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) Objective: To identify and disseminate research priorities for the headache field that
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should be areas of research focus during the next 10years.

Background: Establishing research priorities helps focus and synergize the work of
headache investigators, allowing them to reach the most important research goals
more efficiently and completely.

Methods: The Headache Research Priorities organizing and executive committees
and working group chairs led a multistakeholder and international group of experts to
develop headache research priorities. The research priorities were developed and re-
viewed by clinicians, scientists, people with headache, representatives from headache
organizations, health-care industry representatives, and the public. Priorities were
revised and finalized after receiving feedback from members of the research priorities
working groups and after a public comment period.

Results: Twenty-five research priorities across eight categories were identified:
human models, animal models, pathophysiology, diagnosis and management, treat-
ment, inequities and disparities, research workforce development, and quality of life.
The priorities address research models and methods, development and optimization
of outcome measures and endpoints, pain and non-pain symptoms of primary and

secondary headaches, investigations into mechanisms underlying headache attacks

and chronification of headache disorders, treatment optimization, research workforce

Abbreviations: AHS, American Headache Society; MRI, magnetic resonance imaging; NIH, National Institutes of Health; NINDS, National Institutes of Neurological Disorders and
Stroke; QOL, quality of life; SMART, sequential multiple assignment randomized trial.
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recruitment, development, expansion, and support, and inequities and disparities in
the headache field. The priorities are focused enough that they help to guide head-

ache research and broad enough that they are widely applicable to multiple headache

Conclusions: These research priorities serve as guidance for headache investigators
when planning their research studies and as benchmarks by which the headache field

can measure its progress over time. These priorities will need updating as research

The American Headache Society led a large, international, multistakeholder pro-
cess to identify headache research topics that should be prioritized during the next
10 years. With input from headache clinicians, scientists, people with headache,
representatives from headache organizations, health-care industry representatives,
and the public, 25 research priorities within 8 categories were identified. These re-
search priorities can help guide headache researchers when planning their studies

and as benchmarks by which the headache field can measure its progress over time.

HEADACHE
types and various research methods.
goals are met and new priorities arise.
Plain Language Summary
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INTRODUCTION

Identifying and disseminating research priorities can unify and
strengthen a field toward reaching its most important goals. By es-
tablishing clear milestones that address these priorities, the path to-
ward achieving them becomes more transparent, streamlined, and
efficient. Furthermore, the process of identifying research priorities
and setting milestones can be an important learning process for
those involved, including the opportunity to understand better and
discuss priorities among multiple stakeholders such as scientists,
clinicians, those with the diseases of interest, health-care industry
representatives, medical and patient society leaders, advocates,
granting organizations, and the general public.

In line with this approach, the American Headache Society (AHS)
and the National Institutes of Health's (NIH) National Institutes of
Neurological Disorders and Stroke (NINDS), in collaboration with
members of the board of the International Headache Society, led
a process to develop headache research priorities. The objective of
this effort was to involve an international group of expert represen-
tatives from multiple stakeholder groups to develop and disseminate
headache research priorities that should be addressed within the
next 10years.

METHODS

The development of these headache research priorities, which began
in December 2021, was led by an organizing committee (authors TJS,

diagnosis, disparities, migraine, pathophysiology, quality of life, treatment

AAP, MLO, MFB, HR, NL), executive committee (authors PJG and
CT, presidents of the American Headache Society and International
Headache Society at the time of launching the development of these
research priorities), and working group chairs (authors AC, MA, RB,
AAG, DWD, PPR, RBL, JA, CLS, LC, KBD, AFR, DCB, SWP). Eight
research priority working groups were established: human models,
animal models, pathophysiology, diagnosis and management, treat-
ment, inequities and disparities, research workforce development,
and quality of life. Working group chairs attended a project meeting
during which objectives and methods were discussed with the organ-
izing and executive committee members. Working group chairs then
proposed eight to ten individuals to serve on their working group
committees, making sure to include people from multiple stake-
holder groups, including health-care professional clinicians, scien-
tists, methodologists, persons with headache, health-care industry
representatives, and advocates. After the proposed working group
rosters were reviewed by the organizing and executive committees
to ensure diversity, the working groups were populated with mem-
bers (see working group rosters in the Acknowledgments section).
Working groups were tasked with developing priorities in headache
research for the next 10years, with research milestones that must
be achieved to accomplish the goals for each priority. After their ini-
tial development, the research priorities were shared with the other
working groups during multiple online virtual meetings and through
e-mail communications. Post-meeting feedback was used to revise
the research priorities and milestones further. The research priorities
were then made available for public review and comments using an

online platform, IdeaScale (ninds.ideascalegov.com), from April 2023
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through November 2023. The opportunity for public comment was
widely publicized by sending e-mail invitations to 100 professional
and patient organizations, through AHS e-mail communications, and
via in-person presentations at the AHS Annual Scientific Meeting,
the AHS Scottsdale Headache Symposium, and the International
Headache Society International Headache Congress. All public com-
ments were shared with working group chairs, and a final round of
revisions was undertaken. Included herein are the research priori-
ties, the rationale for choosing each priority, and milestones that
need to be reached to achieve the goals defined by each research
priority.

RESULTS

Human models

Research Priority #1: Identify and understand molecular signaling
pathways that contribute to and are associated with the develop-
ment of headache disorders, initiation of headache episodes, and
evolution of headache disorders.

A key feature of headache disorders is that a range of factors
can initiate an episode of headache or cause exacerbation of head-
ache. This phenomenon provides a unique opportunity to investi-
gate the underlying pathophysiological mechanisms of headache
disorders by experimentally inducing headache, which allows for
systematic monitoring of patients before, during, and after episodes
of headache.!

Five-Year Milestones:

e |dentify the site of action and molecular targets of existing and
emerging pharmacological provocation agents used in experi-
mental human models of headache.

e Integrate existing and emerging pharmacological treatment op-
tions into experimental human models of headache.

e Develop and refine an experimental human model of migraine
aura.

e Develop and refine experimental human models of headache that
can be integrated into and inform drug discovery, development,

and clinical trials of potential therapeutic approaches.

Ten-Year Milestones:

e |dentify and differentiate between molecular signaling pathways
at peripheral and central sites of action responsible for initiating
episodes of headache.

e Understand the role of specific molecular targets (receptors, ion
channels) in pain transmission during migraine attacks.

o |dentify molecular signaling pathways responsible for initiating

episodes of tension-type headache.

Research Priority #2: ldentify and understand alterations
in biochemistry that contribute to and are associated with the

development of headache disorders, initiation of headache epi-
sodes, and evolution of headache disorders.

Biochemistry biomarkers may contribute to understand-
ing underlying molecular mechanisms of headache disorders.?
Furthermore, establishing accessible biochemistry biomarkers may
allow for prediction of and monitoring of treatment response in indi-
viduals with headache disorders.®

Five-Year Milestones:

e |dentify alterations in biological fluid biochemistry, either single-
sample or panel of multiple samples, which can be used as a bio-
marker of migraine.

o |dentify alterations in biological fluid biochemistry, either single-
sample or panel of multiple samples, which can be used to predict

and monitor treatment response in migraine.
Ten-Year Milestones:

o |dentify alterations in biological fluid biochemistry, either single-
sample or panel of multiple samples, which can be used as a bio-
marker of chronification of headache disorders.

e |dentify alterations in biological fluid biochemistry, either single-
sample or panel of multiple samples, which can be used as a
biomarker of rarer headache disorders, such as the trigeminal au-
tonomic cephalalgias.

e l|dentify alterations in biological fluid biochemistry, either single-
sample or panel of multiple samples, which can be used as a bio-

marker of tension-type headache.

