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The International Classification of Headache Disorders

£ =HRk (ICHD-3)
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HIGH DYNAMIC
4 DISEASE COURSE
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ICHD-3 Criteria 1.1 Migraine without aura

Migraineous
features

Headache Has =2 of
These 4 Characteristics

o ov\‘!}

1. Unilateral 2. Pulsating 3. Moderate 4. Worsened
(one-sided) quality or severe pain by routine
location physical activity

&

During Headache, 21 of
These Symptoms Occur

or@ o@"

SIetalets

> 5 Lifetime
Attacks

Not Explained by
Another Diagnosis

Attacks Last
4-72 Hours

1. Nausea 2. Photophobia
and/or (light sensitivity)
vomiting and Phonophobia

| (sound sensitivity)

|\
) S



Symptom

Intensity

Severe

Moderate

Mild

1. PRODROMAL PHASE
Hours to 2 days before headache

Early

brain changes occur that

can trigger the migraine.

A

zz

N

Yawning

Mood changes

Food cravings

Neck stiffness

Fatigue / difficulty
concentrating

The Dynamic Course of a Migraine Attack

2. AURA PHASE

Reversible changes in brain
function cause temporary

5-60 minutes

neurologic symptoms.

Visual disturbances
(e.g., flashing lights,
zigzag lines)

Sensory symptoms
(e.g., tingling,
numbness)

Speech/language
symptoms (less
common)

3. HEADACHE PHASE
4-72 hours (untreated)

Headache and associated symptoms
reach peak intensity.

4. POSTDROME PHASE
Hours to 1-2 days

Symptoms gradually resolve
as the brain returns to baseline.

Fatigue / exhaustion

Q Difficulty

concentrating

Throbbing headache
(often one-sided)

Sensitivity to light

(photophobia) {=  Neck stiffness
Sensitivity to sound
(phonophobia) @ Low mood

Nausea / vomiting

ri) Gl sensitivity

Worsened by routine
physical activity

Hours to 2 days

5-60 minutes

4-72 hours

Hours to 1-2 days
(untreated)

TIME



Migraine Progression

Episodic migraine Episodic migraine Episodic migraine Chronic migraine
Risk level Low risk SR— . High risk
e ® ® ®
1-2 days 3-7 days 8-14 days >15 days

per month per month per month per month



Chronic Migraine: Global Prevalence

*Due to the heterogeneity of studies, some variation in definitions of chronic migraine exists. NatoliJ et al. Cephalalgia. 2009. E-pub ahead of print.
CDH = chronic daily headache; S-L = Silberstein-Lipton definition of chronic migraine. Silberstein SD et al. Neurology. 1996;47:871-875.



Medication Overuse Headache
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Epidemiology Suggests a Genetic Basis

egree Parents. D‘_ —O Parents
Relatives

| b o b

MZ > DZ twins 1 in 18t-degree relatives
concordance 0.68 vs. 0.22 RR: 1.5t019.3

€ >

- pe O,
O.

Higher rate of family history Heritability: 0.34-0.81
MA: x4; MO: x1.9

Neuroepidemiology. 1992; 11:46-49; Neurology. 1993:43:1369—73; Cephalalgia.1996;16:431-435; Ann Neurol. 1997;41:166-172; BMJ. 1995;311:541-544; Hum Mol Genet.
1998;7:459-463; EurJ Neurol. 2003;10:421-427; Neurology. 2006;66:344—348; Hum Genet 2009; 125:591-604; Neurology 2010;74;288-294




Rare familial form Common migraine

Familial hemiplegic migraine =~ Migraine with aura Migraine without aura
Monogenic migraine syndrome

%i %6&&

Heritability

Prevalence

NI CHTCHUCTICY,



Genome-wide Association Study (GWAS) of Migraine

(0

European AN L{JEA Taiwanese
GWAS TRPMS8 GWAS
Findings . Findings

§ o‘!h% :!ci

identified

Suggests common
genetic
contributions
across

ethnicities.

