baseline and two weeks of active disease prior to study
entry as most recruited patients are in this category, we are looking at six weeks of active
disease, any measurement may be quite difficult to distinguish from a natural remission

of the disease, which occurs possibly as early as 6 weeks(110, 111, 133).

For chronic cluster trials, longer baseline periods are feasible, as there is not likely to
be remission, and additionally the measurement of treatment effect can be (and arguably

should be) done over a longer time period, as the neural mechanism of chronification of
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pain may need to be “turned” off(134), which may require a longer period of time. Trials
in chronic cluster headache (39, 40, 53) generally used a longer baseline period of 2-4
weeks, and evaluated patients over the course of 8-12 weeks. Our recommendations
would be to have a baseline period of at least two weeks and to evaluate headache
frequency per week in patients during the 8-12 weeks of treatment. Within this timeline it
is likely that treatments would show an effect if present, and if this effect was shown in
the trial this would likely indicate the medication has a clinically meaningful and long

lasting reduction.

As cluster headache is a somewhat rare disease with a prevalence at 1:1,000 (135),
it is challenging to recruit study participants (24, 42). To overcome this issue, we
recommend the development of larger networks of headache researchers to increase the
feasibility of patient recruitment. The creation of regional cluster clinics may increase the
population size for these trials, enhance the capacity to plan multi-center investigations,
and also lead to better outcomes for a larger number of patients. Additionally, as
randomized controlled trials of preventive therapies are difficult to recruit for because
there is a requirement for placebo control, for non-regulatory trials investigators can
consider non-inferiority designs as two therapies can be compared head-to-head, rather
than subjecting some participants to placebo for a very painful disorder. The margins for
these trials need to be established and the treatment of patients with known therapies
such as verapamil can be compared to other therapies that show promise, but have thus

far not had a positive trial such as candesartan (51).

Lastly, the methodology for the observational studies that were identified through our
scoping review was highly variable. There were few two-armed studies identified that
sought to compare outcomes between different management strategies. Furthermore, the
designs of these studies were typically retrospective case series looking at either two
treatments or a treatment and standard of care. These trials did not attempt to identify or
correct for variables that may have affected treatment response. In the future, studies
should use more advanced statistical approaches such as propensity score methods

(136, 137), and multiple regression analysis (138). These methods can account for known
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confounders, where RCTs are infeasible (138, 138—142); they allow observational studies
to approximate the distribution of known baseline variables being similar between treated
and untreated subjects, however it is not exactly equivalent to an RCT as it does not
correct for unmeasured confounding factors (137).

Notably for new studies in cluster headache prevention utilizing CGRP monoclonal
antibodies, dosing may have played an effect in episodic cluster, as the single
galcanezumab trial used much higher doses than in migraine(52), and for all CGRP
therapies, higher doses than in migraine may require future study. Additionally, it is
plausible that CGRP pathology is only relevant for some of the cluster headache patients
(113), as CGRP infusion only triggers cluster headaches in half of these patients. It may
be possible that this group can be pre-selected by a biomarker for future trials.

There are some observational data (96) that long-term therapy in cluster headache
with the same medication may not be effective, and some suggest that chronic cluster is
due to increasing resistance to treatments as the disease progresses(8). In the future,
observational studies or pragmatic randomized trials may be needed to explore if
repeating treatment in subsequent bouts over time decreases likelihood of response to
prevention. The importance of treatment cycling for patients in between bouts of cluster
headache is currently unclear.

In clinical practice, headache centers are performing invasive procedures and
inserting devices for management of treatment refractory disabled chronic cluster
headache patients utilizing injections of onabotulinumtoxin A to the SPG(143), DBS to
hypothalamus(144), and occipital nerve stimulation (145-147). Data from the real-world
utilization of these various therapies should be carefully compared with standard of care
treatment for refractory patients that are not currently getting any further invasive therapy
to see if there is a likely benefit.

Conclusions
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In this thesis, a scoping review of the literature summarizing a repository of evidence
for acute and preventive treatments for cluster headache was completed that is based on
evidence from randomized controlled trials as well as observational studies.
Methodological challenges with observational studies were discussed. Based on a
feasibility assessment conducted in the context of the scoping review, we subsequently
undertook network meta-analyses and ranked acute treatments in terms of efficacy,
safety and looking and episodic and chronic subgroup data, where available. We did not
undertake a network meta-analysis in preventive therapy for episodic cluster headache
as there were felt to be threats to the validity of such analysis. In light of the limitations
observed in the existing studies, we propose clinical considerations and directions for

future research in cluster headache.

84



85

REFERENCES

Daroff RB, Jankovic J, Mazziotta JC, Pomeroy SL. 2015. Bradley’s Neurology in

Clinical Practice E-Book. Elsevier Health Sciences.

Dodick DW. 2018. A Phase-by-Phase Review of Migraine Pathophysiology.

Headache 58 Suppl 1:4-16.

May A, Schwedt TJ, Magis D, Pozo-Rosich P, Evers S, Wang S-J. 2018. Cluster

headache. Nature Reviews Disease Primers 4:18006.

Hoffmann J, May A. 2018. Diagnosis, pathophysiology, and management of cluster

headache. The Lancet Neurology 17:75-83.

Ferraro S, Nigri A, Bruzzone MG, Demichelis G, Pinardi C, Brivio L, Giani L, Proietti
A, Leone M, Chiapparini L. 2019. Cluster headache: insights from resting-state

functional magnetic resonance imaging. Neurological Sciences 1-3.

Gaul C, Diener H-C, Muller OM. 2011. Cluster Headache. Dtsch Arztebl Int 108:543—

549.

2018. Headache Classification Committee of the International Headache Society
(IHS) The International Classification of Headache Disorders, 3rd edition.

Cephalalgia 38:1-211.

Mitsikostas DD, Edvinsson L, Jensen RH, Katsarava Z, Lampl C, Negro A, Osipova
V, Paemeleire K, Siva A, Valade D, Martelletti P. 2014. Refractory chronic cluster
headache: a consensus statement on clinical definition from the European Headache

Federation. J Headache Pain 15:79.



10.

11.

12.

13.

14.

15.

86

D’Andrea G, Bussone G, Di Fiore P, Perini F, Gucciardi A, Bolner A, Aguggia M,
Saracco G, Galloni E, Giordano G, Leon A. 2017. Pathogenesis of chronic cluster
headache and bouts: role of tryptamine, arginine metabolism and a1-agonists.

Neurol Sci 38:37-43.

D’Andrea G, Leone M, Bussone G, Fiore PD, Bolner A, Aguggia M, Saracco MG,
Perini F, Giordano G, Gucciardi A, Leon A. 2017. Abnormal tyrosine metabolism in

chronic cluster headache. Cephalalgia 37:148—-153.

Lipton RB, Micieli G, Russell D, Solomon S, Tfelt-Hansen P, Waldenlind E. 1995.
Guidelines for controlled trials of drugs in cluster headache. Cephalalgia 15:452—

462.

Jurgens TP, Gaul C, Lindwurm A, Dresler T, Paelecke-Habermann Y, Schmidt-
Wilcke T, Lurding R, Henkel K, Leinisch E. 2011. Impairment in episodic and chronic

cluster headache. Cephalalgia 31:671-682.

Koster I, Von Ferber L, Ihle P, Schubert I, Hauner H. 2006. The cost burden of
diabetes mellitus: the evidence from Germany—the CoDiM Study. Diabetologia

49:1498-1504.

Francis GJ, Becker WJ, Pringsheim TM. 2010. Acute and preventive pharmacologic

treatment of cluster headache. Neurology 75:463—-473.

Robbins MS, Starling AJ, Pringsheim TM, Becker WJ, Schwedt TJ. 2016. Treatment
of Cluster Headache: The American Headache Society Evidence-Based Guidelines.

Headache 56:1093-1106.



16.

17.

18.

19.

20.

21.

22.

87

Ekbom K, Monstad |, 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 88:63—-69.

1991. Treatment of acute cluster headache with sumatriptan. The Sumatriptan

Cluster Headache Study Group. N Engl J Med 325:322-326.

van Vliet JA, Bahra A, Martin V, Ramadan N, Aurora SK, Mathew NT, Ferrari MD,
Goadsby PJ. 2003. Intranasal sumatriptan in cluster headache: Randomized

placebo-controlled double-blind study. Neurology 60:630—633.

Rapoport AM, Mathew NT, Silberstein SD, Dodick D, Tepper SJ, Sheftell FD, Bigal
ME. 2007. Zolmitriptan nasal spray in the acute treatment of cluster headache: a

double-blind study. Neurology 69:821-826.

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 63:1537.

Bahra A, Gawel MJ, Goadsby PJ. Oral zolmitriptan is effective in the acute treatment

of cluster headache 8.

Fogan L. 1985. Treatment of Cluster Headache: A Double-blind Comparison of

Oxygen v Air Inhalation. Arch Neurol 42:362.



23.

24.

25.

26.

27.

28.

88

Cohen AS, Burns B, Goadsby PJ. 2009. High-flow oxygen for treatment of cluster

headache: a randomized trial. Jama 302:2451—-2457.

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 19:94.

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 37:214-224.

Costa A, Pucci E, Antonaci F, Sances G, Granella F, Broich G, Nappi G. 2000. The
effect of intranasal cocaine and lidocaine on nitroglycerin-induced attacks in cluster

headache. Cephalalgia 20:85-91.

Schoenen J, Jensen RH, Lantéri-Minet M, Lainez MJ, Gaul C, Goodman AM,
Caparso A, May A. 2013. Stimulation of the sphenopalatine ganglion (SPG) for
cluster headache treatment. Pathway CH-1: A randomized, sham-controlled study.

Cephalalgia 33:816—-830.

Goadsby PJ, Sahai-Srivastava S, Kezirian EJ, Calhoun AH, Matthews DC, McAllister
PJ, Costantino PD, Friedman DI, Zuniga JR, Mechtler LL, Popat SR, Rezai AR,
Dodick DW. 2019. Safety and efficacy of sphenopalatine ganglion stimulation for
chronic cluster headache: a double-blind, randomised controlled trial. The Lancet

Neurology 18:1081-1090.



29.

30.

31.

32.

33.

34.

35.

