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Abstract

Background: Clinical trials on anti-calcitonin gene-related peptide monoclonal antibodies poorly investigated their
impact on migraine accompanying symptoms.

Objective: To evaluate the impact of basal accompanying symptoms on anti-CGRP monoclonal antibodies treatment
response and their evolution after six months of treatment in migraine patients.

Methods: Patients with migraine diagnosis seen in the Headache Clinic and treated with erenumab, galcanezumab or
fremanezumab were prospectively recruited. They completed a daily eDiary which provided data on headache frequency
and the following accompanying symptoms of each day: photophobia, phonophobia, nausea, dizziness, and aura. Patients
were classified as responders or non-responders based on 50% or greater reduction in headache days per month at
month 6 (>50% response rate). Accompanying symptoms ratios based on headache days per month were assessed per
patient at baseline and after three and six months. Comparisons for basal characteristics, basal accompanying symptoms
ratios and their evolution after six months between responders and non-responders were performed.

Results: One hundred and fifty-eight patients were included, 44% (69/158) showed >50% response rate after six
months. A significant reduction in headache days per month in both groups was found at month 6 (—9.4 days/month in
>50% response rate group; p < 0.001, —2.2 days/month in <50% response rate group; p = 0.004). Additionally, signif-
icant decreases in photophobia (—19.5%, p <0.001), phonophobia (—12.1%, p=0.010) and aura ratios (—25.1%,
p = 0.008) were found in >50% response rate group. No statistically significant reductions were found in nausea and
dizziness in any group since their reduction was correlated with the decrease in headache days per month. Higher
photophobia ratios at baseline were predictive of an increased response between months 3 and 6 (Incidence Risk
Ratio = 0.928, p =0.040).

Conclusions: The days per month with photophobia, phonophobia and aura decreased at a higher rate than headache
days per month after six months in the >50% response group. Higher photophobia ratios were associated with higher
response rates between three and six months. It could indicate an involvement of peripheral CGRP in photophobia as
well as a central modulation of migraine through these treatments which mainly act on the periphery.
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Introduction

Migraine is a chronic neurological disease character-
ized by a predisposition to recurrent attacks of dis-
abling headache and accompanying symptoms (1).
The most characteristic symptoms including photopho-
bia, phonophobia, nausea and vomiting, are included
in the definition of migraine in the International
Classification of Headache Disorders (ICHD-3) (1).
Additionally, patients can experience a variety of
other symptoms, such as dizziness, cutaneous allody-
nia, or even motor symptoms (2). Around a third of
people with migraine can also experience aura, a symp-
tomatology that originates within the central nervous
system (3).

Monoclonal antibodies (mAbs) targeting calcitonin
gene-related peptide (CGRP) or its receptor (anti-
CGRP mAbDs) have been the first target-driven treat-
ment to be approved for migraine prevention. Their
efficacy and safety have been demonstrated in random-
ized controlled trials (RCT) (4-12) as well as, in real-
world evidence (RWE) studies (13,14). Both RCT and
RWE studies have reported decreases in migraine and
headache frequency, pain intensity and acute medica-
tion use in many patients. However, exploratory post-
hoc analysis of anti-CGRP mAbs clinical trials have
only recently started to assess these type of outcomes
(15-18). Accompanying symptoms are usually better
assessed and reported in RCT of acute treatment of
migraine attacks (19,20). Specifically, Guidelines of the
International Headache Society for controlled trials of
acute treatment of migraine attacks in adults highly rec-
ommend the use of co-primary endpoints assessing the
most bothersome symptom including nausea, vomiting,
photophobia, and phonophobia (21).

Due to the large molecular weight of anti-CGRP
mAbs, they poorly cross the blood-brain barrier
(BBB), so their action is thought to be in the peripheral
segment of the trigeminovascular system (22). As a
result, many questions remain about how these treat-
ments act in the pathophysiology of migraine since they
do not act at a central level (23), where many of the
structures related to the different phases of the
migraine attack are located (24). However, a recent
exploratory study showed that anti-CGRP mAbs
could have an impact on aura and prodromal symp-
toms such as sleep or psychiatric comorbid symptoms
in migraine patients (25).

In addition to reducing migraine frequency, we
hypothesized whether anti-CGRP mAbs could reduce
aura and certain accompanying symptoms such as
phono- or photophobia, which are likely linked to a
clearer migraine pathophysiology. Thus, the aim of
this study was to evaluate the impact of baseline
accompanying symptoms on anti-CGRP mAbs

treatment response and their evolution after six
months of treatment in migraine patients.

Methods
Study population

This is a prospective observational study conducted in
a real-life clinical setting. Data was collected from
January 2020 to January 2023. Patients were recruited
from the outpatient Headache Clinic. They were adults
who fulfilled the criteria for migraine and chronic
migraine (CM) according to the ICHD-3 and were eli-
gible to receive anti-CGRP mAbs based on the consid-
erations of the National Regulatory Agency. These
considerations included having eight or more migraine
days per month and previous failure with three preven-
tive treatments, one of which was onabotulinumtoxinA
for CM patients (26).