§) DLG2
§) GFRA1

Hautakangas et al. Nature Genetics 2022 Chen et al. Cephalalgia 2018



Prior GWAS studies Chronification

> >

>

Episodic migraine Chronic migraine

rs10166942 upstream to TRPMS

 Allodynia

Non-painful Stimuli

e Heat
e Cold

e Mechanical pressure . )
\ p y Painful sensation

Cold sensation

Ling YH et al. J Headache Pain 2019



Menthol: Ligand of TRPM8 receptor

icilin

|

@ ca* calciumion

\ TrRPmg Celdand menthol
receptor channel

» Activation Menthol activates
TRPMS channel

(AT . .
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Phase 2b Trial of the TRPM8 Antagonist Elismetrep in Migraine Treatment

*®

Primary Endpoint: Pain Freedom at 2 hr

Proportion

0.6 —
—&— Placebo (N=99) "
—&— 2 mg (N=51)
) A
0.5 — —a&— 5 mg (N=101) & *
—k— 10 mg (N=96) * &
—e— 20 mg (N=51) @ u
0.4 — =
0.3
0.2 -
0.1 -
e * % nominal p <0.05 vs. placebo
0.0 - T T T T T T T T
Pre-dose 1Hr 2 Hrs 3 Hrs 4 Hrs 6 Hrs 8 Hrs 24 Hrs 48 Hrs

Time Point
Kallyope Inc. @ 2026 AAN



A «\ Erenumab

H APPROVED __

CGRP mAb
CGRPR mAb

Galcanezumab

[ cmymm )

ErvigaTiE
: r.ngaflty< zomg

-

\

3

Fremanazumab Eptinezumab

[ Ronly | B “:7‘“"-:?.:5% st La ’
AJOVY e | "'“'4:3;: "
(fremanezumab-vfrm) y| v yeP )
- | inezuned™
(ep! injecﬁon
WX 100™
teva ™ o
X

Ubrogepant (A)

/

CGRP antagonist - Y
(Gepants)

A: acute i/ y
P: preventive 1

i
2

50mg

i

~

NurteC'”ODD
(rimegepant)
orally disintegrating tablets
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GWAS 1dentified targets of novel migraine therapeutics

Key Genetic Loci Identified CGRP-Targeting Therapies & Ditans

Genes encoding Calcitonin

Gene-Related Peptide (CGRP):

CALCA and CALCB

Gene encoding the 5-HT1F
receptor: HTRTF

' CGRP Pathway Targets

CGRP @~ @
peptlde)

CGRP Monoclonal

/ Antibodies

iii!! — Gepants

5 HT1F Receptor Target (Dltans)

=

)

Reference: Hautakangas et al. Nature Genetics 2022



Diagnosing and predicting migraine from genotyping data

using machine learning
(Norwegian HUNT-2 & HUNT3 cohorts)

108 variants

1.01
0.8
3
0
o
v 0.61
2
G
o]
a 0.4+
w
= ’
= Pl Testing (AUC=0.63)
0.2+ /' === Chance level (AUC=0.5)
= Training (AUC=0.64 = 0.01)
0.04 £ std. dev
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate

Danelakis et al. Brain 2025

Combined Model

o Genotype model
-_-re
W AUC 0.56
] ,I S
081 .._-_....r"’p 4
///’,l— ”’
s Phenotype model
/_’ (4 I &
5061 AUC0.68
E I—-’l/’,/ o
ﬁ /l // i
/ ROC f AUC = 0.69 .
g i " Rociua2 uc =080 Combined model
0.4 1 Vs ¢ ROC fold 3 (AUC = 0.70)

;
/ Pg _
/ / ROC fold 4 (AUC = 0.69)
/
1y e ROC fold 5 (AUC = 0.60) AUC 0.72
e ROC fold 6 (AUC = 0.72)
ROC fold 7 (AUC = 0.67)

;
0.2 A ,I ’,’ ROC fold 8 (AUC = 0.63)
1 /’ ROC fold 9 (AUC = 0.72)
’I/ ol ROC fold 10 (AUC = 0.58)
w/,” == Mean ROC (AUC = 0.68 = 0.06)
., + 1 std. dev.
¥ === Chance level (AUC = 0.5)
0.01 = = Qut of sample test ROC (AUC = 0.72)
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Faisal et al. TJHP 2025



Dynamic Disease State

@ @
Circulating miRNA signatures.
Represents current physiological
perturbations and allostatic load.