89

Andersson PG, Jespersen LT. 1986. Dihydroergotamine nasal spray in the treatment
of attacks of cluster headache. A double-blind trial versus placebo. Cephalalgia

6:51-54.

Sicuteri F, Geppetti P, Marabini S, Lembeck F. 1984. Pain relief by somatostatin in

attacks of cluster headache. Pain 18:359-365.

Jammes JL. 1975. The treatment of cluster headaches with prednisone. Diseases of

the nervous system 36:375-376.

Gaul C, Diener H-C, Silver N, Magis D, Reuter U, Andersson A, Liebler EJ, Straube
A, on behalf of the PREVA Study Group. 2016. Non-invasive vagus nerve stimulation
for PREVention and Acute treatment of chronic cluster headache (PREVA): A

randomised controlled study. Cephalalgia 36:534-546.

Goadsby PJ, de Coo IF, Silver N, Tyagi A, Ahmed F, Gaul C, Jensen RH, Diener H-
C, Solbach K, Straube A, Liebler E, Marin JC, Ferrari MD. 2018. Non-invasive vagus
nerve stimulation for the acute treatment of episodic and chronic cluster headache:

A randomized, double-blind, sham-controlled ACT2 study. Cephalalgia 38:959-9609.

Ambrosini A, Vandenheede M, Rossi P, Aloj F, Sauli E, Pierelli F, Schoenen J. 2005.
Suboccipital injection with a mixture of rapid- and long-acting steroids in cluster

headache: A double-blind placebo-controlled study: Pain 118:92-96.

Leroux E, Valade D, Taifas I, Vicaut E, Chagnon M, Roos C, Ducros A. 2011.

Suboccipital steroid injections for transitional treatment of patients with more than



36.

37.

38.

39.

40.

41.

90

two cluster headache attacks per day: a randomised, double-blind, placebo-

controlled trial. The Lancet Neurology 10:891-897.

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.

Steiner TJ, Hering R, Couturier EG, Davies PT, Whitmarsh TE. 1997. Double-blind
placebo-controlled trial of lithium in episodic cluster headache. Cephalalgia 17:673—

675.

Bussone G, Leone M, Peccarisi C, Micieli G, Granella F, Magri M, Manzoni GC,
Nappi G. 1990. Double blind comparison of lithium and verapamil in cluster

headache prophylaxis. Headache 30:411-417.

Leone M, D’Amico D, Frediani F, Moschiano F, Grazzi L, Attanasio A, Bussone G.
2000. Verapamil in the prophylaxis of episodic cluster headache: A double-blind

study versus placebo. Neurology 54:1382-1385.

Hakim SM. 2011. Warfarin for Refractory Chronic Cluster Headache: A Randomized

Pilot Study: Headache. Headache: The Journal of Head and Face Pain 51:713-725.

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 16:494—-496.



42.

43.

44,

45.

46.

47.

48.

91

Pageler L, Katsarava Z, Lampl C, Straube A, Evers S, Diener H-C, Limmroth V. 2011.
Frovatriptan for Prophylactic Treatment of Cluster Headache: Lessons for Future

Trial Design. Headache: The Journal of Head and Face Pain 51:129-134.

Marks DR, Rapoport A, Padla D, Weeks R, Rosum R, Sheftell F, Arrowsmith F. 1993.
A Double-Blind Placebo-Controlled Trial of Intranasal Capsaicin for Cluster

Headache. Cephalalgia 13:114-116.

Christiansen 1, Iversen HK, Olesen J. 2000. Induction of nitrate tolerance is not a

useful treatment in cluster headache. Cephalalgia 20:445-454.

Amrani ME, Massiou H, Bousser M. 2002. A Negative Trial of Sodium Valproate in

Cluster Headache: Methodological Issues. Cephalalgia 22:205—-208.

Monstad |, Krabbe A, Micieli G, Prusinski A, Cole J, Pilgrim A, Shevlin P. 1995.
Preemptive oral treatment with sumatriptan during a cluster period. Headache: The

Journal of Head and Face Pain 35:607-613.

Fontaine D, Lazorthes Y, Mertens P, Blond S, Géraud G, Fabre N, Navez M, Lucas
C, Dubois F, Gonfrier S, Paquis P, Lantéri-Minet M. 2010. Safety and efficacy of
deep brain stimulation in refractory cluster headache: a randomized placebo-
controlled double-blind trial followed by a 1-year open extension. J Headache Pain

11:23-31.

Anthony M, Lord GDA, Lance JW. 1978. Controlled Trials of Cimetidine in Migraine

and Cluster Headache. Headache 18:261—-264.



49.

50.

51.

52.

53.

54.

55.

92

Evers S, Masur H, Soros P, Brilla R, Husstedt I-W. 1998. Prostaglandin Analog
Mechanisms Are Not Effective in Refractory Chronic Cluster Headache. Headache

38:618-620.

Di Sabato F, Fusco BM, Pelaia P, Giacovazzo M. 1993. Hyperbaric oxygen therapy

in cluster headache. Pain 52:243-245.

Tronvik E, Wienecke T, Monstad |, Dahlgf C, Bge MG, Tjensvoll AB, Salvesen R,
Zwart JA, Jansson S-O, Stovner LJ. 2013. Randomised trial on episodic cluster

headache with an angiotensin Il receptor blocker. Cephalalgia 33:1026-1034.

Goadsby PJ, Dodick DW, Leone M, Bardos JN, Oakes TM, Millen BA, Zhou C,
Dowsett SA, Aurora SK, Ahn AH. 2019. Trial of galcanezumab in prevention of

episodic cluster headache. New England Journal of Medicine 381:132-141.

Oakes TM, Dodick DW, Goadsby PJ, Lucas C, Jensen R, Bardos J, Martinez J, Zhou
C, Aurora SK, Yang J. 2019. Phase 3 Placebo-Controlled Study of Galcanezumab
in Patients with Chronic Cluster Headache: Results from 3-Month Double-Blind
Treatment, p. 19-20. In HEADACHE. WILEY 111 RIVER ST, HOBOKEN 07030-

5774, NJ USA.

Gronseth GS, Woodroffe LM, Getchius TS. 2011. Clinical practice guideline process

manual. St Paul, MN: American Academy of Neurology.

Goadsby PJ, de Coo IF, Silver N, Tyagi A, Ahmed F, Gaul C, Jensen RH, Diener H-
C, Solbach K, Straube A, Liebler E, Marin JC, Ferrari MD, ACT2 Study Group. 2018.

Non-invasive vagus nerve stimulation for the acute treatment of episodic and chronic



56.

57.

58.

59.

60.

61.

62.

93

cluster headache: A randomized, double-blind, sham-controlled ACT2 study.

Cephalalgia 38:959-9609.

Chapter 11: Scoping reviews - JBI Reviewer's Manual - JBI GLOBAL WIKI.

Colgquhoun HL, Levac D, O’Brien KK, Straus S, Tricco AC, Perrier L, Kastner M,
Moher D. 2014. Scoping reviews: time for clarity in definition, methods, and reporting.

Journal of Clinical Epidemiology 67:1291-1294.

Arksey H, O’'Malley L. 2005. Scoping studies: towards a methodological framework.

International journal of social research methodology 8:19-32.

Dias S, Sutton AJ, Ades AE, Welton NJ. 2013. Evidence Synthesis for Decision
Making 2: A Generalized Linear Modeling Framework for Pairwise and Network

Meta-analysis of Randomized Controlled Trials. Med Decis Making 33:607—617.

Dias S, Sutton AJ, Welton NJ, Ades AE. 2013. Evidence Synthesis for Decision
Making 3: Heterogeneity—Subgroups, Meta-Regression, Bias, and Bias-

Adjustment. Med Decis Making 33:618—-640.

Dias S, Welton NJ, Sutton AJ, Caldwell DM, Lu G, Ades AE. 2013. Evidence
Synthesis for Decision Making 4: Inconsistency in Networks of Evidence Based on

Randomized Controlled Trials. Med Decis Making 33:641-656.

Dias S, Welton NJ, Sutton AJ, Ades AE. 2013. Evidence Synthesis for Decision

Making 5: The Baseline Natural History Model. Med Decis Making 33:657-670.



63.

64.

65.

66.

67.

68.

69.

94

Lu G, Ades AE. 2004. Combination of direct and indirect evidence in mixed treatment

comparisons. Statistics in medicine 23:3105-3124.

Jansen JP, Naci H. 2013. Is network meta-analysis as valid as standard pairwise
meta-analysis? It all depends on the distribution of effect modifiers. BMC Med

11:159.

loannidis JPA. 2009. Integration of evidence from multiple meta-analyses: a primer
on umbrella reviews, treatment networks and multiple treatments meta-analyses.

CMAJ 181:488-493.

Francis GJ, Becker WJ, Pringsheim TM. 2010. Acute and preventive pharmacologic

treatment of cluster headache. Neurology 75:463-473.

Rouse B, Chaimani A, Li T. 2017. Network meta-analysis: an introduction for

clinicians. Intern Emerg Med 12:103-111.

Catala-Lopez F, Tobias A, Cameron C, Moher D, Hutton B. 2014. Network meta-
analysis for comparing treatment effects of multiple interventions: an introduction.

Rheumatol Int 34:1489-1496.

Cope S, Zhang J, Saletan S, Smiechowski B, Jansen JP, Schmid P. 2014. A process
for assessing the feasibility of a network meta-analysis: a case study of everolimus
in combination with hormonal therapy versus chemotherapy for advanced breast

cancer. BMC Medicine 12:93.



70.

71.

72.

73.

74.

75.

76.

95

Martelletti P, Curto M. 2016. Headache: Cluster headache treatment - RCTs versus

real-world evidence. Nat Rev Neurol 12:557-558.

Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart LA. 2015. Preferred reporting items for systematic review and meta-analysis

protocols (PRISMA-P) 2015 statement. Systematic reviews 4:1.

Tricco AC, Lillie E, Zarin W, O’Brien KK, Colguhoun H, Levac D, Moher D, Peters
MDJ, Horsley T, Weeks L, Hempel S, Akl EA, Chang C, McGowan J, Stewart L,
Hartling L, Aldcroft A, Wilson MG, Garritty C, Lewin S, Godfrey CM, Macdonald MT,
Langlois EV, Soares-Weiser K, Moriarty J, Clifford T, Tuncalp O, Straus SE. 2018.
PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation.