Research Priority #3: Identify and understand alterations in
brain structure and function that are associated with the develop-
ment of headache disorders, initiation of headache episodes, and
evolution of headache disorders.

Advances in multimodal magnetic resonance imaging (MRI)
demonstrate alterations of brain structure and function in individ-
uals with headache disorders suggesting that MRI-based and other
research imaging techniques provide a useful tool to dissect the
mechanistic complexities underlying headache disorders.?

Five-Year Milestones:

e l|dentify structural and functional imaging findings that can be
used to differentiate between individuals with migraine without
aura and individuals with migraine with aura.

e l|dentify structural and functional imaging findings that can be
used to differentiate between individuals with migraine and indi-
viduals with post-traumatic headache.

e Establish uniformity of imaging paradigms for reproducibility of
results and comparison between studies.

Ten-Year Milestones:

e |dentify structural and functional imaging findings that can be
used to predict and monitor treatment response in migraine.
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e Identify structural and functional imaging findings that can be
used to differentiate between individuals with migraine and indi-
viduals with cluster headache.

e |dentify structural and functional imaging findings that can be
used to differentiate between individuals with different trigem-
inal autonomic cephalalgias.

e Identify structural and functional imaging findings that can be
used to differentiate between individuals with migraine and indi-
viduals with tension-type headache.

e |dentify structural and functional imaging findings that can be
used to differentiate between individuals with episodic migraine
and individuals with chronic migraine.

e Establish multicenter collaborations to build and validate imaging

models.

Research Priority #4: Improve translation and integration be-
tween experimental human models of headache with spontaneous
episodes of headache.

As episodes of headache are transient and onset is unpredict-
able, studies have more often investigated experimental human
models in which headache episodes are triggered, whereas data de-
rived from spontaneous episodes of headache are sparse.z’4

Five-Year Milestones:

e Increase the number of biomarker studies (e.g., molecular signal-
ing pathways, genetic, biochemistry, imaging) on spontaneous mi-
graine attacks with or without aura.

e Increase the number of biomarker studies (e.g., molecular signal-
ing pathways, genetic, biochemistry, imaging) on spontaneous
cluster headache.

Ten-Year Milestones:

e Identify and understand how molecular signaling pathways com-
pare between episodes of headache triggered with an experimen-
tal compound and spontaneous episodes of headache.

e |dentify and understand how genetic markers compare between
episodes of headache triggered with an experimental compound
and spontaneous episodes of headache.

e |dentify and understand how biochemistry compares between
episodes of headache triggered with an experimental compound
and spontaneous episodes of headache.

e |dentify and understand how structural and functional imag-
ing findings compare between episodes of headache triggered
with an experimental compound and spontaneous episodes of

headache.
Animal models
Research Priority #1: Refine and validate existing animal models for

headache disorders and develop new models in which gaps in vali-
dation or translation exist.

There is a misperception that there is “no good animal model for
migraine.” This misperception is based in part upon an unrealistic ex-
pectation that the totality of a complex disease can be represented
by a single animal model. Models exist that mimic components of the
physiology of some headache disorders, which make them a useful
basis for current work and future refinement. Current animal models
for headache disorders include combinations of stimuli or experi-
mental conditions that are intended to parallel those observed with
headache disorders (e.g., nitroglycerin administration or transgenic
expression of migraine genes) and readouts that may include mo-
lecular, physiological, pharmacological, and/or behavioral endpoints.
Each element of each model has strengths and weaknesses and may
have different utility depending on the hypothesis being tested.
Some models may be better suited for developing understanding of
basic mechanisms, whereas others may be better suited for ther-
apy discovery and characterization; a better consensus should be
reached on both the stimuli/experimental conditions and endpoints
with respect to their mechanistic and clinical translational value.
Some previously used animal models of headache have not been val-
idated by human experience, whereas others have more substantial
evidence that translates to clinical disease features including predic-
tion of treatment effects. For some models, therapies with estab-
lished clinical efficacy have a clear effect, whereas treatments that
have no efficacy do not.’ In addition, treatments that are ineffective
should not be effective in the model. The use of these types of pos-
itive and negative controls is an effective way to demonstrate the
predictive value of a model. Thus far, however, there are no models
that have 100% predictive value. Cataloguing the results with dif-
ferent models has the potential to be highly useful to determine the
utility of different models in different contexts.®’

Five-Year Milestones:

e Produce a multi-author review/consensus statement that details
different animal models, with the relevant stimuli/conditions/
endpoints that are utilized in that model, including their strengths
and weaknesses, and detailed description of practical issues (e.g.,
methodological considerations, sample size, sex effects, effects
of anesthesia, cost, equipment/personnel required, throughput).

e Develop methodological standards for animal models of head-
ache to ensure that investigators are using the most appropriate
experimental conditions, minimizing invasiveness of procedures,
and minimizing numbers of animals required for statistical power-
ing of studies.

e Develop standards for validation of animal models based upon
current understanding of migraine mechanisms and the estab-
lished efficacy of migraine therapies.

e Develop new animal models of headache based on the most re-
cent understanding of human headache pathophysiology derived
from human models and from clinical experience with new spe-
cific therapies. These may include cell- and organoid-based mod-
els that reduce the number of animals required.

e Exploit advances in technology including molecular techniques,
optogenetics, micro-electronic approaches, and machine learning
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to refine existing animal models of headache and develop new

models that have increased translational value.

Ten-Year Milestones:

e Characterize the effects of all the most recently approved thera-
peutic approaches, particularly headache disorder-specific thera-

pies, in established and new animal models of headache.

Research Priority #2: Encourage collaborative research that en-
ables different investigators with specific expertise and experience
with different animal models/readouts to achieve synergistic re-
sults that will lead to advances in the understanding and treatment
of headache disorders.

Headache disorders involve complex alterations in the central
and peripheral nervous system. Animal models of headache include
molecular, cellular, pharmacological, physiological, and behavioral
elements. Research involving each of these elements requires spe-
cific expertise and resources. It may be impractical and inefficient
for individual investigators to incorporate all these elements into
research projects in their own laboratories. Effective collaboration
is therefore an important priority for animal research in headache
disorders. Another important aspect of collaboration is with indus-
try partners who have historically taken on the responsibility of
bringing forward new therapies for headache disorders. There is no
consistent set of animal model evidence that encourages industry
to “green light” the development of a given therapy, and there is no
consistent mechanism for synergistic collaboration between NIH-
supported researchers and industry.

Five-Year Milestones:

e Develop an infrastructure to facilitate collaborative animal model
research in headache. Leverage this to generate a large multi-
center database of animal model results that can be benchmarked
against human clinical data, including the efficacy of therapeutic
approaches.

e Develop an infrastructure for the sharing of highly specific details
of animal model methods and technologies among investigators.

e |dentify methods and results that are particularly important for
the field and therefore warrant replication by more than one
laboratory.

e Establish mechanisms for better communication of both positive
and negative results with animal models in real time to provide
investigators with better information to perform more efficient

research.