Static Genetic Predisposition

_.
Genetic Risk Score (GRS) from known

migraine-associated SNPs.
Represents inherited susceptibility.




Static Dynamic
Inherited Interact with environment

Genome Epigenome Transcriptome

mMiRNA
IncRNA mRNA

(¢

DNA Histone GiroRNA




WAZEZ S (microRNA)
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Limitations of Previous Migraine microRNA Studies

cO> =
g R =
Small sample sizes Lack of systematic
profiling

Failure to distinguish —
disease activity from )

migraine subtypes

&

Limited independent
validation

Unclear biological
functions



RERAFH

miRNAs extraction from
individual's plasma

(Discovery cohort, n=120)

v

Sequencing library
construction

e Raw data of
sequencing files

Sequencing quality check
(trimming adaptors and worse bases)
v

Reads mapping and quantify miRNA
expression (bowtie2, miRdeep2)
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90 f®EE%E (EM, , EM._, CM) V| Gt )
[ )
[ )
{ )

v
miRNA sequencing (NGS . -
[ rensing (NGS) Select miRNASs with CPM >1
- and detected in > 2 samples
v
One-way ANOVA with
Benjamini-Hochberg Procedure
v
Tukey's Honest Significant Difference
method
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Discovery cohort

Validation cohort

GRS

GRS

0.2 1

0.0 1

-0.2 1

-0.4

0.2 1

0.0 1

-0.2 4

-0.4

p-value=0.0194

Ctrl Interictal Ictal CM
EM EM

*
* — =

p-value=0.0170

Ctrl Interictal Ictal CM
EM EM

miRNA risk score

miRNA risk score
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0.0 4

-2.51

5.0 1
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p-value< 0.001

5.0 1
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1

2.5

Ctrl Interictal Ictal CM
EM EM

p-value< 0.001

Ctrl Interictal Ictal CM
EM EM

Composite score

Composite score

2.51

0.0 1

5.01

2.5

0.0 1

p-value< 0.001

Ctrl Interictal Ictal CM
EM EM

p-value< 0.001

Ctrl Interictal Ictal CM
EM EM

*. p-value<0.05 ; **: p-value <0.01; ***; p-value <0.001



Sensitivity

04

1.0

0.8

0.6

0.2

0.0

Discovery Cohort

Validation Cohort

e AUC:0.79
Accuracy: 65.87%
F1:70.47%
SEN: 56.20%

SPE: 91.30%
PPV: 94.44%
NPV: 44.21%

= I I ! T
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1 - Specificity
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Activation of microglia via HMGB1-TLR2/4 pathway

HMGB1 TLR2/4 \ * o \
— - \ _ ® Cox2 \\
o l— — | \
HMGB1 e Panx-1 " \\
P2X7 \
Z/
NLRP3
Pro-IL-1B inflammasome

i —

/ Cortical
neuroinflammation
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HMGB1 TLR2/4 \ *
- = . - ¢ Cox2
HMGB1 ) Panx-1 =
2 ‘ P2X7
//
NLRP3
Pro-IL-1B inflammasome
Cleaved B8 M8 nires
. Caspase1<w; IASC
DD DDpro—Caspase1 y
Y
> ao 3 o
LB ) TNF-q e
. GSDMD — > GSDMD-N ya
NF-kB

4 o IL-1B
Cox2 © . ¢

Chen SP et al. Brain 2017
Chen PY et al. Brain 2023
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The Best of Headache Medicine from 2025: A Year in
Review

NEUROLOGY® PODCAST
@ The Best of Headache Medicine from 2025: A Year in Review

309 00:10:38 / 00:30:22 30 N o< O
‘hitps://doi.org/10.1093/brain/awafo0s

BRAIN \ Dr. Tesha Monteith talks with Dr. Patricia Pozo-Rosich about the latest advancements in headache
ORIGINAL ARTICLE B medicine, focusing on key research findings from 2025.

ComPOSite microRNA—genehc_ nSk- SCore- Disclosures can be found at Neurology.org.
model links to migraine and implicates its

pathogenesis
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