Treatment response assessment

CGRP-mAbs were administered monthly (erenumab
140 mg and galcanezumab 120 mg with a loading dose
of 240mg) or quarterly (fremanezumab 675mg).
Response was based on 50% or greater reduction in
headache days per month (HDM) after six months
(>50% Response Rate, RR). HDM was considered
the sum of headache and migraine days per month,
with 28 calendar days considered per month. Follow-
up visits were conducted quarterly.

Clinical variables

Participants completed a daily electronic diary
(eDiary), which provided data on headache and
migraine frequency, pain intensity, acute medication
intake and accompanying symptoms of every migraine
attack including photophobia, phonophobia, nausea,
dizziness and aura. The eDiary was completed for
one month prior to baseline and during six months of
treatment. Patient-Reported Outcome Measures
(PROMs) were also completed at baseline and after
three and six months: Migraine Disability Assessment
(MIDAS), Headache Impact Test (HIT-6), Migraine
specific quality of life questionnaire (MSQ) and Beck
Anxiety Inventory (BAI). Ratios for accompanying
symptoms were calculated for each by dividing the
number of days per month with the specific symptom
by the total headache frequency (HDM). These ratios
were calculated at baseline as well as after three and six
months of treatment.
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Missing data

During the study period, a total of 849 patients were
treated with mAbs. Of these, 319/849 were withdrawn
before six months or had started treatment less than six
months prior to January 2023. Out of the remaining
530 patients who reached six months of treatment,
146/530 achieved a minimum of 80% eDiary compli-
ance during the study period. Additionally, 26/530 did
not meet the 80% eDiary compliance threshold but had
passed an eDiary double-check based on neurologist
visit electronic records, while 358/530 did not properly
complete the eDiary. The double-check between eDiary
data and electronic records during visits was conducted
to avoid removing a subgroup of episodic migraine
(EM) patients who only filled their calendars in head-
ache days, which would have introduced a sampling
bias. Ultimately, after excluding these patients,
172 patients remained, of whom 14/172 had other pri-
mary headache, resulting in a total sample size of 158
patients. The percentage of missing data in the clinical
and demographic data was <5.1% and in the scale data
<15.4%. No data imputation was performed on miss-
ing values.

Statistical analysis

Statistical analysis was performed in three parts. First,
we aimed to compare basal accompanying symptoms
between 50% RR groups at month 6. Comparisons
between groups for migraine characteristics and for
basal accompanying symptoms ratios were performed.
Descriptive and frequency statistics were obtained from
demographics and clinical data. Counts (n) and percen-
tages (%) were used as measures of frequencies for cat-
egorical variables and mean and standard deviation
(SD) were used as measures of central tendency and
dispersion for quantitative variables. Independent
t-tests were performed for quantitative continuous data,
Negative Binomial or Generalized Poisson GLM (gener-
alized linear regression models) for count data, and
Fisher’s exact tests for categorical variables. Central
Limit Theorem was applied to verify the approximate
normal distribution of the sampling distribution of the
mean by group, as sample size per group was above
30 patients. False discovery rate was adjusted for multiple
comparisons by Benjamini-Hochberg method.

In the second analysis, we investigated the evolution
of accompanying symptoms between 50% RR groups
at baseline (M0) and at months 3 (M3) and 6 (M6).
Multiple two-factor Repeated Measures ANOVAs
were carried out for continuous numerical data and
Poisson and Generalized Poisson GLMM (generalized
linear mixed-effects regression models) were performed
for count data. Post-hoc comparative analysis between

and within groups at baseline and after three and six
months were performed on headache and migraine fre-
quency, pain intensity, acute medication intake, accom-
panying symptoms ratios and PROMs scores. Square
root transformation was applied to nausea, dizziness,
and aura ratios, and estimates were back-transformed.
False discovery rate was adjusted for multiple compar-
isons by Benjamini-Hochberg method.

In the third analysis, we evaluated the potential
effect of basal accompanying symptoms on treatment
response in terms of HDM evolution over time. We did
not establish an HDM reduction percentage limit to
divide patients into groups. Instead, we analyzed the
pooled patient sample considering baseline HDM and
HDM time evolution per patient at month 3 and
month 6. A Generalized Poisson (GP) mixed-effects
regression model (GLMM) with random intercepts
was estimated due to the existence of underdispersion.
HDM was considered as the count data outcome var-
iable. HDM at baseline, basal accompanying symp-
toms ratios, mAbs type and medication overuse (MO)
were considered as independent variables in the model,
which was adjusted by age and sex. Interactions
between time and basal symptom ratios were consid-
ered. Erenumab was used as the reference level for the
mAbs type predictor. GLMM parameter estimation
was performed using Restricted Maximum Likelihood
Estimation (27). The best fitting model was obtained by
stepwise forward elimination applying Likelihood
Ratio Test criterion (28).