Ten-Year Milestones:

e Develop formal mechanisms for communication/collaboration
between NIH-supported researchers and therapeutic industries
regarding animal models of headache.

e Develop mechanisms of communication/collaboration be-
tween NIH-supported researchers and technological industries

regarding animal models of headache (e.g., micro-electronics, ma-

chine learning, “big data” approaches).

Pathophysiology

Research Priority #1: Determine the underlying pathophysiology of
the non-pain symptoms of migraine and other primary and second-
ary headache disorders.

While we are making progress in our understanding of migraine
and the chronification of migraine through peripheral and central
sensitization, much less is understood about the mechanisms be-
hind the non-headache symptoms co-occurring with headache.
Associated dizziness/vertigo; nausea and vomiting; sensitivity to
visual motion, light, and sound; difficulty concentrating; tinnitus;
non-aura-related visual disturbances; anxiety; depression; and al-
tered sleep architecture can sometimes be as, or more, disabling as
the headache pain.®? These symptoms, which may occur during the
premonitory phase (prodrome), aura, headache, and/or postdrome
phase, occur not only in the context of migraine, but also in new daily
persistent headache, post-traumatic headache, and other headache
disorders.

Five-Year Milestones:

e Determine the pathophysiology of headache-associated nausea
and vomiting.

e Determine the pathophysiology of headache-associated cognitive
symptoms.

e Determine the pathophysiology of headache-associated mood
symptoms.

e Determine the pathophysiology of headache-associated dizziness
and vertigo.

e Determine the pathophysiology of other symptoms associated
with headache, such as non-aura visual disturbances, tinnitus,
sensitivity to visual and auditory stimuli, and changes in sleep
patterns.

Ten-Year Milestones:

e Compare the pathophysiology underlying the non-pain symptoms
experienced in migraine versus other headache disorders (e.g.,
cluster headache, new daily persistent headache, and others) to
determine if the pathophysiology of these symptoms is the same
or different.

e Determine the developmental, genetic, and/or environmental in-
fluences as to why non-pain symptoms disproportionately affect
some groups more than others.

Research Priority #2: Expand knowledge into the pathophysi-
ology of head pain in migraine and other primary and secondary
headache disorders.

While the brain plays a critical role in multiple aspects of mi-
graine-head pain, full understanding of the peripheral and central
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mechanisms involved in the generation and cessation of headache
pain is lacking.!® To help explore the mechanisms behind current
treatments and develop novel therapeutic approaches, it is nec-
essary to explain the processes that contribute to generating and/
or perpetuating headache pain in migraine and other headache
disorders.

Five-Year Milestones:

e Determine the mechanisms behind the generation of migraine
attacks within the central and peripheral nervous system with
a goal of better characterizing the functional networks that pre-
pare, start, and end the processes leading to the pain of migraine
and associated symptoms including the premonitory and postictal
symptoms.

e Identify the central and/or peripheral mechanisms that stop or
“turn off” head pain (i.e., what causes an untreated migraine at-
tack or cluster attack to end?). In addition, determine how and
why modulatory pain pathways sometimes fail, allowing head-
ache to become chronic/persistent in some individuals.

e Identify all classes and subclasses of meningeal nociceptors, de-
termine their role in the headache phase of migraine, and map
their receptors.

e Understand the role of sensory, sympathetic, and parasympa-
thetic involvement in the pain of migraine and other headache
disorders.

e Clarify the potential role of inflammation in migraine and other

headache disorders.
Ten-Year Milestones:

e |dentify molecules/peptides that activate meningeal nocicep-
tors and investigate ways to block these different activation
mechanisms.

e Determine whether, and if so which, immune cells are activated
before and/or during a headache attack and through which in-
flammatory pathways they may alter the molecular environment
in the meninges, calvaria, and peri-cranial muscles.

e |dentify how the central and/or peripheral mechanisms that stop
headache pain can be activated or repaired in those who have
developed chronic, continuous head pain (i.e., those in whom con-
tinuous head pain has been present for > 3months).

Research Priority #3: Identify and characterize genetic and epi-
genetic factors that influence the pathophysiology and treatment
of migraine and other primary and secondary headache disorders.

Migraine and certain other primary and secondary headaches
have moderate to high heritability.!* Current headache treatments
exhibit variable efficacy, and their underlying biological mechanisms
remain largely unknown. Moreover, headache research is difficult
due to headache's episodic nature (in most people), and absence of
validated pathogenic tissue- and cell-based models. Large and pow-
erful genetic studies of migraine, and more recently cluster head-
ache, have identified more than 130 genetic factors associated with

their risk.'? However, much work remains to elucidate the biological
consequences of the identified genetic risk factors and how these
and other genetic and epigenetic factors influence the pathophys-
iology, clinical presentation, and treatment of migraine and other
primary and secondary headache disorders.

Five-Year Milestones:

e |dentify genetic biomarkers for disease risk and progression in
migraine and other primary and secondary headache disorders,
and whether any genetic subgroups of patients can be accurately
identified based on clinical phenotype.

o Characterize existing and identify novel genetic risk factors for
disease risk and migraine progression using multi-omic analyses
(e.g., DNA sequence variation, DNA methylation, gene expres-
sion, proteins, and metabolites) in patient material (blood, post-
mortem brain using RNA-seq, single-cell seq, epigenetics)

e |dentify genetic predictors of treatment response for migraine
medications.

Ten-Year Milestones:

e |dentify novel drug targets using functional genomics combined
with functional readouts in patients and animal models (using
transgenics, electrophysiology, vascular readouts, organ-on-chip
technology).

e Implement the use of polygenic risk scores as a genetic biomarker.

e Develop more refined phenotypes for genotyping, for example,
the vestibular migraine phenotype, or the phenotype of those
with migraine who experience continuous headache or headache
attacks that last longer than 72 h (the current cut point for “status

migrainosus”) versus those that are shorter.

Diagnosis and management

Research Priority #1: Better understand the evolution of migraine,
risk factors for chronification, and factors which predict improve-
ment and remission by performing longitudinal studies in people
with migraine with detailed phenotypic questionnaires that collect
information and outcome measures regarding clinical course and
comorbidities. !>

Migraine is a life-long disease. We do not fully understand the
factors that determine onset, remission, progression, or clinical
course. Prospective longitudinal studies that include deep clinical
and biological phenotyping are required.z’15

Five-Year Milestones:

e Investigate the natural history of migraine in children, including
individuals at risk (e.g., high polygenic risk score), environment-
gene interactions, and the role of migraine in biopsychosocial
development.

e Create a longitudinal cohort of patients with migraine that is in-
clusive of ethnic, racial, and socioeconomic backgrounds which
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identify factors that predict clinical course over time, including
disease progression and remission.

e Reappraise the definitions of episodic and chronic migraine in the
absence of diagnostic or disease severity biomarkers.

e Search for and define more objective biological measures of migraine
attack phases, in the premonitory (prodrome), aura, headache, post-
drome, and interictal phases, including questionnaires, biomarkers
(blood-based, imaging, tissue, genetic, other omics), and technology-
based assessments (e.g., digital, electrophysiological, imaging).

e Reappraise the classification and diagnostic criteria of all migraine
subtypes and identify new methods for improved recognition and
diagnosis in different clinical settings.

e Establish a biobank for biomarker analysis including genetic, epi-
genetic, proteomic, transcriptomic, exposomic, metabolomic, mi-
crobiome, and treatment response analyses, and collaborate with
industry to gain access to clinical trial databases and tissue samples.

e Prioritize research involving the epidemiology, diagnosis, man-
agement, prognosis, and outcomes associated with primary and
secondary headaches and identify factors that predict headache
persistence even after the triggering event (e.g., traumatic brain

injury, arterial dissection) has resolved.
Ten-Year Milestones:

e Harmonize regional and global headache registries to enhance
collaboration across borders, enlarge sample sizes, and ensure the
inclusion of evidence- and consensus-based tools and question-
naires (e.g., NINDS Common Data Elements).!¢

e Analyze the natural history and prognosis of those treated early in
the course of their disease versus those who have a long duration
of disease before treatment.

e Analyze long-term outcomes in people managed with over-the-

counter medications versus prescription medications.