Ann Intern Med 169:467.

Hutton B, Catala-Lopez F, Moher D. 2016. The PRISMA statement extension for
systematic reviews incorporating network meta-analysis: PRISMA-NMA. Med Clin

(Barc) 147:262—-266.

1962. Classification of Headache: The Ad Hoc Committee on Classification of

Headache. Arch Neurol 6:173-176.

Society HCC of the IH. 1988. Classification and diagnostic criteria for headache

disorders, cranial neuralgias and facial pain. Cephalalgia 8:1-96.

Olesen J, Steiner TJ. 2004. The International classification of headache disorders,

2nd edn (ICDH-II). BMJ Publishing Group Ltd.



77.

78.

79.

80.

81.

82.

83.

96

Ettlin DA. 2013. The international classification of headache disorders, (beta

version). Cephalalgia 33:629-808.

Lipton RB, Micieli G, Russell D, Solomon S, Tfelt-Hansen P, Waldenlind E. 1995.
Guidelines for controlled trials of drugs in cluster headache. Cephalalgia 15:452—

462.

McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. 2016.
PRESS peer review of electronic search strategies: 2015 guideline statement.

Journal of clinical epidemiology 75:40-46.

Cameron C, Hutton B, Druchok C, McElligott S, Nair S, Schubert A, Situ A, Varu A,
Villacorta R. 2018. Importance of assessing and adjusting for cross-study
heterogeneity in network meta-analysis: a case study of psoriasis. Journal of

comparative effectiveness research 7:1037-1051.

Boon MH, Thomson H. The effect direction plot revisited: Application of the 2019
Cochrane Handbook guidance on alternative synthesis methods. Research

Synthesis Methods n/a.

Goadsby PJ, de Coo IF, Silver N, Tyagi A, Ahmed F, Gaul C, Jensen RH, Diener H-
C, Solbach K, Straube A. 2018. Non-invasive vagus nerve stimulation for the acute
treatment of episodic and chronic cluster headache: a randomized, double-blind,

sham-controlled ACT2 study. Cephalalgia 38:959-969.

Fogan L. 1985. Treatment of cluster headache: a double-blind comparison of oxygen

v air inhalation. Archives of Neurology 42:362—-363.



84.

85.

86.

87.

88.

89.

90.

97

Gaul C, Diener H-C, Silver N, Magis D, Reuter U, Andersson A, Liebler EJ, Straube
A, on behalf of the PREVA Study Group. 2016. Non-invasive vagus nerve stimulation
for PREVention and Acute treatment of chronic cluster headache (PREVA): A

randomised controlled study. Cephalalgia 36:534-546.

Hardebo J, Dahlof C. 1998. Sumatriptan nasal spray (20 mg/dose) in the acute

treatment of cluster headache. Cephalalgia 18:487—-489.

Matharu MS, Levy MJ, Meeran K, Goadshy PJ. 2004. Subcutaneous octreotide in
cluster headache: Randomized placebo-controlled double-blind crossover study.

Ann Neurol 56:488-494.

Remahl AN, Ansjon R, Lind F, Waldenlind E. 2002. Hyperbaric Oxygen Treatment
of Active Cluster Headache: A Double-Blind Placebo-Controlled Cross-Over Study.

Cephalalgia 22:730-739.

Russell D. 1979. Cluster headache: trial of a combined histamine H1 and H2

antagonist treatment. Journal of Neurology, Neurosurgery & Psychiatry 42:668—669.

Schoenen J, Jensen RH, Lantéri-Minet M, Lainez MJA, Gaul C, Goodman AM,
Caparso A, May A. 2013. Stimulation of the sphenopalatine ganglion (SPG) for
cluster headache treatment. Pathway CH-1: a randomized, sham-controlled study.

Cephalalgia 33:816-830.

Silberstein SD, Mechtler LL, Kudrow DB, Calhoun AH, McClure C, Saper JR, Liebler
EJ, Rubenstein Engel E, Tepper SJ, ACT1 Study Group. 2016. Non-Invasive Vagus

Nerve Stimulation for the ACute Treatment of Cluster Headache: Findings From the



91.

92.

93.

94.

95.

98

Randomized, Double-Blind, Sham-Controlled ACT1 Study. Headache 56:1317—

1332.

Safety and Efficacy Study of SOM230 s.c. in Cluster Headache - Study Results -

ClinicalTrials.gov.

Rozen TD, Fishman RS. 2013. Demand valve oxygen: A promising new oxygen
delivery system for the acute treatment of cluster headache. Pain Medicine 14:455—

459.

Teva Branded Pharmaceutical Products R&D, Inc. 2020. A Multicenter, Double-
Blind, Double-Dummy Study to Explore the Long-Term Safety and Efficacy of TEV-
48125 for the Prevention of Cluster Headache. results/NCT03107052. Clinical trial

registration, clinicaltrials.gov.

Teva Branded Pharmaceutical Products R&D, Inc. 2020. A Multicenter,
Randomized, Double-Blind, Double-Dummy, Placebo-Controlled, Parallel-Group
Study Comparing the Efficacy and Safety of 2 Dose Regimens
(Intravenous/Subcutaneous and Subcutaneous) of TEV-48125 Versus Placebo for
the Prevention of Epidosic Cluster Headache. study/NCT02945046. Clinical trial

registration, clinicaltrials.gov.

Teva Branded Pharmaceutical Products R&D, Inc. 2019. A Multicenter,
Randomized, Double-Blind, Double-Dummy, Placebo-Controlled, Parallel-Group
Study Comparing the Efficacy and Safety of 2 Dose Regimens

(Intravenous/Subcutaneous and Subcutaneous) of TEV-48125 Versus Placebo for



96.

97.

98.

99.

the Prevention of Chronic Cluster Headache. nct02964338. Clinical trial registration,

clinicaltrials.gov.

de Carolis P, de Capoa D, Agati R, Baldrati A, Sacquegna T. 1988. Episodic cluster
headache: short and long term results of prophylactic treatment. Headache: The

Journal of Head and Face Pain 28:475-476.

Fusco BM, Marabini S, Maggi CA, Fiore G, Geppetti P. 1994. Preventative effect of

repeated nasal applications of capsaicin in cluster headache: Pain 59:321-325.

Favoni V, Cevoli S, Giannini G, Farinella E, Cortelli P, Pierangeli G. 2017. Greater
occipital nerve injections of methylprednisolone alone or in combination with
lidocaine in episodic and chronic cluster headache, p. 221-221. In CEPHALALGIA.
SAGE PUBLICATIONS LTD 1 OLIVERS YARD, 55 CITY ROAD, LONDON EC1Y

1SP, ENGLAND.

Gantenbein AR, Lutz NJ, Riederer F, Sandor PS. 2012. Efficacy and safety of 121
injections of the greater occipital nerve in episodic and chronic cluster headache.

Cephalalgia 32:630-634.

100. WeiJ, Robbins MS. 2018. Greater occipital nerve injection versus oral steroids for

101.

99

short term prophylaxis of cluster headache: A retrospective comparative study.

Headache: The Journal of Head and Face Pain 58:852—-858.

Gregor N, Schlesiger C, Akova-Oztiirk E, Kraemer C, Husstedt I-W, Evers S. 2005.
Treatment of cluster headache attacks with less than 6 mg subcutaneous

sumatriptan. Headache: The Journal of Head and Face Pain 45:1069-1072.



102. Kudrow L. 1981. Response of Cluster Headache Attacks to Oxygen Inhalation.

Headache 21:1-4.

103. Bougea A, Spantideas N, Karavis M, Fili M, Anagnostou E, Gkika L, Thomaidis T,
Kararizou E, Evdokimidis I. 2016. The effectiveness of acupuncture in cluster
headache: the first randomised patient/assessor blinded, controlled sham study.:

P31080. European Journal of Neurology 23.

104. Wei DY, Khalil M, Goadsby PJ. 2019. Managing cluster headache. Practical

Neurology 19:521-528.

105. Silberstein SD, Saper JR, Freitag FG. 2001. Migraine: diagnosis and treatment.

Wolff's headache and other head pain 16:96-170.

106. Rozen TD. 2004. High oxygen flow rates for cluster headache. Neurology 63:593.

107. Hedlund C, Rapoport AM, Dodick DW, Goadsby PJ. 2009. Zolmitriptan nasal spray
in the acute treatment of cluster headache: A meta-analysis of two studies.

Headache: The Journal of Head and Face Pain 49:1315-1323.

108. de Coo IF, Marin JC, Silberstein SD, Friedman DI, Gaul C, McClure CK, Tyagi A,
Liebler E, Tepper SJ, Ferrari MD, Goadsby PJ. 2019. Differential efficacy of non-
invasive vagus nerve stimulation for the acute treatment of episodic and chronic

cluster headache: A meta-analysis. Cephalalgia 39:967-977.

109. http://fyra.io. Cluster Headache: History, Mechanisms, and Most Importantly,

Treatment Options. Practical Neurology. Bryn Mawr Communications.

100



110. Moon H-S, Park JW, Lee K-S, Chung C-S, Kim B-K, Kim J-M, Sohn J-H, Chu MK,
Oh K, Cho S-J. 2017. Clinical Features of Cluster Headache Patients in Korea. J

Korean Med Sci 32:502-506.

111. Ferrari A, Zappaterra M, Righi F, Ciccarese M, Tiraferri I, Pini LA, Guerzoni S,
Cainazzo MM. 2013. Impact of continuing or quitting smoking on episodic cluster

headache: a pilot survey. J Headache Pain 14:48.

112. Williamson PR, Altman DG, Bagley H, Barnes KL, Blazeby JM, Brookes ST, Clarke
M, Gargon E, Gorst S, Harman N, Kirkham JJ, McNair A, Prinsen CAC, Schmitt J,

Terwee CB, Young B. 2017. The COMET Handbook: version 1.0. Trials 18:280.

113. Vollesen ALH, Snoer A, Beske RP, Guo S, Hoffmann J, Jensen RH, Ashina M.
2018. Effect of Infusion of Calcitonin Gene-Related Peptide on Cluster Headache

Attacks: A Randomized Clinical Trial. JAMA Neurol 75:1187-1197.

114. Foster ED, Deardorff A. 2017. Open Science Framework (OSF). J Med Libr Assoc

105:203-206.