No statistical power calculation was conducted prior
to the study, as the sample size was based on available
data. Statistical analyses were performed using R soft-
ware version 4.2.2 for Windows and p-values <0.05
were considered as statistically significant and reported
for a two-tailed test.

Ethics approval and patients’ consent

The study was approved by the Vall d’Hebron Ethics
Committee (PR(AG)53/2017/2022 amendment). All
patients gave an informed consent for the analysis of
their data. All patients consented to publication of
anonymous individual data.

Results

Descriptive

The study included 158 patients with a mean age of
46.4+10.3 years, of which 86.1% were women. Of
the patients, 43.7% (69/158) showed >50% RR,
while 56.3% (89/158) showed <50% RR. At baseline,
50% of patients reported photophobia or phonophobia
on more than 72.2% of HDM, while 25% of patients
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reported nausea on more than 37.5% of HDM. 50% of
patients reported at least one of these three symptoms on
more than 94.4% of HDM. Dizziness was the least prev-
alent symptom, reported by 25% of patients on more
than 21.4% of their HDM. A 45.6% (72/158) of patients
had aura at baseline, with 50% of them reporting aura on
more than 30.8% of their HDM. Frequencies, means and
SD values are provided in Table 1.

Basal accompanying symptoms comparison

None of the clinical variables describing basal accom-
panying symptoms ratios were found to be statistically
significantly different between >50% RR and <50%
RR groups (photophobia mean ratio: 66.6% >50%
RR group, 58.3% <50% RR group, p=0.985;
Phonophobia mean ratio: 62.2% >50% RR group,
55.6% <50% RR group, p=0.985; Nausea mean

Table I. Basal characteristics and comparison between >50% RR group and <50% RR group after 6 months of treatment.

TOTAL >50% RR group <50% RR group
n=158 n=:69 n==89 P-value

Demographics
Age, mean (SD) years 46.4 (10.3) 46.7 (10.0) 46.1 (10.6) 0.985%
Sex (female), n (%) 136 (86.1 %) 58 (84.1 %) 78 (87.6 %) 0.985¢
Disease characteristics
Diagnosis, n (%)

EM 76 (48.1 %) 37 (53.6 %) 39 (43.8 %) 0.985°

CM 82 (51.9 %) 32 (46.4 %) 50 (56.2 %)
Migraine evolution, mean (SD) years 27.2 (12.4) 27.6 (12.1) 27.0 (12.7) 0.995%
Chronification™, mean (SD) years 9.7 (6.4) 9.8 (6.6) 9.7 (6.4) 1.000"
Aura, n (%) 72 (45.6 %) 31 (44.9 %) 41 (46.1 %) 1.000%
HDM, mean (SD), d/mo 15.2 (5.9) 14.9 (5.2) 15.4 (6.5) 0.985%
MDM, mean (SD), d/mo 9.9 (5.6) 9.8 (5.1) 10.1 (5.9) 0.985%
Pain intensity, mean (SD), 0-3 score 1.0 (0.4) 1.0 (0.4) 1.0 (0.5) 1.000"
Preventive treatment
Anti-CGRP Treatment, n (%)

Erenumab 111 (70.3 %) 48 (69.6 %) 63 (70.8 %) 1.0008

Galcanezumab 32 (20.3 %) 15 (21.7 %) 17 (19.1 %)

Fremanezumab 15 (9.5 %) 6 (8.7 %) 9 (10.1 %)
Concomitant preventive treatment, n (%) 66 (43.1 %) 25 (36.8 %) 41 (48.2 %) 0.985°
Acute medication
Acute medication frequency, mean (SD), d/mo 10.0 (5.4) 10.3 (5.4) 9.7 (5.5) 0.985%
Acute medication burden, mean (SD), p/mo 15.5 (8.9) 15.0 (8.1) 16.0 (9.5) 0.985%
Medication overuse, n (%) 61 (38.9 %) 24 (34.8 %) 37 (42.0 %) 0.985*
Migraine-related clinical burden (PROs)
Disability (MIDAS), mean (SD) 69.7 (52.2) 67.1 (54.3) 71.6 (50.8) 0.985%
Headache-related impact (HIT-6), mean (SD) 64.5 (5.8) 65.0 (6.0) 64.2 (5.7) 0.985%
Quality of life (MSQt), mean (SD) 37.8 (18.2) 37.7 (18.7) 37.8 (17.9) 1.000*
Anxiety (BAI), mean (SD) 17.4 (13.5) 17.8 (13.9) 17.0 (13.2) 0.985%
Depression (BDI-Il), mean (SD) 12.4 (11.0) 12.0 (10.5) 12.7 (11.5) 0.985%
Proportion of basal HDM with accompanying symptoms
Proportion of HDM with photophobia, mean (SD), % 61.9 (36.8) 66.6 (36.4) 58.3 (36.8) 0.985"
Proportion of HDM with phonophobia, mean (SD), % 585 (39.2) 62.2 (39.6) 55.6 (38.9) 0.985%
Proportion of HDM with nausea, mean (SD), % 22.3 (26.4) 23.1 (27.1) 21.6 (26.1) 0.985%
Proportion of HDM with dizziness, mean (SD), % 16.9 (28.4) 19.0 (30.6) 15.4 (26.7) 0.985%
Proportion of HDM with aura, mean (SD), %** 41.4 (30.7) 48.0 (32.4) 36.4 (28.7) 0.985%

§Significance assessed with Fisher’s exact test.