Research Priority #2: Move the migraine field toward person-
alized medicine by identifying predictors of treatment response,
treatment adverse events, and treatment adherence. This is
founded in the concept that in migraine there are different en-
dophenotypes and pathophysiologies, and we need to connect bio-
markers to clinical phenotypes and treatment response.'”

Acute treatment does not currently account for the possibility of
sexual dimorphism, predictive clinical factors, or predictive biological
features. Selection of preventive treatments among evidence-based
therapies is based on monthly headache day frequency, comorbidi-
ties, preferences regarding side effect profiles, and reimbursement.
However, treatment choice does not consider person-level factors that
predict treatment response based on symptom profiles or biology; this
is essential for the development of precision and personalized medicine.

Five-Year Milestones:

o |dentify patient-centered definitions of treatment response
(acute/preventive) including the development of composite end-
points that can be utilized and validated in clinical trials.

o Define treatment refractoriness, especially for clinical trials eval-
uating more invasive treatments.

e Define the role of feedback systems (e.g., digital) that will drive
improvement in acute and preventive treatment (e.g., monitoring

of acute drug intake and warning if thresholds are exceeded).

Ten-Year Milestones:

e Develop algorithms that identify the optimal treatment for an in-
dividual patient based on clinical and biological features and that
allow for early identification and discontinuation of ineffective
preventive treatment based on patient report and/or feedback
from electronic diary or wearable/nearable/interactive sensor
technology.

o |dentify personalized predictors of attacks (e.g., changes in heart
rate variability, body temperature), adverse events (risk score),
and response to headache treatments, including clinical endophe-
notypes and biomarkers (omics).

Research Priority #3: Validate short- and long-term outcome
measures developed in Research Priority #2 through rigorous, pro-
spective, international, longitudinal real-world studies. Define a
range of meaningful treatment outcomes that extend beyond head-
ache and capture the range of symptoms that disable people with
migraine. Utilize simple and composite clinical trial outcomes that
are applied to clinical practice.}” %2

In clinical research we use simple outcome measures. For exam-
ple, in migraine studies, acute treatment trials often use absence or
reduction of pain at 2 and 24 h, while preventive treatment trials might
use a 250% reduction in headache days or migraine days. However,
there may be other important measures to take into consideration,
such as intensity and duration of pain and other associated symp-
toms, as well as symptoms that may occur outside of the headache
phase of an attack (e.g., prodrome, aura, postdrome, and interictal
phase). Regarding adverse events, a more careful and standardized
approach to the elicitation of side effects and adverse events should
be implemented to account for the presence/absence of comorbid
diseases (e.g., constipation in a patient with comorbid irritable bowel
syndrome, mood change in a patient with concomitant depression).

Five-Year Milestones:

e Create an international multistakeholder working group to help
define meaningful outcome measures for acute and preventive
treatments.

e Develop clinically relevant endpoints that are feasible to use in
practice and that capture symptoms relevant to patients and to
migraine subtypes (e.g., cognitive, fatigue, sensory/motor func-
tion, autonomic, gastrointestinal, vestibular) and correlate with
biomarker data when possible and applicable. This should include
data from wearable, nearable, and interactive technologies.

o Create patient-reported outcome measures for migraine in the
workplace and perform cost-effectiveness research on treat-
ments from a workplace perspective.
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Ten-Year Milestones:

e Develop composite measures that capture symptoms and bur-
den associated with all phases of an attack as well as the inter-
ictal phase and correlate with biomarker data when possible and
applicable.

e Conduct behavior change research to identify optimal approaches
to enhance wellness, resilience, and adoption/adherence with
disease-modifiable behaviors.

e Develop criteria and endpoints for less commonly studied sub-
types of migraine (e.g., vestibular, abdominal) and other headache
types.

Treatment

Research Priority #1: Develop human platform screening meth-
ods for small molecules to identify drugs that hit specified mo-
lecular targets. Develop screening platforms for devices to clarify
the mechanisms of existing devices, and improve their efficacy
through optimization of stimulation parameters, and to assess
new devices.

Platform screening methodologies provide a bridge from targets
identified in the basic science phase to molecules that can be tested
in humans with headache disorders.

Five-Year Milestones:

e |dentify novel molecular targets and a corresponding platform
screening methodology that is suitable for identifying drugs that
have the appropriate agonist and antagonist properties at the mo-
lecular target.

e |dentify physiological models that can be used to test the mecha-

nism of action of neuromodulatory devices.

Ten-Year Milestones:

e Test platform screening methodology for novel molecular targets
and refine as needed.
e Test physiological models for neuromodulation devices and refine

as needed.

Research Priority #2: Develop and evaluate novel treatment
paradigms.

While new acute and preventive treatments need to be studied
in current treatment paradigms (acute and preventive monotherapy),
combination treatment is widely employed in some countries.?328
We need a broader range of studies to establish the utility of, and
optimal approaches to combining more than one acute treatment,
more than one preventive treatment, and acute with preventive
treatments (e.g., sequential multiple assignment randomized trial
[SMART] designs). We also need to address a broader range of

patient-centered treatment goals. The list below offers a range of

important measures that the working group has prioritized as need-

ing further investigation.

a. Preventing progression from episodic migraine to more severe
states (chronic migraine, continuous headache, or other states).
b. Designing treatments to reduce the overuse of opioids, barbitu-
rates, and other acute treatment.
Identifying and managing triggers.
d. Treating, pre-emptively, predictable attacks including short-term
prevention of menstrual migraine and models to predict attacks,
such as sensors/algorithms/artificial intelligence, to prevent (or
treat very early) in the attack.
Combining preventive treatments.
Combining acute treatments.

Combining acute and preventive treatments.

Sw oo

Combining drugs and devices.

i. Combining behavioral approaches with other preventive
treatments.

j. Designing comparative effectiveness studies contrasting drugs,
devices, behavioral treatments, and strategies of care.

k. Targeting migraine and comorbidities with unimodal or multi-
modal treatment (to demonstrate efficacy in subgroups and to
determine if the comorbidity improves).

I.  Implementing guideline-based care.

m. Optimizing strategies for combining pharmacological and behav-
ioral treatments.

n. Developing lifestyle interventions (exercise optimization, physi-

cal therapy, diet, sleep, etc.).