115. Donegan S, Williamson P, D’Alessandro U, Tudur Smith C. 2013. Assessing key
assumptions of network meta-analysis: a review of methods. Research synthesis

methods 4:291-323.

116. Orr SL, Friedman BW, Christie S, Minen MT, Bamford C, Kelley NE, Tepper D.
2016. Management of Adults With Acute Migraine in the Emergency Department:
The American Headache Society Evidence Assessment of Parenteral

Pharmacotherapies. Headache 56:911-940.

101



117. Cipriani A, Higgins JPT, Geddes JR, Salanti G. 2013. Conceptual and Technical

Challenges in Network Meta-analysis. Ann Intern Med 159:130.

118. Salanti G. 2012. Indirect and mixed-treatment comparison, network, or multiple-
treatments meta-analysis: many names, many benefits, many concerns for the next

generation evidence synthesis tool. Research synthesis methods 3:80-97.

119. Dias S, Welton NJ, Sutton AJ, Ades AE. NICE DSU Technical Support Document
2: A Generalised Linear Modelling Framework for Pairwise and Network Meta-

Analysis of Randomised Controlled Trials.

120. Higgins JP, Green S. 2011. Cochrane handbook for systematic reviews of

interventions. John Wiley & Sons.

121. R Core Team. 2020. R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing, Vienna, Austria.

122. RStudio Team. 2020. RStudio: Integrated Development Environment for R.

RStudio, PBC., Boston, MA.

123. Thomas A. 1994. BUGS: A statistical modelling package. RTA/BCS Modular

Languages Newsletter 2:36-38.

124. Gilks WR, Richardson S, Spiegelhalter D. 1995. Markov chain Monte Carlo in

practice. Chapman and Hall/CRC.

102



125.

126.

127.

128.

129.

130.

131.

103

Béliveau A, Boyne DJ, Slater J, Brenner D, Arora P. 2019. BUGSnet: an R package
to facilitate the conduct and reporting of Bayesian network Meta-analyses. BMC

Medical Research Methodology 19:196.

Salanti G, Ades AE, loannidis JP. 2011. Graphical methods and numerical
summaries for presenting results from multiple-treatment meta-analysis: an overview

and tutorial. Journal of clinical epidemiology 64:163—-171.

Trinquart L, Chatellier G, Ravaud P. 2012. Adjustment for reporting bias in network

meta-analysis of antidepressant trials. BMC Medical Research Methodology 12:150.

Gronseth GS, Cox, Julie, Gloss D, Merilliat, Shannon. 2017. Clinical Practice
Guideline Process Manual. 2017 ed. Minneapolis, MN: The American Academy of

Neurology.

Kam-Hansen S, Jakubowski M, Kelley JM, Kirsch I, Hoaglin DC, Kaptchuk TJ,
Burstein R. 2014. Labeling of Medication and Placebo Alters the Outcome of

Episodic Migraine Attacks. Sci Transl Med 6:218rab.

de Craen AJ, Tijssen JG, de Gans J, Kleijnen J. 2000. Placebo effect in the acute
treatment of migraine: subcutaneous placebos are better than oral placebos. J

Neurol 247:183-188.

Elbourne DR, Altman DG, Higgins JP, Curtin F, Worthington HV, Vail A. 2002.
Meta-analyses involving cross-over trials: methodological issues. International

journal of epidemiology 31:140-149.



132. Goadsby PJ, Rezai A, Dodick DW, Friedman D, Sahai-Srivastava S, Kezirian E,
Calhoun AH, Matthews D, McAllister P, Costantino P. 2018. Sphenopalatine
Ganglion Stimulation Is Effective for Chronic Cluster Headache-A Sham-controlled
Study, p. 1316-1317. In HEADACHE. WILEY 111 RIVER ST, HOBOKEN 07030-

5774, NJ USA.

133. Gaul C, Christmann N, Schréder D, Weber R, Shanib H, Diener HC, Holle D. 2012.
Differences in clinical characteristics and frequency of accompanying migraine

features in episodic and chronic cluster headache. Cephalalgia 32:571-577.

134. Borsook D, Youssef AM, Simons L, Elman |, Eccleston C. 2018. When pain gets

stuck: the evolution of pain chronification and treatment resistance. Pain 159:2421.

135. Katsarava Z, Obermann M, Yoon M-S, Dommes P, Kuznetsova J, Weimar C,
Diener HC. 2007. Prevalence of cluster headache in a population-based sample in

Germany. Cephalalgia 27:1014-1019.

136. Caliendo M, Kopeinig S. 2008. Some practical guidance for the implementation of

propensity score matching. Journal of economic surveys 22:31-72.

137. Austin PC. 2011. An Introduction to Propensity Score Methods for Reducing the
Effects of Confounding in Observational Studies. Multivariate Behav Res 46:399—

424,

138. Brazauskas R, Logan BR. 2016. Observational Studies: Matching or Regression?

Biol Blood Marrow Transplant 22:557-563.

104



139.

140.

141.

142.

105

Piazza N, Kalesan B, van Mieghem N, Head S, Wenaweser P, Carrel TP, Bleiziffer
S, de Jaegere PP, Gahl B, Anderson RH. 2013. A 3-center comparison of 1-year
mortality outcomes between transcatheter aortic valve implantation and surgical
aortic valve replacement on the basis of propensity score matching among

intermediate-risk surgical patients. JACC: Cardiovascular Interventions 6:443—-451.

Santarpino G, Pfeiffer S, Jessl J, DellAquila A, Vogt F, von Wardenburg C,
Schwab J, Sirch J, Pauschinger M, Fischlein T. 2015. Clinical outcome and cost
analysis of sutureless versus transcatheter aortic valve implantation with propensity

score matching analysis. The American journal of cardiology 116:1737-1743.

Takahara T, Wakabayashi G, Beppu T, Aihara A, Hasegawa K, Gotohda N,
Hatano E, Tanahashi Y, Mizuguchi T, Kamiyama T. 2015. Long-term and
perioperative outcomes of laparoscopic versus open liver resection for hepatocellular
carcinoma with propensity score matching: a multi-institutional Japanese study.

Journal of Hepato-Biliary-Pancreatic Sciences 22:721-727.

Boriani G, Berti E, Belotti LMB, Biffi M, Palma RD, Malavasi VL, Bottoni N, Rossi
L, Maria ED, Mantovan R, Zardini M, Casali E, Marconi M, Bandini A, Tomasi C,
Boggian G, Barbato G, Toselli T, Zennaro M, Sassone B. 2016. Cardiac device
therapy in patients with left ventricular dysfunction and heart failure: ‘real-world’ data
on long-term outcomes (mortality, hospitalizations, days alive and out of hospital).

European Journal of Heart Failure 18:693—-702.



143. Bratbak DF, Nordgard S, Stovner LJ, Linde M, Folvik M, Bugten V, Tronvik E. 2016.
Pilot study of sphenopalatine injection of onabotulinumtoxinA for the treatment of

intractable chronic cluster headache. Cephalalgia 36:503-509.

144. Leone M, Franzini A, Proietti Cecchini A, Bussone G. 2013. Success, failure, and
putative mechanisms in hypothalamic stimulation for drug-resistant chronic cluster

headache. PAIN® 154:89-94.

145. Brewer AC, Trentman TL, lvancic MG, Vargas BB, Rebecca AM, Zimmerman RS,
Rosenfeld DM, Dodick DW. 2013. Long-Term Outcome in Occipital Nerve
Stimulation Patients With Medically Intractable Primary Headache Disorders: LONG-
TERM ONS OUTCOME. Neuromodulation: Technology at the Neural Interface

16:557-564.

146. Fontaine D, Christophe Sol J, Raoul S, Fabre N, Geraud G, Magne C, Sakarovitch
C, Lanteri-Minet M. 2011. Treatment of refractory chronic cluster headache by

chronic occipital nerve stimulation. Cephalalgia 31:1101-1105.

147. Burns B, Watkins L, Goadsby PJ. 2009. Treatment of intractable chronic cluster

headache by occipital nerve stimulation in 14 patients. Neurology 72:341-345.

106



APPENDIX 1
Chapter 2 Appendices
Chapter 2 Appendices:
e Appendix 1.1: Literature Search Strategies

e Appendix 1.2: Overview of Study Inclusion and Exclusion Criteria

e Appendix 1.3: Bar Plots of Possible Effect Modifiers for Acute and Preventive

Treatment

e Appendix 1.4: Completed PRISMA Checklist for Scoping Reviews

107



APPENDIX 1.1: SEARCH STRATEGY

Database: Embase Classic+tEmbase <1947 to 2019 August 05>, Ovid MEDLINE(R) ALL
<1946 to August 05, 2019>, EBM Reviews - Cochrane Central Register of Controlled
Trials <June 2019>

(62

10
11
12
13
14

15
16
17
18
19
20
21
22
23

108

exp Cluster Headache/ (8369)

((episod* or cluster) adj2 (headache* or head ache?*)).tw. (10387)
(episod* headache* or cluster headache*).kw. (1833)

trigeminal autonomic cephalalgia*.mp. or exp Trigeminal Autonomic
Cephalalgias/ (9559)

or/1-4 (13754)

(randomized controlled trial or controlled clinical trial).pt. (1135499)
randomized controlled trials/ or random allocation/ or double-blind method/
or single-blind method/ (954017)

clinical trial.pt. (796833)

exp "Clinical Trials as Topic"/ or placebos/ or research design/ (2678825)
(clinic* adj25 trial*).mp. (3326093)

((singl* or doubl* or trebl*) adj (mask* or blind*)).mp. (865701)

(placebo* or random*).mp. (4265580)

(latin adj square).mp. (10608)

comparative study/ or exp evaluation studies/ or follow-up studies/ or
prospective studies/ or cross-over studies/ (5262698)

(control* or prospective* or volunteer*).mp. (17678196)

observational study/ (239689)

exp Cohort Studies/ (2518267)

(retrospective* or cohort*).tw. (2989318)

follow up.tw. (2518149)

or/6-19 (25609772)

5 and 20 (6100)

exp animals/ not humans/ (18614680)

21 not 22 (4258)
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47

48
49
50
51
52

23 use medall (1803)

exp cluster headache/ (8369)

(cluster adj2 (headache* or head ache*)).tw. (7902)

exp trigeminal autonomic cephalalgia/ (9330)