TSignificance assessed with independent 2-sample t-test. Central Limit Theorem was considered for sample sizes per group above 30.

j;Signiﬁcance assessed with Negative Binomial or Generalized Poisson GLM.

False Discovery Rate was adjusted by Benjamini-Hochberg method.

*Data available only for CM patients (82/158)
**Data only for patients with aura (72/158)

BAI: Beck anxiety inventory; BDI-II: Beck depression inventory-second edition; CM: chronic migraine; d/mo: days per month; EM: episodic migraine;
GLM: Generalized linear regression model; HDM: headache days/month; HIT-6: headache impact test; MDM: migraine days/month; MIDAS: migraine
disability assessment; MSQ+: migraine-specific quality of life questionnaire (total score); p/mo: pills per month; RR: response rate; SD: standard

deviation.
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ratio: 23.1% >50% RR group, 21.6% <50% RR
group, p =0.985; Dizziness mean ratio: 19.0% >50%
RR group, 15.4% <50% RR group, p=0.985; Aura
mean ratio: 48.0% >50% RR group, 36.4% <50% RR
group, p = 0.985). We could neither find any significant
difference between groups for any other demographic
nor clinical baseline variable (Table 1).

Evolution of accompanying symptoms comparison

Both groups showed a statistically significant within-
group reduction in the number of HDM at M3 and M6
(in particular, M0-M6: —9.4 days/month for >50%
RR group, 95% CI —10.9 to —7.9, p<0.001; —2.2
days/month for <50% RR group, 95% CI —3.6 to
—0.9, p=0.004), migraine days/month (MDM) (MO-
M6: —6.8 days/month for >50% RR group, 95% CI
—8.1 to —5.4, p<0.001; —2.5 days/month for <50%
RR group, 95% CI —3.6 to —1.5, p<0.001), pain
intensity (M0-M6: —0.68 for >50% RR group for a
0-3 score, 95% CI —0.77 to —0.60, p<0.001; —0.23
for <50% RR group, 95% CI —0.31 to —0.14,
p <0.001) and acute medication intake (M0-M6: —6.0
days/month for >50% RR group, 95% CI —7.2 to
—4.7, p<0.001; —1.3 days/month for <50% RR
group, 95% CI —2.4 to —0.3, p=0.032). Statistically
significant differences were also found between groups
at months 3 and 6 (for >50% RR group, M6 HDM:
—8.4 days/month, 95% CI —10.1 to —6.7, p<0.001;
M6 MDM: —4.8 days/month, 95% CI —6.1 to —3.6,
p <0.001; M6 pain intensity: —0.53, 95% CI —0.68 to
—0.38, p<0.001; M6 medication intake: —6.9 days/
month, 95% CI —8.7 to —5.1, p < 0.001). Full contrasts
details are shown in online supplementary material
(Table A).

Statistically significant decreases in photophobia
(M0-M6: —19.5%, 95% CI —-29.8% to —9.3%,
p=<0.001) and phonophobia ratios (MO0-M6:
—12.1%, 95% CI —20.3 to —3.8%, p=0.010) were
found exclusively in >50% RR group between baseline
and month 6 (in <50% RR group, photophobia MO-
M6: —0.7%, 95% CI —5.9% to +4.4%, p = 0.870;
phonophobia M0-M6: —0.4%, 95% CI —6.9% to
+6.2%, p=0.944). Aura ratios decreased significantly
in >50% RR group at 3 and 6 months (M0-M3:
—26.0%, 95%CI —42.4% to —9.7%, p=0.006; MO-
M6: —25.1%, 95%CI —41.4% to —8.8%, p=0.008),
but did not in <50% RR group (M0-M3: —10.3%,
95%CI  —-21.0% to 0.0%, p=0.107; MO-M6:
—10.7%, 95%CI —-21.5% to 0.0%, p=0.092).
Nausea did not reach statistically significant differences
within any group (M0-M6: —5.3%, 95% CI —11.7% to
+1.1%, p=0.180 in >50% RR group; MO0-M6:
—4.8%, 95% CI —10.2% to +0.5%, p=0.124 in
<50% RR group) and dizziness did not improve over

time in >50% RR group (M0-M6: —1.0%, 95% CI
—4.7% to +6.7%, p=0.82) and even reached a statis-
tically significant increase between month 3 and 6 in
<50% RR group (M3-M6: +6.4%, 95% CI +1.3% to
+11.4%, p=0.029). No statistically significant differ-
ences were found at month 3 or 6 between groups. We
did notice that both photophobia and phonophobia
ratios showed bimodal frequency distributions, show-
ing two peaks of incidence, and this division was not
explained by any of the clinical or demographical var-
iables collected during this study. Bar plots showing
evolution at M0, M3 and M6 of accompanying symp-
toms ratios in >50% RR and <50% RR groups are
shown in Figure 1. Figure 2 provides the results of
post-hoc comparison tests of clinical outcomes and
accompanying symptoms ratios based on ANOVA
Repeated Measures analysis and Poisson/Generalised
Poisson GLMM.