These novel paradigms of treatment largely emerge from obser-
vations in clinical practice and epidemiological research. For exam-
ple, we know that a substantial proportion of people with episodic
migraine progress to chronic migraine. We know many risk factors
that increase the probability of progression. For the most part, we
do not know if risk factor modification or preventive treatment re-
duces the risk of progression.

Five-Year Milestones:

e Select and prioritize several novel treatment strategies (prevent-
ing progression, combining preventive treatments).

e Review literature on these novel strategies and develop protocol
skeletons including eligibility criteria, primary and secondary out-

comes, and statistical analysis plans with sample size calculations.

Ten-Year Milestones:

e |nitiate a trial that includes a novel trial design to answer a key
question in migraine management.

Research Priority #3: Develop novel patient-centered outcomes
for migraine and other headaches and identify patient groups with

high treatment needs.
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Clinical trial outcomes have focused on reduction of headache
days and pain freedom and relief along with reduction of migraine-
associated symptoms. In clinical practice, these endpoints may not
optimally meet the needs of clinicians and patients as they work
together to identify the best treatment options or strategies.?%?
Enrichment designs, personalized medicine approaches (based on
individual patient needs and their migraine characteristics), and defi-
nition of outcomes that are most meaningful to patients are needed.
Studies should include patient groups often not included in head-

ache clinical trials. Some areas of unmet need include:

a. Multiple attack studies in episodic headache disorders to assess
within-person consistency of treatment effects.?’

b. Continuous headache disorders, which are usually excluded from
randomized trials.

c. Secondary headache disorders.

d. Designs and outcomes for the paradigms in Research Priority #2.

e. Trials in special high-need populations: refractory headache, con-
tinuous headache, multiple pain comorbidities.

f. For rare headaches, improved methods for recruiting and

enrolling.

Novel patient-centered outcomes will allow for improved
measurement of the benefits of treatment and its risks. Including
groups with special treatment needs will improve the personal-
ization of therapy. These priorities apply to clinical science and
clinical practice.

Five-Year Milestones:

e Plan enrichment trials using genetic or clinical covariates that pre-

dict treatment response.
Ten-Year Milestones:

e Launch acute or preventive trials using an enrichment design and
a treatment postulated to have special benefits in the eligible
population.

e Use novel secondary endpoints that highlight the benefits of

treatment.

Research Priority #4: Test non-pharmacological interventions
including studies focused on communication, digital intervention,
patient and provider communication/collaboration and goal set-
ting, and education focused on reduction of stigma and how this

may impact the provider and patient communication.%°

Behavioral

Neuromodulation

Phytotherapy

Diet/nutrition

App-based therapies/digital therapeutics31
Adherence interventions versus persistence

® ™0 o0 T oW

Communication studies across the spectrum of treatment

h. Education of providers and patients. Interventions to re-
duce stigma, enhance assessment of adherence/persistence.

Collaborative setting of treatment goals and expet:tations.32’33

The management of headache disorders includes many non-
pharmacologic interventions, some of which are increasingly evi-
dence based. A comprehensive approach to management requires
utilization of non-pharmacologic strategies.

Five-Year Milestones:

e |dentify a prioritized non-pharmacologic intervention based on
existing literature.
e Develop arandomized trial protocol that tests the efficacy, safety,

and dose requirements of the intervention.

Ten-Year Milestones:
e Launch arandomized trial that tests the efficacy, safety, and dose
requirements of the non-pharmacologic intervention that was pri-

oritized based on review of the existing literature.

Inequities and disparities

Research Priority #1: Identify and detect disparities in headache
health, headache care, and headache research (including clinical tri-
als) and examine how underlying individual, provider, and system-
level and/or organizational factors influence these disparities.>*>°

First, we must understand the scope of the problem of disparities
in headache medicine. We need to clarify whether there are true
differences in the epidemiology of headache diseases across differ-
ent socioeconomic, racial, and ethnic groups, or just differences in
reporting and diagnosis.>*~*? We need to understand whether dif-
ferent groups seek and receive care for headache in different ways,
and if patient or socioeconomic characteristics affect the impact of
headache diseases.***> We should explore whether providers of
headache care reflect the backgrounds of the patients seeking care,
and whether reflective representation and/or social concordance
matter in headache disparities, headache research, and/or the head-
ache health outcomes of disparate populations.43'47 When possible,
studies to address Research Priority #1 should include key stake-
holders such as patients, enrolled research participants, and individ-
uals who chose not to enroll in a research study.

Five-Year Milestones:

e Identify and define all disparate and/or underserved populations
in headache medicine.

e |dentify and define gaps in quality of and access to care in head-
ache medicine.

o |dentify underrepresented clinical providers and the scope of
their involvement in headache medicine (i.e., clinical, academic,
research, positions of leadership within headache organizations)
as well as identify the impact of these providers with relation to
geographic areas with patients of diverse backgrounds.
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e |dentify the breadth and impact of the dearth of underrepre-

sented in medicine researchers and research participants.

Ten-Year Milestones:

o |dentify reasons for patient preferences of care, including those
that reflect deeply held religious and cultural beliefs as well as
other beliefs, by and about such populations by the health-care
system as a whole.

e |dentify and define clinical care gaps and disparities rooted in
modifiable barriers (such as unequal access to health-care infor-
mation, low health literacy, disparate access to and/or ability to

attend follow-up visits, or popular health myths).

Research Priority #2: Identify the potential determinants of
gaps in health or health outcomes among disparate groups in head-
ache medicine, which in turn can inform interventions that reduce
or eliminate these differences.

Next, we must understand why these disparities exist, clarifying
what structural, societal, and personal characteristics affect the de-
velopment and diagnosis of headache diseases; what barriers affect
the ability to attain successful treatment; what societal factors af-
fect the disability caused by headache diseases; and how mismatch
between provider-patient and researcher-participant cultural expe-
riences affect care.*® When we understand these differences, we
should explore how to use the knowledge to improve care. When
possible, studies to address Research Priority #2 should include key
stakeholders such as patients, enrolled research participants, and
individuals who chose not to enroll in a research study.

Five-Year Milestones:

e Understand the root causes of patient preferences to assist in
determining the appropriateness of an intervention (both clinical
and research).

e |dentify how the structure of headache medicine and headache
research (such as trial requirements, inclusion/exclusion criteria)
may bias against the inclusion of underrepresented in medicine

researchers and research participants.

Ten-Year Milestones:

e Understand how individual factors (e.g., race/ethnicity, age, cul-
ture, education, socioeconomic status, sexual orientation, gen-
der/gender identity, comorbid conditions, etc.), provider factors
(e.g., stereotypes, biases, culture, communication, etc.), system-
level factors (e.g., discrimination, racism, sexism, stigma, etc.), and
organizational factors (e.g., geography, continuity, availability and
comprehensiveness of services delivered, leadership, staff/fac-
ulty, organizational culture, knowledge, etc.) are important in the
origins of headache health disparities.

e Understand the principles of intersectionality (including but

not limited to race, ethnicity, gender/gender identity, sexual

orientation, age, disability, and religion) and their critical relation-

ship in headache health and headache care disparities.

Research Priority #3: Development and implementation of in-
terventions that reduce or eliminate disparities in headache health,
headache care, and headache research.