Trigeminal Autonomic Cephalalgia*.tw. (747)

25 or 26 or 27 or 28 (11143)

random*.tw. or placebo*.mp. or double-blind*.tw. (3852260)
(clinical adj5 trial*).tw. (1028090)

latin square.tw. (10537)

*comparative study/ (17336)

*evaluation study/ (850)

*follow up/ or *'evaluation and follow up"/ (42764)
*prospective study/ (21090)

*crossover procedure/ (1332)

(control* or prospective* or volunteer*).tw. (10843680)
open study/ (36136)

open label.tw. (161457)

clinical trial/ or controlled clinical trial/ or randomized controlled trial/
(2106351)

clinical study/ (172129)

*observational study/ (9084)

*cohort analysis/ (26251)

*retrospective study/ (19428)

(Cohort* or retrospective* or follow up).tw. (4849543)

30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42
or43 or 44 or 45 or 46 (16701111)

29 and 47 (3766)

(exp animal/ or nonhuman/) not exp human/ (11565034)

48 not 49 (3726)

(conference abstract or conference or conference review).pt. (4298343)
50 and 51 (662)



53 50 not 52 (3064)

54 52 use emczd (651)

55 53 use emczd (1744)

56 exp Cluster Headache/ (8369)

57 ((episod* or cluster) adj2 (headache* or head ache¥*)).tw. (10387)

58 (episod* headache* or cluster headache*).kw. (1833)

59 trigeminal autonomic cephalalgia*.mp. or exp Trigeminal Autonomic
Cephalalgias/ (9559)

60 or/56-59 (13754)

61 conference abstract.pt. (3524305)

62 conference*.so. (584901)

63 "Journal: Conference Abstract".pt. (134496)

64 61 or 62 or 63 (3730157)

65 60 and 64 (1630)

66 60 not 65 (12124)

67 65 use cctr (112)

68 66 use cctr (387)

69 24 or 55 or 68 (3934)

70 remove duplicates from 69 (2721)

71 70 use medall (1782) Medline

72 70 use emczd (762) Embase

73 70 use cctr (177) Cochrane

74 52 or 67 (763)

Conference Abstracts
75 remove duplicates from 74 (699)
76 75 use emczd (641) Embase
77 75 use cctr (58) Cochrane
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APPENDIX 1.2: OVERVIEW OF STUDY EXCLUSION CRITERIA

Exclusion Criteria Across Studies

Study Prior History of History of History of Abnormal Pregnant Other noted
treatments migraines or vascular drug or laboratory women criteria
for cluster other disease alcohol or ECG excluded?
allowed? headaches? excluded? abuse studies
excluded? excluded?
Ambrosini 2005 NA NA NA NA NA NA NA
Andersson 1986 NA NA NA NA NA NA NA
Anthony 1978 NA NA NA NA NA NA NA
Bahra 2000 NA NA Yes Yes Yes Yes methysergide,
methylergovine,
AIDS,
hypersensitivity to
triptan and
exposure to
investigational
drug in prior 30
days
Bougea 2016 NA NA NA NA NA NA NA
Bussone 1990 No NA Yes NA Yes Yes Not taking oral
contraceptives
Christiansen 2000 NA Yes NA Yes NA NA NA
Cittadini 2006 No NA Yes NA NA NA Ear, nose or throat
issue that may
preclude use of
nasal spray
Cohen 2009 NA Yes NA NA NA Yes Could not tolerate
mask, had COPD
or had tried
oxygen before
Costa 2000 NA NA NA NA NA NA NA
Di Sabato 1993 No NA Yes NA Yes NA NA
Dirkx 2018 NA Yes NA NA NA Yes Could not tolerate

mask, had COPD
or had tried
oxygen before, not
able to provide
consent
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| Exclusion Criteria Across Studies

Study Prior History of History of History of Abnormal Pregnant Other noted
treatments migraines or vascular drug or laboratory women criteria
for cluster other disease alcohol or ECG excluded?
allowed? headaches? excluded? abuse studies
excluded? excluded?
Ekbom 1991 NA NA Yes Yes Yes Yes Epilepsy and
psychiatric issues
Ekbom 1993 NA NA Yes Yes Yes Yes Epilepsy and
psychiatric issues
El Amrani 2002 No NA NA Yes Yes NA Psychiatric
disorder
Evers 1998 NA NA NA NA NA NA NA
Fogan 1985 NA NA NA NA NA NA NA
Fontaine 2010 NA NA NA Yes NA NA No contra-
indication to
surgery or
anesthesia
Gaul 2016 Ok if change NA Yes NA NA NA Implanted
>1mo ago electrical device,

surgery at vagal
nerve, syncope or
epilepsy, metallic
hardware

Goadsby 2018 NA NA Yes NA NA NA Implanted
electrical device,
surgery at vagal

nerve, syncope or
epilepsy, metallic

hardware
Goadsby 2019 2 No No NA NA NA NA NA
Goadsby 2019 NA No NA NA NA NA Clinical trial in last
year, MAB use or
CGRP use,
ischemic migraine
variants
Hardebo 1998 NA NA NA Yes NA Yes NA
Hakim 2011 NA NA Yes NA NA Yes Increased risk of
bleeding factors
Jammes 1975 NA NA NA NA NA NA NA
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Exclusion Criteria Across Studies

Study Prior History of History of History of Abnormal Pregnant Other noted
treatments migraines or vascular drug or laboratory women criteria
for cluster other disease alcohol or ECG excluded?
allowed? headaches? excluded? abuse studies
excluded? excluded?
Leone 1996 NA NA NA Yes Yes NA psychiatric disease
or taking
antidepressants or
neuroleptics
Leone 2000 NA NA Yes Yes Yes NO Adynamic ileus,
bradycardia,
hypotension,
psychiatric history
Leroux 2011 NA Yes NA NA NA NA Contra-indication
to cortivazol or
verapamil,
anticoagulant use
or bleeding history
Marks 1993 NA NA NA NA NA NA NA
Matharu 2004 Yes Yes NA NA NA Yes Diabetes or known
cholelithiasis
Monstad 1995 Yes NA Yes Yes Yes Yes Severe psychiatric
disease
Nilsson 2002 Yes NA Yes NA NA Yes Ear disease
Oakes 2019 NA NA NA NA Yes Yes Clinical trial over
last month, CGRP
use, indomethacin
use, psychiatric
disease
Pageler 2010 Yes NA NA NA NA NA NA
Petersen 2017 Yes NA NA Yes NA Yes COPD
Rappaport 2007 NA NA Yes NA NA Yes Major depression
or medical illness
Rozen 2013 NA NA NA NA NA NA COPD, asthma,
syncope with
hyperventilation
Russel 1979 NA NA NA NA NA NA NA
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Exclusion Criteria Across Studies

Study Prior History of History of History of Abnormal Pregnant Other noted
treatments migraines or vascular drug or laboratory women criteria
for cluster other disease alcohol or ECG excluded?
allowed? headaches? excluded? abuse studies
excluded? excluded?
Saper 2002 NA NA NA Yes Yes Yes NA
Schoenen 2013 No change yes NA NA NA NA Surgery, botox,
1mo radiofrequency
ablation or
radiation to face
Sicuteri 1983 NA NA NA NA NA NA NA
Silberstein 2016 NA NA Yes NA NA NA Vascular neck
surgery or
electrical implant
Steiner 1997 NA NA NA NA NA NA Lithium
contraindicated
Trovnik 2013 In 1 month NA NA Yes Yes Yes Use of anti-
prior depressant or
neuroleptic.
VanViet 2003 Yes NA Yes NA NA Yes Ear, nose or throat

disease, serious
adverse event with
triptan in past.
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APPENDIX 1.3: BAR PLOTS OF POSSIBLE EFFECT MODIFIERS FOR ACUTE AND PREVENTIVE TREATMENT

Figure Al.1 Bar plots for possible effect modifiers in trials of acute therapy
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Figure A1.3 Bar plots for possible effect modifiers in trials of preventive therapy
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APPENDIX 1.4: PREFERRED REPORTING ITEMS FOR SYSTEMATIC REVIEWS AND META-
ANALYSES EXTENSION FOR SCOPING REVIEWS (PRISMA-SCR) CHECKLIST

REPORTED
SECTION ITEM | PRISMA-ScR CHECKLIST ITEM ON PAGE #

TITLE
Title
ABSTRACT

Identify the report as a scoping review.

sources of evidence

117

Provide a structured summary that includes (as applicable):
background, obijectives, eligibility criteria, sources of evidence,

were charted that relate to the review questions and objectives.

Structured summary 2 charting methods, results, and conclusions that relate to the review 21
guestions and objectives.
INTRODUCTION
Describe the rationale for the review in the context of what is already
Rationale 3 known. Explain why the review questions/objectives lend themselves = 23
to a scoping review approach.
Provide an explicit statement of the questions and objectives being
Objectives 4 addre_ssed with reference to their key elements (e.g., population or o
participants, concepts, and context) or other relevant key elements
used to conceptualize the review questions and/or objectives.
METHODS
Indicate whether a review protocol exists; state if and where it can be
Protocol and ' ; . . X .
: . 5 accessed (e.g., a Web address); and if available, provide registration = 24
registration ; A . ; .
information, including the registration number.
Specify characteristics of the sources of evidence used as eligibility
Eligibility criteria 6 criteria (e.g., years considered, language, and publication status), and = 25
provide a rationale.
Describe all information sources in the search (e.g., databases with
Information sources* 7 dates of coverage and contact with authors to identify additional 27
sources), as well as the date the most recent search was executed.
Search 8 Present the full electronic search strategy for at least 1 database, Appendix 1.1
including any limits used, such that it could be repeated. PP '
Selection of sources State the process for selecting sources of evidence (i.e., screening
, 9 P . : ) 28
of evidencet and eligibility) included in the scoping review.
Describe the methods of charting data from the included sources of
Data chartin evidence (e.g., calibrated forms or forms that have been tested by the
9 10 team before their use, and whether data charting was done 28
processt ; ; ! L
independently or in duplicate) and any processes for obtaining and
confirming data from investigators.
Data items 11 List and_defme aII_ var_lable_s for which data were sought and any 26 and 30
assumptions and simplifications made.
Critical appraisal of If done, provide a rationale for conducting a critical appraisal of
individual sources of 12 included sources of evidence; describe the methods used and how No
evidence§ this information was used in any data synthesis (if appropriate).
Synthesis of results 13 Describe the methods of handling and summarizing the data that were 29
charted.
RESULTS
. Give numbers of sources of evidence screened, assessed for
Selection of sources L . . X ; )
: 14  eligibility, and included in the review, with reasons for exclusions at 31
of evidence . ) :
each stage, ideally using a flow diagram.
Characteristics of For each source of evidence, present characteristics for which data
! 15 . s 32-33
sources of evidence were charted and provide the citations.
Crmg:al appraisal If done, present data on critical appraisal of included sources of
within sources of 16 ; . No
. evidence (see item 12).
evidence
Results of individual 17 For each included source of evidence, present the relevant data that 31-33



REPORTED
SECTION PRISMA-ScR CHECKLIST ITEM ON PAGE #

Summarize and/or present the charting results as they relate to the

Synthesis of results review questions and objectives.