Statistically significant reductions were found within
groups in MIDAS score after three and six months (in
particular, M0-M6: —39.8 in >50% RR group, 95% CI
—49.5 to —30.2, p<0.001; —24.4 in <50% RR group,
95% CI -30.2 to —18.5, p<0.001), HIT-6 score
(M0-M6: —15.3 in >50% RR group, 95% CI —17.7
to —12.9, p<0.001; —6.7 in <50% RR group, 95% CI
—8.9 to —4.4, p<0.001) and increases in MSQ score
(MO0-M6: +31.4in >50% RR group, 95% CI +26.5 to
+36.3, p<0.001; +16.1 in <50% RR group, 95% CI
+11.1 to +21.1, p<0.001) as well. Additionally, statis-
tically significant differences were found between
groups at months 3 and 6 (M6 MIDAS: —15.1 in
>50% RR group, 95% CI —21.7 to —8.6, p<0.001;
M6 HIT-6: —7.9 in >50% RR group, 95% CI —11.0 to
—4.8, p<0.001; M6 MSQ: +15.7 in >50% RR group,
95% CI +8.6 to +22.7, p<0.001). BAI and BDI-II
scores significantly improved within in >50% RR
group at both three and six months (M0-M6 BAI:
—8.3, 95% CI —-10.8 to —5.8, p<0.001; M0-M6
BDI-II: -5.8, 95% CI —7.7 to —=3.9, p<0.001). In
<50% RR group, a slight improvement was found
only in BDI-II at month 3, however, it was not main-
tained at month 6 (M0-M6 BAIL: —1.8, 95% CI —4.1 to
+0.4, p=0.180; M0-M3 BDI-II: —2.4, 95% CI —4.0
to —0.7, p=0.011; M0-M6 BDI-II: —1.8, 95% CI —3.4
to +0.1, p=0.064). No statistically significant differ-
ences were found at month 3 or 6 between groups for
neither BAI nor BDI-II.

Impact of basal accompanying symptoms on HDM
evolution over time

The resulting best fitting model concluded that the fol-
lowing variables were significantly affecting HDM evo-
lution over time (Table 2, Figure 3): HDM at baseline
(Incidence Risk Ratio IRR =1.060, 95% CI 1.047 to



Cephalalgia

—
QO
=

Relative frequency per Response Group and Month

—

Relative frequency per Response Group and Month &

1.00 -

0.75 4

0.50 -

0.25

0.00 4

1.00 1

0.75 7

0.50 1

0.25 -

0.00 -

>50% RR group

<50% RR group

I
|

Month

>50% RR group

<50% RR group

Mo M3 M

6
Month

Mo M3

M6

Photophobia

Ratio
0.75-1.0
0.5-0.75
0.25-0.5
0-0.25
No photophobia

—_

Relative frequency per Response Group and Month &

—
[}
=

>50% RR group

<50% RR group

o
o

e
3
a

[
I3
)

hed
N
o

o
o
o

Mo M3 M6

Month

Mo M3 M6

>50% RR group

<50% RR group

(e)

1.00 -

0.75 A

0.50 -

0.25 -

0.00 -

Relative frequency per Response Group and Month

MO

M3 Mé

Month

MO

M3 Mé

=
S
o
=
o
i=4
©
Q
3
Nausea 5
Ratio ®
172}
0.75-1.0 s
05-075 iy
0.25-0.5 ﬁE
0-0.25 8
No nausea 3 e | (] [ B s || 8%
¢ 0.25 g
3
o
L
2
E 0.00
[}
T MO M3 M MO M3 M6
Month
>50% RR group <50% RR group
Aura
Ratio
0.75-1.0
05-0.75
0.25-0.5
0-0.25
No aura

Photophobia

Ratio
0.75-1.0
0.5-0.75
0.25-0.5
0-0.25
No photophobia

Dizziness

Ratio
0.75-1.0
0.5-0.75
0.25-0.5
0-0.25
No dizziness

1.072, p<0.001), MO (IRR=1.194, 95% CI 1.107 to
1.287, p<0.001) and the interaction between basal
photophobia ratio and months under treatment
(basal photophobia ratio: IRR =1.195, 95% CI 0.791