When we understand the disparities, and why they exist, we
need to test interventions to address them. Initially, these would be
research studies (single and/or multi-site), but if proven successful,
these strategies should be implemented broadly utilizing methods
of implementation science, quality improvement, and policy efforts.
Ultimately, these interventions will be validated and refined in mul-
ticenter studies, then implemented into the health-care system and
supported and/or reinforced by stakeholders via updates to policies
and public health campaigns; payors via coverage for the interven-
tions; providers via education, care management, protocols, and
best practices. When possible, studies to address Research Priority
#3 should include key stakeholders such as patients, enrolled and
non-enrolled research participants, and relevant policy leaders, from
study planning through interpretation of findings.

Five-Year Milestones:

e Using the findings from Research Priority #2, interventions will
be designed and tested to reduce or eliminate disparities by tar-
geting individual, provider, and/or system-level factors. Research
will utilize state-of-the-art methods of implementation among
specific disparate groups (e.g., community-based settings, conve-
nient times, allowance for consumer choice). Successful interven-
tions will be tested in increasingly larger contexts. Interventions
addressing already-demonstrated inequities with known causes
may be completed in 3-5years, though interventions based on

new findings from Research Priority #2 might take 6-10years.

Ten-Year Milestones:

e Widespread dissemination of effective strategies, customizing
and adapting interventions for disparate groups, and ensuring ad-
equate resources and technical assistance for the evaluation (sys-
tematic collection and analysis of information on all aspects of the
program used to assess the impact of demonstration programs

that involve multilevel interventions).

Research workforce development

Research Priority #1: Develop a pipeline.

Increasing the number of clinicians and scientists in training
who have experience in headache science is a key starting priority.
Many specialties and types of scientists can enter the headache field
because headache medicine is not focused in one area. Neurology
and other residents (primary care, anesthesia, obstetrics and gyne-
cology, pediatrics, physical medicine and rehabilitation, emergency

medicine, etc.), and social, psychological, behavioral, and basic
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science trainees and degree candidates need to be aware of clinical/
epidemiological, translational, psychological and behavioral, social,
and basic science headache research projects. It is also uncommon
for MD, MPH, PhD, EdD, PsyD, DPT, DNP, and other advanced de-
gree students to have research interests in headache science, and
we must explore and resolve how to promote its development. We
need to increase the entry points to headache medicine at all levels—
medical, MPH, and PhD students, residents, fellows, post—docs.‘w'51
Funding mechanisms must be identified for established researchers
in neighboring fields (e.g., otolaryngology, anesthesia, ophthalmol-
ogy, obstetrics and gynecology, pediatrics, psychiatry, emergency
medicine, behavioral medicine, psychology, sociology, social scien-
tists) to engage in headache research. We must stress to department
chairs and other leaders the importance of protected time to do
headache research.

Five-Year Milestones:

e Launch a campaign to provide early stage (undergraduate, gradu-
ate, and pre-clinical) research fellowships, internships, and other
education and training opportunities and experiences.>?

e Facilitate communication between existing headache scientists
with chairs of departments with neuroscience, psychology, and
social science-related PhD programs, with various clinical depart-
ment leadership, and residency program directors about availabil-
ity of research projects.53

e Increase attendance and participation in meetings that focus on
mentoring junior clinicians, researchers, and basic scientists in
headache medicine and promote research, mentorship, and train-
ing opportunities.®*

e Promote diversity in our pipeline by actively recruiting underrep-
resented populations. We need diversity in leadership, research-
ers, and trainees.

e Communicate the existence of headache research training grants,
including those funded by federal entities, foundations, societies,
organizations, and industry.

e Perform a study to understand why individuals come into the
headache field, why they stay, and why they leave.

Ten-Year Milestones:

e Increase the number of MD, PhD, EdD, PsyD, and related ad-
vanced degrees (including Medical Scientist Training Program),
master's degree students including MPH students, and advanced
practice provider students seeking doctoral degrees who partici-
pate in headache science projects for their thesis/dissertation or
other research project.

e Increase the number of headache fellowships and post-docs with
a focus on research.

Research Priority #2: Develop a collaborative network.

Development and expansion of the headache research work-
force through increasing collaboration and mentorship of research-
ers inside and outside the field of headache will be important; this

can be achieved by creating a network of basic and translational
science researchers in headache. To fully address rare headaches,
national and international collaborations are likely needed. Many
specialties in science could participate in headache research. We
need to increase integration with other disciplines such as neuro-
immunology, neurophysiology, non-neuronal cell biology, and
pain pathway scientists. Given the high prevalence of migraine
comorbidities, collaboration with clinicians and scientists in non-
neurology fields (such as psychiatry, psychology, cardiology, rheu-
matology, ophthalmology, anesthesia, obstetrics and gynecology,
hematology, otolaryngology) can be particularly useful for the
study of headache disorders.

We need a single directory of headache science researchers
who are accessible to undergraduate and graduate students as well
as other scientists in headache medicine. We need to identify new
researchers in the field of headache, including those coming from
other research fields.

Five-Year Milestones:

e Establish a directory in a highly visible, easily accessible place,
such as with medical societies and other places where headache
researchers may be.

e Provide links to funding opportunities in a central location, such
as headache society websites.

o Work with other groups and research organizations to create a
cadre of researchers interested in headache science.

o Establish a central clearinghouse of mentors with different areas
of expertise and promote diverse backgrounds coming together
for research.

e Promote headache research that can “hook” individuals in other

fields into the excitement of headache research.

Ten-Year Milestones:

e |dentify mentor-mentee relationships by surveying organizations
dedicated to headache medicine, including those facilitated by
the workforce development program.>*>°

e Launch a clinical trial consortium for the headache field.>¢

Research Priority #3: Provide funding and education.

Providing funding for headache research and education for
trainees, clinicians, and basic scientists is essential. We need funding
programs and mechanisms to promote early and mid-career devel-
opment and grant writing to be competitive for applying for funded
research awards and philanthropy. We need to train researchers to
write high-priority and high-quality grant applications.

Five-Year Milestones:

e Launch a campaign to attract philanthropy and industry support
for more research awards for early career development of head-
ache scientists and for established scientists not primarily in the
headache field but well-equipped to apply their expertise and
mentorship to headache science.

85U8017 SUOWILLOD 3A1I1D) 3|qeo! dde aup Ag peusenob a8 Sspoile YO ‘8sN JO S8|ni o} Akeiq18uljuQ A8|1M UO (SUONIPUOD-PUB-SWLBHW0D" A8 | M ARe.q) 1 |Bu JUO//:SdNL) SUOIIPUOD pue se 1 8y} 89S *[6202/20/ST] Uo Akidiauljuo /8|1 ‘|1Zeig - ojred 0eS J0 AU Ad £6/4T Pesu/TTTT 0T/I0p/W0d A8 |im Azeiqjpuluo leunoydepest//:sdny wouy pepeojumod ‘g ‘vZ0z ‘0T9v9zST



HEADACHE

923

e Establish a philanthropic mechanism within organizations that can
support headache research and engage potential donors.”’
e Increase research funding opportunities for mid-career headache

researchers.”®>?

Ten-Year Milestones:

e Develop a grant writing academy for mentorship on submitting
high-quality fundable grants (education on grant writing, design
and statistics, and grant review) with funding to support the men-
torship (protected time for mentorship).¢°

e Increase the number of headache researchers who obtained ca-

reer development research awards and RO1 or equivalent grants.

Quality of life

Research Priority #1: Expand the behavioral headache medicine re-
search workforce.