DISCUSSION
Summarize the main results (including an overview of concepts,
Summary of : . . . .
: 19  themes, and types of evidence available), link to the review questions = 61
evidence L .
and objectives, and consider the relevance to key groups.
Limitations 20  Discuss the limitations of the scoping review process. 62
Provide a general interpretation of the results with respect to the
Conclusions 21  review questions and objectives, as well as potential implications @64
and/or next steps.
FUNDING

Describe sources of funding for the included sources of evidence, as
Funding 22 well as sources of funding for the scoping review. Describe the role of = 20
the funders of the scoping review.
JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping

Reviews.

* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media platforms, and
Web sites.

T A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative and/or
qualitative research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is
not to be confused with information sources (see first footnote).

I The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the process of data
extraction in a scoping review as data charting.

§ The process of systematically examining research evidence to assess its validity, results, and relevance before using it to inform a
decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable to systematic reviews of interventions)
to include and acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative and/or qualitative
research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews (PRISMASCcR):
Checklist and Explanation. Ann Intern Med. 2018;169:467-473. doi: 10.7326/M18-0850.
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APPENDIX 2.1: RISK OF BIAS APPRAISALS
Table A2.1 AAN risk of bias sample table
Study ID#:

Reviewed by:

Final Class:

Bias Author’s judgment Support for judgment
Yes No

*Design (Is it an
RCT?)

*Masked or
objective outcome
assessment

*Similar baseline
characteristics
between groups and
if not adjusted for
differences

Allocation
concealment

No more than 2
primary outcomes
specified

Clear definition of
inclusion/exclusion
criteria

Less than 20%
dropouts and
dropouts
appropriately
accounted for

For cross-over trials
only: period and
carryover effects
examined and
statistical
adjustments
performed where
necessary
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Final Decision on Quality

1. Class | Study:
[0 RCT meets all criteria above

2. Class Il Study:
1 RCT meets starred (*) criteria (ie. first 3 in list) but lacks 1-2 of the other criteria

above
1 Crossover trial that either does not describe period/carryover effects OR does

not present baseline characteristics of treatment order groups

3. Class Il Study:
1 RCT lacking more than 2 of the criteria above
1 Crossover trial that both does not describe period/carryover effects AND does

not present baseline characteristics of treatment order groups

4. Class IV Study:
1 Does not apply to this
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Table A2.2a Baseline demographics of trials included in the NMA for acute therapies

Study and Year Treatment Comparator | Diagnostic | ECH/CCH M/F AAN Reasons for downgrade
criteria ROB
Ekbom 1991 Sumatriptan 6mg Placebo IHS 56% ECH | 3.88:1 | Class |l | Drop out at 20%;
SC did not talk about allocation concealment
Ekbom 1993 Sumatriptan 6mg Placebo IHS 72% ECH | 6.44:1 Class | No downgrades applied
SC
Cittadini 2006 Zolmitriptan 5mg Placebo IHS 64% ECH | 6.66:1 | Class Il | Crossover study, did not present baseline
NS treatment order groups;
did not talk about allocation concealment.
Rapopport 2007 Zolmitriptan 5mg Placebo ICHD2 71%ECH | 2.21:1 | Class Il | Crossover study, did not present baseline
NS treatment order groups;
did not talk about allocation concealment.
Fogan 1985 02 Low Placebo Ad hoc na na Class Il | Crossover study, did not present baseline
treatment order groups, and no
statistical adjustment; did not talk about
allocation concealment.
Cohen 2010 02 High Placebo IHS 75% ECH | 4.45:1 | Class Il | Crossover study, did not present baseline
treatment order groups;
did not talk about allocation concealment.
Dirxs 2018 02 Low 02 High ICHD2 67% ECH | 1.57:1 | Class Il | Crossover, and no treatment order groups
baseline presented
Van Viet 2003 Sumatriptan 20mg Placebo IHS 75% ECH | 4.62:1 | Class Il | Crossover study, did not present baseline
NS treatment order groups;
did not talk about allocation concealment.
Costa 2000 Lidocaine, Placebo IHS 40% ECH 6.5:1 Class Il | Crossover study, did not present baseline
cocaine treatment order groups;
did not talk about allocation concealment.
Matharu 2004 Octreotide Placebo IHS 73% ECH | 3.25:1 | Class Il | Crossover study, did not present baseline
treatment order groups;
did not talk about allocation concealment.
Silberstein 2016 nVNS Placebo ICHD2 67% ECH | 5.25:1 Class | | No downgrades applied
Goadsby 2019 nVNS Placebo ICHD3B 71% ECH | 2.52:1 Class | | No downgrades applied
Goadsby 2019 _2 SPG Placebo ICHD3B CCH na Class | | No downgrades applied
Schoenen 2013 SPG Placebo ICHD2 CCH 5:25:1 | Class1 | No downgrades applied

Abbreviations: ECH, episodic cluster headache; CCH, chronic cluster headache; NS, nasal spray; SC, subcutaneous; PO, by mouth; his, International Headache

Society; ICHD, International Classification of Headache Disorders; O2, oxygen; analg, analgesic; DVO, demand valve oxygen; na, not available; nVNS, non-invasive

vagal nerve stimulation; SPG, sphenopalatine ganglion bloc.
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Table A2.2b Baseline demographics of trials not included in the NMA for preventive therapies

Preventive
Treatment

Treatment

Comparator

Diagnostic
criteria

ECH/CCH

M/F

AAN
ROB

Reasons for
downgrade

Goadsby 2019

galcanezumab

Placebo

ICHD3B

ECH only

4.89:1

Class |

No downgrades
applied

Leone 1996

melatonin

Placebo

IHS

90% ECH

3:.01

Class Il

Did not discuss
how they did
randomization
nor allocation
concealment

Leone 2000

verapamil

Placebo

IHS

ECH only

9:.01

Class Il

Did not discuss
how they did
randomization
nor allocation
concealment

Leroux 2011

cortivazol

Placebo

ICHD2

65% ECH

7.06:1

Class |

No downgrades
applied

Saper 2002

civamide nasal
drop

Placebo

IHS

ECH

9:01

Class Il

Did not discuss
allocation
concealment

Trovnik 2013

candesartan

Placebo

ICHD2

ECH

5.67:1

Class Il

Drop out over
20% and did not
talk about
allocation
concealment

Abbreviations: ECH, episodic cluster headache; IHS, International Headache Society; ICHD, International Classification of Headache Disorders
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APPENDIX 2.2: FINDINGS FROM RANDOM EFFECTS MODEL FOR HEADACHE
RESPONSE AT 15 OR 30MIN

Figure A2.1 League plots of treatment effect in network meta-analysis for each of

the acute therapies and headache relief

Treatment
NON-INVASIVE
HIGH FLOW  SUMATRIPTAN6mg SUMATRIPTAM20mg LOWFLOW  ZOLMITRIPTAN 5mg OCTREOTIDE VAGAL NERVE PLACEBO
OXYGEN SUBCUTANEOUS™  NASAL SPRAY OXYGEN NASALSPRAY — SUBCUTANEOUS ST ULATION
HIGH FLOW
OXYGEN

0.42 0.38 **0.26% **0.22** **0.19** *0.11**
(0.10,1.71) (0.11,1.16)  (0.07,0.87) (0.05,0.97) (0.05, 0.65) (0.04, 0.27)
SUMATRIPTAN 6mg
SUBCUTANEOUS **(),26** **0.15**

1.42 0.0 0.54 0.37 0.31 ! !
(0.41,4.88) (0.15,2.24) (0.14,1.80) (0.11,1.14)  (0.07,1.27) (0.08,0.86)  (0.07,0.34)

SUMATRIPTAN 20mg
NASAL SPRAY 2.37 1.67 0.89 0.61 0.52 0.44 0, 26%
(0.58,10.27) (0.45,6.85) (0.20,3.77) (0.16,2.40)  (0.10,2.60) (0.11,1.80)  (0.09,0.77)

LOW FLOW

OXYGEN

**0.29**

2,65 1.87 1.12 0.68 0.58 0.49 !
(0.86,9.35) (0.55,7.33) (0.27,4.96) (0.19,2.56) (0.13,2.84) (0.14,1.88)  (0.11,0.80)

ZOLMITRIPTAN 5mg
NASAL SPRAY =3 ggm 2.74 164 1.46 0.85 072 0,42%*
(1.15,13.72) (0.88,9.04) (0.42,6.28) (0.39,5.27) (0.19,356)  (0.22,2.39)  (0.18,0.96)

Comparator

OCTREOTIDE
SUBCUTANEOUS #xq 5@**

! 3.24 1.91 172 1.18 0.49
(1.04,21.40) (0.79,14.43) (0.38,9.79) (0.35,7.96) (0.28,5.14) (0.15, 1.85)

0.85

(0.20,3.80)
NON-INVASIVE
VAGAL NERVE
STIMULATION

w5 35w 3 g 2.26 2.03 1.39 117 0.58
(1.55,19.30) (1.17,12.70) (0.56,8.88) (0.53,7.40) (0.42,446) (0.26,4.98) (0.24,1.37)

PLACEBO 3 gO** 3 A7 2 38 2.02 1.72
(1.30,11.56) (1.26,9.20) (1.04,5.44) (0.61,6.67) (0.73,4.12)

Odds ratios and credible intervals for acute headache response are presented; ** denotes statistically significant results.