Figure I. Accompanying symptoms ratios based on HDM at baseline and after three and six months of treatment in >50% RR group
and <50% RR group.
57% of >50% RR group had photophobia on the 75% to 100% of their HDM at baseline. 43% of <50% RR group had photophobia on
the 75% to 100% of their HDM at baseline. On the other hand, only 13% in >50% RR group did not experienced photophobia at
baseline vs. 12% of non-responders. In >50% RR group the percentage of patients who did not have photophobia on the previous
month increases from a 3% at baseline to 36% after six months of treatment, and the 57% which had photophobia on the 75% to
100% of their HDM at baseline decreases to a 46% (a). Similar interpretation might be considered for phonophobia (b), nausea (c),
dizziness (d) and aura (e). Relative frequency for aura only considers the proportion of patients having aura.

to 1.805, p=0.389; months: IRR=1.014, 95% CI

0.964 to 1.067, p=0.584; interaction term: IRR =
0.928, 95% CI 0.863 to 0.997, p=0.040). Each unit
increase in basal HDM increased a 6% the predicted
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Figure 2. Comparison of clinical outcomes and accompanying symptoms ratios between M0, M3 and Mé in >50% RR group and
<50% RR group based on ANOVA Repeated Measures analysis and Poisson/Generalised Poisson GLMM.

Significance assessed performing Post-Hoc tests for ANOVA Repeated Measures and GLMM Poisson/Generalised Poisson regression
models. False Discovery Rate was adjusted by Benjamini-Hochberg method.

p-value significance codes: 0 to 0.001: *¥ 0.001 to 0.01: *¥ 0.0] to 0.05: *.

Table 2. Impact of basal accompanying symptoms on HDM evolution over time.

Estimate  Standard IRR IRR 95%  IRR 95% p-value

Predictor (In scale)  Error Estimate Cl lower Cl upper zvalue p-value signiﬁcance§
(Intercept) 1.453 0.276 4.277 2491 7.345 5269 <0.00]  k*
Basal Photophobia Ratio 0.178 0.211 1.195 0.791 1.805 0.845 0398 ns
Medication Overuse-Yes 0.177 0.038 1.194 1.107 1.287 4.620 <0.001  #k*x
Sex (female) 0.068 0.054 1.071 0.964 1.189 1.273 0203 ns
Basal HDM 0.058 0.006 1.060 1.047 1.072 9.669 <0.00]  Fwk
Basal Nausea Ratio 0.050 0.145 1.051 0.790 1.397 0.340 0.734 ns
Basal Phonophobia Ratio 0.036 0.120 1.037 0.819 1.312 0.299 0.765 ns
Anti-CGRP mAb — Fremanezumab 0.034 0.085 1.034 0.875 1.221 0.395 0.693 ns
Month 0.014 0.026 1.014 0.964 1.067 0.548 0584 ns
Basal Dizziness Ratio 0.013 0.139 1.013 0.772 1.329 0.094 0925 ns

Age —0.002 0.004 0.998 0.990 1.005 —0.630 0529 ns
Anti-CGRP mAb — Galcanezumab ~ —0.005 0.058 0.995 0.889 1.114 —0.087 0930 ns
Basal Aura Ratio —0.024 0.138 0.976 0.745 1.280 —0.173 0.863 ns
Interaction Basal Photophobia —0.075 0.037 0.928 0.863 0.997 —2.051 0.040 *

Ratio x Month

Statistics obtained from fitted model were 1826.84 (AIC); 1886.93 (BIC); —897.42 (-2LL); 1.25 (dispersion parameter) and 0.124 (RE variance
component). Sp-value significance codes: 0 to 0.001: ;0,001 to 0.01: “*; 0.0 to 0.05: *; non-significant: ‘ns’

Months variable was considered as quantitative (three and six months timepoints).

AIC: Akaike information criterion; BIC: Bayesian information criterion; Cl: confidence interval; GLMM: Generalized linear mixed-effects regression
model; IRR: Incidence Risk Ratio; RE: random effects; -2LL: log-likelihood.

HDM at M3 and M6. Presence of basal MO increased Higher photophobia ratio at baseline was associated
HDM at M3 and M6 a 19.4%. The effect of interaction ~ with higher RR between M3 and M6.

between basal photophobia ratio and months under The model provided no statistically significant evi-
treatment on HDM evolution is showed in Figure 4. dence that other basal accompanying symptoms ratios
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Figure 3. Incidence Risk Ratios (IRR) for Generalized Poisson mixed-effects regression model analysing the impact of basal

accompanying symptoms on HDM evolution over time.

Significance assessed performing a GLMM Generalised Poisson regression model. Month considered as a numerical variable.
p-value significance codes: 0 to 0.001: *¥¥ 0.001 to 0.01: *¥; 0.0] to 0.05: *.

had an effect on HDM reduction during six months of
treatment (basal phonophobia ratio: IRR =1.037, 95%
CI 0.819 to 1.312, p=0.765; basal nausea ratio:
IRR =1.051, 95% CI 0.790 to 1.397, p=0.734; basal
dizziness ratio: IRR=1.013, 95% CI 0.772 to 1.329,
p=0.925; basal aura ratio: IRR=0.976, 95% CI 0.745
to 1.280, p=10.863). No significant effect was found on
either mAbs type (IRR-galcanezumab =0.995, 95% CI
0.889 to 1.114, p=0.930; IRR-fremanezumab = 1.034,
95% CI 0.875 to 1.221, p=0.693), age (IRR =0.998,
95% CI 0990 to 1.005, p=0.529) or sex (IRR-
Woman = 1.071, 95% CI 0.964 to 1.189, p=0.203).