To achieve Research Priorities #2 and 3 (below), the headache
medicine research workforce will need to expand. It is essential that
scientists from a variety of disciplines (e.g., physicians, psychologists
and other behavioral and mental health-care providers, allied health
professionals like advanced practice providers, physical and occu-
pational therapists, nutrition scientists, social scientists, and others)
are attracted to the field of headache medicine, and that training,
mentorship, and support are accessible to begin and sustain research
careers in this area. This need is particularly acute for mid-career in-
vestigators, especially among women at this career stage. There are
opportunities to develop infrastructure to support investigators at
every career stage.

Five-Year Milestones:

o |dentify high-priority gaps in the behavioral headache medicine
research workforce pipeline across career stages and demo-
graphic groups.

e Establish infrastructure to support the pipeline of future head-

ache researchers in quality of life (QOL).
Ten-Year Milestones:

e Develop strategies to grow the behavioral headache medicine
workforce and to sustain these investments with attention to
high-priority career stages and demographic groups, and system-
atically evaluate the success of these initiatives.

e Establish a model to support the research pipeline at every
career stage. These programs should be supported by data on
grant submissions, successes of grant awardees, and prioritized
relative to identified gaps in knowledge to address headache

disease burden.

Research Priority #2: Develop and test interventions designed
to improve the QOL of people living with headache diseases.

Itis important to people living with headache diseases, as well as
clinicians, scientists, and payers, that interventions, including non-
pharmacological and behavioral treatments, enhance QOL and re-
duce disability. Research should span from mechanistic studies to
implementation projects to real-world evidence gathering, and the
increasing use of technology should be leveraged to increase ac-
cessibility and reduce costs. These interventions must be designed
within a structural competency framework, so that they may be
effectively delivered to a range of patient populations taking into
consideration variables of diversity such as age, sex, race, ethnicity,
language, culture, religion, physical and/or mental abilities or impair-
ments, and other contextual variables.é*%2
Five-Year Milestones:

e Invest in discovery and mechanistic trials to elucidate how non-
pharmacologic interventions improve QOL and other outcomes
for patients.

e Develop a pipeline of well-powered phase 2 clinical trials to an-
swer questions about required behavioral treatment components,
dose, and subgroups to optimize the effectiveness of existing
behavioral interventions targeting migraine and other headache
diseases.

e Support the development and testing of technology-mediated
treatment delivery modalities, including telehealth, web-based,

app-based, virtual, and wearable technology.

Ten-Year Milestones:

e Invest in establishing the efficacy of well-established behavioral
interventions and mindfulness-based interventions through fully
powered phase 3 clinical trials.

e Conduct phase 2 trials necessary to identify promising interven-
tions and evaluate required components and dose for less well-
established behavioral interventions including physical activity
and diet. Engage researchers with expertise in these disciplines to
conduct headache research.

e Evaluate behavioral interventions to improve QOL in non-
migraine headache disorders including tension type headache,
post-traumatic headache, medication overuse headache, and
cluster headache.

e Use adaptive intervention designs (Multiphase Optimization
Strategy, SMART) to understand the effects of order and combi-
nation of behavioral, other non-pharmacological, and pharmaco-

therapy interventions to maximize patient QOL outcomes.

Research Priority #3: Develop a foundational understanding
of the dynamic interactions between people with headache dis-
eases and the individual, interpersonal, and social-ecological con-
texts that impact their QOL, headache experiences, and treatment
responsiveness.

Foundational knowledge is necessary to understand what QOL
entails for people living with headache diseases (i.e., what is im-
portant to patients and families) and then develop metrics that
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capture these constructs with a high level of reliability, validity,
sensitivity, and manageable assessment burden. Studies need to
be conducted across the life span and must consider individual
(e.g., age, headache type, mental health comorbidities, psycho-
logical resilience, lifestyle factors), interpersonal (e.g., interac-
tions with caregivers, partners, children, employers, experiences
of stigma and discrimination), and social-ecological contexts (e.g.,
race, ethnicity, gender identity, education level, income, employ-
ment status, insurance status, health-care access, disability status,
language, acculturation, geographic region), as well as constructs
including stigma that may span more than one target area.®!
Achieving this in a way that is robust and relevant to real-world
patients and providers requires the use of a variety of methods/
approaches including, but not limited to, embedding headache
questions and QOL questions in population epidemiological stud-
ies, qualitative research and mixed methods approaches, longi-
tudinal investigations across the lifespan, and diary/ecological
momentary assessment/behavioral assessment studies leveraging
technology.5%¢*

Five-Year Milestones:

o |dentify which QOL areas matter most to patients through quali-
tative and mixed methods research and identify gaps between ex-
isting patient-reported outcome measures and patient-supported
QOL areas.

e |dentify individual, interpersonal, and/or social-ecological con-
texts (as defined above) that may moderate or mediate QOL for
individuals with headache diseases. To achieve this, headache
criteria and QOL questions can be embedded in large-scale epi-
demiologic studies. Longitudinal investigators that use micro- and
macro-level methodologic approaches (e.g., intensive daily diary
designs) should also be supported to examine concurrent and
prospective inter-relationships among headache symptomatol-
ogy, QOL, and candidate individual, interpersonal, and/or social-
ecological moderators/mediators.

Ten-Year Milestones:

e Develop and test psychosocial interventions for improved QOL
outcomes that leverage data identifying candidate individual,
interpersonal, and/or social-ecological moderators/mediators of
QOL and headache experiences.

e |dentify, modify, or develop a core set of QOL patient-reported
outcome measures that address patient-supported QOL do-
mains validated by both state-of-the-art qualitative methods
and psychometric methods. Establish that the patient-reported
outcome measures are appropriate across a diverse range of
individuals (e.g., race/ethnicity, gender, sexual orientation, age
[child, adolescent, adult]) and can be used in a variety of re-
search settings (e.g., clinical trials, epidemiological studies, daily
diary studies).?1:22:6>

e Develop and apply novel methodological approaches for com-
bining multiple independent headache-related datasets (raw

patient-level data) to help build cumulative knowledge. Develop
a core set of psychometrically robust QOL patient-reported
outcome measures with input from people living with migraine
and methodology guidelines for research to facilitate cross-
collaborations, data aggregation/synthesis, and comparisons
across research settings.

DISCUSSION

The headache research priorities described in this report are meant
to help guide and focus headache research conducted within the
next 10years (Table 1). They are designed to encompass broad
themes without overly restricting or dictating specific avenues of
inquiry, yet they offer sufficient focus to provide tangible guid-
ance. The milestones associated with each priority can serve as a
“scorecard,” allowing for assessment of research progress over time.
Periodic reviews will be conducted to assess the relevance of these
priorities and determine if revisions are necessary. These research
priorities were identified according to current knowledge and opin-
ions, realizing that as knowledge progresses, opinions about areas
that should be prioritized will evolve. Innovation and novelty in
headache research are essential. The expectation is that this set of
research priorities is the first of several iterations to come.