Below the diagonal, values > 1 favor the treatment in the column header.
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Figure A2.2 Probability bar plot of therapies for acute cluster headache and

headache relief

Rank 7 Rank 1 Rank 4 Rank 6 Rank 8 Rank 3 Rank 2 Rank 5
SUCRA SUCRA SUCRA SUCRA SUCRA SUCRA SUCRA SUCRA
26.23 93.74 57.28 33.56 3.41 62.21 83.34 40.25
100 -
75 -
g?“ Ranking
<
o 1
= 2
@ 3
hy
% 50 - 4
2 W s
5 M s
o -
8 7
a [
25 ~
0 . — _
NON-INVASIVE ! ' ! ' . ! '
VAGAL MNERVE HIGH FLOW LOWFLOW OCTREOQTIDE PLACEBO SUMATRIPTAN 20mg SUMATRIPTAN 6mg ZOLMITRIPTAN 5mg
OXYGEN OXYGEN SUBCUTANEQUS MASAL SPRAY  SUBCUTANEOUS — NASAL SPRAY
STIMULATION
Treatment

(Higher rankings associated with larger outcome values)

For each individual treatment, the most probable ranking is shown at the top along with its SUCRA value. The individual

probabilities per treatment of each ranking are shown out of 100% within its corresponding bar.
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APPENDIX 2.3: FINDINGS FROM RANDOM EFFECTS MODEL FOR ADVERSE
EVENTS

Figure A2.3 League plot of adverse events in acute treatments of cluster headache

NON-INVASIVE
ZOLMITRIPTAN 5mg  yAGAL NERVE SUMATRIPTAN 6mg OCTREOTIDE
PLACEBO NASAL SPRAY  sTIMULATION SUBCUTANEOUS SUBCUTANEOUS

1.79 1.83 232

FPLACEBO R
(0.30,10.73) (0.33,10.23)  (0.67, 7.54)

ZOLMITRIPTAN 5mg 0.56 1.03 1.29 233
NASAL SPRAY (0.09, 2.38) (0.09, 12.27)  (0.15, 11.00) = (0.19, 28.74)
o
e
©
Solouwee g
£ STIMULATION (0.10,3.02)  (0.08, 11.53) (0.15,9.90) = (0.20, 26.64)
o
(@]
SUMATRIPTAN 6mg 0.43 0.77 0.79 1.80
sUBCUTANEOUS (013, 150)  (0.09,689) (910 6.64) (0.22, 15.66)

OCTREOTIDE 0.24 0.43 0.44 056
SUBCUTANEOUS (0.04, 1.37)  (0.03, 5.24) (0.04,5.08) (0.06, 4.45)

Odds ratios and credible intervals for acute headache response are presented; ** denotes statistically significant results.
Below the diagonal, values > 1 favor the treatment in the column header.
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Figure A2.4 Probability bar plot of adverse events in acute treatments of cluster

headache — Random Effects Model

Rank5 Rank1 Rank4 Rank2 Rank3

SUCRA SUCRA: SUCRA: SUCRA: SUCRA:

17.71 86.71 39.88 52.29 534

100-
< 3 Rankin
S g
[o)] 1
=
A
% 2
E oo .
5 i
3 I
©
o]
2
o 25-
0 - -
| | | |
SUMATRIPTAN 6mg NON-INVASIVE 70 \iTRipTAN 5m
OCTREOTIDE PLACEBO  “SUBCUTANEOUS VAGAL NERVE ~ NASAL SPRAY

SUBCUTANEQUS STIMULATION

Treatment
(Higher rankings associated with larger outcome values)

For each individual treatment, the most probable ranking is shown at the top along with its SUCRA value. The individual

probabilities per treatment of each ranking are shown out of 100% within its corresponding bar.
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APPENDIX 2.4A: FINDINGS FROM FIXED EFFECTS AND RANDOM EFFECTS
MODEL FOR HEADACHE RESPONSE AT 15/30MIN IN EPISODIC CLUSTER

Figure A2.5 Network of treatments with headache response available for acute

cluster headache treatment in episodic patients

Placebo
2RCTs 1RCT
Non-invasive vagal Zolmitriptan 5mg
nerve stimulation nasal spray

The network diagram for headache response at 15/30 minutes in episodic cluster headache subgroup is shown. Nodes
are sized to proportionately reflect the numbers of attacks for each intervention, while edges joining interventions have
widths to reflect the numbers of studies per comparison. The color of edges reflects the AAN ROB assessment, with
Class | shown in green and Class Il shown in yellow. Overall, 3 interventions were compared in a total of 3 studies
(n=54 attacks).

Figure A2.6 League plot of headache response in episodic cluster patients - fixed
effects model

Treatment

NON-INVASIVE
VAGAL NERVE
STIMULATION

ZOLMITRIPTAN 5mg PLACEBO
NASAL SPRAY

NON-INVASIVE
VAGAL NERVE 0.42 **(0,20**
STIMULATION (0.10,1.72)  (0.07, 0.53)

2.36

ZOLMITRIPTAN 5mg
(0.58, 10.05)

NASAL SPRAY

Comparator

2.10
PLACEBO (0.78, 5.85)

Odds ratios and credible intervals for acute headache response are presented; ** denotes statistically significant results.

Below the diagonal, values > 1 favor the treatment in the column header.
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Figure A2.7 Probability bar plot of headache response in episodic cluster patients

Rank3 Rank1 Rank2
SUCRA: SUCRA: SUCRA:
3.58 94.14 52.27

100-

75 - Ranking
X 1
g 2
X
[ - 3
2 50-

-
(o]
2
E
]
S
£ 25-

o _

ZOLMITRIPTAN 5mg
PLACEBO NON-INVASIVE NASAL SPRAY
VAGAL NERVE
STIMULATION
Treatment

(Higher rankings associated with larger outcome values)

For each individual treatment, the most probable ranking is shown at the top along with its SUCRA value. The individual
probabilities per treatment of each ranking are shown out of 100% within its corresponding bar.
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APPENDIX 2.4B: EPISODIC CLUSTER HEADACHE RELIEF AT 15 OR 30MIN:
RANDOM EFFECTS MODELS

Figure A2.8 League plot of headache response in episodic cluster patients —
random effects

Treatment

ZOLMITRIPTAN 5mg ~ NON-INVASIVE

NASAL SPRAY VAGAL NERVE PLACEBO
STIMULATION
NON-INVASIVE
VAGAL NERVE 0.41 **0.20**
STIMULATION (0.03, 4.89) (0.04, 0.89)
i—
5]
©
] ZOLMITRIPTAN 5mg 2.42 048
% NASAL SPRAY (0.20, 31.24) ;
5 (0.07, 3.33)
(&)

2.10

RLAGERD (0.30, 15.18)

Odds ratios and credible intervals for acute headache response are presented; ** denotes statistically significant results.
Below the diagonal, values > 1 favor the treatment in the column header.
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Figure A2.9 Probability bar plot of headache response in episodic cluster patients

Rank 3 Rank 1 Rank 2
SUCRA: SUCRA: SUCRA:
9.99 88.85 51.56
100
75- Ranking
X 1
: o -
X
ot 3
& 50-
©
2
o
©
8
& 25
. ™
PLACEBO NON-INVASIVE e
VAGAL NERVE
STIMULATION
Treatment

(Rankings nearerst 1 and SUCRA nearest 100 associated with better outcomes)
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APPENDIX 2.5: CHRONIC CLUSTER HEADACHE RELIEF AT 15 OR 30MIN
RANDOM EFFECTS MODELS

Figure A2.10 Network for acute headache relief in chronic cluster headache

patients
Sphenopalatine ganglion
stimulation
2 RCTs
Non-invasive vagal 2 RCTs
Nerve stimulation Placebo
1RCT
Zomitriptan 5mg
Nasal spray

The network diagram for headache response at 15/30 minutes in chronic cluster is shown. Nodes are sized to
proportionately reflect the numbers of attacks for each intervention, while edges joining interventions have widths to
reflect the numbers of studies per comparison. The color of edges reflects the AAN ROB assessment, with Class |
shown in green and Class Il shown in yellow. Overall, 4 interventions were compared in a total of 5 studies (n=599
attacks).
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Figure A2.11 League table for acute headache relief in chronic cluster headache

patlents
Treatment
SPHENOPALATINE
GANGLION ZOLMITRIPTAN &mg ARG SS(;JAP\S:\ES&\\’IIEE
STIMULATION MASAL SPrRAY STIMULATION
SPHENOPALATINE
GANGLION 0.42 017 0.11

STIMULATION (0.00,85.02) (0.01,3.31)  (0.00, 8.05)

ZOLMITRIPTAN 5mg
NASAL SPRAY

0.27

2.37 0.41
(0.00,32.44) (0.00,54.78)

(0.01,487.00)

Comparator

PLACEBO 2.44 0.66
(0.03, 202.76) (0.03,14.41)
NON-INVASIVE
VAGAL NERVE 3.67
STIMULATION

(0.02, 817.07)

Odds ratios and credible intervals for acute headache response are presented; ** denotes statistically significant results.