Discussion

The aim of this prospective study was to assess the
relationship between the response to anti-CGRP
mAbs treatment and the most common centrally-
driven accompanying symptoms of migraine attacks.
Specifically, we aimed to investigate the evolution of
these symptoms after anti-CGRP mAbs treatment and
whether the presence of these symptoms at baseline
could affect or predict treatment response.
Participants in this study completed a daily head-
ache eDiary providing information on every attack
for 28 days before starting treatment and during six
months under anti-CGRP mAbs. They were effective

reducing traditional outcomes such as headache and
migraine frequency, intensity and acute medication
intake, as well as improving PROMs scores in all
patients except for BAI and BDI-II in <50% RR
group. Our results showed that anti-CGRP mAbs
were able to reduce accompanying symptoms due to
the reduction in headache frequency. Interestingly, in
>50% RR group, there were statistically significant
reductions in the ratios of photophobia, phonophobia,
and aura after six months of treatment. This means
that the number of days per month with these symp-
toms decreased at a higher rate than the reduction in
HDM after six months. This was not observed for
other symptoms such as nausea and dizziness, where
the number of days per month with these symptoms
decreased proportionally to the reduction in HDM
Therefore, the symptomatology of nausea and dizziness
on the remaining headache days after six months did
not change remarkably compared to baseline.

At baseline, our cohort showed similar proportions
of accompanying symptoms as those reported in the
literature, making it comparable to any previously
described migraine population (29). Photophobia and
phonophobia were the most prevalent symptoms, fol-
lowed by nausea, aura, and dizziness in our cohort. In
the third analysis, we could not identify any demo-
graphic predictor of response to mAbs treatment.
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Figure 4. Interaction effects of photophobia ratio at baseline on
HDM evolution over time.

Effects from GLMM Generalised Poisson regression model.
Month considered as a numerical variable. The figure shows that
higher levels of basal photophobia ratio were associated with
higher response rates between months 3 and 6. Specifically, a
patient with a photophobia ratio of | at baseline (100% of HDM
affected by photophobia) experienced a reduction in HDM of
—19.9% between months 3 and 6. If the basal photophobia ratio
was equal to 0.5 (50% of HDM affected by this symptom), the
reduction in HDM between months 3 and 6 was estimated at
—5.9%. For a basal photophobia ratio equal to 0 (absence of basal
photophobia), the model estimated a rebound in HDM between
months 3 and 6 of +4.2%.

However, higher photophobia ratios at baseline were
associated with an increase in response between three
and six months of treatment. MO significantly affected
HDM evolution over time, increasing in a 19.4% the
predicted HDM for a given basal headache frequency
and treatment month. In this regard, different predic-
tors of response have been found in migraine patients
under anti-CGRP mAbs treatment in RWE studies.
Previous studies have focused on predictors of negative
or incomplete response to treatment, such as MO,
higher acute medication intake, a higher number of
prior preventive treatment failures (30-32), the pres-
ence of allodynia (33) psychiatric comorbidities (14)
or daily headache (34). Other studies have identified
predictors of positive response to treatment, such as
triptans (35), unilateral localization of pain (36), allo-
dynia, osmophobia, unilateral autonomic symptoms,
and dopaminergic symptoms (34).

According to our results, the absolute number of
days with nausea and dizziness significantly decreased
after six months, in parallel with a decrease in HDM
for both groups, except for a rebound in dizziness in
<50% between month 3 and 6. However, anti-CGRP
mAbs significantly reduced the percentage of days per
month with photophobia, phonophobia or aura based

on the remaining HDM in the group of >50% RR
after six months, but no significant differences were
found between groups over time. It should be noted
that in both photophobia and phonophobia ratios,
the frequency distributions were clearly bimodal, show-
ing two peaks of incidence. This could be the reason for
not finding differences between groups due to data dis-
tribution dispersion. Further research should evaluate
additional clinical or biological variables that could
explain these two different groups of patients with dif-
ferent symptomatology incidences.

These results prompt the question of how and where
this class of drugs act, as the mechanism of action of
these treatments still needs to be fully understood.
Theoretically, due to their large molecular weight
they are not expected to cross the BBB quickly, and
therefore, a rapid central effect is not anticipated
(37,38). So, how can these treatments potentially
affect central migraine symptoms? There is accumulat-
ing evidence on how modulation the periphery in
migraine can have an impact on central mechanisms.
In fact, other studies have demonstrated changes in
central neuroimaging (39,40), and neurophysiological
parameters (41-43) or have even shown an impact on
migraine aura (44,45), as in our case. Interestingly, a
previous exploratory study found that treatment with
anti-CGRP mAbs could prevent prodromal symptoms
such as aura, stress or anxiety and could modulate
sleep and weight (25).