There are several themes included in these research priorities,

including the need for:

e More collaboration among research teams and individuals repre-
senting different stakeholder groups.

e Optimization, standardization, replication, and validation of re-
search methods and models.

e Forward and reverse translation between animal and human
research.

e |nvestigation of pain and non-pain symptoms associated with
headache disorders.

o Investigation of different phases of headache attacks, including
but not limited to, factors that initiate, sustain, and stop individual
headache episodes.

o |dentification of factors that contribute to and models that pre-
dict persistence and chronification of headache disorders, im-
provement or resolution of headache disorders, and treatment
responses.

e Development and use of outcome measures that better reflect
the total burden of headache disorders including the pain symp-
toms, non-pain symptoms, and ictal and interictal manifestations.

e Improved description of how currently available treatments exert
their effects, identification of targets for new treatments, and in-
vestigation of optimal treatment strategies.

o |dentification of disparities, understanding of why they exist, and
identification of interventions to address these disparities in the
headache field.

e Attraction and support of new and existing researchers from a
variety of medical, psychological, behavioral, and social fields and
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TABLE 1 Overview of the headache research global priorities.

Topic

Human models

Animal models

Pathophysiology

Diagnosis and
management

Research priorities

e Identify and understand molecular signaling
pathways that contribute to and are associated
with the development of headache disorders,
initiation of headache episodes, and evolution of
headache disorders

e Identify and understand alterations in
biochemistry that contribute to and are
associated with the development of headache
disorders, initiation of headache episodes, and
evolution of headache disorders

o Identify and understand alterations in brain
structure and function that are associated
with the development of headache disorders,
initiation of headache episodes, and evolution of
headache disorders

e Improve translation and integration between
experimental human models of headache with
spontaneous episodes of headache

o Refine and validate existing animal models for
headache disorders and develop new models
where gaps in validation or translation exist

e Encourage collaborative research that enables
different investigators with specific expertise
and experience with different animal models/
readouts to achieve synergistic results that
will lead to advances in the understanding and
treatment of headache disorders

e Determine the underlying pathophysiology of
the non-pain symptoms of migraine and other
primary and secondary headache disorders

e Expand knowledge into the pathophysiology
of head pain in migraine and other primary and
secondary headache disorders

o lIdentify and characterize genetic and epigenetic
factors that influence the pathophysiology and
treatment of migraine and other primary and
secondary headache disorders

e Better understand the evolution of migraine,
risk factors for chronification, and factors
which predict improvement and remission
by performing longitudinal studies in people
with migraine with detailed phenotypic
questionnaires that collect information and
outcome measures regarding clinical course and
comorbidities

e Move the migraine field toward personalized
medicine by identifying predictors of treatment
response, treatment adverse events, and
treatment adherence

e Validate short- and long-term outcome measures
developed in Research Priority #2 through
rigorous, prospective, international, longitudinal
real-world studies

e Define a range of meaningful treatment
outcomes that extend beyond headache and
capture the range of symptoms that disable
people with migraine

o Utilize simple and composite clinical trial
outcomes that are applied to clinical practice

(Continues)

TABLE 1
Topic

Treatment .

Inequities and .
disparities

Research .
workforce
development

Quality of life .

(Continued)

Research priorities

Develop human platform screening methods

for small molecules to identify drugs that hit
specified molecular targets

Develop screening platforms for devices to clarify
the mechanisms of existing devices and improve
their efficacy through optimization of stimulation
parameters, and to assess new devices

Develop and evaluate novel treatment
paradigms

Develop novel patient-centered outcomes for
migraine and other headaches and identify
patient groups with high treatment needs

Test non-pharmacological interventions
including studies focused on communication,
digital intervention, patient and provider
communication/collaboration and goal setting,
and education focused on reduction of stigma
and how this may impact the provider and
patient communication

Identify and detect disparities in headache health,
headache care, and headache research (including
clinical trials) and examine how underlying
individual, provider, and system-level and/or
organizational factors influence these disparities
Identify the potential determinants of gaps in
health or health outcomes between disparate
groups in headache medicine, which in turn can
inform interventions that reduce or eliminate
these differences

Develop and implement interventions that
reduce or eliminate disparities in headache
health, headache care, and headache research

Increase the number of clinicians and scientists
in training who have experience in headache
science (i.e., “pipeline development”)

Develop a network for collaboration and
mentorship

Increase funding and educational opportunities
for headache research

Expand the behavioral headache medicine
research workforce

Develop and test interventions designed to
improve the quality of life of people living with
headache diseases

Develop a foundational understanding of
the dynamic interactions between people
with headache diseases and the individual,
interpersonal, and social-ecological contexts
that impact their quality of life, headache
experiences, and treatment responsiveness

backgrounds; a range of degree types and specialties; and a range

of personal variables to foster diversity and strength in the head-

ache scientific workforce.

To achieve these goals, continued growth in the headache

field is needed, including the need for more headache scientists,
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clinicians, and patient stakeholders, along with greater financial
investment. Establishing cooperative groups and infrastructure
that facilitates collaborative research and data sharing would
also support attainment of these goals. To promote diagnostic
standardization in human studies, investigators are encouraged
to use the current edition of the International Classification of
Headache Disorders and its updates, or provide sufficient clinical
data to map onto, or resolve why such definitions are not being
used.¢¢”

It is hoped these research priorities will provide guidance when
ideating about and preparing new research proposals and will be
helpful when submitting manuscripts for publication.®® Studies that
adequately help to address these research priorities, which were
identified by a multistakeholder group of experts from around the
world, should be considered highly significant by those evaluating
research proposals and manuscripts. This does not imply that re-
search proposals and manuscripts addressing topics that are not
included in this version of the research priorities should be deem-
phasized, as it is likely that some important topics were unintention-
ally excluded from this version.

There are many strengths regarding the process by which
these research priorities were developed. There was a well-
defined organizational and leadership structure including the
organizing and executive committees, working group chairs,
and working group members. There was intentional effort to
involve a diverse group of individuals in the identification of
the research priorities, including, but not limited to, diversity
in geographical location, stakeholder group (e.g., person with
headache, clinician, pre-clinical scientist, clinical scientist, or-
ganizational representative, etc.), scientific viewpoint, and de-
mographics. There was ample opportunity for public review and
feedback, and all feedback was considered point by point for in-
corporation by the working groups. Of course, there are poten-
tial limitations of these research priorities. Perhaps the greatest
limitation is that the identification of priorities was ultimately
subjective, based on the opinions of those involved with their
development and review and according to current knowledge.
Although the priorities are intentionally broad, some will inher-
ently exclude certain aspects that might be of highest priority to
some individuals. For example, it might be that a research prior-
ity has emphasized migraine at the exclusion of another head-
ache type. Although this might be justifiable based on the high
population prevalence of migraine and its substantial negative
impacts, individuals with less common but severe and disabling
headache conditions might prioritize their headache type over
migraine. Furthermore, there are likely errors of omission in this
first version of the research priorities, that is, areas or topics that
simply were not considered during development of these prior-
ities despite the importance of their inclusion. Finally, the iden-
tification of research priorities was inherently guided by current
knowledge and experience, with some priorities building upon

current research findings and methods. At the same time, it is

essential that novel and innovative research also be prioritized.
Fortunately, the expectation is that these headache research pri-
orities will be updated over the coming years, with subsequent
versions and improvements expected.

In conclusion, this inaugural iteration of the headache research
priorities provides guidance to the research community that should
lead to finding answers and solutions for the most pressing needs in
the field. Ultimately, research efforts aligned with these priorities
will lead to improvements in the health and lives of the billions of

people around the world with headache.
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