Below the diagonal, values > 1 favor the treatment in the column header.
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Figure A2.12 Probability bar plot of acute therapies for chronic cluster headache

Rank 3 Rank 1 Rank 4 Rank 2
SUCRA: SUCRA: SUCRA: SUCRA:
34.58 80.49 26.56 58.38
100-
15
x
b Ranking
£
E 1
5 50 - 2
- N :
= .
E
©
8
s 25
O 2 -
PLACEBO

SPHENOPALATINE ~ NON-INVASIVE ~ ZOLMITRIPTAN 5mg
GANGLION VAGAL NERVE NASALSERAY

STIMULATION STIMULATION

Treatment
(Rankings nearest 1 and SUCRA nearest 100 associated with better outcomes)
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APPENDIX 2.6: NMA MODEL FIT ASSESSMENTS
Table A2.3 Comparison of RCT Treatment Effects versus NMA from best fitting models

OR
Active treatment Comparison OR Trial or PMA Confidence Interval I2-if PMA |Pvalue NMA | Credible Interval
Acute Therapy Cluster Headache - Headache Response
02 high Placebo 3.95 2.4810 6.29 NA NA 9.03 |5.27 to 15.93
02 low Placebo 1.90 1.04 to 3.47 NA NA 3.54 |1.84t06.94
02 high 02 low 2.33 0.39 t0 14.04 NA NA 255 |1.13t05.76
Sumatriptan 5mg SC Placebo 6.25 3.57t011.11 0.00% 0.49 6.39 [3.751t011.13
Sumatriptan 20mg NS Placebo 3.80 1.92t0 7.51 NA NA 3.86 [1.97107.85
Zolmitriptan 5mg NS Placebo 2.38 1.35104.17 0 0.97 2.39 [1.37t04.25
Octreotide Placebo 1.47 0.691t03.12 NA NA 1.99 |0.86t04.72
nVNS Placebo 1.72 0.93103.13 0 0.57 1.74 [0.941t03.23
Acute Therapy Cluster Headache - Adverse Events
Octreotide.... Placebo 4.02 1.64 t0 9.83 NA NA 414 |1.70t010.60
Sumatriptan 6mg SC Placebo 2.33 1.17 t0 4.55 30.60% 0.23 240 |1.39t04.23
Zolmitriptan 5mg NS Placebo 1.75 0.651t0 4.76 NA NA 1.80 |0.67t05.09
nVNS Placebo 1.27 0.56 to 2.89 86% <0.01 1.83 |0.79104.33
Acute Therapy Cluster Headache — Episodic
Zolmitriptan 5mg NS Placebo 2.06 0.77 t0 5.53 NA NA 2.10 |0.78105.85
nVNS Placebo 4.66 1.771012.3 0% 0.83 493 |1.89t014.11
Acute Therapy Cluster Headache — Chronic
Zolmitriptan 5mg NS Placebo 2.29 0.60 to 8.69 NA NA 2.44 |0.03to 202.76
SPG-S Placebo 5.79 0.31to0 107.37 99% <0.0001 5.82 |0.30t0119.50
nVNS Placebo 0.74 0.32t01.74 0% 0.59 0.66 |0.03t014.41

Abbreviations: PMA, pair-wise meta-analysis; O2, oxygen; SC, subcutaneous; NS, nasal spray; nVNS, non-invasive vagal stimulator; SPG-S, sphenopalatine ganglion stimulation,

NA, not available.
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Table A2.4 Measures of NMA model fit

# .
Model unconstrained TotDaI ReS|dual Tau-2 DIC
. eviance
data points
Acute - Headache Response
FE Consistency 22 19.06 NA 37.14
RE Consistency 22 19.78 NA 39.03
FE Unrelated 22 19.04 NA | 37.10
Means
RE Unrelated 22 19.88 NA | 39.26
Means
Acute Treatment - Adverse Events
FE Consistency 10 10.55 NA 19.68
RE Consistency 10 10.11 NA 19.94
FE Unrelated 10 10.55 NA | 19.68
Means
RE Unrelated 10 10.11 NA | 19.94
Means
Acute - Headache Response Episodic
FE Consistency 6 5.16 NA 10.27
RE Consistency 6 5.47 NA 10.92
FE Unrelated 6 5.16 NA | 10.27
Means
RE Unrelated 6 5.47 NA | 10.92
Means
Acute - Headache Response Chronic
FE Consistency 10 106.34 NA 114.34
RE Consistency 10 10.06 NA 20.07
FE Unrelated
10 106.34 NA 114.34
Means
RE Unrelated 10 10.06 NA | 20.07
Means
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Figure A2.13 Scatterplots of residuals from consistency and unrelated means

models from best fitting models per outcome
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APPENDIX 2.7: PRISMA NMA CHECKLIST OF ITEMS TO INCLUDE WHEN
REPORTING A SYSTEMATIC REVIEW INVOLVING A NETWORK META-ANALYSIS

Section/Topic

ltem
#

Checklist Item

Reported on
Page #

TITLE

Title

ABSTRACT

Structured
summary

INTRODUCTION

Rationale

Obijectives

METHODS

Protocol and
registration

Eligibility criteria

138

Identify the report as a systematic review incorporating
a network meta-analysis (or related form of meta-
analysis).

Provide a structured summary including, as applicable:
Background: main objectives
Methods: data sources; study eligibility criteria,
participants, and interventions; study appraisal; and
synthesis methods, such as network meta-analysis.
Results: number of studies and participants
identified; summary estimates with corresponding
confidence/credible intervals; treatment rankings may
also be discussed. Authors may choose to summarize
pairwise comparisons against a chosen treatment
included in their analyses for brevity.
Discussion/Conclusions: limitations; conclusions
and implications of findings.
Other: primary source of funding; systematic review
registration number with registry name.

Describe the rationale for the review in the context of
what is already known, including mention of why a
network meta-analysis has been conducted.

Provide an explicit statement of questions being
addressed, with reference to participants, interventions,
comparisons, outcomes, and study design (PICOS).

Indicate whether a review protocol exists and if and
where it can be accessed (e.g., Web address); and, if
available, provide registration information, including
registration number.

Specify study characteristics (e.g., PICOS, length of
follow-up) and report characteristics (e.g., years
considered, language, publication status) used as
criteria for eligibility, giving rationale. Clearly describe
eligible treatments included in the treatment network,
and note whether any have been clustered or merged

64

65 and 66

66

66

Accompanying
manuscript page
24

Accompanying
manuscript page
24



Information
sources

Search

Study selection

Data collection
process

Data items

Geometry of the
network

Risk of bias within

individual studies

Summary measures

Planned methods
of analysis

Assessment of
Inconsistency

Risk of bias across

studies

139

9

10

11

14

into the same node (with justification).

Describe all information sources (e.g., databases with
dates of coverage, contact with study authors to
identify additional studies) in the search and date last
searched.
Present full electronic search strategy for at least one
database, including any limits used, such that it could
be repeated.
State the process for selecting studies (i.e., screening,
eligibility, included in systematic review, and, if
applicable, included in the meta-analysis).
Describe method of data extraction from reports (e.g.,
piloted forms, independently, in duplicate) and any
processes for obtaining and confirming data from
investigators.
List and define all variables for which data were sought
(e.g., PICOS, funding sources) and any assumptions
and simplifications made.
Describe methods used to explore the geometry of the
treatment network under study and potential biases
related to it. This should include how the evidence base
has been graphically summarized for presentation, and
what characteristics were compiled and used to
describe the evidence base to readers.
Describe methods used for assessing risk of bias of
individual studies (including specification of whether
this was done at the study or outcome level), and how
this information is to be used in any data synthesis.
State the principal summary measures (e.g., risk ratio,
difference in means). Also describe the use of
additional summary measures assessed, such as
treatment rankings and surface under the cumulative
ranking curve (SUCRA) values, as well as modified
approaches used to present summary findings from
meta-analyses.
Describe the methods of handling data and combining
results of studies for each network meta-analysis. This
should include, but not be limited to:

¢ Handling of multi-arm trials;

e Selection of variance structure;

e Selection of prior distributions in Bayesian

analyses; and

e  Assessment of model fit.
Describe the statistical methods used to evaluate the
agreement of direct and indirect evidence in the
treatment network(s) studied. Describe efforts taken to
address its presence when found.
Specify any assessment of risk of bias that may affect
the cumulative evidence (e.g., publication bias,
selective reporting within studies).
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Accompanying
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S3

S4

18

20
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S5

Describe methods of additional analyses if done,
indicating which were pre-specified. This may include,
but not be limited to, the following:
e Sensitivity or subgroup analyses;
e Meta-regression analyses;
e Alternative formulations of the treatment
network; and
e Use of alternative prior distributions for
Bayesian analyses (if applicable).

Give numbers of studies screened, assessed for
eligibility, and included in the review, with reasons for
exclusions at each stage, ideally with a flow diagram.
Provide a network graph of the included studies to
enable visualization of the geometry of the treatment
network.

Provide a brief overview of characteristics of the
treatment network. This may include commentary on
the abundance of trials and randomized patients for the
different interventions and pairwise comparisons in the
network, gaps of evidence in the treatment network,
and potential biases reflected by the network structure.
For each study, present characteristics for which data
were extracted (e.g., study size, PICOS, follow-up
period) and provide the citations.

Present data on risk of bias of each study and, if
available, any outcome level assessment.

For all outcomes considered (benefits or harms),
present, for each study: 1) simple summary data for
each intervention group, and 2) effect estimates and
confidence intervals. Modified approaches may be
needed to deal with information from larger networks.
Present results of each meta-analysis done, including
confidence/credible intervals. In larger networks,
authors may focus on comparisons versus a particular
comparator (e.g. placebo or standard care), with full
findings presented in an appendix. League tables and
forest plots may be considered to summarize pairwise
comparisons. If additional summary measures were
explored (such as treatment rankings), these should also
be presented.

Describe results from investigations of inconsistency.
This may include such information as measures of
model fit to compare consistency and inconsistency
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22

23

24
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27

models, P values from statistical tests, or summary of
inconsistency estimates from different parts of the
treatment network.

Present results of any assessment of risk of bias across
studies for the evidence base being studied.

Give results of additional analyses, if done (e.g.,
sensitivity or subgroup analyses, meta-regression
analyses, alternative network geometries studied,
alternative choice of prior distributions for Bayesian
analyses, and so forth).

Summarize the main findings, including the strength of
evidence for each main outcome; consider their
relevance to key groups (e.g., healthcare providers,
users, and policy-makers).

Discuss limitations at study and outcome level (e.g.,
risk of bias), and at review level (e.g., incomplete
retrieval of identified research, reporting bias).
Comment on the validity of the assumptions, such as
transitivity and consistency. Comment on any concerns
regarding network geometry (e.g., avoidance of certain
comparisons).

Provide a general interpretation of the results in the
context of other evidence, and implications for future
research.

Describe sources of funding for the systematic review
and other support (e.g., supply of data); role of funders
for the systematic review. This should also include
information regarding whether funding has been
received from manufacturers of treatments in the
network and/or whether some of the authors are content
experts with professional conflicts of interest that could
affect use of treatments in the network.
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64

PICOS = population, intervention, comparators, outcomes, study design.

* Text in italics Indicates wording specific to reporting of network meta-analyses that has been added to guidance from

the PRISMA statement.

T Authors may wish to plan for use of appendices to present all relevant information in full detail for items in this section.
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