Another possible explanation for our findings could
be the direct regulatory role of CGRP in migraine
symptoms such as photophobia, phonophobia and
aura, which may also be partially triggered in periph-
eral receptors. Biochemically, CGRP seems to have a
role in photophobia. Animal model studies have shown
that genetically engineered mice with elevated expres-
sion in nervous tissue of the human receptor activity-
modifying protein 1 (RAMP1) spend less time in light
environments (46) and that intracerebroventricular
administration of CGRP causes a significant increase
in light aversion prevented by olcegepant (47). In addi-
tion, certain accompanying symptoms such as photo-
phobia or phonophobia appear to be related to higher
levels of CGRP during migraine attacks (48). Despite
the lack of evidence about how these treatments act at a
molecular level, it seems that they may be able to
reduce or regulate CGRP levels (49). Thus, the reduc-
tion of photophobia days per month at a higher rate
than monthly headache frequency could be explained
by the reduction or regulation of CGRP levels.
Accordingly, the rest of the accompanying symptoms
not directly linked to CGRP are reduced in both
groups due to the direct reduction in headache frequen-
cy, except for dizziness in <50% RR group.
Henceforth, our study would support the fact that
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photo or phonophobia might be at least partially reg-
ulated from the periphery and by CGRP (37,38).

In a previous study, we found that low frequency
EM patients who experienced photophobia and pho-
nophobia during migraine attacks showed a greater
increase in salivary CGRP levels (ictally and interic-
tally) than patients with nausea and dizziness as accom-
panying symptoms (47). Our current study found that
higher basal photophobia ratios were associated with
an increased response to treatment between months 3
and 6. Therefore, it could be speculated that patients
with higher ratios of photophobia and phonophobia
could have better response to anti-CGRP treatment
due to their higher baseline CGRP levels. The presence
of photophobia and phonophobia could also indicate
that EM patients, for whom CGRP levels are an
important predictor of response to mAb treatment
(48), have a higher probability of having better
response. This may not be the case for CM patients,
in whom a clear differentiation of symptoms is more
difficult due to their constant “migrainous” state (49).

In migraine, it is becoming important to assess other
clinical outcomes in addition to the traditional ones in
order to better reflect real improvement in the patient’s
quality of life (29,50) and to understand the very target-
driven pathophysiological mechanisms. Post-hoc anal-
ysis of anti-CGRP mAbs studies have already shown a
reduction of migraine accompanying symptoms, such
as photophobia and phonophobia, nausea and/or vom-
iting in the case of eptinezumab and fremanezumab
and even in prodromal symptoms in the case of galca-
nezumab (15-18). Our study also shows a reduction in
some of these parameters, finding that the presence of
photophobia could predict an increased response to
treatment at month 6, and that photophobia, phono-
phobia and aura days per month decrease even more
than HDM.

Our study has used in a real-world setting, using
tools such as eDiaries, patient reported outcome meas-
ures (PROMs) and a very homogenous cohort of
patients, giving strength to the findings. A limitation
is the lack of a control group, which makes it impossi-
ble to quantify the placebo effect. However, the effica-
cy results in our cohort are similar to other clinical trial
and real-world series (30). Future studies should inte-
grate clinical and molecular parameters in large cohorts
in order to shed light on the relationship between clin-
ical symptoms, CGRP and treatment response.

To the best of our knowledge, this is the first study
to prospectively evaluate the accompanying symptoms
of migraine patients treated with anti-CGRP mAbsin a
deeply studied cohort. This supports the fact that these
specific treatments are not only effective in reducing
traditional endpoints of clinical trials but also they
improve patients quality of life by reducing bothersome
accompanying symptoms in a real-life setting.
Additionally, it elucidates how the peripheral action
of these treatments could finally modulate central
mechanisms, or the fact that photophobia, phonopho-
bia and aura are partially, at least, modulated by reduc-
ing CGRP in the periphery, which in turn, might be
helpful in increasing migraine-related quality of life.

Conclusion

In conclusion, the ratios of photophobia, phonophobia
and aura were significantly reduced in migraine
patients who showed 50% or greater response to
anti-CGRP mAbs preventive treatment at six months.
Higher basal photophobia ratios predicted an increased
response between months 3 and 6, suggesting peripher-
al CGRP involvement in photophobia and central
modulation of migraine through treatments that pri-
marily act on the periphery.

Article highlights

between months 3 and 6.

e The number of days per month with photophobia, phonophobia, and aura decreased further compared to
the reduction in headache frequency after six months in the group of migraine patients who had a response
rate of 50% or greater to anti-CGRP mAbs treatment.

e The rest of the accompanying symptoms decreased in parallel with the reduction in headache frequency,
except for dizziness, which rebounded in the group of patients who had a response rate of less than 50%

e A higher baseline photophobia ratio was associated with an increased response rate between months 3 and 6.
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